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1 

CHAPTER 1  

 

Introduction: Biological Background and Synthetic Inspirations 

 

1.1  Introduction to the Arimetamycins (1-3) 

  The arimetamycins are a family of anthracycline natural products isolated following heterologous 

expression of environmental DNA (eDNA) gathered from soil (Figure 1.1a).1-2 They demonstrated varying levels 

of antiproliferative activity across a panel of four cancer cell lines with arimetamycin A (AMA, 1) emerging with 

nanomolar cytotoxicity (IC50) while arimetamycin B-C (AMB-AMC, 2-3) exhibited micromolar activity (Figure 

1.1c). Furthermore, AMA proved more cytotoxic than the clinical anthracycline chemotherapeutics daunorubicin 

(DNR, 5)3 and doxorubicin (DOX, 6)4 and maintained its nanomolar activity against the multidrug resistant 

(MDR) lung cancer line H69AR,5 a line with known anthracycline resistance due to its overexpression of the 

multidrug resistance protein 1 (MRP1) efflux pump6-8 (Figure 1.1b-c). 

 
 

a. Structures of the Arimetamycins (1-3) and Parent Compound Steffimycin (4).  
 

 
 
 

b. Structures of Two Clinically Relevant Anthracyclines. c. Cytotoxicity Assays of Arimetamycins A-C (1-3).a 
  

  
 
 

Figure 1.1 Structure and Biological Evaluation of the Arimetamycins (1-3).aData from Brady, S. F. et al.1-2 
 

 

  Structurally, the arimetamycins possess a common steffimycinone aglycone, indicating that their glycans 

serve as the activity determining domain. The less potent AMB and AMC feature neutral L-olivose based sugars 

and thus prove similar to the L-rhamnose decorated steffimycin (4) (Figure 1.1a).9-11 In contrast, AMA bears a 
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disaccharide composed of the rare branched deoxy-amino sugars L-brasiliose and L-lemonose, making it one of 

the few steffimycin anthracyclines to incorporate an amino sugar (Figure A.1)12-15 and the only known 

anthracycline with two branched N,N-dimethylamino sugars (Figure A.2).  

  As most clinically approved anthracyclines feature a deoxy-amino sugar (usually L-daunosamine or a 

derivative thereof), we hypothesized that merging the AMA disaccharide with the aglycone of a clinically useful 

anthracycline would yield a novel anthracycline hybrid more potent than either of the parent compounds. We 

envisioned that the synthesis of a suitable AMA disaccharide donor would enable us to divergently access the 

hybrid anthracyclines required to test this hypothesis as well as arimetamycin A itself. In anticipation of this 

synthetic work and subsequent biological evaluation, we took stock of the anthracycline literature, focusing in 

particular on the role of the glycan in determining activity. 

 

1.2  Anthracyclines: Proposed Mechanisms of Action 

  Despite the clinical effectiveness of daunorubicin (5), doxorubicin (6), and their synthetically derived 

derivatives idarubicin (7) and epirubicin (8), a complete understanding of the mechanism(s) responsible for their 

anticancer activity remains elusive (Figure 1.2).16 Proposed mechanisms include interference with 

macromolecular biosynthesis, production of free radical species through quinone redox cyclizing, and the 

formation of covalent DNA adducts via an orthoquinone methide intermediate or formaldehyde mediated cross 

linking with the carbohydrate’s amine moiety.16-17 Historically, the most accepted mechanism is topoisomerase II 

(TopII)18-21 poisoning while new mechanistic work in the last decade also implicates chromatin damage as key to 

the activity of the anthracyclines.16, 22-27 Below, we discuss these latter two mechanisms before examining recent 

SAR studies with implications for divorcing the desired cytotoxicity from the dose limiting cardiotoxicity based 

on an understanding of these two mechanisms. 

 
 

 
 
 

Figure 1.2 Structures of Several Clinically Relevant Anthracycline Chemotherapeutics. 
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1.2.1 Anthracyclines as Topoisomerase II Poisons 

  The topoisomerases comprise a family of enzymes that maintain DNA topology during cellular processes 

such as transcription, replication, and chromosome condensation.28-29 They accomplish this through a three-step 

mechanism that involves (1) temporary strand breakage, (2) topological reorganization, and (3) strand religation. 

Type 1 topoisomerases (in humans: TopI, TopImt, TopIIIa, TopIIIb) utilize a single strand breakage mechanism 

while type 2 topoisomerases (in humans: TopIIa, TopIIb) employ a double strand breakage. Importantly, this 

catalytic cycle involves the intermediacy of covalent DNA-enzyme complexes as strand breakage occurs through 

reversible transesterification of the DNA phosphate backbone with an active site tyrosine (Figure 1.3).29-36  
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a. Reversible Transesterification by Type 1 Topoisomerases TopI, TopImt, TopIIIa, and TopIIIb.a 
 

 
 

 

b. Reversible Transesterification by Homodimers of Type 2 Topoisomerases TopIIa, and TopIIb.a–b 
 

  
 
 

Figure 1.3 A Chemical Perspective on the Reversible Transesterification by the Human Topoisomerases. aAdapted from 
Pommier, Y. and Nitiss, J. L. et al.29 bLinker between monomer units is not meant to represent any specific structural feature linking 
the monomers; it is only provided as a reminder that TopIIa and TopIIb operate as homodimers.  
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Inhibition of TopIIa is hypothesized to account for anthracycline’s toxicity toward rapidly dividing cancer cells 
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segment of DNA (T segment, transport) through a second, transiently broken segment (G segment, gate) (Figure 

1.4a).41-52 Following T segment passage, reversal of the initial transesterification restores the phosphodiester 

backbone of G segment to its original state. This mechanism allows TopII to relax both positively and negatively 

supercoiled DNA; the enzyme can also unknot/knot and decatenate/catenate DNA (Figure 1.4b). 

 
 

a. TopII Catalytic Cycle.a 
 

 
 
 

b. Substrate Scope for TopII.c 
 

 
 
 

Figure 1.4 Enzymology of Topoisomerase II (TopII).aAdapted from Osheroff, N. and Clarke, D. J. et al.51 bOsheroff, N. and 
Clarke, D. J. et al51 based their illustration of the TopII DNA binding region on the structure described by Dong, K. C. and Berger, J. 
M.46 cAdapted from Pommier, Y. et al.49 dArrows indicated DNA directionality. +/− supercoiling assigned based on Bates and 
Maxwell.53 
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referred to a TopII poisons. In the second, the drug inhibits the enzyme’s catalytic cycle without increasing the 

amount of breakage complexes; these drugs are referred to as TopII catalytic inhibitors. Interestingly, the 

anthracyclines daunorubicin and doxorubicin can function as both TopII poison and inhibitors depending on the 

concentration of the drug.18-19, 54-56 At low concentrations, they function as TopII poisons that form drug-TopII-

DNA ternary complexes that prevent the religation of the G segment. Cellular processing of these complexes leads 

to toxic double strand breaks. At high concentrations, these anthracyclines serve as TopII inhibitors that attenuate 

the enzyme’s activity. 

 

1.2.2 Anthracyclines as Modifiers of Chromatin Dynamics 

  Though often depicted as an unencumbered double helix, the majority of a eukaryote’s DNA finds itself 

wrapped around histone proteins (Figure 1.5). These assemblies, termed nucleosomes, involve approximately 

146 DNA base pairs wrapped around an octameric histone protein rich in positively charged lysine and arginine 

amino acids. The condensation of long DNA molecules results in the formation of a polymeric collection of 

nucleosomes connected by short strands of linker DNA, collectively referred to as chromatin.  

 
 

 
 
 

Figure 1.5 Cartoon Depiction of Nucleosome Formation from a Histone Octomer and DNA. 
 

 

  In 2013, two teams of researchers separately reported that anthracyclines increased the rate of nucleosome 

turnover by evicting the core histones from their DNA loops.22-23 The Dutch team visualized this phenomenon 

using photo-activatable fluorescent protein (PAGFP) coupled histones.22 In this assay, the team photoactivated 

(405 nm) portions of the nuclei of MelJuSo human melanoma cells line expressing PAGFP labeled histone protein 

H2A and used time lapse focal microscopy to follow the change in fluorescence (500-530 nM) resulting from 

treatment with various TopII inhibitors (Figure 1.6a). They found that control and etoposide (9) treatments 

caused no significant decrease in fluorescence over 1 hr, indicating that etoposide does not evict histones (Figure 

1.6b). In contrast, the addition of the anthracyclines doxorubicin (6) and aclarubicin (10) resulted in considerable 

decreases in fluorescence, indicating that these compounds evict histones; they observed similar results with 

daunorubicin (5) and idarubicin (7) (see Figure 1.6c for compound structures). Moving forward, they noted that 

this histone eviction phenotype persisted in an in vitro assay in which they exposed reconstituted single 
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nucleosomes to etoposide, aclarubicin, doxorubicin, or the doxorubicin aglycone (doxorubicinone). Analysis by 

native polyacrylamide gel electrophoresis (PAGE) indicated that only aclarubicin and doxorubicin evicted the 

reconstituted single nucleosomes, validating the results of the cell-based assay and indicating that the doxorubicin 

glycan plays a role in histone eviction.  
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a. Overview of the Fluorescence Based Histone Eviction Assay. 
 

 
 

 

b. Results of the Fluorescence Based Histone Eviction Assay. 
 

  
 
 

c. Compounds Studied with the Fluorescence Based Histone Eviction Assay. 
 

 
 
 

Figure 1.6 Neefjes’ 2013 Study of Histone Eviction with a Fluorescence Based Assay. 
 

 

hν drug induced

(405 nm) histone eviction = PAGFP labeled H2A [not activated]

= PAGFP labeled H2A [photoactivated]

= unlabed histone core protein
Nucleosome with

PAGFP Labeled H2A 
[not activated - no signal]

Nucleosome with
PAGFP Labeled H2A 

[photoactivated - SIGNAL]

DNA following
Histone Eviction

[no signal]

Negative Control

Etoposide (9)
(60 µM)

Doxorubicin (6)
(9 µM)

Aclarubicin (10)
(20 µM)

O

O

OH

OH

O

H3CO

OH

O

OH

O

NH2

H3C

HO

O

O OH

CH3

OH O

OH

O

N(CH3)2

H3C

CO2CH3

O

O

OH

H3C

OH3C

O

O

O

O

H3CO
OH

OCH3

O

O

O
HO

OH

O
O

H3C
O

H

H

doxorubicin (6) etoposide (9) aclarubicin (10)

O

O

OH

OH

O

CH3

R O

OH

O

NH2

H3C

HO
R = OCH3daunorubicin (5)
R = Hidarubicin (7)

|
|



9 

  Concurrently, an American team published work showing that doxorubicin and aclarubicin treatment 

increased the rate of nucleosome turnover around gene promoters23 as determined using their previously 

developed CATCH-IT (covalent attachment to tags to capture histone and identify turnover) methodology.57-58 

This technique capitalizes on the cell’s ability to incorporate the click chemistry precursor L-azidohomoalanine 

(L-Aha, 12) in place of L-methionine (L-Met, 11) (Figure 1.7). In brief, following the treatment of L-Met starved 

cells with L-Aha rich media, cell nuclei are harvested and digested to give mostly mononucleosomes. Subsequent 

biotin click ligation, streptavidin affinity purification, washing, and DNA analysis provide a read out of nucleosome 

turnover. The team found that doxorubicin (6) increased nucleosome turnover in a time dependent manner 

independent of the kinase ATM and transcription factor p53 in mouse squamous cell carcinoma (SCC) cell lines. 

They observed a similar response with aclarubicin (10), a catalytic TopII inhibitor that does not induce DNA 

double strand breaks, indicating that enhanced nucleosome tumor does not depend on doxorubicin’s double 

strand breakage activity. 

 
 

 
 
 

Figure 1.7 Overview of Henikoff’s CATCH-IT Methodology as Applied to a 2013 Study of Doxorubicin and Aclarubicin.  
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Figure 1.8 Two Views of Neefjes’ 2013 Docking of Doxorubicin (5) into a Nucleosome Crystal Structure.  
 

 

1.2.3 Probing the Roles of DNA and Chromatin Damage in Anthracycline Toxicity 

  In 2020, follow up work from the Netherlands team provided insight into the interconnected roles of 

double strand damage and histone eviction in determining the toxicity of anthracycline chemotherapeutics.26 

They noted that etoposide (9), a TopII poison that induces double strand breaks (DSBs)61 but does not evict 

histones (D+/H−), exhibits decreased cytotoxicity22, 62 and cardiotoxicity63 as compared to doxorubicin (6), a 

TopII poison that induces DSBS and evicts histones (D+/H+). To dissect the roles of DSB induction and histone 

eviction, the authors performed an orienting experiment in which they treated spontaneous tumor forming 

Trp53+/− SVB mice with etoposide (D+/H−), doxorubicin (D+/H+), aclarubicin (10, D−/H+), or saline control. 

Histopathological heart examination revealed that only the doxorubicin treated mice showed cardiac damage, 

indicating that cardiotoxicity required both DNA strand breakage and histone eviction (D+/H+ phenotype). 

  Next, the group established preliminary structure activity relationships (SARs) for these phenotypes. 

They found that amrubicin (13), an anthracycline derivative in which the amine group is located on the aglycone 

rather than on the sugar64, exhibited a D+/H− phenotype; accordingly, it is not surprising that amrubicin shares 

both this phenotype and a profile of reduced cardiotoxicity65 with etoposide (9). From an SAR perspective, this 

data indicates the necessity of an amino sugar for histone eviction. Interestingly, examination of the amino sugar 

portion of daunorubicin (5), doxorubicin (6), idarubicin (7), epirubicin (8), and aclarubicin (10) reveals a 

structural trend: anthracyclines with an unsubstituted amino sugar (i.e., NH2) cause both DSBs and histone 

eviction (D+/H+) while aclarubicin, the only drug featuring an N,N-dimethylated amino sugar, only evicts 

histones (D−/H+) (Figure 1.9a). To determine if this trend extends beyond aclarubicin, the team synthesized 

N,N-dimethyldoxorubicin (diMeDOX, 14) (Figure 1.9b). Mechanistic profiling showed that this compound, like 

aclarubicin, only evicted histones (D−/H+). Furthermore, treatment of wild type SVB mice with doxorubicin, 

aclarubicin, and diMeDOX resulted in cardiotoxicity only in the doxorubicin treated mice. Regarding cytotoxicity, 

the authors observed similar if not superior toxicity for diMeDOX as compared to the unmethylated parent 

compound in 70% of the twenty tested cell lines. In contrast, amrubicin (D+/H−) showed decreased cytotoxocity 

as compared to doxorubicin, aclarubicin, and diMeDOX in K562 cells. 
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a. Summary of DNA Damaging and Histone Evicting Phenotypes. 
 

 
 

 

b. N,N-Dimethylation of Doxorubicin (6) Prevents the Induction of DNA Double Strand Breaks. 
 

  
 
 

Figure 1.9 Compounds Assayed in Qiao, Li, and Neefjes’ 2020 Work on the Relationship between Mechanism of Action and 
Anthracycline Toxicity. 
 

 

  In a separate study, the Dutch team fully explored the SAR of the doxorubicin and aclarubicin glycans 

through the synthesis of anthracyclines 14–23 (Table 1.1).27 Six of the ten synthetic derivatized exhibited the 
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aglycone and the aclarubicin trisaccharide emerging as the most cytotoxic compound.  
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Table 1.1 Neefjes and Codée’s 2020 SAR Study of the Doxorubicin and Aclarubicin Glycans. a–b 
 
 

 
 

aThe “D” component of a compound’s phenotype indicates its ability to induce DNA double strand breaks (dsbs): “D+” indicates dsb formation; “D−“ indicates no dsb. The “H” component 
of a compound’s phenotype indicates its ability to evict histones: : “H++” indicates drug eviction equipotent with the parent compounds (doxorubicin (6) and aclarubicin (10); “+” 
indicates drug eviction less potent than the parent compounds (doxorubicin (6) and aclarubicin (10)); “−” indicates no significant histone eviction. bUnless indicated otherwise, the IC50 
ranges represent the highest and lowest IC50 obtained across the following panel of six human cancer cell lines: K562 (acute myeloid leukemia), MelJuSo (melanoma), HCT116 (colorectal 
carcinoma), PC3 (prostate cancer), DU145 (prostate cancer), and U87 (glioblastoma). cNo IC50 values determined for this compound. dIC50 values only determined for MeIJuSO and 
HCT116 cell lines. eIC50 only determined for K562 cell line. 
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(2) Anthracyclines that only evict histones (D−/H+) prove more cytotoxic than anthracyclines that only 

cause DNA DSBs (D+/H−). 

(3) Histone eviction requires an amino sugar, preferably with N,N-dimethyl functionalization. 

(4) N,N-dimethylation of the amino sugar often improves cytotoxicity as compared to the unmethylated 

compound. 

(5) Anthracyclines that share the same sugar but bear different aglycone may demonstrate substantially 

different cytotoxicities. 

 

1.3  Synthetic Planning 

  With a better understanding of mechanism of action, we decided to pursue the synthesis of three types of 

compounds (Figure 1.10). First, we targeted Arimetamycin A (AMA, 1) as synthesis of the parent compound 

would allow us to recapitulate the results of Brady; additionally, 1 would serve as a point of biological comparison 

for evaluating the hybrid compounds. Second, we designed daunorubicin-AMA (DNR-AMA) and doxorubicin-

AMA (DOX-AMA) anthracycline hybrids 24 and 25, respectively; synthesis of these compounds would allow us 

to test our hypothesis that combining the aglycone of a clinically relevant anthracycline with the AMA 

disaccharide will yield a compound more potent than either parent compound. Finally, we envisioned that 

synthesis of etoposide-AMA (ETP-AMA) hybrid 26 would allow us to determine if the cytotoxicity associated 

with the AMA disaccharide is transferable to a non-anthracycline aglycone. 

 
 

  
 
 

Figure 1.10 Synthetic Targets Pursued in this Dissertation.  
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retrosynthesis, we imagined that disaccharide donor 31 would result from the glycosylation of protected L-

lemonose donor 32 with protected L-brasiliose acceptor 33. In total, this approach would require two 

glycosylation events and the synthesis of aglycone, L-lemonose, and L-brasiliose building blocks. In preparation 

for this synthetic endeavor, we surveyed the literature or guidance and inspiration. 

 
 

 
 
 

Scheme 1.1 Our Conceptual Retrosynthetic Analysis for the Synthesis of Arimetamycin A (AMA, 1) and AMA Hybrids 24–26. 
 

 

1.3.1 Synthetic Precedent: Glycosylation 

  Due to their lack of C2 functionality, achieving high a or b selectivity in the glycosylations of 2-deoxy 

donors, such as the targeted disaccharide (31) and L-lemonose donors (32), proves challenging. This has inspired 

the development of countless approaches for glycosylating 2-deoxy glycosidic donors.66 Historically, investigators 

have accomplished the union of sugar donor and anthracyclinone acceptor using glycosyl chlorides (34, 

promoters: HgO/HgCl2
67; HgO/HgBr2

68; AgOTf69-70), bromides (35, promoter: Hg(CN)2/HgBr2
71), acetates 

(36, promoter: TMSOTf72-73), and p-nitrobenzoates (37, promoter: TMSOTf73-75) as well as glycal donors (38, 

promoter: TsOH76-77; IDCP78). More recent studies have utilized phenyl thioglycosides (39, promoter: NIS79, 

AgPF6/TTBP80-81) and o-alkynylbenzoates (40, promoter: PPh3AuNTf2
26-27).  

 
 

  
 
 

Figure 1.11 Examples of Glycosyl Donors Used in Glycosidations with Anthracycline Aglycones.  
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branching (Table 1.2).80 Furthermore, Hirama83 and Myers84-85 have also demonstrated the proficiency of 

this methodology for establishing a-linkages with C3 branched donors in the context of complex natural 

product synthesis. 

 
 

Table 1.2  Sun and Wang’s 2005 Synthesis of Daunorubicin Derivatives (42a–f) Via the Activation of Phenylthioglycosides (41a–
f) with AgPF6. 
 
 

 
 
 
aYield obtained over 2 steps following deacetylation (0.1 M NaOH, THF). 
 

 

1.3.2 Synthetic Precedent: Aglycone Building Blocks 

  Our survey of the literature revealed that medicinal chemistry efforts focusing on glycan variation most 

often acquire the requisite aglycone moieties via the semi-synthetic degradation of commercially available 

anthracyclines such as daunorubicin (5) and doxorubicin (6). We elected to adopt this approach for obtaining 

the steffimycinone (27), daunorubicinone (28), and 14-O-TBS-doxorubicinone (29) aglycones as our synthetic 

and biological interests lay in the unique AMA disaccharide. Pleasingly, for the etoposide hybrid, we could 

synthesize the necessary aglycone 30 in one step from commercially available 4′-demethylepipodophyllotoxin (< 

$20/gram). For the sake of completeness, we provide below a non-comprehensive overview of de novo strategies 

for accessing various anthracycline aglycones.86-90 We begin with a brief discussion of various annulation 

approaches as organized by Sarlah before examining his lab’s 2019 annulation-free synthesis of (±)-idarubicinone 

(43).91 

 

1.3.2.1 Aglycone Synthesis: C-Ring Annulations 

  As noted by Sarlah, syntheses based around C-ring annulation have implemented neutral, cationic, and 
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afforded tetracycle 47 through initial conrotatory ring opening to give 46 (Scheme 1.2). This intermediate then 

underwent an endo-selective Diels-Alder cycloaddition with diene 45 to give 47. Three subsequent steps yielded 

idarubicinone 43. 

 
 

 
 
 

Scheme 1.2 Danishefsky’s 2000 Synthesis of Idarubicinone 43 Via a Neutral C-Ring Annulation. 
 

 

  For examples of ionic approaches, we begin with Ishizumi’s 1987 synthesis of C9-amino anthracycline 

derivatives.93 Using the synthesis of amrubicin (13) as an example, heating a neat mixture of phthalic anhydride 

(48) and enantiopure (R)-49 with AlCl3 and NaCl at 130–135 ºC afforded tetracycle 50 through a double Friedel-

Crafts acylation in 90% yield (Scheme 1.3a). Five additional steps converted 50 to amrubicin 13. The authors also 

used this cationic C-ring annulation approach to access 9-amino-9-deoxy derivatives of daunorubicin (51), 

idarubicin (52), and 1-methoxyidarubicin (53) (Scheme 1.3b). 

   
 

a. Synthesis of Amrubicin (13). 
 

 
 
 

b. Other Anthracycline Derivatives Synthesized Using This Approach. 
 

 
 
 

Scheme 1.3 Ishizumi’s 1987 Synthesis of 9-Amino-9-Deoxy Anthracycline Derivatives 13 and 51–53 Via a Cationic C-Ring 
Annulation. 
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  In contrast, the Swenton lab utilized an anionic C-ring annulation strategy in their 1984 synthesis of 

idarubicinone (43).94 They found that addition of (S,S)-55 to preformed lithiate 54 brought about a Kraus 

annulation that yielded 56 following acid mediated silyl deprotection (Scheme 1.4). A two-step deprotection 

sequence afforded idarubicinone (43). 

 
 

 
 
 

Scheme 1.4 Swenton’s 1984 Synthesis of Idarubicinone 43 Via an Anionic C-Ring Annulation. 
 

 

1.3.2.2 Aglycone Synthesis: Non-C-Ring Annulations 

  Some labs have adopted alternative annulation strategies. For example, in 1986, the Terashima lab utilized 

an A-ring annulation approach that began with the Diels-Alder reaction between quinizalin (57) and chloroprene 

(58) to give vinyl chloride 59 (Scheme 1.5).95 Six additional steps, including a diastereomeric resolution of a 

carboxylic acid intermediate with (−)-N-methylephedrine, yielded (R)-7-deoxyidarubicinone (60). 

 
 

 
 
 

Scheme 1.5 Terashima’s 1986 Synthesis of (R)-7-deoxyidarubicinone (60) Via a Diels-Alder A-Ring Annulation Approach. 
 

 

  In 1993, Vogel reported an alternative Diels-Alder approach to (R)-7-deoxyidarubicinone (60) that 
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Scheme 1.6 Vogel’s 1993 Synthesis of (R)-7-deoxyidarubicinone (60) Via a Double Diels-Alder Annulation Approach. 
 

 

1.3.2.3 Aglycone Synthesis: Sarlah’s 2019 Annulation Free Synthesis of (±)-Idarubicinone (43). 

  Sarlah’s annulation free synthesis of (±)-idarubicinone (43) began with the oxidation of tetracene (66) 

using catalytic cobalt(II) tetraphenylprophyrin (CoTPP) and stoichiometric (PhIO)3•SO3 to give quinone 67 

(Scheme 1.7).91 Next, oxidation via Ru-catalyzed C-H activation98 followed by in situ methylation afforded 

cyclization precursor 68. Exposure of this compound to visible light in the presence of arenophile MTAD (69) 

brought about a regioselective para-photocycloaddition in accordance with the Sarlah group’s established 

methodology.99 In situ Rh-catalyzed hydroboration of presumed urazole intermediate 70 with catecholborane 

(CatBH) followed by transesterification with pinacol gave boronic ester 71, bringing the one pot conversion of 
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using (CH3)2SO4 yielded 75 in a one pot process. Next, a two-step Mukaiyama hydration104-105/BCl3 deprotection 

sequence afforded penultimate intermediate 76. Inspired by Moore’s bioreduction alkylation hypothesis106-107, the 

authors excised the final urazole bond through quinone oxidation to presumed intermediate 77 and subsequent 

NaOH mediated elimination to give likely quinone methide intermediate 78. In situ quenching with O2 gave 

desired (±)-idarubicinone (43) in a modest 31% yield along with 7-deoxy congener (60, 57%) resulting from 

electrophilic quenching of 78 with a proton. 
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Scheme 1.7 Sarlah’s 2019 Synthesis of (±)–Idarubicinone (43). 
 

 
1.3.3 Synthetic Precedent: L-Brasiliose Donor 

  The 3-amino-2,3,6-trideoxysugar L-brasiliose (79) serves as the aglycone-linked sugar in the 

anthracycline natural products arimetamycin A (1)1-2, norcardicyclin A (80)108, and norcardicyclin B (81)108. 

Additionally, various pluramycin natural products109-110 feature C-linked L-brasiliose residues such as saptomycin 

B (82)111-113 (Figure 1.12a). This sugar falls into the wider category of vancosamine like sugars as replacement of 

L-brasiliose’s N(CH3)2 moiety with NH2 yields L-vancosamine (83), the non-reducing sugar of the important 

antibiotic vancomycin (84) (Figure 1.12b). The synthetic complexity of these various natural products along with 

their biological activity, particularly that of vancomycin, has inspired various syntheses 79 and 83. Due to the 

ready availability of vancomycin, its degradation is currently the most efficient route to these sugars.114-117 As we 
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a. Examples of L-Brasiliose (79) Containing Natural Products. 

 
 
 
 

b. Structure of the L-Vancosamine (83) Decorated Antibiotic Vancomycin (84) 
 

 
 
 

 
 

Figure 1.12 Examples of Natural Products Featuring L-Brasiliose and Its Parent Sugar L-Vancosamine. 
 

 

1.3.3.1 Vancosamine Semisynthesis: Danishefsky’s 1992 Synthesis of Model Vancomycin Disaccharide 88b 

  Danishefsky’s degradative semisynthesis of L-vancosamine glycal 86 began with benzoylation and 

subsequent acidic methanolysis of vancomycin•HCl (84•HCl) as described by Johnson (Scheme 1.8a).118-119 

Refluxing the resulting a-methylglycoside 85 with catalytic CSA in benzene yielded glycal donor 86. However, an 
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found that CSA mediated glycosylation of acceptor 87a with excess glycal 86 (1.5 Eq) provided the desired 

disaccharide 88a in 64% yield (100% BRSM, Scheme 1.8c). Furthermore, these conditions proved successful 

when applied to 2,6-dimethoxyphenyl glycoside 87b, an acceptor that better approximates the theoretical 

aglycone-glucoside acceptor 90 required to synthesize vancomycin (84). 
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a. Semisynthesis of L-Vancosamine Glycal Donor 86 from Vancomycin•HCl (84).  
 

 
 
 

b. Unsuccessful IDCP Mediated Glycosylation of L-Vancosamine Glycal Donor 86 with D-Glucose Acceptor 87a. 
 

=  
 
 

c. Successful CSA Mediated Glycosylation of L-Vancosamine Glycal Donor 86 with D-Glucose Acceptors 87a–b. 
 

 
 
 

Scheme 1.8 Danishefsky’s 1992 Synthesis and Glycosylation of L-Vancosamine Glycal 86. aHydrolysis of undesired b-85 followed 
by Fisher glycosylation with CH3OH yielded additional a-85 (22% based on 84•HCl). 
 

 

1.3.3.2 Vancosamine Semisynthesis: Kahne’s 1999 Semisynthesis of Vancomycin (84)  

  Kahne’s degradative semisynthesis of L-vancosamine sulfoxide donor 92 began with Alloc protection of 

vancomycin•HCl (84•HCl) (Scheme 1.9a).114-115 Next, acidic methanolysis followed by C4-OH acetate 
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the addition of BF3•OEt2 prevented the Tf2O mediated dehydration of the aglycone’s asparagine residue 

(highlighted in blue). Two subsequent deprotection steps yielded the acetate salt of vancomycin (84•HOAc).   
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a. Semisynthesis of L-Vancosamine Donor 93 from Vancomycin•HCl (84•HCl).  
 

 
 
 

b. Completion of the Synthesis of Vancomycin•OAc (84•OAc). 
 

=  
 
 

Scheme 1.9 Kahne’s 1999 Semisynthesis of Vancomycin•OAc (84•OAc). 
 

 

1.3.3.3 4-Epi-Vancosamine Semisynthesis: Bennett’s 2018 Synthesis of Protected Saccharomicin B Branched 

Trisaccharide Fragment 103 

  Bennett’s semisynthesis of L-epi-vancosamine donor 99 began with N-Cbz protection and subsequent 

acidic methanolysis of vancomycin•HCl (84•HCl) to give 95 as described by Kahne (Scheme 1.10a).114-115, 117 

Next, C4 epimizeration was accomplished according to the two step oxidation/reduction protocol of Kahne and 

Walsh.127 Ensuing anomeric hydrolysis followed by chemoselective anomeric silyl reprotection exclusively yielded 

b-OTIPS glycoside 97 which then underwent N-Cbz hydrogenolysis, TfN3 mediated diazotransfer128-131, and O-

benzylation to give azide 98. Finally, desilylation using TBAF and AcOH afforded L-epi-vancosamine donor 99. 

Using methodology developed previously in the Bennett lab132-134, glycosylation of 99 with D-fucose acceptor 100 

in the presence of thione 101, oxalyl bromide, and the bulky base 2,4,6-tri-tertbuytlpyrimidine (TTBP) provided 

disaccharide 102 in 67% yield with exclusive a-selectivity (Scheme 1.10b). An additional 2 steps transformed this 

intermediate to targeted protected saccharomicin B branched trisaccharide fragment 103 (see Figure A.3 for full 

structure of saccharomicin B, 104). 
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a. Semisynthesis of L-epi-Vancosamine Donor 99 from Vancomycin•HCl (84).  
 

 
 
 

b. Completion of Protected Saccharomicin B Branched Trisaccharide Fragment 103. 
 

= 

 
 
 

Scheme 1.10  Bennett’s 2018 Synthesis of Protected Saccharomicin B Branched Trisaccharide Fragment 103. 
 

 
1.3.3.4 De Novo Vancosamine Synthesis: Nicolaou’s 1998 Total Synthesis of Vancomycin 

  Nicolaou’s de novo synthesis of L-vancosamine glycosyl fluoride 115 began with (S)-ethyl lactate (105) 

(Scheme 1.11a).135-137 Silyl protection (TIPSCl) followed by partial reduction with DIBAL-H yielded aldehyde 

106. Ensuing addition of lithiate 73 occurred from the re face with good selectivity (ca. 10:1 dr) to give ketone 

107 following acidic workup. Next, conversion to oxime 108 and subsequent treatment with vinylmagnesium 

bromide established the tetrasubstituted C3 center to give 109. At this stage, two-step inversion of the 

neighboring (4R)-alcohol via Swern oxidation and NaBH4 reduction (19:1 dr) afforded the required (4S)-epimer 

110. 

  With the skeleton of 115 in place, PMB protection of alcohol 110, LiAlH4 mediated fissure the N-O bond 

and silyl ether bonds, and N-Cbz protection yielded 112, setting the stage for pyranose ring closure (Scheme 

1.11a).136-137 In the event, alkene ozonolysis and decomposition of the resulting ozonide with S(CH3)2 yielded 

presumed intermediate 112 which underwent hemiacetalization to give 113. Following anomeric acetylation, 

treatment with PhSH and BF3•OEt2 resulted in thioglycosylation and concurrent PMB deprotection to afford 

114. Reprotection of the C4 alcohol, this time as its acetate, and subsequent NBS mediated thioglycoside 

hydrolysis provided protected L-vancosamine hemiacetal 115. Finally, treatment with DAST yielded the targeted 

glycosyl fluoride donor 116. BF3•OEt2 promoted glycosylation of acceptor 117 with excess donor 116 (4.0 Eq) 
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yielded the corresponding glycoside in excellent yield (84%) and a-selectivity, as the authors reported only trace 

amount of another compound assumed to be the b-linked epimer (Scheme 1.11b). Finally, a four step 

deprotection sequence completed the Nicolaou group’s total synthesis of vancomycin, a true synthetic tour de 

force.135-143 

 
 

a. De Novo Synthesis of L-Vancosamine Donor 116 from (S)-Ethyl Lactate (105). 
 

 
 
 

b. Completion of Vancomycin 84. 
 

=  
 
  

Scheme 1.11  Nicolaou’s 1998 Total Synthesis of Vancomycin (84).  
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route based on earlier chemistry from Thang.77, 144-146 Ketone 121 is available in two steps from a-D-

methylmannopyranoside (118) as synthesized by Horton and Weckerie (Scheme 1.12).147 Its synthesis begins 

with the dibenzlidenation of 118 to yield 119 as an inconsequential mixture of epimers. Next, treatment with 

excess nBuLi selectively abstracts the C3 proton with concomitant ejection of an equivalent of benzaldehyde to 

give lithium enolate 120 which yields ketone 121 upon aqueous workup.148 Presumably, the regioselectivity of 

this reaction results from the antiperiplanar alignment of the abstracted C3 proton and the severed C2-O bond.  

 
 

 
 
 

Scheme 1.12  Horton and Weckerie’s 1975 Synthesis of Ketone 121.  
 

 

  Returning to Matsumoto and Suzuki146, condensation of ketone 121 with O-methyl hydroxylamine 

hydrochloride yielded an oxime (122) that underwent a subsequent diastereoselective methyl addition to give 

123 upon introduction to a preformed methyl cerium species resulting from the mixing of CH3Li and anhydrous 

CeCl3 (Scheme 1.17a).149-150 N-trifluoroacetylation followed by reductive N-O bond cleavage with SmI2 gave 

trifluoroacetamide 124. Next, Hanessian-Hullar ring opening151-152 of the benzylidene acetal in the presence of 

NBS and pyridine afforded bromide 125; in their 2006 paper, the Suzuki group noted that use of the more 

traditional base BaCO3 led to a poor reproducibility (22-71% yields).145 Finally, DBU mediated elimitation 

followed by hydrogenation over Wilkinson’s catalyst (RhCl(PPh3)3) yielded diversifiable L-vancosamine 

derivative 126. Between their 2006 and 2013 papers, the authors demonstrated the conversion of 126 to L-

vancosamine donors 127–129 and to L-brasiliose derivative (130).145-146 
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a. Synthesis of Diversifiable L-Vancosamine Derivative 126.  
 

 
 
 

b. Diversification of L-Vancosamine Derivative 126. 
 

 
 
 

Scheme 1.13  Matsumoto and Suzuki’s 2013 Synthesis and Diversification of L-Vancosamine Derivative 126. aFrom Suzuki’s 
2006 synthesis of 126. 
 

 
1.3.4 Synthetic Precedent: L-Lemonose Donor 

  In designing our synthesis of a suitable L-lemonose thioglycoside donor (32), we surveyed the available 

literature concerning this relatively rare 4-amino-2,4,6-trideoxysugar. We found that L-lemonose (131) occupies 

the non-reducing position of the arimetamycin A (1) glycan1-2 and serves as the sole glycosidic residue of the 

tetrahydroisoquinoline natural product (−)-lemonomycin (132)153-154 (Figure 1.13). Additionally, it is featured 

by various members of the thiazolyl peptide class of natural products (e.g., 133-137).155-162 

  

O

OCH3

O
O

Ph

O

121

HCl•NH2OCH3

NaOAc, CH3OH, rt

O

OCH3

O
O

Ph

H3CON
(86%)

THF, -78 ºC → rt

CH3Li, CeCl3

O

OCH3

O
O

Ph

H3C
NHF3C

O

O

OCH3

O
O

Ph

H3C

H3CO
NH

1. (CF3CO)2O
    (95% from 122)

2. SmI2, CH3OH
    THF (95%)

OBzO
H3C

OCH3

Br

NHF3C

O

2. RhCl(PPh3)3
    H2 (96%)

CCl4, reflux

NBS, pyr.

(87%)

O

NHTFABzO

H3C
CH3

OCH3

1. DBU, DMF
    90 ºC (80%)

122 123

126 125 124

O

N(CH3)2BnO

H3C
CH3

OCH3O

NHCOCF3BzO

H3C
CH3

OAc O

NHCOCF3BnO

H3C
CH3

OAc O

N3BnO

H3C
CH3

OAc

127
a2 steps from 126a

128
4 steps from 126

129
6 steps from 126

130
4 steps from 126



27 

 

 
 
 

Figure 1.13 Structures of L-Lemonose and L-Lemonose Containing Natural Products. aIsolation report does not define the 
stereochemistry of the aglycone.155 
 

 

  Four groups have achieved the synthesis of either an L-lemonose based synthetic intermediate (138)163, a 

protected L-lemonose glycosyl donor (140164, 144165), or the L-lemonose hemiacetal itself (131)166. 

Retrosynthetically, these syntheses have adopted one of two strategies: (1) a de novo approach from D-threonine  

 (143) involving a C1-O5 cyclization of a linear precursor (Scheme 1.14a) and (2) a carbohydrate precursor route 

involving the manipulation of L-rhamnose (146) (Scheme 1.14b). Below, we discuss each route in detail, 

beginning with Stolz’s 2003 synthesis of L-lemonose Pictet-Spengler precursor 138.163 We then discuss the 

syntheses of related deoxyamino sugars that influenced our retrosynthetic analysis. 
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a. De Novo Routes from D-Threonine (143). b. Carbohydrate Precursor Route from L-Rhamnose (146). 
  

 

 

 
 

Scheme 1.14  Summary of Retrosynthetic Analyses from Known Syntheses of L-Lemonose (131) and Its Derivatives 138, 140, 
and 144. 
 

 

1.3.4.1 Lemonose Syntheses: Stoltz’s 2003 Synthesis of (−)-Lemonomycin (132) 

  Stoltz’s synthesis of L-lemonose Pictet-Spengler precursor 138 began with known ester 147, available in 

three steps from D-threonine (143, Scheme 1.15a).167 Two step conversion of 147 to methyl ketone 148 occurred 

via transformation to the Weinreb amide and subsequent displacement with CH3MgBr. Next, reverse addition of 

ketone 148 to a solution of ethyl acetate’s lithium enolate delivered aldol product 139 as a single observable 

diastereomer, presumably via a Felkin-Ahn transition state (discussed vide infra, see Scheme 1.16c). Next, acid 

mediated acetonide deprotection gave presumed diol 149 which underwent in situ transesterification to yield 

lactone 150. Subsequent oxazolidine formation (dimethoxymethane, TMSOTf), lactone reduction (DIBAL-H), 

and Fisher esterification (allyl alcohol, MsOH) gave 151. Ensuing Red-Al reduction at elevated temperature 

affected both benzenesulfonyl deprotection and oxazolidine opening to yield disubstituted amine 152. Finally, 

Stoltz and co-workers obtained desired L-lemonose based Pictet-Spengler precursor 138 upon installation of the 

second N-methyl substituent by reductive amination (aq. HCHO, NaBH3CN) and oxidative cleavage of the 

terminal alkene (OsO4, NaIO4) to reveal the necessary aldehyde. The key Pictet-Spengler cyclization between 

aldehyde 138 and late stage aglycone intermediate 153•TFA occurred with remarkable efficiency, yielding 154 

as a single diastereomer in 95% yield (Scheme 1.15b). Three subsequent transformations completed the first total 

synthesis of (−)-lemonomycin (132).  
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a. Synthesis of L-Lemonose Derived Pictet-Spengler Precursor 138. 
 

 
 
 

b. Completion of (−)-Lemonomycin (132). 
 

 
 
 

Scheme 1.15  Stolz’s 2003 Synthesis of (−)-Lemonomycin (132). 
 

 

1.3.4.2 Lemonose Syntheses: Masson and Zhu’s 2011 Synthesis of L-Lemonose (131) 
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formation and forced the reaction to proceed through a polar Felkin-Ahn transition state such as 161 (Scheme 

1.16c).163, 168 

 
 

a. Unsuccessful 1st Generation Attempt to Synthesis L-Lemonose (131). 
 

 
 
 

b. Proposed Cram-Chelate Transition State 160. c. Proposed Polar-Felkin-Ahn Transition State 161. 
  

  
 
 

Scheme 1.16  Masson and Zhu’s Unintended Synthesis of 3-epi-L-Lemonose Derivative (159). 
 

 

  The authors reasoned that they could take advantage of this chelate driven selectivity by inverting the 

order in which they installed the C3 substituents. In practice, addition of vinyl magnesium bromide to Weinreb 

amide 155 yielded ketone 162 (Scheme 1.17). Subsequent addition of CH3MgBr proved more challenging than 

anticipated; however, optimization efforts allowed for the synthesis of 3º alcohol 142 with the desired C3 

stereochemistry (> 9:1 dr) with moderate efficiency (44% yield, 77% BRSM). Reductive ozonolysis followed silyl 

deprotection yielded triol 163 which underwent N-Boc deprotection and reductive amination to give penultimate 

intermediate 164. Finally, in situ amine protection with TFA followed by the addition of IBX resulted in 

chemoselective 1º alcohol oxidation to give L-lemonose hemiacetal 131. 
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Scheme 1.17  Masson and Zhu’s Successful 2011 Synthesis of L-Lemonose (131). 
 

 

1.3.4.3 Lemonose Syntheses: Fukuyama and Kan’s 2012 Synthesis of (−)-Lemonomycin (132) 

  In their 2012 total synthesis of (−)-lemonomycin (132)164, Fukuyama and Kan constructed the 

framework of the L-lemonose sugar in a manner reminiscent of Stoltz’s 2003 work.163 They began from known D-

threonine (143) derived ketone 165168 which was identical to ketone 148 from Stolz’s synthesis except for the N-

Cbz protecting group (Scheme 1.18a). Stereoselective addition of the lithium enolate of ethyl acetate to 165 give 

intermediate lithiate 141 (see Scheme 1.16c for an applicable transition state model). Upon quenching with 3 N 

HCl, this presumed intermediate underwent oxazolidine deprotection and subsequent ring closing 

transesterification to give lactone 167 in 85% yield from 165 in a one pot, three transformation procedure. At this 

point, Fukuyama and Kan’s strategy deviated from that of Stoltz as they envisioned installing the L-lemonose 

glycan via a traditional glycosylation (as opposed to the Pictet-Spengler cyclization utilized by Stolz, see Scheme 

1.15b). To this end, 3º alcohol protection (TBSOTf, 2,6-lutidine), one pot amine deprotection/N,N-

dimethylation (H2, aq. HCHO, Pd(OH)2), and lactone reduction (DIBAL-H) provided a/b-168. Exposure of 

this reducing sugar to DAST yielded targeted glycosyl fluoride donor a/b-140. Taking this donor forward, the 

authors found that aglycone acceptor 169 underwent high yielding glycosidation in the presence of excess donor 

a/b-140 (6 Eq) and TMSOTF promoter (12 Eq) to give 170 (Scheme 1.18b). Six final steps completed the 

synthesis of (−)-lemonomycin. 
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a. Synthesis of L-Lemonose Glycosyl Fluoride Donor a/b-140. 
 

 
 
 

b. Completion of (−)-Lemonomycin (132). 
 

 
 
 

Scheme 1.18  Fukuyama and Kan’s 2012 Synthesis of (−)-Lemonomycin (132). 
 

 

1.3.4.4 Lemonose Syntheses: Giuliano’s 2015 Synthesis of L-Lemonose (131) 

  In 2015, Giuliano reported the first synthesis of L-lemonose that started from a carbohydrate precursor 

rather than from D-threonine (143).165 They began from glycal 179, available in 1 step from 175 as synthesized 

by Parker.169 The synthesis of precursor 175 begins with exposure of rhamnose derived benzylidene acetal 171 to 

excess CH3Li (8 Eq) (Scheme 1.19a).170 Chromatography yields pure 173 as well as a co-eluting mixture of 172 

and 174. Mechanistically, products 172 and 173 arise from elimination of the antiperiplanar C3 hydrogen from 

lithiate 176 (Scheme 1.19b, left). E1cb elimination of the anomeric OCH3 group gives vinylogous ester 178 which 

then undergoes 1,2-addition with remaining CH3Li to yield a mixture of 172 and 173. In contrast, elimination of 

the benzylic hydrogen results in the formation of glycal 174 (Scheme 1.19b, right). Returning to the synthesis, 

subjection of pure 173 to a type I Ferrier rearrangement followed by thermodynamically driven anomerization 

yields an a-enriched mixture of 175 (21:4 a:b). 
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a. Synthesis of a/b-175 from L-Rhamnose. 
 

 
 
 

b. Proposed Mechanisms for the Formation for 172–174. 
 

 
 
 

Scheme 1.19  Parker’s 1988 Synthesis of Glycal 175. 
 

 

  Following deacetylation of 175, the Giuliano group subjected the resulting allylic alcohol 179 to a two-

step mesylation/azide addition sequence to obtain 180 (Scheme 1.20a).165 LiAlH4 reduction of the azide followed 

by carbamate formation gave cyclization precursor 181. Unfortunately, attempts to induce cyclization using NIS, 

IDCP, and PhSeOTf proved ineffective. Reasoning that epoxidation followed by reductive opening could trigger 

the formation of desired oxazolidinone 182, Giuliano stereospecifically transformed glycal 181 to epoxide 183 

(Scheme 1.20b). However, treatment of 183 with DIBAL-H resulted in no observable reaction while the use of 

LiAlH4 led to a complex mixture of products. 

 
 

a. Unsuccessful 1st Generation Approach to Synthesizing 182. 
 

 
 
 

b. Unsuccessful 2nd Generation Approach to Synthesizing 182. 
 

 
 
 

Scheme 1.20  Giuliano’s Unsuccessful Attempts at Synthesizing Oxazolidinone 182. 
 

 

  At this point the Giuliano group opted to alter their strategy, realizing that deoxygenation of intermediate 

187 from their 1998 synthesis of L-callipeltose171 would provide access to L-lemonose sugars. They initiated their 

callipeltose synthesis with the C3 alkylation of L-rhamnose derived ketone 184 to give 145 as described by Kiemer 
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and Beermann (Scheme 1.21).172 Next, oxime formation173, reduction over Adam’s catalyst, and N-Cbz protection 

yielded carbamate 185. Ensuing acetonide deprotection set the stage for cyclization which occurred upon 

treatment of diol 186 with NaH to yield D-callipeltose precursor 187. Acylation of the C2 alcohol with Im2CS174 

followed by (TMS)3SiH mediated deoxygenation yielded methyl glycoside 188. Finally, exposure of 188 to TMS-

SPh in the presence of TMSOTf gave thioglycosides a/b-144 (1.3:1 a:b). Interestingly, X-ray crystallography 

showed that a-144 assumed a boat conformation (2,5B) that placed the anomeric hydrogen in an axial position; 

anomalously large anomeric coupling constants (3JH1-H2 = 10.4, 6.4 Hz)175 indicate that a-144 likely assumes a 

similar conformation in solution.  

 
 

 
 
 

Scheme 1.21  Giuliano’s Successful 2015 Synthesis of L-Lemonose Thioglycosides a/b-144.  
 

 

1.3.4.5 Non-Lemonose Syntheses: Myers’ 2007 Synthesis of Hirama’s Revised Kedarcidin Chromophore Structure 

(195) 

  Myers’ synthesis of L-kedarosamine glycosyl fluoride 195 began from known D-threonine derivative 

189176, available in two steps from D-threonine (143) (Scheme 1.22a).177 Routine alcohol acetylation yielded 190 

which underwent Dieckmann condensation upon inversion addition to LiHMDS. In situ trapping of the resulting 

vinylogous lithium carboxylate with MOMBr afforded 191 in a one pot, two step transformation. Next, chemo- 

and stereoselective alkene hydrogenation over Pearlman’s catalyst (Pd(OH)2) yielded lactone 192; the authors 

noted that careful optimization of solvent and catalyst proved necessary to avoid reductive MOM ether cleavage. 

Treatment with AcCl in TFE brought about the desired acid mediated MOM deprotection, yielding an 

unexpected linear TFE ester. Solvent removal followed by the addition of DBU reestablished the cyclic structure, 

and subsequent addition of imidazole and iPrEt2SiCl furnished silyl ether 193. Penultimate DIBAL-H mediated 

lactone reduction and subsequent treatment of the resulting hemiacetal 194 with DAST yielded L-kedarosamine 

glycosyl fluoride donor 195. 
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  Pressing forward to the glycosidation, reaction of crude donor 195 with acceptor 196 under Suzuki 

conditions (CpHfCl2, AgClO4) followed by deacetylation gave glycosyl diyne 197 (Scheme 1.22b).177 Eleven 

further steps transformed this intermediate into kedarcidin chromophore 198, obtained as an atropisomeric 

mixture.84 Comparison of the 1H NMR spectrum of 198 to that of the isolated compound showed considerable 

differences. Examination of these data revealed that neither Bristol-Myer Squibbs’ originally proposed structure178-

179 nor Hirama’s revised structure 198180 (which had served as the Myers group’s synthetic target) were consistent 

with the original NMR data. Based on their reexamination of data and contact with the lead author from the 

isolation reports, Myers and co-workers proposed epi-10-198 as the likely structure for the kedarcidin 

chromophore. 

 
 

a. Synthesis of L-Kedarosamine Glycosyl Fluoride Donor 195.  
 

 
 
 

b. Completion of Hirama’s Revised Kedarcidin Chromophore Structure 198.  
 

=

 
 
 

Scheme 1.22  Myers’ 2007 Synthesis of Hirama’s Revised Kedarcidin Chromophore Structure (198). 
 

 

1.3.4.6 Non-Lemonose Syntheses: Seeberger’s 2011 Synthesis of Bacteroides fragilis ZPS A1 Repeating Unit 208 

  Seeberger’s synthesis of D-AAT donor 205 began from commercially available Cbz-L-threonine (199, 

Scheme 1.23a).181 Routine esterification and alcohol acetylation afforded cyclization precursor 200 which 

underwent Dieckmann condensation upon exposure to LiHMDS; subsequent trapping of the b-keto ester with 
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202. Taken on crude, Luche diastereoselective reduction of this vinylogous ester yielded allylic alcohol 203. 

Protection of the alcohol as its acetate followed by azidonitration installed the C2 amine moiety to give anomeric 

nitrate 204. Finally, p-TolSH mediated anomeric denitration followed by acylation with F3CC(NPh)Cl provided 

L-AAT donor a/b-142. Glycosylation of a/b-142 with acceptor 206 under the influence of TMSOTf gave a-

linked disaccharide 207 in 74% yield.182 An additional nine transformations converted 207 into PS A1 repeating 

unit 208. 

 
 

a. Synthesis of AAT Imidate Donor 205.  
 

 
 
 

b. Completion of Bacteroides fragilis ZPS A1 Repeating Unit 208.  
 

= 
 
 

Scheme 1.23  Seeberger’s 2011 Synthesis of Bacteroides fragilis ZPS A1 Repeating Unit 208. 
 

 

1.3.4.7 Non-Lemonose Syntheses: Nicolaou and Koskinen’s 2001 Synthesis of D-Callipeltose (214) 

  Nicolaou and Koskinen’s synthesis of D-callipetlose hemiacetal 214 began from commercially available 
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deoxygenation establish the require C6 deoxygenation. Ensuing allylic oxidation with MnO2 followed by 
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amine. In the event, SN2 inversion using TBAN3 yielded azide 211 in 95% yield (along with 5-10% C4 epimer). 

The authors noted that mesylate, triflate, and imidazolyl sulfonate groups proved ineffective for this 
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completion and gave a ca. 1:1 mixture of 211 and its C4 epimer. From a safety perspective, the use of TBAN3 in 

CH2Cl2 requires comment, as the authors note that the formation of explosive materials (presumably 

diazidomethane) upon storage of CH2Cl2 solutions of TBAN3 has been reported.184 We furthermore caution 

against any use of CH2Cl2 or CHCl3 in reactions involving the azide ion in accordance with similar 

recommendations in the literature.185-190 

  Returning to the synthesis, 1,2-addition of CH3Li to vinylogous ester 211 afforded desired epimer 212 

with complete stereocontrol (Scheme 1.24a).183 The authors posit that the steric and electronic influences of the 

angular C4-N3 directed methyl addition to the opposite face of the carbonyl (Scheme 1.24b). Next, m-CBPA 

oxidation in the presence of CH3OH followed by C2-OH methylation and transformation of the azido moiety to 

an N-Boc protected amine yielded 213. Interestingly, if drawn in the 4C1 conformation typically assumed for D-

sugars, compound 213 has more axial substituents than equatorial. As such, we posit that this compound does not 

sit in the 4C1 conformation and thus present it in a flat representation. The synthesis concluded with tBuOK 

mediated intramolecular oxazolidinone formation followed by acidic hydrolysis of the methyl glycoside to give a-

D-callipeltose hemiacetal 214. Surprisingly, the authors describe 214 as a single anomer and do not comment on 

its apparent lack of mutarotation.  

 
 

a. Synthesis of D-Callipeltose Hemiacetal 214. 
 

 
 
 

b. Stereoelectronic Model for Selective 1,2-Addition to 211. c. Unlikely Axial Rich 4C1 Conformation for 213. 
  

 
 

 
 

Scheme 1.24  Nicolaou and Koskinen’s 2001 Synthesis of a-D-Callipeltose Hemiacetal 214. 
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CHAPTER 2  

 

Gram Scale Synthesis of a Protected Arimetamycin A Disaccharide 

 

2.1  Retrosynthetic Analysis for Disaccharide 215 

  As noted above (see Section 1.3), our conceptual plan to accomplish the synthesis of arimetamycin A (1) 

and hybrids 24–26 involved the synthesis of a disaccharide donor 31 that we could divergently glycosidate with 

aglycones 27–30 (Scheme 2.1a). To this end, we envisioned that disaccharide 215 would serve as an ideal 

intermediate target as it possesses the entire disaccharide framework, an easily modifiable reducing end that we 

could transform into a variety of glycosidic donors, and protected amines suitable for the late stage diversification 

necessary to probe the role of N,N-dimethylation in cytotoxicity (Scheme 2.1b). We planned to forge the 

disaccharide linkage using a thioglycoside donor under Hirama’s AgPF6 mediated a-selective methodology1 as 

work from Wong, Sun, and co-workers demonstrated that these conditions are effective for coupling C3 branched 

donors with deoxy sugar acceptors. 2-3 
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b. Retrosynthetic Analysis for 215. c. Vinylogous Ester Comparison 
  

 

 

 
 

Scheme 2.1  Retrosynthetic Analysis for Intermediate Disaccharide Target 215. 
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lemonose thioglycoside donor 216, we envisioned a de novo synthesis of L-lemonose thioglycoside donor 216 

from D-threonine (143) via vinylogous ester 217. We drew inspiration for our de novo approach from previous 

syntheses of L-lemonose7-10 as well as syntheses of related deoxy-amino sugars D-AAT,11 L-kedarosamine,12 and D-

callipeltose13 as discussed above in Chapter 1. We note that the targeted vinylogous ester 217 differs only in its 

nitrogen protecting group from the vinylogous esters employed in the syntheses of D-AAT donor (Seeberger)11 

and D-callipeltose (Nicolaou and Koskinen)13 (Scheme 2.1c). This strategic choice arose from (1) concerns that 

Cbz carbamate would not remain intact during the anticipated CH3Li mediated installation of the C3 methyl 

group and (2) safety concerns regarding the large scale diazotransfer necessary to convert the amine of D-

threonine (143) to its azide. 

 

2.2  Synthesis of L-Brasiliose Acceptor 218 

  Synthesis of L-brasiliose acceptor 218 began from commercially available vancomycin•HCl (84•HCl). 

N-Cbz protection (Cbz-OSuc) under Schotten-Baumann like conditions followed by treatment with methanolic 

HCl provided an inconsequential mixture of methyl glycosides according to known procedures (Scheme 2.2).4-6, 

14 Next, hydrolysis and chemoselective silyl protection with TBSCl afforded b-pyranose 218.6 

 
 

 
 
 

Scheme 2.2  Gram Scale Synthesis of l-Brasiliose Donor 218 from Vancomycin•HCl (84•HCl). 
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Stork-Danheiser like transposition that produced vinylogous ester 217 in 71% yield over the two-pot, four-

transformation sequence. 

 
 

 
 
 

Scheme 2.3 Synthesis of Vinylogous Ester 217. 
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transformation of 211 to 212 in their synthesis of D-callipeltose (214) from D-glucal (209) (Scheme 2.4a; also 

Scheme 1.24a).13 In both cases, an axially oriented C4 amine substituent directs methyl addition to the opposite 

face of the ring (Scheme 1.24b). 
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a. Diastereoselective Installation of the C3 Tetrasubstituted Center. 
 

 
 
 

b. Nicolaou and Koskinen’s 2001 Synthesis of D-Callipeltose (214).  

 

 
 
 

Scheme 2.4  Successful Installation of the C3 Tetrasubstituted Center and Comparison with Literature Precedent. 
 

 

  Having established the full carbon skeleton of lemonose donor 216, our next task was hydration of 

glycal 225 to provide a handle for further C1 functionalization. Unexpectedly, 225 resisted treatment with 

various strong acids as TLC indicated only the presence of starting material after 18 hr at room 

temperature and a mixture of starting material and desired hydrolysis product 226 after an additional 5.5 

hr at 60 ºC (Table 2.1a). In contrast, treatment of 225 with catalytic PPh3•HBr (30 mol%) yielded a 

mixture of starting material and product after only 4.2 hr at room temperature.17-19 However, additional 

time and excess reagents were not able to push this reaction to completion (Table 2.1b, Entry 1). 

Combining heat with excess PPh3•HBr and H2O as well as a Lewis acid system employing CeCl3•7H2O 

and NaI20 gave reducing sugar 226 in low to moderate yield (Table 2.1b, Entries 2-5). As extended heating 

at 40 oC in THF gave product with the best impurity profile, these conditions were scaled to mmol scale 

(Table 2.1b, Entry 6).  
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Table 2.1  Optimization of the Hydrolysis of Glycal 225. 
 
 

a. Hydrolysis of Glycal 225 with Strong Acids. b. Hydrolysis of Glycal 225 with Alternative Acids. 
  

 
 

 

 

 

  At this early stage in the synthetic campaign, we elected to push forward with the moderate yields obtained 

thus far, reasoning that we could devote more time to optimizing the hydration after proving that we could 

elaborate thioglycoside 216 to disaccharide 215. Accordingly, we converted reducing sugar 226 to acetate 227 

under standard conditions in 85% yield as an inconsequential mixture of anomers (Scheme 2.5). Next, BF3•OEt2 

activation of the anomeric ester in the presence of PhSH gave the desired thioglycoside 216 in 54% yield (9:1 

a:b) contaminated with elimination product 225 (7%). Hypothesizing that the presence of glycal 225 would not 

interfere with the ensuing glycosylation between 216 and 218, we successfully took this material on without 

purification to a proof of concept glycosylation that yielded 215 (vide infra).21 We note that a small-scale 

experiment (62 µmol a/b-227) showed that increasing the amount of the BF3•OEt2 and adding powdered 4 Å 

molecular sieves increased the yield of a/b-216 to 78% and improved the ratio of a/b-216:225 from 5:1 to 18:1. 

However, we elected not to further pursue this approach due to the success of our 2nd generation route to 216 as 

described below. 
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Scheme 2.5  Completion of the 1st Generation Synthesis of Thioglycoside 216. 
 

 

  Structurally, major anomer a-216 exhibited larger anomeric coupling constants (3JH1-H2 = 6.0, 5.0 Hz) 

than anticipated (Figure 2.1a).22 NOESY analysis showed correlations corresponding both to the expected 1C4 

conformation (C3Me « H5) and the chair flipped 4C1 conformation (H1 « TBSt-Bu, H1 « H5, TBSt-Bu « H5, 

and H2pro-S  « H4). As such, we concluded that a-216 exists either in conformational equilibrium or in an 

intermediate conformation. In contrast, anomeric coupling constant (3JH1-H2 = 12.5, 2.2 Hz) and NOESY analyses 

indicate that b-216 occupies the canonical 1C4 conformation (Figure 2.1b) 

  Interestingly, Giuliano and co-workers observed a related phenomenon in their synthesis of L-lemonose 

thioglycoside a/b-144.10 They found that a-144  exhibited even larger coupling constants (3JH1-H2 = 10.4, 6.4 Hz)  

than we observed for a-216 (Figure 2.1c). An H2pro-S  « H5 NOESY correlation indicated that a-144 assumed a 

boat conformation (2,5B). A lack of NOESY correlations for the anomeric proton (only the H1 « H2pro-R 

correlation was observed) as well as an X-ray crystal structure support this conformational assignment. 

 
 

a. a-216 (this work).a b. b-216 (this work).a c. a-144 (Giuliano, 2015)b d. Number Scheme 
    

   

 
 
 

e. Correlation key. 
 

 

 
 

Figure 2.1  Conformational Analysis of a-216 and b-216 with Comparison to a-144 from Giuliano’s 2015 Synthesis of L-
Lemonose Thioglycosides a/b-144. aData collected on a/b-216 (ca. 9:1) in CDCl3 (1H, 600 MHz; 13C, 151 MHz) synthesized from 
TBS glycoside a/b-235 as first described in Scheme 2.9. bData collected by Giuliano et al.10 on an inseparable mixture of a/b-144 in 
CDCl3 (1H, 300 MHz). 
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2.3.3 2nd Generation Conversion of Vinylogous Ester 217 to Lemonose Thioglycoside 216 

  Having demonstrated that thioglycoside 216 could serve as a competent donor in the construction of 

disaccharide 215, we dedicated further efforts to optimizing the synthesis of 216. Examination of our 1st 

generation approach revealed two weak points: (1) the hydration of glycal 225 to give 226 (plagued by low yield) 

and (2) the conversion of acetate 227 to 216 (plagued by moderate yield and concomitant formation of undesired 

225). With these in mind, we began our 2nd generation approach to 216. 

  Focusing first on the glycal hydration, we hypothesized that 225 had proven recalcitrant to hydrolysis due 

to the basicity of its C4 amine moiety. We reasoned that protonation of the C4 amine would happen faster than 

would the desired protonation of the glycal (Scheme 2.6a). Hydration of the resulting ammonium species 228 

would then require the intermediacy of high energy, doubly charged intermediates 230 and 231 (Scheme 2.6b). 

Theoretically, the hydration could proceed without doubly charged intermediates via intramolecular proton 

transfer from the protonated nitrogen to the glycal and subsequent nucleophilic attack by water (Scheme 2.6c). 

However, intramolecular amine re-protonation would likely quench the intermediate oxonium ion much faster 

that would the desired intermolecular addition of water, making this reaction pathway unlikely. 

 
v 

a. Initial Protonation of 225 by Brønsted Acids to Give 228 Instead of Desired 229. 
 

 
 
 

b. Glycal Hydration Proceeding through Proposed Doubly Charged Intermediates 230 and 231. 

 

 
 

 

c. Unlikely Glycal Hydration Proceeding through Singly Charged Intermediates 229 and 232. 

 

 
 
 

Scheme 2.6  Mechanistic Hypothesis for the Hydration of Recalcitrant Glycal 225 by Brønsted Acids. 
 

 

  Based on this mechanistic framework, we posited that replacing the activating Brønsted acid with a Lewis 
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afforded 226 in increased yield (Scheme 2.7a, Entries 1-2).23-26 Furthermore, we found that treatment of sans TBS 

glycal 224 gave the corresponding diol (233) in even higher yield. The reaction scaled well as hydrolysis of 9.8 

mmol of 224 afforded 2.35 g of 233 while maintaining the same yield. Further work showed that the reaction 

worked equally well on crude 224, allowing us transform vinylogous ester 217 into 233 in a two-step, one 

purification process.  

 
 

a. Hydrolysis of Lemonose Glycals 225 and 224 with Hg(II) Lewis Acids. b. Optimized Gram Scale Conversion of 217 to 233. 
  

 
 

 
 

Scheme 2.7  Oxymercuration-Demercuration of 225 and 224. 
 

 

  Having improved the efficiency of the glycal hydration, we turned our attention to elaborating diol 233 to 

thioglycoside 216. We envisioned that chemoselective anomeric acetylation followed by tertiary alcohol silylation 

would yield previously synthesized acetate 227, allowing us to converge with our 1st generation approach (Scheme 

2.8a). At the same time, we realized that we could save a step by simultaneously silylating both free alcohols 

provided that we could convert the resulting silyl glycoside into 216 (Scheme 2.8b). While certainly a 

nontraditional carbohydrate transformation, we noted relevant literature precedents from the Priebe27 (Scheme 

2.8c) and Marino28 (Scheme 2.8d) laboratories and elected to pursue the disilylation approach. 
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a. Proposed Three Step Conversion of a/b-233 to a/b-216 via Interception of Intermediate a/b-227 from the 1st Generation Route to a/b-216. 
 

 
 
 

b. Proposed Two Step Conversion of a/b-233 to a/b-216 via Thioglycosylation of O-TBS Glycoside a/b-235. 

 

 
 
 

c. Priebe’s 1991 Thioglycosylation of O-TBS Glycosides 236 and 238a–b.27
 

 

 
 
 

d. Marinoe’s 2012 Thioglycosylation of O-TBS Galactofuranoside 240.28
 

 

 
 
 

Scheme 2.8  Proposed Transformations of 233 to 216 and Relevant Literature Precedents. 
 

 

  In practice, treatment of diol 233 with excess TBSOTf in the presence of 2,6-lutidine afforded 235 in high 

yield (92%) as an inconsequential mixture of anomers (Scheme 2.9). Careful 1H NMR analysis indicated the 

presence of trace amounts of elimination product 225 (>50:1 molar ratio of a/b-235:225). Moving forward, an 

orienting thioglycosylation of 235 employing ZrCl4 proved disappointing as 1H NMR indicated the absence of 

desired 216 even after the addition of excess Lewis acid (2 Eq total).27 In contrast, we found that two-fold exposure 

to excess PhSH and TMSOTf gave thioglycoside 216 in excellent yield (92% over 2 steps) on gram scale; 1H 

NMR analysis indicated the absence of glycal 225.  
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Scheme 2.9  Completion of the 2nd Generation Synthesis of Thioglycoside 216. 
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  Regarding the two-step nature of the thioglycosylation, crude 1H NMR indicates that the first round of 

PhSH/TMSOTf treatment yields a complex mixture consisting of hydrolysis product a/b-226 (52%) and 

thioglycoside a/b-216 (43%) along with trace amounts of starting material a/b-235 (4%) and elimination 

product 225 (1%) (Table 2.2a–b, Entry 1)29. This mixture completely converges to thioglycoside a/b-216 upon 

resubjection to the reaction conditions, suggesting that reducing sugar a/b-226 and glycal 225 are competent 

substrates for this reaction. (Table 2.2a–b, Entry 2) Independent treatment of pure a/b-226 with 

PhSH/TMSOTf under similar conditions resulted in full conversion to thioglycoside a/b-216, thus verifying the 

reducing sugar as an able substrate (Table 2.2a–b, Entry 3). In contrast, exposure of pure glycal 225 to 

PhSH/TMSOTf gave only 20% conversion to a/b-216, providing inconclusive evidence as to whether the 

complete disappearance of 225 upon resubjection is a result of its conversion to the thioglycoside or simply the 

result of material losses during workup or the limits of NMR detection (Table 2.2a–b, Entry 4). 

 

Table 2.2  Mechanistic Analysis of the 2-Step Conversion of a/b-235 to Thioglycoside a/b-216. 

 
 

a. Relative Composition of Crude Reaction Mixtures. b. Crude NMR (1H, CDCl3) from Entries 1-4. 
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from common intermediate 217 (Scheme 2.10b). While simultaneous silylation of the C1 and C3 alcohols did 

not allow us reduce the step count as envisioned (Scheme 2.8a–b) due to the necessity of subjecting the resulting 

O-TBS glycoside (235) to two rounds of PhSH/TMSOTf (Scheme 2.9, Table 2.2), our optimization efforts 

nevertheless improved the efficiency of the synthesis and allowed us to produce grams of a/b-216 in ten steps 

from D-threonine (143) in an improved overall yield of 32% (average yield per step of 90%). 

 
v 

a. 1st Generation Synthesis of Thioglycoside a-216. 
 

 
 
 

b. 2nd Generation Synthesis of Thioglycoside a/b-216. 

 

 
 
 

Scheme 2.10  Comparison of 1st and 2nd Generation Routes for Transforming Vinylogous Ester 217 to L-Lemonose 
Thioglycoside a/b-216. 
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Measurement of the 1JC1′-H1′ coupling constant (J = 162 Hz) provided further evidence for a b-linkage (a: 1JCH ~ 

170 Hz | b: 1JCH ~ 160 Hz).30-31 However, recalling our experience with the conformationally deviant a-216 

(Figure 2.1), we acquired a NOESY spectrum of 215. This data revealed correlations between H1′ « C3′Me, H1′ 

« C3′TBSt-Bu, and H2′pro-S « H4′, allowing us to deduce that the non-reducing lemonose sugar of 215 had 

undergone a chair flip to the unexpected 4C1 conformation. Furthermore, the axial position of H1′ allowed us to 

reconcile the NOESY data with the 1JH1′-H2′ and 1JC1′-H1′ values and conclude that we had in fact synthesized the 

desired a-linked 215 on gram scale. Synthesis and single crystal XRD of crystalline derivative 244 unequivocally 

confirmed this NMR based assertion (Scheme 2.11d). 

 
 

a. Gram Scale Synthesis of a-Linked Disaccharide 215. 
 

 
 
 

b. Conformational Analysis of a-Linked Disaccharide 215.a
 c. Conformational Analysis of b-Linked Side Product 243. 

  

  
 
 

d. Verification of Disaccharide 215’s a-Linkage by Single Crystal XRD. 
 

 
 
 

Scheme 2.11  Synthesis and Conformation Analysis of a-Linked Disaccharide 215 and Side Product 243. aFor clarity, 
the Cbz protecting group is abbreviated as “Z”. bNot possible to determine this coupling constant; however, broadening was 
observed for the H1 (br d) and H2pro-S (br d) resonances. 
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  Regarding the selectivity of the glycosylation event, NMR analysis of the CDCl3 soluble crude materials 

coupled with the high isolated yield (82%) for the desired a-linked 215 led us to conservatively conclude that 215 

was formed in a ≥4:1 ratio relative to any other disaccharide component (Figure A.5). NMR analysis of minor, co-

eluting disaccahride 243 revealed the presence of a b-linkage (as confirmed by 3JH1′-H2′, 1JC1′-H1′, and NOESY 

analyses) and, to our surprise, a glycal resulting from formal elimination of the anomeric silyl ether (Scheme 

2.11c). As 243 constituted such a minor component of the bulk material (≥20:1 215:243), we pushed the mixture 

forward without further purification. 

 

2.5  Summary of Chapter 2 

  In this chapter, we described the gram scale synthesis of protected arimetamycin A disaccharide 215 via 

the AgPF6 mediated glycosylation of L-lemonose thioglycoside donor 216 and L-brasiliose acceptor 218 (Scheme 

2.12). The synthesis of acceptor 218 proved straightforward starting from vancomycin•HCl (84•HCl). In 

contrast, developing a gram scale route to donor 216 from D-threonine (143) involved extensive optimization of 

the glycal hydration and an unusual thioglycosidation of an O-TBS glycoside (235). Finally, with 216 and 218 in 

hand, glycosylation yielded what initially appeared to be the undesired b-linked disaccharide based on the 

observed 1JCH and 3JHH coupling constants. However, NOESY analysis revealed that the non-reducing lemonose 

moiety occupied the “chair-flipped” 4C1 conformation rather than the expected 1C4 conformation, allowing us to 

conclude that we had in fact made the desired a-linked disaccharide (215). Single crystal XRD analysis of a 

crystalline derivative (244) confirmed this NMR based assertion. 

 
v 

 
 
 

Scheme 2.12  Summary of Chapter 2. 
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CHAPTER 3  

 

Synthesis and Biological Evaluation of a DNR-AMA Hybrid Anthracycline 

 

3.1  Synthetic Strategy 

  Having achieved the scalable synthesis of protected arimetamycin A disaccharide 215, we set our sights 

on transforming this compound into a suitable disaccharide donor for glycosidation with aglycone acceptors (27–

30) to yield arimetamycin A (1) and hybrid 24–26 (Scheme 3.1a). Success would require a strategic choice of 

anomeric leaving group as well as careful consideration of the C3 amine, C3′ alcohol, and C4′ amine substitution 

patterns. Beginning with the leaving group, we chose to pursue a phenylthioglycoside donor based on Wang’s 

successful activation of such donors under Hirama-like conditions (AgPF6)1 to synthesize daunorubicin 

hybrids 42a–f with good a-selectivity2 (Table 1.2). Regarding the C3 and C4′ amines, we decided to delay 

their dimethylation until after the glycosidation for two reasons: (1) this would enable us to synthesize 

various N,N-substituted derivatives (i.e., NH2, N3) without optimizing multiple glycosidations and (2) we 

hypothesized that a bis-N,N-protected disaccharide would have favorable physical properties as compared 

to the bis-N,N-dimethyl disaccharide. We chose to mask both amines as Alloc carbamates as the 

deprotection of this group has been demonstrated on glycosidated anthracyclines.3-4 Finally, as various 

literature precedents report successful glycosylations in the presence of unprotected 3º alcohols2, 5-8, we 

elected to deprotect the C3′ alcohol prior to glycosidation to decrease the number of post-glycosidation 

transformations. With these considerations in mind, we identified thioglycoside 245 as our ideal 1st 

generation disaccharide donor (Scheme 3.1b). 

 
 

a. Updated Conceptual Retrosynthetic Analysis. 
 

 
 
 

b. Retrosynthetic Analysis for 245. 
 

 
 
 

Scheme 3.1  Retrosynthetic Analysis for Disaccharide Donor 245. 
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  To evaluate 245 as a donor, we chose to use the daunorubicin aglycone (daunorubicinone, 28) as 

our initial acceptor due to the reduced cost of daunorubicin (5) as compared to doxorubicin (6) and 

steffimycin B (312). Accordingly we prepared daunorubicinone (28) via the known hydrolysis of 

daunorubicin•HCl (5•HCl) in anticipation of future glycosidations (Scheme 3.2).9 

 
 

 
 
 

Scheme 3.2  Acid Mediated Hydrolysis of Daunorubicin (5) to Obtain Daunorubicinone (28). 
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yielded the presumed diamine intermediate (Scheme 3.3b).12 Reprotection with AllocCl in the presence of 2,6-

lutidine gave bis-N-Alloc disaccharide 246 in 89% yield over 2 steps.  

 
 

a. “H2” Labile Benzyl Ether of Aglycone. b. Synthesis of bis-N-Alloc Disaccharide 253. 
  

 
 

 
 

Scheme 3.3  Strategic Exchange of Nitrogen Protecting Groups. 
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signals; however, integration of the allyl protons from the Alloc protecting groups indicated the presence of only 

one (rather than two) allyl. Further characterization allowed us to assign this product as oxazolidinone 250. We 

hypothesize that this unexpected product arises from intramolecular attack of the liberated C3′ alkoxide at the 

neighboring C4′ carbamate (251, Scheme 3.4c). Collapse of the resulting tetrahedral intermediate 252 would 

yield 250 and an equivalent of allyl alcohol upon workup. 

 

 

a. Literature Basis for Deprotection Conditions: Fukuyama, Kan, and Co-Worker’s 2012 Synthesis of (−)-Lemonomycin (132).13 
 

 
 
 

b. Unexpected Conversion of 246 to Oxazolidinone a/b-250. 

 

 
 
 

c. Proposed Mechanism for the Conversion of 246 to Oxazolidinone a/b-250. 

 

 
 
 

Scheme 3.4  Unexpected Synthesis of Oxazolidinone 250 from 246. 
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time at 50 ºC, did not prove productive as TLC indicated the 253 starting material as the major spot with no 

substantial formation of other spots after 26 hr.14 

 
 

 
 
 

Scheme 3.5  Partial De-Silylation of 246 to Give Undesired Hemiacetal 253. 
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reaction took place rapidly. When taken together with the fact that treatment with unbuffered TBAF yielded a 

84:16 mixture of desired 249 to oxazolidinone 250 after 3.5 hours at room temperature (Table 3.1, Entry 5), we 

reasoned that exposure of 246 to unbuffered TBAF at reduced temperature might selectively give the desired 249. 

This was validated as addition of chilled (−5 ºC) 1 M TBAF in THF to a likewise chilled solution of 246 in THF 

brought about the desired bis-silyl deprotection after which the reaction was quenched at −5 ºC with 1 N HCl to 

give desired a/b-249 (Table 3.1, Entries 6-7). 
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Table 3.1  Optimization of the Bis-Silyl Deprotection of 246 to Yield a/b-249. 

 

 
 

 

 

  Having addressed the issue of silyl deprotection, we pressed forward toward the desired thioglycoside. 

Chemoselective acetylation proceeded without incident to give acyl glycoside 254 (Scheme 3.6a). Subsequent 

treatment of acetate 254 with PhSH and catalytic BF3•OEt2 yielded a co-eluting mixture of desired thioglycoside 

245 (63%, 5:1 a:b) and unexpected pyrrolidine 255 (2%). This byproduct likely arises from rearrangement of 

the lemonose residue following Lewis acid mediated cleavage of the inter-sugar glycosidic linkage (Scheme 3.6b). 

As 255 constituted such a minor component of the bulk material (≥20:1 245:255), we pushed the mixture 

forward without further purification. 

 

  

- - -

aEq = equivalents; “TBAF” = commercially available solution of 1 M TBAF in THF; HF•pyr. commercially available solution of 
65-70 HF in pyridine (wt/wt %). bDetermined by 1H NMR unless indicated otherwise. cReaction run with 21-33 mg (30-47 
µmol) 246. dReaction heated at 45 ºC for indicated amount of time; then reaction allowed to cool at room temperature for 
0.8-1.4 hr prior to quenching. eReaction run with 5-8 mg (8-11 µmol) 246. f TBAF (1 M in THF) added to 246; AcOH added 4 
min later. gRelative composition estimated from TLC; for this entry, only the identity of 249 was verified by isolation and NMR. 
hYield not reported due to the small scale of the reaction. iPremixed solution of TBAF (1 M in THF) added to 246. jTBAF 
chilled at −5 ºC prior to addition to a chilled (−5 ºC) solution of 246 in THF. kReaction quenched at ca. −5 ºC after indicated 
amount of time. lReaction run with 0.22 g (0.32 mmol) 246.
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a. Synthesis of a/b-245 from a/b-249. 
 

 
 
 

b. Plausible Mechanism for the Formation of Pyrrolidine 255. 

 

 
 
 

Scheme 3.6  Completion of the Synthesis of Thioglycoside 245. 
 

 

  An examination of the literature reveals other examples of the pyranose to pyrrolidine rearrangement 

observed in the synthesis of 245 (Scheme 3.6). Evans and co-workers observed an analogous, undesired 

rearrangement in their attempt to convert hemiacetal 259 to methyl glycoside a/b-260 during their synthesis of 

L-callipeltose (Scheme 3.7a).15 In the context of natural products, a team at Bristol-Myer Squibb observed a 

pyranose to pyrrolidine rearrangement following reduction and acidic methanolysis of esperamicin A1 (262) to 

give 263 (Scheme 3.7b).16-17 Mellet, Fernández, and co-workers used the rearrangement to their advantage in their 

syntheses of pyrrolidine glycosidase inhibitors 267 and 268 from D-fructose (Scheme 3.7c).18  
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a. Inadvertent Synthesis of Pyrrolidine 261 during Evan’s 2001 Synthesis of L-Callipetose. 
 

 
 
 

b. Bristol-Myer Squibb’s 1991 Determination of the Absolution Configuration of the Hydroxyamino Sugar Fragment of Esperamicin A1 (262).  

 

 
 
 

c. Mellet and Fernández’s 2006 Synthesis of Glycosidase Inhibitors DMDP (267) and DGDP (268).  

 

 
 
 

Scheme 3.7  Literature Examples of the 4-Aminopyranose to Pyrrolidine Rearrangement. 
 

 

  Overall, we synthesized thioglycoside donor a/b-245 in five steps from previously described disaccharide 

215 (Scheme 3.8). This involved an exchange of N-Cbz and N-Bn2 protected groups for anthracycline-compatible 

N-Alloc groups, a bis-TBS ether deprotection that occurred under surprisingly mild conditions, and, following 

anomeric acetylation, a thioglycosidation that yielded a mixture of desired thioglycoside 245 and unexpected 

pyrrolidine by-product 255 (>20:1 245:255). 

 
 

 
 
 

Scheme 3.8 Summary of the Synthesis of Thioglycoside 245 from Disaccharide 215. 
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3.2.2 1st Generation Donor (SPh): Unsuccessful Glycosidation of 245 with Daunorubicinone (28) 

  We initiated our study of anthracycline glycosidations by subjecting a mixture of daunorubicinone 

aglycone acceptor 28 and excess disaccharide thioglycoside donor a/b-245 to Hirama’s AgPF6 medated1 

glycosidation conditions (Scheme 3.9). This reaction proved unsuccessful as we observed, at most, trace amounts 

of the desired product 269. Following chromatography, the only carbohydrate component that we could 

confidently assign was elimination product 270. 

 
 

 
 
 

Scheme 3.9  Failed Glycosidation between Daunorubicinone (28) and 1st Generation Donor 245. 
 

 
3.2.3 2nd Generation Donor (OH): Unsuccessful Glycosidation of 254 with Daunorubicinone (28) 

  We next explored the use of disaccharide reducing sugar a/b-254 as a glycosyl donor as we already had 

access to this intermediate from our synthesis of thioglycoside a/b-245 (Scheme 3.8). Unfortunately, subjecting 

this 2nd generation donor and acceptor 28 to a modification of Gin’s dehydrative methodology19-21 provided, at 

most, trace amounts of desired product 269. The major carbohydrate product that we isolated was the trehalose-

like tetrasaccharide 271 resulting from dimerization of disaccharide donor 254. 

 
 

 
 
 

Scheme 3.10  Failed Glycosidation between Daunorubicinone (28) and 2nd Generation Donor 254. 
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3.2.4 3rd Generation Donor (OTBS): Successful Glycosidation of 249 with Daunorubicinone (28) 

  Moving one step further back in our synthesis of thioglycoside a/b-245 (Scheme 3.8), we decided to 

investigate the use of O-TBS glycoside 246 as a glycosyl donor. Typically, carbohydrate chemists view the 

anomeric silyl ether as a temporary protecting group rather than as an activating group for glycosylation. However, 

we noted various literature precedents that demonstrated the successful glycosidation of O-TBS 3-amino-2,3,6-

trideoxy glycosides (273a-d) with anthracycline aglycones (28, 272a-c) to yield the corresponding a-linked 

products (274a-d) (Table 3.2).22-25 As such, we began our evaluation of 246 as a glycosyl donor. 

 
Table 3.2  Literature Examples of Successful Glycosidation of O-TBS Donors 273a-d with Various Anthracycline 
Aglycones (28, 272a–c) to Yield 274a22, 274b23, 274c24, and 274d25. 

 
 

 
 

a5% bis-O-7,9-glycoside also isolated. bCo-eluted with ca. 12% bis-glycoside. cYield obtained over 2 steps following deacetylation (K2CO3/CH3OH). 
 

 

  In an orienting experiment, we treated a mixture of daunorubicinone (28), donor 246, and 4 Å MS in 

CH2Cl2 with TMSOTf (Table 3.3, Entry 1). TLC indicated the formation of a red spot with decreased polarity as 

compared to aglycone 28. This was promising as the red color suggested the presence of the anthracycline 

aglycone while the change in polarity implied an alteration in the aglycone’s structure. However, NMR analysis of 

the isolated material proved challenging and did not allow us to make any structural conclusions regarding the 

newly synthesized product(s). Gratifyingly, we found that changing the Lewis acid to BF3•OEt2 and lowering the 

temperature to −78 ºC allowed us to isolate desired a-linked product 275 for the first time (Table 3.3, Entry 2). 

Though the reaction yielded only 12% of 275, we found the 81% recovery of unreacted donor 246 encouraging 

as this indicated that 28 efficiently captured any donor able to undergo activation (88% yield of 275 BRSM). To 
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increase the proportion of activated donor, we raised the temperature of subsequent reactions following initial 

addition of BF3•OEt2 at −78 ºC (Table 3.3, Entries 3–4). These efforts allowed us to increase the yield of 275 to 

59% at −50 ºC while maintaining good efficiency for the capture of activated donor by acceptor 28 (90% yield of 

275 BRSM). 

 

Table 3.3  Optimization of the Glycosidation of Daunorubicinone (28) with 3rd Generation Donor 246. 

 
 

 
 

 

 

  Structurally, 2-D NMR verified that glycosidation had occurred at the benzylic C7OH of aglycone 28 

(HMBC: H1′ → C7; ROESY: H7 « H1′) and indicated that both carbohydrate moieties adopted the 

canonical 1C4 conformation (ROESY: C3′Me « H5′ and C3″Me « H5″) (Figure 3.1a). We assigned C7O-

C1′ as an a-linkage based on 1H multiplicity (absence of a large 3JH1′-H2′ coupling constant indicative of an axial-

axial coupling pathway)26 and ROESY (presence of H1′ « H2′pro-R and H1′ « H2′pro-S correlations; absence of 

H1′ « C3′Me and H1′ « H5′ correlations) data. Comparison of 1H (H7, H1′) and 13C (C7, C1′) chemical shifts 

to those of previously described daunorubicin analog 276 further corroborated this anomeric assignment (Figure 

3.1b).27 
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a. Key NMR Data for 275. b. 1H and 13C Chemical Shift Comparison between 275 and Known Compound 276.  
  

  
 
 

Figure 3.1  Key NMR Data Demonstrating the Synthesis of a-Linked 275. aData acquired in CDCl3 at 600 MHz for 1H 
(calibrated to δ 7.26) and 151 MHz for 13C (calibrated to δ 77.16). bShift obtained from 1H-13C HSQC {1H}{13C}. cOvlp = 
overlapping. dJ = 4.9 Hz. eData acquired in CDCl3 at 60 MHz or 90 MHz for 1H (calibrated to Si(CH3)4) and 23 MHz for 13C 
(calibrated to Si(CH3)4) by Thang, T. T. et al.27  
 

 

3.2.5 End Game: Unsuccessful Transformation of 275 to DNR-AMA Hybrid 24 

  At this point, three transformations stood between 275 and DNR-AMA hybrid 24: (1) N,N-Alloc 

deprotection, (2) N,N-bis-dimethylation, and (3) TBS deprotection. Electing to reserve silyl deprotection for the 

final step as to take advantage of the protecting group’s solubilizing lipophilicity for as long as possible, Pd(PPh3)4 

catalyzed Alloc deprotection in the presence of dimedone (277) as an allyl scavenger afforded diamine 278 

(Scheme 3.11a).3 Subjecting this material to an orienting reductive amination (aq. HCHO, NaBH3CN) 

demonstrated the liability of the C13 a-hydroxy ketone to reduction as LCMS showed the formation of masses 

corresponding to desired product 279 and C13 reduced 281 (Scheme 3.11b). This aberration from the typical 

resistance of ketones to NaBH3CN reduction under non-acidic conditions28 likely results from coordination of a 

boronate species to the C9-hydoxyl and subsequent intramolecular hydride delivery. Klyosov29 and Sjöberg30 each 
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hydrolysis or through an elimination pathway involving the formation of orthoquinone methide 282 (Scheme 

3.11c).  

 
 

a. Inefficient Removal of a Recalcitrant 3º Silyl Ether Prevents Transformation of 275 to DNR-AMA Hybrid 24. 
 

 
 
 

b. C13 Reduced Byproduct 281. c. Proposed Elimination Mechanism for the Formation of 280. 
  

 

 
 
 

Scheme 3.11  Failed Conversion of Protected Anthracycline 275 to DNR-AMA Hybrid 24.  
 

 

3.3  4th–5th Generation Donors: A Pre-Glycosidation Functionalization Strategy 

3.3.1 4th Generation Donor (OTBS): Rational Design, Synthesis, and Successful Glycosidation to Yield DNR-AMA 
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unprotected 3º alcohol proved unsuccessful. Interestingly, Danishefsky, Sulikowski, and co-workers also 

experienced difficulties when trying to unmask 2º TBS ethers on anthracycline bound sugars (Scheme 3.12).31 

They overcame this issue by swapping the TBS groups for more labile TMS ethers prior to glycosidation. 
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However, we had misgivings regarding our ability to deprotect a presumably more resistant 3º TMS ether in an 

anthracycline compatible manner.  

 
 

 
 
 

Scheme 3.12  TBS Deprotection Difficulties Encountered by Danishefsky, Sulikowski, and Co-Workers in their 
Synthesis of Ciclamycin 0 (285) and Hybrid Anthracycline 286.  
 

 

  In designing our 4th generation donor, we decided to sidestep any post-glycosidation manipulations. As 

such, we designed fully functionalized donor 287 featuring an unprotected 3º alcohol and two dimethylamines 

(Figure 3.2). For the anomeric leaving group, we retained the TBS ether from the 3rd generation donor due to its 

previously demonstrated success. Furthermore, we posited that the lipophilic silyl group would counteract the 

anticipated polarity of the two dimethyl amino sugars, easing purification and allowing us to conduct the 

glycosidation in standard organic solvents. 

 
 

 
 
 

Figure 3.2  Rational Design of 4th Generation Donor 287. 
 

 

  Synthesis of 4th generation donor 287 began with the bis-silyl deprotection (TBAF, 50 ºC)13 of 

disaccharide 215 followed by selective anomeric re-silylation (TBSCl) to give a/b-289 (1:9 a:b, Scheme 3.13). 

Conformationally, we observed that removal of 215’s silyl ether protecting groups allowed the lemonose residue 

of a/b-288 to assume the canonical 1C4 conformation. It maintained this conformation upon anomeric re-
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silylation, indicating that the bulky C3′-O-TBS group was responsible for the 1C4 to 4C1 chair flip observed in 

215.  

 
 

 
 
 

Scheme 3.13  Synthesis of O-TBS Glycoside 289 from Disaccharide 215. 
 

  Next, transfer hydrogenolysis (NH4HCO2, Pd/C) of a/b-289 unmasked both primary amines,12 setting 

the stage for bis-dimethylation (Scheme 3.14a). To our surprise, reductive amination (aq. HCHO, NaBH3CN)28 

gave a mixture featuring oxazolidine 290 as its major component (Figure A.6). Presumably, ring closure occurs 

via intramolecular capture of a C4′N-imine(iminium) species by C3′OH. This oxazolidine proved resistant to 

further reduction, opening fully only with the use of acid (AcOH) and excess reductant to give donor b-287. 

Under these forcing conditions we also observed formation of a side product resulting from cyanide addition 

(tentatively assigned as 292) that could be separated from the desired b-287 by preparatory HPLC (Scheme 

3.14b, Figure A.7).32 

 
 

a. Synthesis of b-287 from a/b-289. 
 

 
 

 

b. Proposed Formation of Desired of 287 and Tentatively Assigned Side-Product 292 from Oxazolidine 290. 
 

 
 
 

Scheme 3.14  Completion of 4th Generation Donor b-287. 
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Clarke conditions yielded oxazolidine 295 rather than the desired N,N-dimethylamino 294 (Figure 3.3a).33 

Subsequent treatment of the 295 with LiAlH4 opened the oxazolidine ring to give 294. Work by Tomita and co-

workers demonstrated the necessity of a syn-1,2-amino alcohol for oxazolidine formation (Figure 3.3b).34 They 

found that Eschweiler-Clarke reductive methylation of anti-1,2-amino alcohol 296 yielded N,N-dimethylamino 

297 while exposure of the epimeric syn-1,2-amino alcohol (4-epi-296) to the same conditions produced 

oxazolidine 298. In similar fashion to Nelson, LiAlH4 reduction of 298 gave N,N-dimethylamino 299. 

 
 

a. Observation of Oxazolidine Formation in the Nelson’s 1968 Synthesis of (±)-294. 
 

 
 
 

b. Contrasting the Eschweiler-Clarke Reactions of Pachysandrine A Derivatives 296 and 4-epi-BZ (Tomita and Co-Workers 1964). 
 

 
 
 

Figure 3.3  Precedent for Oxazolidine Formation with syn-1,2-Amino Alcohols.  
 

 
  Moving forward to the key event, BF3•OEt2 mediated glycosidation of 4th generation donor b-287 with 

excess 28 provided a mixture of the desired DNR-AMA hybrid 24 and unactivated 287 (Scheme 3.15a). Normal- 

and reverse-phase separation proved ineffective at resolving this mixture. Gratifyingly, we could leverage the 

phenols unique to 24 to separate the compounds by anion exchange chromatography. Following RP-HPLC 

purification to remove trace impurities, we isolated pure DNR-AMA hybrid (24•2TFA) with the desired a-C7O-

C1′ linkage as verified by 1H multiplicity (absence of a large 3JH1′-H2′ coupling constant indicative of an axial-axial 

coupling pathway)26, 1JC1′-H1′ (170 Hz)35-36, and ROESY (absence of H1′ « C3′Me and H1′ « H5′ correlations) 

(Scheme 3.15b, Table A.4, Table A.5, and Table A.6). Interestingly, ROESY analysis revealed that the lemonose 

residue of 24•2TFA does not solely occupy the 4C1 conformation (Scheme 3.15c); rather it exists in 

conformational equilibrium and/or an intermediate conformation not depicted in Scheme 3.15c. 
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a. Glycosidation of 4th Generation Donor b-287 with Daunorubicinone (28) to Yield DNR-AMA Hybrid 24•2TFA. 
 

 
 
 

b. Comparison of 24’s a-Linkage (C1′) to 287’s b-linkage (C1). c. Conformational Analysis of 24•2TFA’s Lemonose Residue.a 

  

 

 

 

Scheme 3.15  Synthesis, a-Linkage Verification, and Configurational Analysis of DNR-AMA Hybrid 24•2TFA. 
aRecorded in CD3OD (1H-600 MHz, 13C-151 MHz). bRecorded in 4:1 CD3OD/CDCl3 (w/w) + CF3CO2H (1H-600 MHz, 13C-151 
MHz). 
 

 

3.3.2 5th Generation Donor (OAcyl): Rational Design, Synthesis, and Successful Glycosidation to Yield DNR-AMA 

Hybrid 24 in Improved Yield 

  At this point, we had isolated a sufficient quantity of 24•2TFA (1.8 mg) for initial biological evaluation 

(vide infra). Nevertheless, we found ourselves synthetically unsatisfied with the low yielding (ca. 4%) final 

transformation (Scheme 3.15a). We hypothesized that increasing the reactivity and lipophilicity of the 

disaccharide donor would, respectively, enable greater conversion of donor to product and ease purification, both 

of which would increase the isolated yield of 24•2TFA. To this end we designed 5th generation donor 300 

featuring a novel anomeric leaving group (Scheme 5e). We hypothesized that Lewis acid mediated activation 

would occur more readily for an acyl donor37-40 than it would for the corresponding silyl ether. However, we also 

reasoned that the silyl group of 287 had lent lipophilicity to an otherwise polar disaccharide and thereby imparted 

it with solubility in organic solvent. Joint consideration of these factors led to the design of a novel acyl glycoside 

leaving group functionalized with a highly lipophilic, UV active TBDPS protected phenol. 
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Figure 3.4  Rational Design of 5th Generation Donor 300. 
 

 

  Synthesis of 5th generation donor 300 began with the synthesis of the requisite carboxylic acid 303. 

Treatment of commercially available 4-hydroxyphenylacetic acid (301) with excess TBDPSCl (2.2 Eq) yielded 

the presumed bis-TBDPS intermediate 302 which underwent chemoselective TBDPS ester hydrolysis (aq. 

K2CO3) to give 303 (Scheme 3.16a).41 Next, Steglich esterification (EDC•HCl, DMAP)42 of previously 

synthesized diol a/b-246 with 303 yielded acyl glycoside 304 (Scheme 3.16b). Though the reaction yielded both 

anomers, we elected to isolate the major b-anomer (77% yield) and move forward with anomerically pure material 

(≥ 20:1 b:a). Presumably, the preferential formation of the b-anomer results from its increased nucleophilicity as 

compared to the corresponding a-anomer due to the kinetic anomeric effect.43-47  

 
 

a. Synthesis of Carboxylic Acid 303. 
 

 
 
 

b. Acylation of a/b-288 with 303. 
 

 
 
 

Scheme 3.16  Installation of a Novel Lipophilic, UV Active Acyl Group. 
 

 
  Transfer hydrogenolysis (NH4HCO2, Pd/C)12 of 304 unmasked the protected amines (Scheme 3.17a). 

Subsequent reductive amination (aq. HCHO, NaBH3CN, AcOH) proceeded in a similar manner as that detailed 

for the synthesis of b-287. Specifically, we once again observed the formation of a tentatively assigned oxazolidine 

(305) that opened to give a mixture of the desired bis-dimethylamino compound (300) and a tentatively assigned 

methylcyano adduct (306). Hoping to avoid cyanide addition, we took note of work from the Feeney lab 
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demonstrating the use of pyridine-borane to affect the N,N-dimethylation of proteins.48-49 Gratifyingly, use of this 

reducing agent afforded desired 300 free of 306 (Scheme 3.17b).  

 
 

a. LCMS Observation of Cyanomethyl Adduct 306 in the NaBH3CN Nediated Reductive Amination to Give 300. 
 

 
 
 

b. Cyanomethyl Free Synthesis of 300 Via a Pyridine•BH3 Mediated Reductive Amination. 
 

 
 
 

Scheme 3.17  Completion of the Synthesis of 5th Generation Donor 300. 
 

 

  Overall, we synthesized 5th generation donor b-300 in 3 steps from previously described diol a/b-288 and 

carboxylic acid 303 (2 steps from commercially available 301). By changing the reducing agent for the reductive 

amination from NaBH3CN to pyr.•BH3 we avoided the formation of cyanomethyl adduct 306 (Scheme 3.17). 

Importantly, comparison of LCMS retention times confirmed our hypothesis that b-300 would exhibit increased 

lipophilicity as compared to 4th generation donor 287 and DNR-AMA hybrid 24 (Figure A.8 vs. Figure A.9).  

  Turning our attention to the glycosidation between 5th generation donor b-300 and aglycone acceptor 

28, we began with a series of small-scale reactions (5–9 µmol donor b-300 as limiting reagent). In the key orienting 

experiment, LCMS monitoring indicated that addition of 3.0 Eq of BF3•OEt2 produced only trace amounts of 

desired product 24, even after 2 hr at room temperature. However, upon the addition of an extra 1.1 Eq of 

BF3•OEt2, we observed significant amounts of 24 within 25 min. Transferring these conditions to a preparative 

scale reaction (73 µmol b-300) yielded DNR-AMA hybrid 24•2TFA in a modest ca. 20% isolated yield, a five-

fold increase as compared to 4th generation donor b-287 (Scheme 3.18, Table A.6). 
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Scheme 3.18  Glycosidation of 5th Generation Donor b-300 with Daunorubicinone (28) to yield DNR-AMA Hybrid 
24•2TFA. 
 

 

3.4  Biological Evaluation of DNR-AMA Hybrid 24 

  Having achieved the synthesis of DNR-AMA hybrid 24, we next undertook its preliminary biological 

characterization. We began with an evaluation of its cytotoxicity using proliferation assays performed by ImQuest 

Biosciences (CRO) (Section 3.4.1). We followed this up with preliminary mechanistic experiments in 

collaboration with Vanderbilt Biochemistry Professor Neil Osheroff, an expert in the study of topoisomerase II 

enzymes; Jo Ann Byl, a senior scientist in Professor Osheroff’s lab, performed all of the assays described in Section 

3.4.2. 

 

3.4.1 Cytotoxicity Evaluation 

  Cytotoxicity was evaluated using the XTT assay (Scheme 3.19).50-54 In brief, this colorimetric assay 

capitalizes on the reduction of colorless/faint yellow tetrazolium XTT (312) to bright orange tetrazine 27 by cell-

based reductants (Scheme 3.19a). Due to the molecule’s net negative charge, it is hypothesized that it does not 

enter cells. As such, the addition of an electron-coupling agent such as phenazine methosulfate (PMS, 311) allows 

for efficient electron shuttling from the intracellularly produced reductant to the extracellular XTT (Scheme 

3.19b–c). As only live cells generate the reducing power necessary to reduce 312 to the bright orange 27, 

spectrophotometric quantification allows for determination of viability as compared to a negative control. 
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a. Color Generating Reduction of XTT. 
 

 
 
 

b. Redox Cascade Leading to XTT Reduction.a–b c. Structure of Oxidized Components of Redox Cascade. 
  

 

 
 
 

Scheme 3.19  Chemical Background to the XTT Cell Viability Assay. aAdapted from Berridge, M. V. et al.52 and ATCC’s 
XTT Cell Proliferation Assay Kit Instruction Manual53. b“Ox” = oxidized; “Red” = reduced.  
 

 

  We evaluated DNR-AMA hybrid 24 against three of the four cancer cell lines used by Brady to determine 

the cytotoxicity of arimetamycin A (AMA, 1).55-56 We found that the synthesized hybrid demonstrated similar 

potency (TC50) to the therapeutically useful daunorubicin (DNR, 5) and doxorubicin (DOX, 6) against 

anthracycline sensitive cell lines HCT116 (colon cancer) and MDA-MB231 (breast cancer) (Table 3.4). 

Furthermore, in similar fashion to arimetamycin A, DNR-AMA hybrid 24 maintained its sub-micromolar activity 

versus MDR cell line H69AR (lung cancer).57-58 

 

Table 3.4  Cytotoxicity of DNR-AMA Hybrid 24. 

 
 

 
 
 

aCell line (cancer type). bMDR = multidrug resistant. cData from Brady, S. F. et al.55-56 
 

 

3.4.2 Mechanism of Action Studies: Inhibition of Human TopIIa Mediated Relaxation of Supercoiled DNA 
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  As discussed in Chapter 1, the most widely accepted mechanism of action for the anthracycline 

chemotherapeutics is topoisomerase II (TopII) poisoning.59-62 Specifically, the inhibition of the 170 kDa TopIIa 

isoform is associated with the desired cytotoxic activity while inhibition of the 180 kDa TopIIb isoform is 

hypothesized to contributed to the drugs’ dose limiting cardiotoxicity. 63-70 To determine if DNR-AMA hybrid 24 

inhibited TopIIa’s ability to inhibit relax supercoiled DNA, we used the DNA relaxation assay developed by 

Osheroff, Shelton, and Brutlag.71 This assay takes advantage of the fact that supercoiled DNA migrates faster than 

relaxed DNA on an agarose gel. As such, a theoretical gel of individual topoisomers in various states of relaxation 

ranging from fully supercoiled (Lane 1A) to fully relaxed (Lane 5A) would give the banding pattern seen in Figure 

3.5a. Taking this forward to the TopII inhibition assay, a theoretical experiment with a TopII inhibitor would look 

like Figure 3.5b. In this gel, we see that inclusion of TopII enzyme results in full conversion of the fully supercoiled 

DNA to relaxed DNA topoisomers (compare Lanes 1B and 2B). Addition of increasing amounts of TopII 

inhibitor decreases the enzyme’s ability to relax the supercoiled DNA, resulting in a dose dependent decrease in 

relaxed topoisomers and an increase in fully supercoiled DNA (Lanes 3B → 4B → 5B). Finally, we note that all lanes 

in Figure 3.5b contain nicked DNA, a single strand break byproduct from the synthesis of supercoiled DNA. 

 
 

a. Theoretical Gel of Isolated Topoisomers. b. Theoretical Gel of TopII Inhibition Assay. 
  

 

 
 
 

Figure 3.5  Explanation of Osheroff, Shelton, and Brutlag’s TopII Inhibition Assay Using Theoretical Gels. 
 

 

  With this background in mind, we now turn our attention to the experimental data. We found that the 

addition of increasing amounts of DNR-AMA Hybrid 24 to a reaction mixture containing negatively supercoiled 

(−SC) DNA and human TopIIa (hTopIIa) led to the loss of relaxed DNA topoisomers (Figure 3.6ai, Lanes 2 vs. 

10-13), indicating an inhibition of hTopIIa–catalyzed relaxation. However, 24 does not restore electrophoretic 

mobility to that of the untreated −SC DNA (Figure 3.6ai, Lanes 1 vs. 10-13). We hypothesize that this discrepancy 
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results from DNA intercalation72-73 as intercalation is known to induce positive supercoiling which, in this case, 

would result in an overall decrease in negative supercoiling (i.e., relaxation) and a corresponding decrease in 

electrophoretic mobility. As expected, we observed a decrease in electrophoretic mobility upon addition of 24 to 

−SC DNA in the absence of enzyme (Figure 3.8aii). Repetition of these assays with daunorubicin (5) in place of 

DNR-AMA hybrid 24 indicate that these compounds inhibit hTopIIa mediated relaxation of −SC DNA to a 

similar extent (Figure 3.6b). 

 
 

a. Inhibition of hTopIIa Mediated Relaxation of −SC DNA by DNR-AMA Hybrid 24•2TFA. 
 

 
 
 

b. Inhibition of hTopIIa Mediated Relaxation of −SC DNA by Daunorubicin (5•HCl, DNR). 

 

 
\ 
 

Figure 3.6  Inhibition of hTopIIa Mediated Relaxation of −SC DNA by DNR-AMA Hybrid 24•2TFA and Daunorubicin 
(5•HCl). 
 

 

  In hopes of limiting the effect of intercalation on the relaxation assay, we next performed the same 

relaxation assays using +SC DNA rather than −SC DNA as DNA intercalators such as ethidium bromide 

intercalate +SC DNA to a lesser extent than they do −SC DNA;74 conceptually, +SC DNA proves more resistant 

to intercalation because the positive supercoiling caused by intercalation results in a net increase in supercoiling 

which is energetically unfavorable. We found that addition of DNR-AMA hybrid 24 to a reaction mixture 

containing +SC DNA and hTopIIa led to the loss of relaxed DNA topoisomers as expected (Figure 3.7ai, Lanes 

2 vs. 10-13). However, we once again noted that addition of 24 did not restore electrophoretic mobility to that of 

untreated +SC DNA (Figure 3.7ai, Lanes 1 vs. 10-13), even in the absence of enzyme (Figure 3.7aii). Repetition 

of these assays with daunorubicin (5) in place of DNR-AMA hybrid 24 indicate that these compounds inhibit 

hTopIIa mediated relaxation of +SC DNA to a similar extent (Figure 3.7b). 
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a. Inhibition of hTopIIa Mediated Relaxation of +SC DNA by DNR-AMA Hybrid 24•2TFA. 
 

 
 
 

b. Inhibition of hTopIIa Mediated Relaxation of +SC DNA by Daunorubicin (5•HCl, DNR). 
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Figure 3.7  Inhibition of hTopIIa Mediated Relaxation of +SC DNA DNA by DNR-AMA Hybrid 24•2TFA and Daunorubicin 
(5•HCl). 
 

 

  The ability of DNR-AMA hybrid 24 and daunorubicin (5) to decrease the electrophoretic mobility of 

+SC DNA deserves further comment and analysis. Returning to our previous theoretical discussion of the impact 

of DNA topology on gel mobility, we noted that an increase in supercoiling results in an increase in electrophoretic 

mobility (Figure 3.5a). As such, a theoretical gel of nine pure topoisomers with relative supercoiling ranging from 

−4 (negative SC) to +4 (positive SC) would give the banding pattern seen in Figure 3.8a; note that +SC travels 

further than its correspondingly supercoiled −SC isomer as +SC DNA is more compact than −SC DNA.75-76 

Because intercalators cause a net increase in relative supercoiling, this means that, in the presence of an intercalator 

such as chloroquine one should observe the following77: 

(1) A decrease in the electrophoretic mobility of −SC DNA   (Figure 3.8b, Lanes 1–4). 

(2) An increase in the electrophoretic mobility of relaxed DNA  (Figure 3.8b, Lane 5). 

(3) An increase in the electrophoretic mobility of +SC DNA   (Figure 3.8b, Lanes 6–8) 
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One can imagine an exception to this trend: 

(1) The electrophoretic mobility of fully +SC DNA should not change as it cannot handle the additional 

supercoiling associated with intercalation; thus, no mobility altering intercalation should occur 

(Figure 3.8b, Lane 9).74, 76 

 
 

a. Theoretical Gel of Isolated Topoisomers with Relative Supercoiling from −4 (−SC) to +4 (+SC). 
 

 
 
 

b. Theoretical Gel of Isolated Topoisomers with Relative Supercoiling from −4 (−SC) to +4 (+SC) Run in the Absence and Presence of the 
Intercalator Chloroquine.  
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Figure 3.8  Explanation of the Relationship between DNA Supercoiling and Electrophoretic Mobility Using Theoretical Gels. 
 

 

  With this in mind, we would expect that intercalation of DNR-AMA hybrid 24 or daunorubicin (5) into 

−SC DNA would decrease electrophoretic mobility; examination of Figure 3.6aii (particularly Lanes 1–6) and 

Figure 3.6bii (particularly Lanes 1–5), confirm this expectation. In contrast, one would predict that the 

corresponding intercalation into +SC DNA would increase electrophoretic mobility; however, treatment of +SC 

DNA with either DNR-AMA hybrid 24 or daunorubicin (5) in the absence of hTopIIa results in a decrease in 

band mobility (Figure 3.7aii and Figure 3.7bii, respectively). The cationic nature of the tested anthracyclines may 

account for this anomalous behavior, as decreasing the net negative charge of a DNA molecule would decrease its 
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electrophoretic mobility as bands migrate toward the anode (positive terminal) in response to an applied electric 

field. 

 

3.5  Summary of Chapter 3 

  In this chapter, we described the transformation of fully protected Arimetamycin A disaccharide 215 into 

DNR-AMA hybrid 24 (Scheme 3.20a). The realization of this goal required the rational iteration of disaccharide 

donors in a process that began with 1st generation donor 245 and culminated in novel, 5th generation donor 300 

(Scheme 3.20b). Cytotoxicity studies revealed that the hybrid exhibited sub-micromolar activity (TC50) against a 

panel of three cancer cell lines that included the MDR H69AR cell line while initial mechanistic assays 

demonstrated that hybrid 24 inhibits hTopIIa-catalyzed DNA relaxation in a manner comparable to DNR (5) 

and is hypothesized to be a DNA intercalator 

 
 

a. Summary of the Synthesis of DNR-AMA Hybrid 24•2TFA from Disaccharide 215. 
 

 
 
 

b. Summary of 1st–5th Generation Donors. 
 

 
 
 

Scheme 3.20  Summary of Chapter 3. a21 steps overall using 4th generation donor 287; 23 steps overall using 5th 
generation donor 300. 
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CHAPTER 4  

 

Future Directions 

 

4.1  Synthesis of Arimetamycin A (1), DOX-AMA Hybrid (25), and ETP-AMA (26) 

  Having achieved the synthesis of DNR-AMA hybrid 24, our next task is completing the syntheses of 

arimetamycin A (1), DOX-AMA hybrid (25), and ETP-AMA hybrid (26) as outlined in Chapter 1 (Figure 4.1). 

Below, we describe our current progress toward these targets as well as our proposed strategies for their 

completion. 

 
 

 
 
 

Figure 4.1  Current State of Our Efforts toward the Synthetic Targets Pursued in this Dissertation. aNon-reducing 
lemonose sugar depicted in a flat representation as ROESY studies indicate that this sugar residue exists in conformational 
equilibrium and/or an intermediate conformation not depicted in Scheme 3.15c. 
 

 

4.1.1 Proposed Synthesis of Arimetamycin A (1) 

  Arimetamycin A (1) shares an aglycone with steffimycin (4) and steffimycin B (312).1 As such, we 

reasoned that degradation of either of these natural products would provide ready access to steffimycinone (27). 

However, as neither steffimycin nor steffimycin B have demonstrated potent biological activity, commercial access 

to these compounds is limited. Taking matters into our own hands, efforts to isolate steffimycin by culturing its 

producing organism Streptomyces steffisburgensis proved futile.2-4 Gratifyingly, we found a commercial supplier 

willing to isolate steffimycin B from cell culture, providing us with ca. 40 mg of 312. 
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Figure 4.2  Arimetamycin A (1), Steffimycin (4), and Steffimycin B (312) Share the Same Aglycone. 
 

 

  We envision that conversion of steffimycin B to arimetamycin A (1) will require two steps. First, we will 

subject 312 to acidic methanolysis to obtained steffimycinone (27) as described by Kelly and Wiley (Scheme 

4.1).1 Next, we will submit 27 to BF3•OEt2 mediated glycosidation with 5th generation AMA disaccharide donor 

300 to give arimetamycin A (1).  

 
 

 
 
 

Scheme 4.1  Proposed Synthesis of Arimetamycin A (1). 
 

 

4.1.2 Proposed Synthesis of DOX-AMA Hybrid 25 

  Our efforts toward the synthesis of DOX-AMA hybrid 25 began with the hydrolysis of commercially 

available doxorubicin•HCl (6•HCl) (Scheme 4.2). Subsequent chemoselective TBS protection of the primary 
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disaccharide 300 will yield protected anthracycline 313 which should afford desired DOX-AMA hybrid 25 upon 

desilylation with HF•pyridine.6 

 
 

 
 
 

Scheme 4.2  Proposed Synthesis of DOX-AMA Hybrid 25. 
 

 

4.1.3 Proposed Synthesis of ETP-AMA Hybrid (26) 

  Our work toward the synthesis of ETP-AMA hybrid 26 began with the chemoselective protection of 

commercially available 4′-demethylepipodophyllotoxin (314) to give known Cbz carbonate 30 (Scheme 4.3).7-9 

Next, we anticipate that glycosidation with 5th generation AMA disaccharide 300 will give 315 which should yield 

desired ETP-AMA hybrid 26 upon hydrogenolysis.  
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Scheme 4.3  Proposed Synthesis of ETP-AMA Hybrid 26. 
 

 

4.2  Synthesis of Disaccharide Analogs to Develop Structure Activity Relationships 

  As discussed in Chapter 1, arimetamycin A (1) bears a disaccharide composed of the rare branched deoxy-

amino sugars L-brasiliose and L-lemonose, making it one of the few steffimycin anthracyclines to incorporate an 

amino sugar (Figure A.1)10-13 and the only known anthracycline with two branched N,N-dimethylamino sugars 

(Figure A.2). To probe these unique aspects of the AMA disaccharide and develop its structure activity 

relationships (SARs), we propose below the synthesis of several derivatives of DNR-AMA hybrid 24. 
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bis-N3 derivative 318 stemmed from the ability of 3′-azidodaunorubucin (ADNR, 320) and 3′-azidodoxorubicin 

(ADOX, 321) to overcome resistance encountered by their parent compounds (Figure 4.3c).18-19	
 

 

a. Proposed Anologs 316–318.  b. Relevant Abbreviations. 
  

 

 

 
 

c. Inspiration for Bis-NHTFA Analog 317. d. Inspiration for Bis-N3 Analog 318. 
  

 

 
 
 

Figure 4.3  Proposed DNR-AMA Hybrid (24) Analogs with Identically Substituted Amines.aCell line (cancer type). bIC50 
values reported in µM. cDoxorubicin (5) resistant cell line. d(IC50 for K562/DOX)/(IC50 for K562). eData from Wang, P. G.; 
Sun, D. et al.18 fData from Wang, P. G.; Wang, F. et al.19 
 

 

  Our proposed route to these derivatives begins with previously described acyl glycoside 304. Following 

deprotection of both amines using transfer hydrogenolysis, reprotection of the amines as their trifluoroacetamides 

would yield 322 (Scheme 4.4a). Subsequent BF3•OEt2 mediated glycosidation with daunorubicinone (28) would 

give targeted bis-NHTFA analog 317. Trifluoroacetamide hydrolysis under basic conditions would reveal bis-

NH2 analog 316 which should yield bis-azido analog 318 upon subjection to Wong’s diazo transfer conditions 

(TfN3, CuSO4)20-21 in analogy to work from Wang and Sun.18 If the diazo transfer proves problematic, Sharpless 

and Dong’s recently published procedure employing FSO2N3 may prove more successful due to its increased 

reactivity22; notably, the authors report diazo transfer to doxorubicin•HCl (6•HCl) and vancomycin (84•HCl), 

demonstrating that their conditions are compatible with an anthracycline aglycone and effective even with 

sterically hindered amines (Scheme 4.4b). 
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a. Proposed Synthesis of 316–318. 
 

 
 
 

b. Sharpless and Dong’s 2019 FSO2N3 Mediated Diazo Transfer: Relevant Examples. 
 

 
 
 

Scheme 4.4  Proposed Synthesis of Analogs 316–318 Starting from Previously Described 304. 
 

 

  Alternatively, if the glycosidation proves inefficient, we could employ an alternative strategy that takes 

advantage of Biao Yu’s Au(I) catalyzed activation of ethynylbenzoate donors23 as demonstrated by Neefjes and 

Codée in their synthesis of various doxorubicin and aclarubicin derivatives.6 Starting from previously described 

hemiacetal a/b-254, anomeric esterification with benzoic acid derivative 324 would give a/b-325 (Scheme 4.5). 

Subsequent Au(I) catalyzed glycosidation with daunorubicinone (28) would yield bis-Alloc species 269 which 

could be transformed to 316–317 upon manipulation of the amine substitution patterns. 
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Scheme 4.5  Alternative Proposal for the Synthesis of 316–318 Starting from Previously Described a/b-254. 
 

 

4.2.2 Analog Proposal 2: DNR-AMA Hybrid 24 Analogs with No C3′ Branching 

  From a medicinal chemistry perspective, the synthesis of analogs via the aforementioned approach is not 

ideal for introducing patterns of differing amine substituents (i.e., C3N′ ≠ C4N″) due to the similarity of the amine 

protecting groups and the fact that their differentiation would require individual deprotection and re-

functionalization. Likewise, applying this approach to the synthesis of analogs with differing patterns of C3 

branching would prove arduous, as each derivative would likely require the synthesis of a new disaccharide 

followed by protecting group adjustment and aglycone glycosidation. To circumvent these issues, we propose an 

alternative strategy involving the glycosylation of various L-lemonose donors with an intact, protected 

daunorubicin acceptor. Adopting this approach will allow for independent variation of the C3′ and C4″ amines in 

a convergent manner and will decrease the synthetic burden for each analog. However, this approach would only 

prove viable if C3′ branching is not critical for cytotoxicity. As such, the first task is the synthesis and biological 

evaluation of derivative 326.  

  Retrosynthetically, we envisioned that 326 would result from the glycosylation of known N,N-dimethyl 

daunorubicin (328) with L-lemonose donor 327 (Scheme 4.6a). For the building blocks, we would derive 328 in 

one step from daunorubicin•HCl as described by Smith (Scheme 4.6b).24 Finally, that we reasoned that we 

could achieve the synthesis of donor 327 from previously described diol 233. 
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a. Retrosynthetic Analysis for Analog 326. 
 

 
 
 

b. Smith’s 1979 Synthesis of 328.d 
 

 
 
 

Scheme 4.6  Synthetic Planning for the Synthesis of Analog 326.aLLS = longest linear sequence. bBased on route proposed 
herein. c21 steps using 4th generation disaccharide donor 287; 23 steps using 5th generation disaccharide donor 300. dYields 
of free bases. 
 

 

  Although not discussed in Chapter 3, we used the synthesis 327 as a model system in optimizing our 

synthesis of 5th generation donor 300. As such, we found that esterification diol a/b-233 with previously described 

carboxylic acid 303 under Steglich-like conditions provided acyl glycoside a/b-330 in good yield (Scheme 4.7a). 

Subsequent orienting studies with this material showed that hydrogenolysis afforded a compound with a mass 

corresponding to desired product a/b-331. However, we could not rule out the possibility of inter- or 

intramolecular O → N acyl transfer to give a/b-333; we further reasoned that a/b-333 could undergo a subsequent 
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formaldehyde (> 100 Eq) for 24 min prior to the addition of NaBH3CN in hopes that amine-formaldehyde 

condensation would drive the isomerization of any 333 or 334 to 331. Gratifyingly, following the addition of 

reductant, LCMS indicated the conversion of starting material to a compound with a mass corresponding to 

desired product a/b-327. As this served as a proof of concept for the synthesis of 300, we did not purify crude 
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a/b-327. However, we believe that the experiments performed to this point provide a solid starting point for 

preparation of donor a/b-327.  

 
 

a. Progress toward the Synthesis of a/b-327. 
 

 
 
 

b. Potential Rearrangement of a/b-331 into Isobaric Species a/b-333 and a/b-334. 
 

 
 
 

Scheme 4.7  Preliminary Work toward the Synthesis of L-Lemonose Monosaccharide Donor a/b-327. 
 

 

  Once we have donor a/b-327 in hand, we envision that BF3•OEt2 mediated glycosylation with 

acceptor 328 will yield targeted analog 326 (Scheme 4.8). Assuming that the cytotoxicity of this simplified 

derivative  proves comparable to doubly branched DNR-AMA hybrid 24, we can proceed to the synthesis 

of other derivatives using this simplified synthetic strategy. 

 
 

 
 
 

Scheme 4.8  Proposed Synthesis of Simplified Derivatives 326. 
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  We will first target 335–336 (Figure 4.4a) as informed by co-crystallization studies of DNA hexamer 

d(CGATCG) with disaccharide anthracyclines MEN10755 (337) and MAR70 (338) (Figure 4.4b) by the 

Ughetto lab. They found that co-crystallization of d(CGATCG) with MEN10755 afforded a non-

symmetric ternary structure involving one DNA molecule and two MEN10755 molecules.25 The lack of 

symmetry resulted from two distinct disaccharide binding modes. In one, both sugars occupy the minor 

groove; in the other, the non-reducing sugar protrudes out of the minor groove. On the other hand, co-

crystallization of d(CGATCG) with MAR70 yielded a symmetric ternary structure in which the 

disaccharide of both bound MAR70 molecules lies completely in the minor groove.26 Ughetto 

hypothesized that this discrepancy results from the presence of the positively charged 3′-amine of MAR70. 

As none of the compounds we have proposed to this point feature a non-basic C3′ amine and a basic C4″ 

amine, we hypothesize that the synthesis of derivatives 335 and 336 will allow us to further explore the 

SAR of the arimetamycin A disaccharide (Figure 4.4c). 

	
 

a. Structures of Proposed Derivatives 335–336. b. Structure of MEN10755 (337) and MAR70 (338). 
  

  
 
 
 

c. Proposed Synthesis of Derivatives 335–336 from Monosacchairde Donor 327. 
 

 
 
 

Figure 4.4  Proposed Derivatives 335–336 Featuring Non-Basic 3′-Amine and Basic 4″-Amine Substituents. 
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4.3  Synthesis of Novel DNA-Alkylating Anthracyclines 

  Work in the 1990s from various research groups established that various daunosamine containing 

anthracyclines form covalent complexes with DNA in the presence of formaldehyde via aminal formation between 

3′ amino group of the anthracycline and an exocyclic N2 guanine moiety (Figure 4.5).27-34 Hydrogen bonding 

between a neighboring guanine residue (N2 and N3) on the complementary strand and the anthracycline’s C9 

alcohol further stabilize this complex. Together, this collection of interactions constitutes a “virtual crosslink” as 

it functions as a crosslink but only involves one covalent interaction. 

 
 

 
 
 

Figure 4.5  Virtual DNA Crosslinking by Daunorubicin (5). 
 

 

  Initial efforts to therapeutically exploit this crosslinking led to the synthesis of daunoform (340), 

doxoform (341), and epidoxoform (342) via the treatment of daunorubicin (5), doxorubicin (6), and epirubicin 

(8), respectively, with formaldehyde (Figure 4.6a–b).35-36 These formaldehyde adducts proved more potent than 

their parent compounds against the MCF-7 breast cancer cell line and maintained their activity against the 

corresponding doxorubicin resistant cell line MCF-7/ADR (Figure 4.6c). Though in vivo investigation of 

doxoform, the most potent compound, is hindered by its rapid hydrolysis to doxorubicin (t1/2 ~ 3 min at 37 ºC in 

pooled human serum), the more stable epidoxoform proved more effective than epidoxorubicin in an in vivo 

mouse study. Furthermore, N-carbamate derivatives (343) of doxazolidine (345) have received attention as 

prodrugs due to their increased stability and their potential for selective activation (Figure 4.6d).37-39 
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a. Structures of Daunoform (340), Doxoform (341), and Epidoxoform (342). 

 

 
 
 

b. Structures of Parent Compounds. c. Cytotoxicity Parent Compounds vs. Formaldehyde Adducts.a 
  

 
 

 
 

d. General Scheme for the Activation of Doxazolidine Prodrugs (343) to Doxazolidine (345). 
 

 
 
 

Figure 4.6  Non-Comprehensive Overview of Cytotoxic Formaldehyde-Anthracycline Adducts. 
aData from Koch, T. H. et al.36 bCell line (cancter type). cIC50 values reported in nmolar equiv./L as daunoform (340), 
doxoform (341), and epidoxoform (342) each contain two equivalents of anthracycline. dDoxorubicin (5) resistant cell line. 
e(IC50 for K562/DOX)/(IC50 for K562). 
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extend their half-life in aqueous solution and thus increase their suitability for clinical applications. With this in 

mind, we propose below the synthesis of several novel, sterically hindered alkylating anthracycline oxazolidines. 

 
 

a. Synthesis of 287 Via Oxazolidine Intermediate 290. b. Synthesis of Oxazolidine from 346. 
  

 

 

 
 

Scheme 4.9  Inadvertent Formation of Oxazolidines 290 and 346.  
 

 

4.3.1 Proposal 1: Alkylating Anthracyclines Based on 3′-C-Methyl Daunorubicin and Doxorubicin 

  In our first series of derivatives, we propose the synthesis of derivatives based on 3′-C-methyl daunorubicin 

(347) and 3′-C-methyl doxorubicin (348) (Scheme 4.11a). As such, our first task is the synthesis of 347 and 348. 
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350 (Scheme 4.11c). Next, we envision that BF3•OEt2 glycosidation with daunorubicinone (28) followed by 

LiOH mediated deprotection will yield 347. We will prepare 3′-C-methyl doxorubicin (348) in a similar manner 

as we propose that glycosidation of donor 350 with previously described protected doxorubicinone acceptor 29 

followed by treatment with LiOH will give silyl ether 351 (Scheme 4.11d). Finally, desilylation with HF•pyridine 

will yield 348. 
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a. Structures of 347 and 348 b. Thang’s 1985 Synthesis of 3′-C-Methyl Daunorubicin (347). 
  

  
 

 

c. Proposed Synthesis of 3′-C-Methyl Daunorubicin (347). 
 

 
 
 

d. Proposed Synthesis of 3′-C-Methyl Doxorubicin (348). 
 

 
 
 

Scheme 4.10  Proposed Synthesis of 3′-C-Methyl Daunorubicin (347) and 3′-C-Methyl Doxorubicin (349). 
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as we anticipate that the protecting group will prevent 351 from undergoing a-hydroxy ketone to a-hydroxy 

aldehyde tautomerization (Scheme 4.11c). If the oxazolidine ring proves unstable to the silyl ether deprotection, 

we will treat the resulting disubstituted amine 359 with formaldehyde to reincorporate this one carbon unit.	
 

 

a. Proposed Syntheses of Anthracycline Derivatives 352–355. 
 

 
 
 

b. Observation of Side Product 358 in Smith’s Reductive Amination of Doxorubicin with Formaldehyde.  
 

 
 
 

c. Alternate Synthesis of 355. 
 

 
 
 

Scheme 4.11  Proposed Synthesis Alkylating Anthracycline Derivatives 352–355. aSmith notes that 358 likely formed 
during chromatography as it was not observed in the crude reaction mixture prior to purification.24 
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that attaching an L-lemonose based N-methyl oxazolidine directly to an anthracycline aglycone (e.g., 363) would 

yield an ineffective alkylator (Figure 4.7b). However, we wondered if an anthracycline decorated with a 

disaccharide terminating in such a residue would prove effective. With this in mind, we propose the synthesis of 

L-lemonose terminated derivatives 364–366 and L-daunosamine terminated derivatives 367–369 (Figure 4.7c). 

 
 

a. Chaires’ 1996 Study of the Importance of Amine Regiochemistry for Formaldhyde Mediated DNA Alkylation.  

 

 
 
 

b. Unlikely L-Lemonose Based DNA alkylator. c. Proposed Disaccharide Derivatives for Formaldehde Mediated DNA Alkylation. 
  

  
 
 

Figure 4.7  Rational Design of Proposed Derivatives 364–369. 
 

 

  We will commence synthesis of 364–366 from previously described L-lemonose acyl glycoside a/b-330. 

Following a proposed conversion of the debenzylated amine to its anthracycline compatible trifluoroacetamide, 

we envision that glycosidation of 370 with known 3′-azido daunorubicin 320 will yield 371 (Scheme 4.12a). 

Subsequent combinations of trifluoroacetamide deprotection, Staudinger reduction, and reductive amination will 

afford 364–366 from 371 (Scheme 4.12b). We propose a similar synthesis of 367–369 starting from known L-

daunosamine donor 372 (Scheme 4.12c). Once the derivatives are in hand, we will use Charies’ procedure40 to 

determine which, if any, of these analogs alkylate DNA in the presence of formaldehyde. Any positive results will 

serve as a starting point for the development of novel disaccharide-functionalized, alkylating anthracyclines. 
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a. Proposed Synthesis of Intermediate 371. 
 

 
 
 

b. Proposed Transformation of Intermediate 371 to Derivatives 364–366. 
 

 
 
 

c. Proposed Synthesis of Derivatives 367–369.b 
 

 
 
 

Scheme 4.12  Proposed Synthesis of Potential Formaldehyde Mediated DNA Alkylators 364–369. aPB-PPh3 = polymer 
bound triphenylphosphine. bpNB = para-nitro benzoyl. 
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A.1  Supplementary Figures 

Figure A.1  Scifinder Survey of Steffimycins that Feature Amino Sugars. 

 
 

a. Structure of Steffimycin (4). b. Survey of Amino Sugar Containing Steffimycins (Search 1).a-b 
  

 

 
 
 

c. Results from Search 1 Containing Full Steffimycin Aglycone.c 
 

 
 
 

d. Results from Search 1 Containing 8-Demethoxy Steffimycin Aglycone.d 
 

 
 
 

aScifinder search performed on 15-December-2020. Substructure search performed with one limiter (“single component”); results given as number of substances returned by SciFinder. Answer sets 
containing arimetamycin A (1) are designated with checkmarks; answer sets not containing arimetamycin A (1) are designated by strikethrough. bSearch 1 was performed with n = 0-7 (as opposed to n = 
0-8 for Searches 2-21, see Figure S2) because the query with n = 0-8 was too complex for Scifinder (as verified on 18-December-2020). cFor CAS No. 91310-99-5, see Krohn, K. et al.1-2; in Krohn et al.1, 
the authors refer to the corresponding free amine of CAS No. 91310-99-5 but do not explicitly provide its structure. dFor CAS No. 95245-03-7 and 95256-25-0, see patents FR2543545A1 3 
and JP61047439A4. 
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Figure A.2  Scifinder Survey of Anthracyclines that Feature Amino Sugars. 

 
 

a. Structure of Arimetamycin A (1). b. Caveat. 
  

 

 
Note: The searches described in this table were only designed to provide a 
comprehensive examination of C7 (or by symmetry C10) glycosidated 
anthracyclines. As such, sugars attached to any other carbons were not 
accounted for in these searches. 

 
 

c. Survey of Anthracyclines with at Least 1 Amino Sugar.a-b 
 

 
 
 

d. Survey of Anthracyclines with at Least 1 N,N-Substituted Amino Sugar.a-b 
 

 
 
 

e. Survey of Anthracyclines with at Least 1 N,N-Dimethyl Amino Sugar.a-b 
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Figure A.2  Continued 
 
 

f. Survey of Anthracyclines with at Least 1 Branched Amino Sugar.a-c 
 

 
 
 

g. Survey of Anthracyclines with 2 Amino Sugars.a-b h. Survey of Anthracyclines with 2 Branched Sugars.a-b 
  

 

 

 
 

i. Arimetamycin A (1) is the Only Known Anthracylcine with 2 Branched N,N-Dimethylamino Sugars.a-b 
 

 CAS Number Search 19 Search 20 Search 21 
 

 1477521-85-9 (Arimetamycin A, 1) Yes Yes Yes 
 

 1346005-82-0 No No Yes 
 

 1339939-19-3 No No Yes 
 

 1071160-73-0 Yes No No 
 

 79391-08-5 Yes Yes No 
 

 79366-07-7 Yes No No 
 

 79366-02-2 Yes No No 
 

 79366-01-1 Yes Yes No 
 

 70559-01-2 Yes Yes No 
 

 70559-00-1 Yes Yes No 
 

 
 
 

aScifinder searches performed on 15-December-2020. Substructure searches performed with one limiter (“single component”); results given as number of substances returned by SciFinder. Answer sets 
containing arimetamycin A (1) are designated with checkmarks; answer sets not containing arimetamycin A (1) are designated by strikethrough. bEvaluate search results in light of “Note” in Figure S1b. 
c“A” = any atom other than hydrogen. 
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Figure A.3 Full Structure of Saccharomicin B (104). 
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Figure A.4  Data and Analysis for Table 2.2. 

 
 

a. Structures of Relevant Compounds. 
 

 
 
 

b. Crude 1H NMR (400 MHz, CDCl3) Data for Table 2.1, Entry 1.a 
 

 
 

 
Peak Compound 

(Assignment) 
Data from Crude Mixture (Entry 1)b Purified Compoundsc  

 d 1H 1H Mult. (Hz) 1H Int. d 1H 1H Mult. (Hz) 
 

 A 225 (H1) 6.22 d (6.3) 3.0 6.21 d (6.3)  
 B a-216 (H1) 5.57 dd (5.8, 5.1) 100.0 5.57 dd (5.9, 5.1)  

 C a-226 (H1) 5.36 app q (3.7) 60.6 5.36 app q (3.7)  

 D a-235 (H1) 5.32 dd (3.8, 2.5) 9.4 5.31 dd (3.7, 2.3)  
 E b-226 (H1) 4.72 app ddd (9.3, 6.1, 3.2) 91.1 4.73 ddd (9.7, 5.8, 2.8)  
 F b-226 (H2pro-S) 2.10 ABX dd (12.7, 2.7) 74.8 2.10 dd (12.8, 2.3)  
 G b- 216 (H2 pro-S) 2.04 dd (13.2, 2.1) 12.3 2.04 dd (13.1, 1.8)  
 H a- 216 (H2pro-S) 1.92 dd (13.9, 6.2) 100.8 1.92 dd (13.9, 6.2)  
 I a-226 (H2pro-S) 1.82 dd (13.7, 3.1) 65.4 1.81 dd (13.7, 3.2)  

 
 

 
  

OH3C

TBSO CH3

SPh

HR

HS
Bn2N

1
24

α/β-216

OH3C
CH3

HS
Bn2N

OH
1

2
O
TBS

OH3C
CH3

Bn2N

OTBS
1

2
OTBS

H
H3C

OTBS

O
HCH3

Bn2N

225

1

2

α/β-226α/β-235



112 

Figure A.4  Continued 
 
 

c. Crude 1H NMR (400 MHz, CDCl3) Data for Table 2.1, Entry 2.d
 

 

 
 

 
Peak Compound 

(Assignment) 
Data from Crude Mixture (Entry 2)b Purified Compoundsc  

 d 1H 1H Mult. (Hz) 1H Int. d 1H 1H Mult. (Hz)  
 J a-216 (H1) 5.57 dd (5.8, 5.2) 100.0 5.57 dd (5.9, 5.1)  
 K b-216 (H1) 4.71 dd (12.4, 2.6) 11.7 4.71 dd (12.4, 2.6)  
 L a-216 (H4) 2.61 d (4.3) 100.7 2.61 d (4.3)  
 M a-216 (H2pro-R) 2.45 dd (13.9, 4.8) 102.5 2.45 dd (13.9, 4.8)  
 N b-216 (H2pro-S) 2.04 app dd (15.5, 2.2) 10.7 2.04 dd (13.1, 1.8)  
 O a-216 (H2pro-S) 1.92 dd (13.9, 6.2) 98.5 1.92 dd (13.9, 6.2)  

 
 

d. Crude 1H NMR (600 MHz, CDCl3) Data for Table 2.1, Entry 3. 

 

 
 

 
Peak Compound 

(Assignment) 
Data from Crude Mixture (Entry 3)c Purified Compoundc  

 d 1H 1H Mult. (Hz) 1H Int. d 1H[a] 1H Mult. (Hz)  
 P a-216 (H1) 5.57 app “t” (5.4) 100.0 5.57 dd (5.9, 5.1)  
 Q b-216 (H1) 4.71 dd (12.4, 2.5) 44.6 4.71 dd (12.4, 2.6)  
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Figure A.4  Continued 

 
 

d. Crude 1H NMR (600 MHz, CDCl3) Data for Table 2.1, Entry 4. 

 

 
 

 
Peak Compound 

(Assignment) 
Data from Crude Mixture (Entry 3)c Purified Compound(s)c  

 d 1H 1H Mult. (Hz) 1H Int. d 1H 1H Mult. (Hz)  
 R 225 (H1) 6.24 d (6.2) 100.0 6.21 d (6.3)  
 S a-216 (H1) 5.58 app dd (5.8, 5.1) 19.9 5.57 dd (5.9, 5.1)  
 T 225 (H2) 4.92 d (6.1) 101.3 4.90 d (6.2)  
 U b-216 (H1) 4.71 dd (12.4, 2.6) 4.4 4.71 dd (12.4, 2.6)  

 
 

aSee page 157. “Procedure (Step 1)” for synthetic procedure. b 1H, 400 MHz, CDCl3 – referenced to d 7.26. c 1H, 600 MHz, CDCl3 – referenced to d 7.26.  
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Figure A.5  Analysis of CDCl3 Soluble Crude Material from Gram Scale Glycosylation of Donor 216 
and Acceptor 218 to Yield a-Linked Disaccharide 215.a 

 
 

a. Compounds Identified from CDCl3 Soluble Crude Material. 
 

 
 
 

b. Table of Peaks from Crude NMR of CDCl3 Soluble Crude Material. 
 

 
Peak Compound 

(Assignment) 
Data from Crude Post-Glycosylation Mixture Data from Purified Compounds  

 d 1Hb d 13Cc 1JCH (Hz)d
 

1H Mult. (Hz) 1H Int.e d 1Hb d 13Cc 1JCH (Hz)d
 

 

 A Unassigned 6.32 97.4 --- d (5.9) 3.9 --- --- ---  
 B 243 (C1) 6.31 143.2 187 d (6.1) 6.6 6.30 143.2 j---j  

 C 225 (C1) 6.22 143.0 195 d (6.3) 10.3 6.21 143.1 j---j  

 D fUnassignedf 6.18 141.5 188 d (6.3) 1.2 --- --- ---  
 E Unassigned 6.11 88.9 162 dd (10.5, 1.9) --- --- --- ---  
 F Unassigned 5.89 93.0 165 dd (11.2, 2.3) --- --- --- ---  
 G fUnassignedf 5.76 99.8 183 d (4.6) 8.4 --- --- ---  
 H Unassigned 5.69 --- --- d (2.3) 0.4 --- --- ---  
 I a-226 (C1) 5.37 91.1 165 app t (3.6) 5.3 5.36 91.1 166  
 J Unassigned[e] 5.31 91.7 163 [g]br dd (4, 2)g 5.7 --- --- ---  
 K 225 (C2) 4.91 110.4 162 --- --- 4.90 110.4 j---j  
 L 215 (C1′) 4.90 98.0 162 dd (7.2, 2.8) 105.5 4.89 98.0 162  
 M 215 (C1) 4.80 94.2 155 br d (9.0) 110.7 4.79 94.2 155  
 N 243 (C2) 4.75 105.0 166 [h]d (6)h i22.5i 

4.74 105.0 166  
 O b-226 (C1) 4.74 99.4 159 [h]dd (10, 3)h 4.73 94.5 159  
 P 243 (C1′) 4.47 102.0 158 [h]dd (11, 3)h --- 4.46 101.3 159  
 Q Unassigned[e] 4.10 90.5 165 br s 15.6 --- --- ---  

 
 

c. Annotated Crude 1H NMR (600 MHz, CDCl3).k 
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Figure A.5  Continued 

 
 

d. Annotated Crude 1H-13C HSQC {1H}{13C} (1H – 600 MHz, 13C –151 MHz, CDCl3).l–m
 

 

 
 
 

aSee page 159 for synthetic procedure. b 1H, 600 MHz, CDCl3 – referenced to d 7.26; some 1H shifts for crude post-glycosylation material were obtained from 1H-13C HSQC{1H}{13C}. c 13C, 151 MHz, 
CDCl3 – referenced to d 77.16; some 13C shifts for crude post-glycosylation material were obtained from 1H-13C HSQC{1H}{13C}. dValues obtained from 1H-13C HSQC acquired without 1H or 13C 
decoupling. eRelative integration to peak at 2.63 ppm (br d, J = 2.6 Hz, 100.0 H, H4′ of 215). fPossibly some sort of glycal. gCoupling constants estimated from manually picked peaks. hMultiplicity and JHH 
determined by 1H-13C HSQC acquired without 1H or 13C decoupling. iCombined integration for Peaks N and O. j 1JCH not determined for pure compound. kAnnotations for Peaks K and P absent because 
clean integrations of these peaks was not possible due to spectral overlap. lAnnotations for Peaks E and F absent due to their low intensity. mAnnotation for Peak K absent because no HSQC correlation was 
observed. 
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Figure A.6  Evidence for the Formation of Proposed Oxazolidine 290. 

 
 

a. Procedure for Initial Attempt to Bis-N,N-Dimethylate Presumed Diamine Intermediate 374. 
 

 
 

A 10 mL PSF containing crude 374 (theoretically 13 µmol)a was charged with a stir bar and dry CH2OH (200 µL, 65 mM)b. Then aq. HCHO (65 µL, 0.87 mmol, 67 
Eq | 37 wt% in H2O)c was added in one portion at room temperature. 5 min later, NaBH3CN (21 mg, 0.33 mmol, 26 Eq) was added at room temperature. Finally, the 
PSF was lightly capped and left to stir at room temperature for 6.3 hr. At this point, the reaction was acidified by the addition of CF3CO2H (10 µL, 0.13 mmol, 10 Eq)d, 
and purified using a strong cation exchange (SCX) cartridgee-g

. The resulting mixture was analyzed by NMR and LCMS as detailed below. 
 
 

b. 1H NMR (600 MHz, CD3OD) after SCX Cartridge.h 
 

 

 

 
 

c. 1H-13C HSQC{1H}{13C} NMR (1H – 600 MHz, 13C – 151 MHz, CD3OD) after SCX Cartridge.i 
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Figure A.6  Continued 

 
 

d. LCMS Report after SCX Cartridge.j 
 

 

 
 
 
 
 

 

 
 

aPrepared from a/b-289 (9.8 mg, 13 µmol, 1.0 Eq), NH4HCO2 (22.9 mg, 353 µmol, 27 Eq), and Pd/C (10.5 mg) in a similar manner as that described on page 175. bDry CH3OH measured out and 
dispensed with Gilson P1000 pipet. cAq. HCHO measured out and dispended with Gilson P200 pipet. dCF3CO2H measured out and dispensed with Gilson P10 pipet. e2.75 hr after the 
NaBH3CN addition, a reaction aliquot was removed, diluted with CH3OH, and analyzed by LCMS. fAgilent 500 mg SCX cartridge (catalog number 12113039). gSCX purification occurred in 
the following manner: (1) SCX cartridge conditioned with CH3OH (9 mL); (2) crude mixture (as well as the reaction aliquot taken for LCMS analysisf) loaded onto SCX; (3) SCX washed 
with CH3OH (6 mL); (4) product eluted from SCX with methanolic NH3 (7 N NH3 in CH3OH | 6 mL) with the aid of a gentle vacuum. hReferenced to 3 d 3.31. iInternal projection on 13C 
axis. jData acquired using Agilent B. 
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Figure A.7  Synthesis of 287: LC/MS Data from a Reaction Aliquot taken 1.5 hr after Completion of 
AcOH Addition.a–b 
 
 

a. Total Ion Chromatogram. 
 

 

 

 
 

b. Extracted Ion Chromatogram for 473.0 m/z (Oxazolidine 290 [M+H]+). 
 

 

 
 
 

c. Extracted Ion Chromatogram for 475.0 m/z (Product 287 [M+H]+). 
 

 
 

 
 

d. Extracted Ion Chromatogram for 501.0 m/z (Cyano Adduct 292 [M+H]+). 
 

 

 
 
 

e. Mass Spectrum for Peak 1. 
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Figure A.7  Continued 

 
 

f. Mass Spectrum for Peak 2. 

 

 

 

 
 

f. Mass Spectrum for Peak 3. 

 

 
 

 
 

aSee page 175 for synthetic procedure. bData acquired using Agilent B. 
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Figure A.8 Synthesis of 24•2TFA from 4th Generation Donor 287: LC/MS Data from a Reaction Aliquot 
taken 2.9 hr after BF3•OEt2 Addition.a–b 

 
 

a. Extracted Ion Chromatogram for 475.0 m/z (Donor b-287 [M+H]). 
 

 
 

 

 
 

b. Extracted Ion Chromatogram for 741.0 m/z (Product 24 [M+H]). 
 

  
 
 

c. Mass Spectrum for Peak 2. 
 

 

 

 

 
 

aSee page 193 for synthetic procedure. bData acquired using Agilent B. 
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Figure A.9 Synthesis of 24•2TFA from 5th Generation Donor 300: LC/MS Data from a Reaction Aliquot 
taken 2.9 hr after BF3•OEt2 Addition.a–b 

 
 

a. Extracted Ion Chromatogram for 733.0 m/z (Donor b-300 [M+H]). 
 

 
 

 

 
 

b. Extracted Ion Chromatogram for 741.0 m/z (Product 24 [M+H]). 
 

  
 
 

c. Mass Spectrum for Peak 5. 
 

 
 

 

 
 

d. Mass Spectrum for Peak 3.c 
 

 
 

 
 

aSee page 195 for synthetic procedure. bData acquired using Agilent A. cPeak at 819.4 m/z likely corresponds to [2M+H]+ from acceptor 28 (see page 184 for LC/MS data  from pure 28). 
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A.2  Supplementary Tables 

 

Table A.1  NMR Assignment Table for a-Linked Compound 215. 
 

 
 

Assignment 1H (d)[a] 13C (d)[b] 1H Mult. (Hz) 1H-1H COSY 1H-13C HMBC 1H-1H NOESY 
C1 4.79 94.2 {155} br d (8.7) 2R, 2S 2 1c, 2S, 3Me, 5 

C2 (1H: pro-R) 1.56 39.7 dd (12.9, 9.9) 1, 2S[c] --- 2S 
C2 (1H: pro-S) 2.44 br d (12.4) 1, 2R[c], 4 --- 1, 2R, 3Me[c] 

C3 --- 54.0 --- --- --- --- 
C4 2.97 82.4 s 2S, 5[c] 2, 3, 3Me, 5[c], 1′ 3Me, 3NH, 5, 6, 1′ 
C5 3.80 68.5 q (6.3) 4[c], 6 1, 4, 6 1, 3Me, 4, 6 
C6 1.20 17.9 d (6.4) 5 4, 5 4, 5, 1′, 3′c 

C1a′	 0.07 [d] ovlp s --- --- --- 
C1a″ 0.09 [d] s --- --- 1c 
C1b --- [e] --- --- --- --- 
C1c 0.87 26.0 br s --- --- 1, 1a″ 

C3Me 1.50 21.9 br s --- 2, 3, 4 1, 2S[c], 4, 5 
C3NH 6.77 --- br s  --- 4, 1′[c], 5′[c] 

C3a --- 155.1 --- --- --- --- 
C3b′ 5.09 65.7 ABq (12.4)[g] 3b″ 3a, 3c --- 
C3b″ 4.98 ABq (12.4)[g] 3b′ 3a, 3c --- 
C3c --- 137.4 --- --- --- --- 
C1′ 4.89 98.0 {162} dd (7.2, 2.9) 2′R, 2′S 4, 3′, 5′ 3NH[c], 4, 6, 2′R, 3′c, 6′ 

C2′ (1H: pro-R) 2.20 45.4 dd (13.6, 2.7) 1′, 2′S 1′, 3′, 3′Me, 4′ 1′, 2′S, 3′a″ 
C2′ (1H: pro-S) 1.70 dd (13.6, 7.2) 1′, 2′R 1′ 2′R, 3′Me, 4′ 

C3′ --- 78.3 --- --- --- --- 
C4′ 2.62 62.2 d (4.7) 5′ 3′, 4′a, 5′ 2′S, 3′Me, 5′, 6′, Ar 
C5′ 4.36-4.28 70.0 m 4′, 6′ 1′, 3′ 3NH[c], 3′Me[c], 4′, 6′ 
C6′ 1.53 [f] ovlp d (6.9) 5′ 4′, 5′ 1′, 3′c, 4′, 4′a′[c], 5′, Ar 

C3′Me 1.47 30.5 br s --- 2′, 3′, 4′ 2′S[c], 3′a″, 4′, 5′[c], Ar 
C3′a′ 0.07 [d] ovlp s --- --- --- 
C3′a″ 0.18 [d] s --- --- 2′R, 3′Me, 3′c 
C3′b --- [e] --- --- --- --- 
C3′c 0.91 26.3 s --- --- 6, 1′, 3′a″, 6′ 
C4′a′ 3.88 56.2 br s --- --- 4′a″, 6′[c], Ar 
C4′a″ 4.21 br s --- --- 4′a′, Ar 
C4′b --- 140.6 --- --- --- --- 

Ar = 3d + 4c′ 7.29-7.49 
126.9, 127.9, 
128.0, 128.4, 
128.5, 128.6 

m --- --- --- 

 

[a] 1H, 600 MHz, CDCl3 – referenced to d 7.26. [b] 13C, 151 MHz, CDCl3 – referenced to d 77.16; 1JCH coupling constants (Hz) given in braces ({}) for anomeric carbons. [c] Relatively weak 2-D correlation. 
[d] d -4.6, -3.9, -1.39, or -1.37. [e] d 18.3, 18.49, or 18.52. [f] d 18.49 or 18.52. [g] Dn = 62.8 Hz. 
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Table A.2  NMR Assignment Table for b-Linked Compound 243. 
 

 
 

Assignment 1H (d)[a] 13C (d)[b] 1H Mult. (Hz) 1H-1H COSY 1H-13C HMBC 1H-1H NOESY 
C1 6.30 143.2 d (6.2) 2 2, 3, 5 2 
C2 4.74 105.0 {166} dd (6.2, 1.3) 1, 4 1, 4 1, 3NH 
C3 --- 52.4 --- --- --- --- 
C4 3.83 77.8 --- 2 2, 3, 3Me, 1′ 6, 1′ 
C5 4.16 71.7 --- 6 --- 3Me, 6 
C6 1.32 17.3 d (6.5) 5 4, 5 4, 5 

C3Me 1.59 27.5 --- --- 1, 2, 3 5 
C3NH 5.17 --- br s --- 2 2 

C1′ 4.46 101.3 {159} dd (10.3, 2.4) 2′R, 2′S 4[c] 4, 2′S′, 3′Me, 5′ 
C2′ (1H: pro-R) 2.27 45.0 --- 1′, 2′S --- 2′S 
C2′ (1H: pro-S) 1.95 br d (~13) 1′, 2′R 3′ 1′, 2′R, 3′Me[c] 

C3′ --- 78.8 --- --- --- --- 
C4′ 2.25 62.4 --- 5′[c] --- 3′Me, 5′ 
C5′ 3.50 72.6 --- 4′[c] --- 1′, 3′Me, 4′, 6′ 
C6′ 1.23 --- --- 5′ 5′ 5′ 

C3′Me 1.29 31.0 s --- 2′, 3′, 4′ 1′, 2′S[c], 4′, 5′ 
 

[a] 1H, 600 MHz, CDCl3 – referenced to d 7.26. [b] 13C, 151 MHz, CDCl3 – referenced to d 77.16; 1JCH coupling constants (Hz) given in braces ({}) for select carbons. [c] Relatively weak 2-D correlations. 

 

 

  

O

OTBS

H3C
CH3

H
H3C

NHCbz

O
HCH3

O

HR

HS

Bn2N

1

2
5′6′

6

1′

243



124 

Table A.3  NMR Assignment Table for DNR-AMA Hybrid (24•2TFA). 
 

 
 

Assignment 1H (d)[a] 13C (d)[b] 1H Mult. (Hz) 1H-1H COSY 1H-13C HMBC 1H-1H ROESY 
C1 7.99 120.6 br d (7.4) 2 12 --- 
C2 7.86 137.3 app t (8.1) 1, 3 4, 12a --- 
C3 7.59 120.4 br d (8.3) 2 4, 4a 4OMe[m] 

C4 --- 162.6 --- --- --- --- 
C4OMe 4.04 57.1 ovlp s --- 4[m] 3[m] 

C4a --- 121.8 --- --- --- --- 
C5 --- 188.5[e] --- --- --- --- 

C5a --- 112.X[f-g] --- --- --- --- 
C6 --- 157.5 --- --- --- --- 

C6a --- 136.1 --- --- --- --- 
C7 5.01 71.6 {145} dd (~ 5, 2) 8R, 8S 6, 6a, 9, 1′ 8S, 1′ 

C8 (1H: pro-R) 2.27[d] 

37.1 
ABq (14.5)[j] 7, 8S, 10 6a, 7, 9, 10 5′ 

C8 (1H: pro-S) 2.13[d] ABXdd (14.5, 5.2)[j] 7, 8R --- 7 
C9 --- 76.7 --- --- --- --- 

C10 (2H) 3.03, 3.07 32.9 ABq (18.8)[k] 8R 9, 11 --- 
C10a --- 135.7[g] --- --- --- --- 
C11 --- 156.4 --- --- --- --- 

C11a --- 112.X[f-g] --- --- --- --- 
C12 --- 188.1 --- --- --- --- 

C12a --- 136.6 --- --- --- --- 
C13 --- 213.9 --- --- --- --- 
C14 2.35 24.4 s --- 9, 13 ---- 
C1′ 5.50 100.7 {171} m 2′ 7[c] 7, 2′ 

C2′ (2H) 2.02-2.06 34.5 m 1′ 1′, 3′, 3′Me 1′, 3′Me, 3′NMe′ 
C3′ --- 66.7 --- --- --- --- 

C4′ 4.04 78.4 ovlp s --- 2′[m], 3′[m], 3′Me[m], 1″ [m] 3′Me[m], 3′NMe″ [m], 
6′[m], 1″ [m] 

C5′ 4.45 65.9 q (6.6) 6′ 1′, 4′, 6′ 8R, 3′Me, 6′ 
C6′ 1.38 18.2 d (6.7) 5′ 4′, 5′ 4′[m], 5′, 1″ 

C3′Me 1.57 14.8 s --- 2′, 4′[m] 2′, 3′NMe′, 3′NMe″, 
4′[m], 5′ 

C3′NMe′ 2.77 38.2 s 3′NMe″ 3′, 3′NMe″ 2′, 3′Me 
C3′NMe″ 2.87 38.0 s 3′NMe′ 3′, 3′NMe′ 3′Me, 4′[m] 

C1″ 5.37 100.1 {170} dd (J = 8.0, 4.4. Hz) 2″R, 2″S 4′, 5″ 4′[m], 6′, 3″NMe2
[c], 6″ [c] 

C2″ (1H: pro-R) 2.22 42.2 ABXdd (14.7, 4.4)[l] 1″ --- 3″Me[c] 

C2″ (1H: pro-S) 2.16 ABXdd (14.7, 8.1)[l] 1″ 1″ 3″Me[c], 4″ [c], 5″ 
C3″ --- 70.1 --- --- --- --- 
C4″ 3.42 70.5 d (3.6) 5″ [c] 3″ [c], 3″Me[c] 2S[c]

, 3″Me, 4″NMe2, 5″ 

C5″ 4.67 67.4 qd (7.0, 3.6) 4″ [c], 6″ 6″ [c] 2″S, 3″Me’[c,n]
, 

4″NMe2
[c], 4″ 

C6″ 1.59 17.6 d (7.0) 5″ --- 1″ [c], 4″NMe2 
C3″Me 1.56 31.0 s --- 2″ 2″R[c], 2″S[c], 4″, 5″ [c,n] 

C4″NMe2 3.13 44.0[i] & 44.5[i] br s --- --- 1″ [c], 4″, 5″ [c], 6″ 
 

[a] 1H, 600 MHz, CD3OD – referenced to d 3.31. [b] 13C, 151 MHz, CD3OD – referenced to d 49.00; 1JCH coupling constants (Hz) given in braces ({}) for select carbons. [c] Relatively weak 2-D correlation.  
[d] Pro-R/S assignments for C8 made tentatively with the aid of You, D. J. et al.5 and Arcamone, F.6 [e] No 1H-13C HMBC correlations to this quaternary 13C nucleus; assignment made based on functional 
group analysis (carbonyl), process of elimination (not d 188.1 – C12), and comparison with the assignment for daunorubicin•HCl (5•HCl) (151 MHz, DMSO-d6) as detailed by Stancyzk, W. et al.7. See 
Table S6 for full comparison of DNR-AMA Hybrid 24•2TFA to daunorubicin•HCl (5 •HCl). [f] Either d 112.2 or d 112.5. [g] No 1H-13C HMBC correlations to these quaternary 13C nuclei; assignments 
made based on process of elimination and comparison with the assignments for daunorubicin•HCl (5•HCl) (151 MHz, DMSO-d6) as detailed by Stancyzk, W. et al.7. See Table A.4 for full comparison of 
DNR-AMA Hybrid 24•2TFA to daunorubicin•HCl (5 •HCl). [i] Peak not visible in 1-D 13C NMR; shift obtained from 1H-13C HSQC{1H}{13C}. [j] Dn = 88.2 Hz. [k] Dn = 22.9 Hz. [l] Dn = 36.8 Hz. [m] 
Due to overlap in the 1H dimension (d 4.04), unequivocal attribution of these 1H-13C HMBC and 1H-1H ROESY correlations to either C4OMe or H4″ was not possible; as such, these correlations were 
tentatively attributed as denoted in the table above based on the structure of 24•2TFA. [n] Tentative ROESY correlation in which only 1 of 2 expected cross peaks was observed. 
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Table A.4  NMR Comparison of DNR-AMA Hybrid (24•2TFA) to Daunorubicin (5•HCl). 
 

 

 

 

   

DNR-AMA 
Hybrid•2TFA (24•2TFA) Daunorubicin•HCl (5•HCl) 

1H (d)[a] 13C (d)[b] 1H (d)[c] 13C (d)[d] 

C1 7.99 120.6 7.89 120.2 
C2 7.86 137.3 7.89 136.8 
C3 7.59 120.4 7.64 119.5 
C4 --- 162.6 --- 161.3 

C4OMe 4.04 57.1 3.98 57.1 
C4a --- 121.8 --- 120.4 
C5 --- 188.5[fg --- 187.0 

C5a --- 112.X[h] --- 111.2 
C6 --- 157.5 --- 156.5 

C6OH [d]---[e] --- 13.27 --- 
C6a --- 136.1 --- 135.8 
C7 5.01 71.6 4.92 70.5 

C8 (1H: pro-R) 2.27[f] 
37.1 2.12 36.4 C8 (1H: pro-S) 2.13[f] 

C9 --- 76.7 --- 75.4 
C9OH [d]---[e] --- 5.53 --- 

C10 (2H) 3.03, 3.07 32.9 2.91 32.0 
C10a --- 135.7 --- 135.0 
C11 --- 156.4 --- 154.9 

C11OH [d]---[e] --- 14.04 --- 
C11a --- 112.X[h] --- 111.1 
C12 --- 188.1 --- 186.9 

C12a --- 136.6 --- 135.2 
C13 --- 213.9 --- 212.3 
C14 2.35 24.4 2.27 24.6 
C1′ 5.50 100.7 5.28 99.6 

 

[a] 1H, 600 MHz, CD3OD – referenced to d 3.31. [b] 13C, 151 MHz, CD3OD – referenced to d 49.00. 1H, 600 MHz, DMSO-d6 – reference not explicitly defined (DMSO peak = d 2.495); data from 
Stancyzk, et al.7 [d] 1H, 150 MHz, DMSO-d6 – reference not explicitly defined (average of DMSO peaks = d 40.087); data from Stancyzk, et al.7 [e] Not observed due to exchange with NMR solvent 
(CD3OD). [f] Pro-R/S assignments for C8 made tentatively in consideration of data in Table A.3 with the aid of You, D. J. et al.5 and Arcamone, F.6 
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Table A.5  NMR Comparison of DNR-AMA Hybrid (24•2TFA) to Arimetamycin (1•2TFA). 
 

 

  
   

Assignment 
DNR-AMA Hybrid•2TFA (24•2TFA) Arimetamycin A•2TFA (1) 

1H (d)[a] 13C (d)[b] 1H Mult. (Hz) 1H (d)[c] 13C (d)[d] 1H Mult. (Hz)[c] 

C7 5.01 71.6 dd (~ 5, 2) 5.03 71.8 d (2.1) 
C1′ 5.50 100.7 m 5.69 99.6 dd (3.5, 1.2) 

C2′ (2H) 2.02-2.06 34.5 m 2.00 32.4 br m 
C3′ --- 66.7 --- --- 63.6 --- 
C4′ 4.04 78.4 ovlp s 4.05 75.9 m 
C5′ 4.45 65.9 q (6.6) 4.13 64.8 qd (7.1, 0.9) 
C6′ 1.38 18.2 d (6.7) 1.35 17.8 d (7.3) 

C3′Me 1.57 14.8 s 1.36 14.5 s 
C3′NH --- --- --- 8.15 --- br s 

C3′NMe′ 2.27 38.2 s 2.70 37.8 d (4.4) 
C3′NMe″ 2.87 38.0 s 2.77 36.2 d (4.7) 

C1″ 5.37 100.1 dd (J = 8.0, 4.4. Hz) 5.26 98.2 t (5.3) 
C2″ (1H: pro-R) 2.22 42.2 ABXdd (14.7, 4.4)[e] 1.96 40.1 dd (14.5, 5.3) 
C2″ (1H: pro-S) 2.16 ABXdd (14.7, 8.1)[e] 2.16 dd (14.5, 5.3) 

C3″ --- 70.1 --- --- 68.3 --- 
C4″ 3.42 70.5 d (3.6) 3.37 68.1 br d (2.2) 
C5″ 4.67 67.4 qd (7.0, 3.6) 4.67 64.7 qd (7.1, 2.2) 
C6″ 1.59 17.6 d (7.0) 1.45 17.1 d (7.1) 

C3″Me 1.56 31.0 s 1.49 30.5 s 
C4″NH --- --- --- 8.99 --- br s 

C4″NMe2 3.13 44.0 & 44.5 br s 2.99 42.9 & 45.1 br s 
 

[a] 1H, 600 MHz, CD3OD – referenced to d 3.31. [b] 13C, 151 MHz, CD3OD – referenced to d 49.00. [c] 1H, DMSO-d6, 600 MHz – referenced to d 2.50; data from Kang, H. S. et al.8 [d] 13C, DMSO-d6, 
150 MHz – referenced to d 39.51; data from Kang, H. S. et al.8 [e] Dn = 36.8 Hz. 
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Table A.6  NMR Comparison of DNR-AMA Hybrid (24•2TFA) as Synthesized from O-TBS Donor 287 vs. Acyl Donor 
300. 

 

 
 

Assignment 
24•2TFA from 

O-TBS Donor 287 
24•2TFA from 

Acyl Donor 300 
Absolute 

Difference 
*1H (d)[a] *13C (d)[a] *1H (d)[a] *13C (d)[a] **1H (Dd)[b] **13C (Dd)[b] 

C1 8.00 120.5 8.00 120.5 0.00 0.0 
C2 7.86 137.3 7.86 137.3 0.00 0.0 
C3 7.60 120.3 7.60 120.3 0.00 0.0 

C4OMe 4.04 57.1 4.04 57.1 0.00 0.0 
C7 5.01 71.6 5.02 71.6 0.01 0.0 

C8 (1H: pro-R) 2.26 37.1 2.28 37.1 0.01 0.0 
C8 (1H: pro-S) 2.12 37.1 2.12 37.1 0.00 0.0 

C10 (2H) 3.04 32.9 3.06 32.9 0.01 0.0 
C14 2.35 24.4 2.35 24.4 0.00 0.0 
C1′ 5.50 100.6 5.50 100.8 0.00 0.2 

C2′ (2H) 2.04 34.5 2.05 34.5 0.01 0.0 
C4′ 4.04 78.4 4.04 78.2 0.00 0.2 
C5′ 4.46 65.9 4.45 65.9 0.01 0.0 
C6′ 1.37 18.3 1.37 18.3 0.00 0.0 

C3′Me 1.58 14.8 1.58 14.9 0.00 0.2 
C3′NMe2 2.86 38.0 2.86 38.0 0.00 0.0 
C3′NMe2 2.77 38.3 2.77 38.3 0.00 0.0 

C1″ 5.38 100.1 5.38 99.9 0.00 0.2 
C2″ (1H: pro-R) 2.21 42.2 2.20 42.4 0.01 0.2 
C2″ (1H: pro-S) 2.16 42.2 2.18 42.2 0.01 0.0 

C4″ 3.41 70.5 3.41 70.5 0.00 0.0 
C5″ 4.67 67.3 4.69 67.3 0.01 0.0 
C6″ 1.59 17.6 1.59 17.6 0.00 0.0 

C3″Me 1.55 31.1 1.55 30.9 0.00 0.2 
C3″NMe2 3.13 44.1 3.13 44.1 0.00 0.0 
C3″NMe2 3.13 45.5 3.12 45.5 0.01 0.0 

 

[a] Data from 1H-13C HSQC {1H}{13C} experiments (1H - 600 MHz, 13C - 151MHz, CD3OD); peaks picked using TopSpin 4.0.9. [b] Difference calculations performed on raw data from TopSpin 4.0.9 
prior to rounding. 
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B.1  General Experimental 

B.1.1 Reaction Setup, Monitoring, and Purification 

  Reaction vessels were dried in one of two manners: (1) flame drying under active vacuum on a Schlenk 

line and cooling under a steady stream of nitrogen/argon gas or (2) oven drying and cooling in a desiccator at 

ambient pressure over anhydrous CaSO4 (Drierite brand: mixture of pure and CoCl2 impregnated desiccant). 

Stirring was accomplished magnetically using PTFE coated magnetic stir bars and spin vanes. Heating was 

accomplished by immersing the reaction vessel in an oil bath heated by a stirring hot plate as regulated by a 

temperature probe; oil baths were preheated prior to the introduction of the reaction vessel. Inert atmospheres 

were maintained using double balloons filled with argon. Unless noted otherwise, all reagents and solvents were 

added in one portion. Dropwise additions via syringe pump were performed using a Razel Scientific Insruements 

R-100E Syringe Pump. Reactions were monitored by thin-layer chromatography (TLC) using EMD/Merck 

KGaA silica gel 60 F254 precoated plates and were visualized by UV, I2 (iodine mixed with silica gel), ammonium 

molybdate (CAM) staining, and/or anisaldehyde staining. Normal phase flash column chromatography was 

performed using SiliaFlash® silica gel (P60, 40-63 mL, 60 Å) purchased from SiliCycle.  

B.1.2 Materials 

  Unless indicated otherwise, reagents and solvents were purchased from commercial sources and were 

used as received. Sources for key starting materials, transition metal containing reagents, and filter aids are noted 

below. Tetrahydrofuran (THF), methylene chloride (CH2Cl2), methanol (CH3OH), and N,N-

dimethylformamide (DMF) were dried through a Braun MB-SPS solvent system and used immediately or stored 

over activated beaded 3 Å or 4 Å molecular sieves. Molecular sieves were activated as detailed below. Commercial 

borane•pyridine complex (pyr•BH3) was purified prior to its use as detailed below. 2,4,6-tri-tert-butylpyrimidine 

was synthesized according to the procedure of Crich and co-workers.1  
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Sources for Key Starting Materials, Transition Metal Containing Reagents, and Filter Aids 
 

Category Chemical CAS 
Number Source Catalog Number 

Starting Materials 

D-threonine 632-20-2 Combi Blocks AM 2173 
vancomycin hydrochloride 1404-93-9 Carbosynth AV161115 
4-hydroxyphenylacetic acid 156-38-7 Sigma Aldrich H50004 

daunorubicin hydrochloride 23541-50-6 [a]---[a] [a]---[a] 

Transition Metal 
Containing Reagents 

mercury (II) acetate (Hg(OAc)2) 1600-27-7 Sigma-Aldrich 176109 
silver hexafluorophosphate (AgPF6)[b] 26042-63-7 Oakwood Chemical 007272 

palladium on carbon (Pd/C)[c] 7440-05-3 Acros Organics 195030500 

Molecular Sieves 
4 Å powdered molecular sieves 70955-01-0 Sigma-Aldrich 688363 

3 Å beaded molecular sieves 308080-99 Sigma-Aldrich 208574 
4 Å beaded molecular sieves 70955-01-0 Sigma-Aldrich 208590 

Filter Aids 
Celite®[d] 68855-54-9 Sigma-Aldrich 22140 

sand[e] 14808-60-7 Fisher Chemical S25 
 

[a] Generous gift from Prof. Dr. Samuel J. Danishefsky. [b] Stored and weighed out in a nitrogen filled glovebox. [c] 10% palladium on unreduced carbon. [d] Celite® 
545 – treated with sodium carbonate, flux calcined. [e] Sand, sea (washed). 

 

B.1.3 Activation of Molecular Sieves (MS) 

  Powdered 4 Å MS, beaded 3 Å MS, and beaded 4 Å MS were activated in the following manner. Sieves 

were removed from the manufacturer’s container, heated in a conventional microwave[a] until reaching a 

temperature ≥ 350 ºC[b], and stored in an oven. Immediately before use, the sieves were heated again in a 

conventional microwave[a] until reaching a temperature ≥ 350 ºC[b] and cooled in a desiccator at ambient pressure 

over anhydrous CaSO4.[c] 

Notes: 
[a] Powdered 4 Å MS heated 6-8 times for 20-30 seconds; beaded 3 Å MS and beaded 4 Å MS heated 6-8 times for 40-50 seconds. 

[b] Measured with a thermocouple. 

[c] Drierite brand: mixture of mixture of pure and CoCl2 impregnated desiccant. 

 

B.1.4 Purification of Pyridine•BH3 (pyr.•BH3) 

  A separatory funnel (60 mL) was charged with Et2O (30 mL) and commercial pyr•BH3 (ca. 3 mL, 85:15 

pyr•BH3:pyridine w/w by 1H NMR). The resulting mixture was washed with DI H2O (5 x 8 mL) to remove 

pyridine. The washed organics were dried over anhydrous MgSO4, filtered, and concentrated in vacuo on a rotovap 

to yield “purified pyr•BH3” (90:7:3 pyr•BH3:pyridine:Et2O by 1H NMR) 

 

B.1.5 Instrumentation 

  NMR spectra were obtained on a Bruker 400 MHz or 600 MHz spectrometer in deuterated solvents and 

are reported relative to residual solvent peaks (CDCl3: 1H = d 7.26, 13C = d 77.16; CD3OD: 1H = d 3.31, 13C = d 

49.00) unless indicated otherwise. NMR spectra acquired in a mixture of deuterated solvents were calibrated to 

the residual solvent peak of the more abundant solvent. NMR data were analyzed using the TopSpin software 

available from Bruker. 1H NMR data are reported as follows: chemical shift in ppm (multiplicity, coupling 
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constants, integration, assignment). For multiplets encompassing more than one 1H, the chemical shift for each 
1H is given immediately following the assignment enclosed in braces ({} = braces) if deemed vital to the 

interpretation of the spectrum. Multiplicity abbreviations are as follows: s = singlet, d = doublet, t = triplet, q = 

quartet, m = multiplet, br = broad, app = apparent, dis = distorted, inf = inferred, ovlp = overlapping, or 

combinations thereof. AB quartets (ABq) are reported as functions of J and Dn. 13C spectra were acquired with 1H 

decoupling. 1JCH values are reported in the 13C{1H} line listings for select resonances and were determined by 

coupled 1H-13C HSQC experiments. 1H and 13C assignments were made with aid of 1H-1H COSY, 1H-13C 

HSQC{1H}{13C}, coupled 1H-13C HSQC, 1H-13C HMBC, 1H-1H NOESY, and/or 1H-1H ROESY 2-D 

experiments as appropriate.  

  IR spectra were acquired as thin films on NaCl plates using a Thermo Electron IR100 series instrument 

and are reported in terms of frequency of absorbance (cm-1). Spectra were acquired with 64 scans over a spectral 

window of 500-4000 cm-1. 

  Optical rotation (OR) data were obtained using either a Jasco P-2000 Polarimeter with a Jasco cylindrical 

glass cell (10 mm x 10 mm) or a Rudolph Research Analytical Autopol III with a 50 mm cell. Concentrations are 

reported in units of g per 100 mL.  

  Melting point (MP) data were obtained using a Standard Research Systems MPA100 automated melting 

point apparatus with MeltView software with a heating rate of 5.0 ºC min-1. Melting points are reported as ranges 

from the onset point (threshold = 70%) to the clear point (threshold = 10%) with the single point (threshold = 

50%) including in brackets ({}). 

  Reverse phase MPLC was performed on a Teledyne Isco Combiflash® Rf+ Lumen system with UV 

detection and ELS detection. Separation was achieved using RepiSep Rf Gold® reversed phase C18 columns (5 g, 

Teledyne ISCO catalog number 69-2203-328). 

  LC/MS data were acquired on two Agilent LC/MS systems denoted as “Agilent A” and “Agilent B” as 

described below: 

Agilent A: Analytical HPLC was performed on an Agilent 1200 series system with UV detection at 214 nm 

and 254 nm. Low-resolution mass spectra were obtained on an Agilent 6130 single quad mass 

spectrometer with electrospray ionization (ESI) in positive mode. LC-MS experiments were 

performed with the following parameters: column: Accucore C18 column (2.6 μm, 2.1 mm × 30 

mm column) at 40 °C; gradient: CH3CN/H2O with 0.1% trifluoroacetic acid, 7-95 % CH3CN 

over 1.1 min; temperature: 40 ºC. 
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Agilent B: Analytical HPLC was performed on an Agilent 1200/1260 series system with UV detection at 214 

nm and 254 nm. Low-resolution mass spectra were obtained on an Agilent 6130 single quad mass 

spectrometer with electrospray ionization (ESI) in positive mode. LC-MS experiments were 

performed with the following parameters: column: Waters Acquity BEH C18 (1.7 µm, 1.0 x 50 

mm); gradient: 5% to 95% CH3CN in H2O (0.1% trifluoroacetic acid) over 1.4 min then hold at 

95% CH3CN for 0.1 min; temperature: 55 ºC. 

  HRMS data were obtained either in the Vanderbilt University Mass Spectrometry Service Laboratory or 

in the Indiana University Mass Spectroscopy Facility (Bloomington). At Vanderbilt University, data were 

obtained using a Thermo-Finnigan Orbitrap mass spectrometer equipped with an Ion-Max source housing and a 

standard electrospray ionization (ESI) probe. Samples were directly injected using an isocratic gradient of H2O 

(+ 0.1% formic acid) and CH3CN (+ 0.1% formic acid) in a 1:1 (v/v) ratio. At Indiana University, data were 

obtained using a Thermo LTQ-Orbitrap XL with an electrospray (ESI) source. 

  Single crystal XRD data were acquired using with a Rigaku Oxford Diffraction Supernova EosS2 CCD 

with filtered Cu-Kα radiation at a temperature of 100.00(10) K. 
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B.2  Preparation of L-Lemonose Brasiliose Acceptor 218 

 
 

Name (218): benzyl ((2S,3S,4S,6R)-6-((tert-butyldimethylsilyl)oxy)-3-hydroxy-2,4-dimethyltetrahydro-2H-pyran-4- 
yl)carbamate 
 
Procedure (Step 1)[a]: An RBF (2 L) equipped with a stir bar was charged with vancomycin•HCl (84, 25.1697 g, 16.9411 mmol, 
1.00000 Eq), NaHCO3 (5.0258 g, 59.82 mmol, 3.531 Eq), 1,4-dioxane (150 mL, 0.11 M), and DI H2O (150 mL, 0.11 M). After stirring 
the resulting mixture for 23 min, Cbz-OSu (16.9359 g, 67.956 mmol, 4.0113 Eq) was added in two portions at room temperature.[a] 
Then the reaction was lightly capped with a plastic cap and left to stir for 15.5 hr. Next, acetone (2 x 550 mL) was added in two portions 
to the orange solution, causing solids to precipitate. The stir rate was increased, and the resulting opaque, pink-tinted white suspension 
was left to stir open to the air at room temperature for an additional 6.5 hr. Next, the reaction mixture was filtered through a 600 mL 
fritted funnel equipped with filter paper. The resulting solids were transferred to an RBF (2 L). Then the fritted funnel was rinsed with 
CH3OH (3 x 100 mL), and the filtrates were added to the collected solids. Next, the mixture was concentrated in vacuo and co-
evaporated with toluene (3 x 250 mL). The resulting tan solids were dried under high vacuum for ca. 2.5 days and taken on without 
further purification to Step 2. 
 
Procedure (Step 2)[a]: The RBF (2L) containing the crude product of Step 1 (theoretically 16.9411 mmol) was equipped with a stir 
bar, charged with dry CH3OH (300 mL), fitted with an addition funnel (250 mL, graduated), and placed under a balloon of argon. 
Freshly prepared methanolic HCl (theoretically 0.20 mol, 12 Eq HCl in 46 mL dry CH3OH)[b] was transferred to the addition funnel 
and added dropwise to the opaque grapefruit colored reaction at room temperature. The resulting opaque white suspension was left to 
stir vigorously at room temperature for 6.6 hr during which time it became a yellow solution. Then the addition funnel was removed, and 
the reaction was quenched by the addition of solid NaHCO3 (47.7713 g, 568.6 mmol, 33.57 Eq) in portions over ca. 15 min. After stirring 
for an additional 20 min, the stir bar was removed, and the reaction was concentrated in vacuo. To the resulting residue was added a stir 
bar and acetone (850 mL). The resulting mixture was stirred vigorously at room temperature for 48 hr. Then the reaction was filtered 
through a silica plug topped with sand (600 mL fritted funnel) with the aid of additional acetone (3 x 150 mL). The resulting opaque 
white filtrate was concentrated onto silica gel (SiO2, ca. 56 g) and purified by FCC (SiO2: solid loading, 10% → 50% EtOAc/Hex)[c] to 
afford a mixture of methyl glycosides as a pale yellow oil that was co-evaporated with THF (2 x 50 mL) and taken on to Step 3 without 
further purification. 
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1. Cbz-OSuc, NaHCO3, rt
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3. aq. HCl, THF, −5 ºC → rt
4. TBSCl, ImH, DMF, rt

(43%, 4 steps)
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Preparation of L-Brasiliose Acceptor 218 Continued 
 
Procedure (Step 3)[a]: The RBF (2 L) containing the product of Step 2 (theoretically 16.9411 mmol) was equipped with a stir bar, 
charged with dry THF (90 mL), fitted with an addition funnel (250 mL, graduated), and lowered into an ice/water bath (1 ºC). 
Meanwhile, a solution of aq. HCl was prepared as follows: a 1L collection flask equipped with a stir bar was charged with DI H2O (360 
mL) and chilled in a separate ice/water bath (0 ºC) prior to the addition of concentrated HCl (12.178 N, 170 mL, 2.07 mol, 122 Eq). 
This chilled aq. HCl was charged to the addition funnel in portions and added dropwise to the reaction over ca. 1 hr.[d] After stirring for 
an additional 30 min, the reaction was removed from the cooling bath and stirred at room temperature for 5 hr. Then the reaction was 
quenched by the addition of solid NaHCO3 (207.37 g, 2.468 mol, 145.7 Eq) in portions over 15 min. After stirring for an additional 2.5 
hr, the quenched reaction mixture was transferred to a separatory funnel (2L) using Et2O (450 mL) and DI H2O (450 mL). The layers 
were separated, and the resulting aqueous layer was extracted with CH2Cl2 (5 x 150 mL). Then the combined organics (Et2O and 
CH2Cl2) were dried over anhydrous MgSO4, filtered through a pad of Celite® (600 mL fritted funnel), and concentrated in vacuo. The 
crude product was transferred to an oven dried 500 mL collection flask using dry CH2Cl2, and the solvent was removed in vacuo to give 
an orange-yellow oil. The collection flask was then equipped with an oven dried stir bar, charged with freshly activated powdered 4 Å MS 
(7.2150 g) followed by dry CH2Cl2 (90 mL), and placed under a double balloon of argon. The resulting mixture was stirred vigorously 
at room temperature for ca. 3.5 hr. Then the mixture was filtered through an oven dried fritted funnel (150 mL) into an oven dried 250 
mL RBF. The solvent was removed in vacuo to give an orange oil that was taken on to Step 4 without further purification. 
 
Procedure (Step 4)[a]: The RBF (250 mL) containing the crude product of Step 3 (theoretically 16.9411 mmol) was equipped with an 
oven dried stir bar and charged with dry DMF (60 mL, 0.28 M) followed by imidazole (3.1781 g, 46.68 mmol, 2.756 Eq). The reaction 
was placed under a balloon of argon and stirred at room temperature for 34 min. Then TBSCl (4.0738 g, 27.029 mmol, 1.5955 Eq) was 
added in one portion at room temperature, and the reaction was stirred at room temperature for an additional 25.6 hr. Then the reaction 
was transferred to a separatory funnel (1L) using EtOAc (400-500 mL) and washed with 1N HCl (5 x 60 mL) followed by brine (1 x 60 
mL). The washed organics were dried over anhydrous Na2SO4, filtered, and concentrated in vacuo. Purification by FCC (SiO2: 5% → 25% 
EtOAc/Hex) afforded TBS glycoside 218 (2.998 g, 7.319 mmol, 43% yield over 4 steps) as a yellow oil. 
 
1H NMR (600 MHz, CDCl3, 218): d 7.39-7.33 (m, 4H, H3d), 7.33-7.29 (m, 3H, H3d), 5.53 (s, 1H, C3NH), 5.06 (ABq, J = 13.1 Hz, 
Dn = 0.0 Hz, 2H, H3b), 4.79 (dd, J = 9.3, 2.1 Hz, 1H, H1), 3.82 (br q, J = 6.4 Hz, 1H, H5), 3.18 (d, J = 10.4 Hz, 1H, H4), 2.26 (br d, J = 
13.3 Hz, 1H, H2pro-R), 2.11 (d, J = 10.4 Hz, 1H, C4OH), 1.57 (br inf dd, J = 13.4, 9.4 Hz, 1H, H2pro-S), 1.52 (s, 3H, C3Me), 1.28 (d, J = 
6.5 Hz, 3H, H6), 0.89 (s, 9H, H1c), 0.11 (s, 3H, H1a), 0.10 (s, 3H, H1a). 
 
13C{1H} NMR (151 MHz, CDCl3, 218): d 155.2 (C3a), 136.7 (C3c), 128.7 (C3d), 128.19 (C3d), 128.17 (C3d), 94.1 (C1), 72.8 
(C4), 69.0 (C5), 66.4 (C3d), 55.1 (C3), 40.4 (C2), 25.9 (C1c), 21.8 (C3Me), 18.2 (C1b), 17.4 (C6), -4.1 (C1a), -5.1 (C1a). 
 
IR (thin film, cm-1, 218): 3410, 2940, 2862, 1720, 1504, 1065, 843. 
 
OR (218):  "!"# = −1.06º (c = 1.00, CHCl3) 
 
Rf (218):  0.29 (20% EtOAc/Hex, CAM stain) 
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Preparation of L-Brasiliose Acceptor 218 Continued 
 
Notes: 
[a] Procedure adapted from Bennett, C. S. et al.2 
[b] Methanolic HCl was prepared as follows: a dried 100 mL RBF equipped with a stir was fitted with a dried addition funnel (50 mL, graduated). The entire 

apparatus was placed under a double balloon off argon. Then the RBF was charged with dry CH3OH (46 mL) and lowered into an ice/brine bath. Next, 
acetyl chloride (AcCl, 14 mL, 0.20 mol, 12 Eq) was charged to the addition funnel and added dropwise over ca. 15 min. After stirring for another 15 min, 
the resulting solution was transferred to addition funnel (250 mL, graduated) that had been fitted to the main reaction flask.  

[c] Detailed gradient: 10% (1.2 L) → 20% (1.5 L) → 40% (2 L) → 50% (2 L) EtOAc/Hex; crude product of Step 2 eluted in 40% → 50% EtOAc/Hex. 
[d] Aq. HCl was transferred in portions to the addition funnel to minimize the amount of warming that would happen in the addition funnel. 
[e] Detailed gradient: 5% (1.8 L) → 10% (1 L) → 12% (0.5 L) → 14% (0.5 L) → 17% (0.8 L) → 20% (0.8 L) → 25% (0.6 L) EtOAc/Hex; 218 eluted in 12% → 

20% EtOAc/Hex. 
 
Visual Procedure: 
 

 

→ 

 
A. Step 1: 

ca. 15 hr adding 2nd 
portion of Cbz-OSu 

 B. Step 1: 
3 min after adding 2nd 

portion of acetone 
 
TLCs 

  
TLC #1: FCC Fractions (Step 2) 

Gradient: 50% EtOAc/Hex 
Visualization: CAM Stain 
Lanes 6, 7, 8, and 8e: Product of Step 2 

TLC #2: Reaction Monitoring (Step 3) 
Gradient: 50% EtOAc/Hex 
Visualization: CAM Stain 
Left Lane: Starting material (product of Step 2) 
Middle Lane: co-spot 
Right Lane: Reaction 5.1 hr after aq. HCl addition completed 
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B.3  Synthesis of Vinylogous Ester 217 from D-Threonine (143) 

B.3.1 Preparation of Compound 219 

 
 
Name :  methyl dibenzyl-D-threoninate 
 
Procedure (Step 1)[a]: An oven dried collection flask (1 L) equipped with a stir bar and fitted with an addition funnel (50 mL, 
graduated) was cooled under a steady stream of nitrogen, evacuated, and placed under a double balloon of argon. The flask was charged 
with dry CH3OH (370 mL, 0.498 M) and lowered into an ice/brine bath (-8 ºC). SOCl2 (41 mL, 0.56 mol, 3.1 Eq) was added to the 
additional funnel and added dropwise to the reaction over 13 min. 35 min later, D-threonine (143, 21.93 g, 184.1 mmol, 1.000 Eq) was 
added to the reaction.[b]  10 min later, the flask was removed from the cooling bath, the addition funnel was exchange for a reflux 
condenser, and the flask was lowered into a preheated oil bath (set point = 85 ºC). After refluxing for 6 hr, the reaction was removed 
from the oil bath. The stir bar was removed, and the reaction was concentrated in vacuo. The resulting residue was co-evaporated with 
toluene (3 x 150 mL) to give a crude yellow oil that was taken on to Step 2 without further purification. 
 
Procedure (Step 2)[c]: The collection flask (1 L) containing the crude product of Step 1 (theoretically 184.1 mmol) was equipped with 
a stir bar and charged with dry DMSO (116 mL, 1.59 M), dry THF (470 mL, 0.392 M), solid NaHCO3 (63.1 g 751 mmol, 4.08 Eq),[d] 
and benzyl bromide (66 mL, 0.55 mol, 3.0 Eq). The flask was fitted with a reflux condenser, placed under a double balloon of argon, and 
lowered into a preheated oil bath (set point = 70 ºC). The reaction was refluxed for 18 hr during which time it changed from a white 
suspension to a suspension of white solids in a yellow liquid. After cooling, the reaction was filtered through a pad of Celite® (600 mL 
fritted funnel) using EtOAc and H2O.[e] The filtrate was transferred to a separatory funnel (2 L). The layers were separated, and the 
resulting aqueous layer was extracted with EtOAc (1 x 200 mL). The combined organics were then washed with sat. aq. NaHCO3 (3 x 
150 mL) and brine (1 x 150 mL), in that order. Next, the washed organics were dried over anhydrous Na2SO4, filtered through a pad of 
Celite® (600 mL fritted funnel), concentrated in vacuo, co-evaporated with CH2Cl2 (1x), and concentrated onto a mixture of Celite® and 
SiO2. Purification by FCC (SiO2: two batches, solid loading, 2 → 9% EtOAc/Hex)[f] afforded NBn2-D-Thr(OH)-OCH3 (219, 51.3 g, 164 
mmol, 89% yield over 2 steps) as a pale yellow oil. 
 
1H NMR (600 MHz, CDCl3): d 7.38-7.33 (m, 4H, H2c), 7.33-7.27 (m, 6H, H2c), 4.07 (qd, J = 9.6, 6.0 Hz, 1H, H3), 4.04 (d, J = 13.3 
Hz, H2a), 3.84 (s, 3H, H1a), 3.51 (br s, 1H, OH), 3.44 (d, J = 13.4 Hz, H2a), 3.10 (d, J = 9.6 Hz, 1H, H2), 1.10 (d, J = 6.1 Hz, 3H, H4).[g-

h] 

 
13C{1H} NMR (151 MHz, CDCl3): d 170.9 (C1), 138.3 (C2b), 129.3 (C2c), 128.7 (C2c), 127.7 (C2c), 67.5 (C2), 63.3 (C3), 55.0 
(C2a), 51.4 (C1a), 19.3 (C4). 
 
IR (thin film, cm-1): 3457, 3029, 2946, 2896, 2847, 1731, 1599, 1494, 1451, 1371, 1278, 1243, 1191, 1106, 997, 744, 699. 
 
HRMS (ESI+, m/z): [M+H]+ calculated for [C24H50N2O5Si + H]+ 475.3562; found 475.3566 (error 0.8 ppm). 
 
LC/MS (Agilent A, ESI +): tR = 1.04 min| [M+H]+  calculated for [C19H23NO3 + H]+

 314.2 m/z; found 314.3 m/z. 
 
OR:  "!  = +171º (c = 1.02, CH2Cl2)  
 
Rf:   0.22 (15% EtOAc/Hex, UV/CAM)  

H3C O

OH O
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1.  SOCl2, CH3OH
     -8 ºC → reflux

2. BnBr, NaHCO3
    THF/DMSO, reflux

(88%, 2 steps)
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Preparation of Compound 219 Continued 
 
Notes 
[a] Procedure for Step 1 adapted from Zhou, P.; Toone, E. J. et al.3 and Mal, D. et al.4. 
[b] Then the Erlenmeyer flask (125 mL) into which D-threonine (143) had been weighed as well as the funnel used to add 143 were rinsed into the reaction with dry 

CH3OH (2 x 10 mL). 
[c] Procedure for Step 2 adapted from Zhu, J. et al.5. 
[d] Bubbling occurred upon NaHCO3 addition, presumably due to residual acid from Step 1. 
[e] The filtration was an attempt to remove solids prior to aqueous workup. However, due to concerns about losing product in the solids by only washing with EtOAc, 

H2O was used to dissolve the solids. 
[f] Detailed gradient for column #1: 2% (5 L) → 4% (1 L) → 7% (2 L) → 8 % (2 L); detailed gradient for column #2: 2% (5 L) → 4% (1.2 L) → 7% (2 L) → 8 % (2 L) → 9 % 

(< 1 L); compound 219 eluted in 4 → 9% EtOAc/Hex. 
[g] Calibrated to residual CH2Cl2 (5.30 ppm). 
[h] Agrees with 1H spectral data for (±)-219 from Guanti, G. et al.5. 
 
Visual Procedure: 
 

 

→ 

 

→ 

 

→ 

 

A. Step 1: 
Weighing out D-threonine (143) 

starting material. 

 B. Step 2: 
45 min after reaction 
lowered into oil bath. 

 C. Step 2: 
18 hr after reaction 

lowered into oil bath. 

 D. Step 2: 
51.3 g of 219 after 
drying on high vac. 

 
TLCs:* 

    

TLC #1a: Crude Step 2 
Gradient: 2% EtOAc/Hex 
Visualization: UV 

TLC #1b: Crude Step 2 
Gradient: 2% EtOAc/Hex 
Visualization: CAM Stain 

TLC #1c: Crude Step 2 
Gradient: 20% EtOAc/Hex 
Visualization: UV 

TLC #1d: Crude Step 2 
Gradient: 20% EtOAc/Hex 
Visualization: CAM Stain 

For all 4 plates, lanes from left to right are as follows: 
benzyl bromide | benzyl alcohol | ent-219 | co-spot | crude reaction mixture 

*TLCs from smaller scale reaction that yielded 25.4 g of 219. 
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B.3.2 Preparation of Compound 220 

 

 
 
Name: methyl O-acetyl-N,N-dibenzyl-D-threoninate 
 
Procedure[a]:  An RBF (1 L) equipped with an oven dried stir bar was flame dried and placed under a balloon of argon. Dry CH2Cl2 (200 
mL, 0.40 M) was then used to transfer NBn2-D-Thr(OH)-OCH3 (219, 25.2 g, 80.4 mmol, 1.00 Eq) into the reaction flask. Then DMAP 
(988.3 mg, 8.090 mmol, 0.101 eq), NEt3 (23 mL, 0.17 mol, 2.1 Eq), and Ac2O (16 mL, 0.17 mol, 2.1 Eq) were added, in that order, and 
the reaction was left to stir at room temperature for 1.5 hr. A second portion of NEt3 (11.5 mL, 82.5 mmol, 1.03 Eq) was then added 
followed by the addition of a second portion of Ac2O (8 mL, 85 mmol, 1.1 eq). After stirring at room temperature for an additional 4 hr, 
the reaction was transferred to a separatory funnel (1 L) using CH2Cl2 (150 mL) and H2O (50 mL).[b] Sat. aq. NaHCO3 (200 mL) and 
crushed ice (ca. 150 mL) were added, the separatory funnel was shaken[c], and the layers were separated. The resulting aqueous layer was 
extracted with CH2Cl2 (3 x 100 mL). The combined organics were dried over anhydrous Na2SO4, filtered, and concentrated in vacuo to 
give a yellow oil of low viscosity. Purification by FCC (SiO2: 15% EtOAc/Hex) afforded the desired product NBn2-D-Thr(OAc)-OCH3

 

(220, 27.1649 g, 76.428 mmol, 95% yield) as a very pale yellow, nearly colorless oil. 
 
1H NMR (600 MHz, CDCl3): d 7.35 (d, J = 7.1 Hz, 4H, H2c), 7.31 (dd, J = 8.5, 6.7 Hz, 4H, H2d), 7.24 (t, J = 7.2 Hz, 2H, H2e), 5.42 
(dq, J = 7.5, 6.3 Hz, 1H, H3), 4.05 (d, J = 13.8 Hz, 2H, H2a), 3.77 (s, 3H, H1a), 3.57 (d, J = 13.8 Hz, 2H, H2a), 3.42 (d, J = 7.5 Hz, 1H, 
H2), 2.07 (s, 3H, H3b), 1.18 (d, J = 6.3 Hz, 3H, H4). 
 
13C{1H} NMR (151 MHz, CDCl3): d 170.8 (C1), 170.2 (C3a), 139.5 (C2b), 129.0 (C2c), 128.4 (C2d), 127.2 (C2e), 68.7 (C3), 65.0 
(C2), 55.4 (C2a), 51.4 (C1a), 21.5 (C3b), 17.8 (C4). 
 
IR (thin film, cm-1): 3029, 2990, 2947, 2842, 1738, 1598, 1494, 1449, 1371, 1240.9, 1154, 1068, 1022, 913, 787, 740, 698, 601. 
 
HRMS (ESI+, m/z): [M+H]+ calculated for [C19H23NO3 + H]+ 314.1751; found 314.1752 (error 0.3 ppm). 
 
OR: "!"# = +69.6º (c = 1.00, CHCl3) 
 
Rf: 0.27 (15% EtOAc/Hex, UV/CAM/I2) 
 
Notes: 
[a] Procedure adapted from Myers, A. G. et al.6. 
[b] Prior to transferring the reaction to the separatory funnel, a reaction aliquot was removed, diluted with CH2Cl2, and analyzed by TLC developed in 10% EtOAc/Hex 

(UV/CAM).  
[c] Caution! Evolution of CO2, likely generated through the following reaction: 

Ac2O + 2 NaHCO3 → 2NaOAc + H2O + 2CO2 
 
 
  

Ac2O, NEt3, DMAP

CH2Cl2, rt
(95%)
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B.3.3 Preparation of Compound 222 

 
 
Name: (5R,6S)-5-(dibenzylamino)-4-methoxy-6-methyl-5,6-dihydro-2H-pyran-2-one 
 
Procedure[a]: An oven dried two-neck flask (1 L) fitted with an oven dried addition funnel (center neck: 250 mL, graduated, stoppered 
with a septum) and a septum (side neck) was placed under a balloon of argon and charged with LiHMDS (81 mL, 0.11 mol, 2.3 Eq | ca. 
1.3 M solution in THF) followed by dry THF (180 mL, 0.252 M). The resulting solution was cooled in an acetone/dry ice bath (-78 
ºC). Then a solution of NBn2-D-Thr(OAc)-OCH3 (220, 16.1 g, 45.3 mmol, 1.00 Eq) in dry THF (94 mL, 0.48 M)[b] was charged to the 
addition funnel and subsequently added dropwise to the reaction over 1.6 hr.[c] After stirring at -78 ºC for an additional 1.2 hr, the orange 
solution was removed from the acetone/dry ice bath and left to stir at room temperature for 3.5 hr. Next, dimethyl sulfate (14 mL, 0.15 
mol, 3.2 Eq) was added dropwise via syringe pump over 20 min.[d]

 After stirring for an additional 15 hr at room temperature, the reaction 
was quenched by the addition of methanolic NH3 (27 mL, 0.19 mol, 4.2 Eq | 7 N NH3 in CH3OH) in one portion at room temperature.[e] 
The stir rate was increased, and the quenched reaction mixture was stirred for 2 hr. Then it was transferred to a separatory funnel (2 L) 
using 5:2 Et2O/DI H2O (560 mL). The layers were separated, and the resulting aqueous layers was extracted with Et2O (1 x 150 mL). 
The combined organics were then washed with 1 N HCl (4 x 80 mL), sat aq. NaHCO3 (1 x 80 mL), and brine (1 x 80 mL), in that order. 
Next, the washed organics were dried over anhydrous Mg2SO4, filtered through a Celite® pad topped with sand (600 mL fritted funnel) 
into an RBF (2L), and concentrated in vacuo to give a yellow oil. The RBF was charged with a dry stir bar, dry CH2Cl2 (ca. 350 mL), and 
freshly activated powdered 4 Å MS (15.1 g). The resulting mixture was placed under a balloon of argon and stirred for 3.25 hr at room 
temperature. Then the mixture was filtered through a pad of Celite® topped with sand (oven dried fritted funnel) into an oven dried 
collection flask (1 L). The filtrate was concentrated in vacuo to give crude 222 as an orange oil that was dried under high vacuum and 
then taken on to the preparation of 217 without further purification.  
 
A purified sample was prepared in largely the same manner using NBn2-D-Thr(OAc)-OCH3 (220, 177.2 mg, 498.6 µmol, 1.000 Eq), 
LiHMDS (0.88 mL, 1.1 mmol, 2.3 Eq | ca. 1.3 M in THF), dimethyl sulfate (0.17 mL, 1.8 mmol, 3.6 Eq), and methanolic NH3 (0.30 mL, 
2.1 mmol, 4.2 Eq | 7 N NH3 in CH3OH) in the stated amounts. After aqueous workup, the washed organics were dried over anhydrous 
Na2SO4, filtered, concentrated in vacuo, and co-evaporated with CH2Cl2. Purification by FCC (SiO2: 15% → 40% EtOAc/Hex)[f] afforded 
purified 222 (141.0 mg, 417.9 µmol, 84% yield) as a light orange foam. 
 
1H NMR (600 MHz, CDCl3): d 7.38 (d, J = 7.5 Hz, 4H, H4c), 7.32 (t, J = 7.5 Hz, 4H, H4c), 7.25 (inf. t, J = 7.2 Hz, 2H, H4d) 
5.40 (s, 1H, H2), 4.45 (qd, J = 6.6, 4.6 Hz, 1H, H5), 3.93 (d, J = 13.1 Hz, 2H, H4a), 3.88 (s, 3H, C3OMe), 3.46 (d, J = 13.2 
Hz, 2H, H4a), 3.17 (d, J = 4.6 Hz, 1H, H4), 1.48 (d, J = 6.6 Hz, 3H, H6). 
 

13C{1H} NMR (151 MHz, CDCl3): d 172.9 (C3), 167.2 (C1), 139.0 (C4b), 129.2 (C4c), 128.5 (C4c), 127.4 (C4d), 93.7 (C2), 
76.8 (C5), 55.9 (C3OMe/C4a), 55.8 (C3OMe/C4a), 55.2 (C4), 16.9 (C6).  
 
IR (thin film, cm-1): 3030, 2987, 2933, 2850, 1708, 1623, 1493, 1453, 1377, 1284, 1220, 1166, 1088, 1042, 975, 920, 833, 744, 702, 
630. 
 
HRMS (ESI+, m/z): [M+H]+ calculated for [C21H23NO3 + H]+ 338.1751; found 338.1760 (error 2.7 ppm). 
 
OR:  "!"# = +326º (c = 1.00, CHCl3) 
 
Rf:  0.12 (25% EtOAc/Hex, UV/I2/CAM); 0.45 (50% EtOAc/Hex, UV/I2/CAM) 
  

H3C OCH3

OAc

NBn2

O LiHMDS, THF
 -78 ºC → rt
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Preparation of Compound 222 Continued 
 
Notes: 
[a] Procedure adapted from Myers, A. G. et al.6 and Seeberger, P. H. et al.7. 
[b] NBn2-D-Thr(OAc)-OCH3 (14) was transferred using dry CH2Cl2 to an oven dried, tared collection flask (200 mL). The solvent was removed in vacuo (rotovap), 

and then the residue was dried overnight under high vacuum before being transferred into the addition funnel using a total of 94 mL dry THF. 
[c] When the dropwise addition of NBn2-D-Thr(OAc)-OCH3 (14) in dry THF was complete, the addition funnel was rinsed with additional dry THF (3 x 10 mL), and 

the rinses were added to the reaction. 
[d] Prior to the addition of dimethyl sulfate, a reaction aliquot was taken, quenched into CH3OH, and analyzed by TLC using 50% EtOAc/Hex (UV). 
[e] Prior to the addition of methanolic NH3, a reaction aliquot was taken, quenched into CH3OH, and analyzed by TLC using 50% and 90% EtOAc/Hex (UV). 
[f] Detailed gradient: 15% (100 mL) → 20% (50 mL) → 25% (52 mL) → 30% (50 mL) → 35% (100 mL) → 40 % (100 mL) EtOAc/Hex; compound 222 eluted in 35% → 

40% EtOAc/Hex. 
 
TLCs:* 
 

   
TLC #1: Reaction Monitoring 

Gradient: 50% EtOAc/Hex 
Visualization: UV 
Left Lane: 220 (SM) 
Middle Lane: co-spot 
Right Lane: Reaction 25 min before 
dimethyl sulfate addition began. 

TLC #2a: Reaction Monitoring 
Gradient: 50% EtOAc/Hex 
Visualization: UV 

TLC #2b: Reaction Monitoring 
Gradient: 90% EtOAc/Hex 
Visualization: UV 

For both TLC #2 plates: 
Left Lane: Reaction 25 min before dimethyl sulfate addition began. 
Middle Lane: co-spot 
Right Lane: Reaction 15 hr after dimethyl sulfate addition completed 

*TLCs from large scale reaction noted above that was taken on to the synthesis of compound 217. 
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B.3.4  Preparation of Compound 217 

 

 
 
Name: (2S,3R)-3-(dibenzylamino)-2-methyl-2,3-dihydro-4H-pyran-4-one 
 
Procedure[a]: The oven dried collection flask (1 L) into which crude 222 (theoretically 45.3 mmol) had been concentrated was 
equipped with a large oven dried stir bar, charged with dry THF (182 mL, 0.249 M), and placed under a balloon of argon. The resulting 
mixture was cooled in an acetone/dry ice bath (-78 ºC), and then DIBAL-H (57 mL, 68 mmol, 1.5 Eq | 1.2 M solution in PhCH3) was 
added dropwise via syringe pump over 1 hr.[b] After stirring at -78 ºC for an additional 2 hr, the reaction was removed from the 
acetone/dry ice bath and placed into an ice/brine bath (-5 ºC) and stirred for 1 hr. Then excess DIBAL-H was quenched by the 
portionwise addition of CH3OH (16 mL) over 10 min.[c] Next, the septum was removed, and a freshly prepared solution of concentrated 
H2SO4 (13 mL, 0.24 mol, 5.4 Eq) in DI H2O (94 ml) was added.[d] The reaction was removed from the ice/brine bath, stirred at room 
temperature for 5 min, lowered into a preheated oil bath (set point = 60 ºC), fitted with a reflux condenser, and left to stir vigorously 
open to the air for ca. 17 hr.[e] Then the reaction mixture was cooled in an ice/water bath and quenched by the portionwise addition of 
solid NaHCO3 (250 g, 2.98 mol, 65.7 Eq) over 35 min.[f] The quenched reaction mixture was removed from the ice/water bath and 
stirred for an additional 1 hr at room temperature before it was transferred to a separatory funnel (2 L) using 1:1 EtOAc/DI H2O (560 
mL, v/v). Additional DI H2O (500 mL) was added to the separatory funnel, and the layers were separated. The resulting aqueous layer 
was diluted with additional DI H2O (500 mL) and extracted with CH2Cl2 (4 x 150 mL). The combined organics (EtOAc + CH2Cl2) 
were dried over anhydrous MgSO4, filtered through a Celite® pad topped with sand (600 mL fritted funnel), and concentrated in vacuo 
to give a crude orange-red material. Purification by FCC (SiO2: 5% → 15% EtOAc/Hex)[g] afforded vinylogous ester 12 (9.90 g, 32.2 
mmol, 71% yield over 2 steps from 220) as a yellow solid.[h] 
 
1H NMR (600 MHz, CDCl3): d 7.44 (d, J = 7.7 Hz, 4H, H4c), 7.35 (d, J = 6.5 Hz, 1H, H1), 7.33 (t, J = 7.6 Hz, 4H, H4d), 7.24 (app 
t, J = 7.6 Hz, 2H, H4e), 5.58 (d, J = 6.1 Hz, 1H, H2), 4.51-4.43 (m, 1H, H5), 3.93 (d, J = 13.2 Hz, 1H, H4a), 3.59 (d, J = 13.2 Hz, 2H, 
H4a), 3.00 (d, J = 5.1 Hz, 1H, H4), 1.55 (d, J = 6.7 Hz, 3H, H6). 
 
13C{1H} NMR (151 MHz, CDCl3): d 193.3 (C3), 163.3 (C1), 139.4 (C4b), 129.2 (C4c), 128.4 (C4d), 127.3 (C4e), 109.4 (C2), 
81.0 (C5), 61.0 (C4), 55.3 (C4a), 16.3 (C6). 
 
IR (thin film, cm-1): 3032, 2990, 2931, 2851, 1658, 1595, 1494, 1450, 1406, 1378, 1269, 1228, 1165, 1107, 1045, 1017, 979, 918, 
822, 747, 700, 615. 
 
HRMS (ESI+, m/z): [M+H]+ calculated for [C20H21NO2 + H]+ 308.1645 ; found 308.1648 (error 1.0 ppm). 
 
OR:  "!"# = −117º (c = 1.00, CHCl3) 
 
Rf:  0.19 (15% EtOAc/Hex, UV/CAM) 
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Preparation of Compound 217 Continued 
 
Notes: 
[a] Procedure adapted from Seeberger, P. H. et al.7 and Woodward, R. B. et al.8. 
[b] DIBAL-H (1.2 M in PhCH3) was taken up into two syringes (#1: 29 mL; #2: 28 mL). These portions were added simultaneously in a dropwise fashion using two 

syringe pumps. 
[c] CH3OH was added cautiously at first and then more liberally. 
[d] The aq. H2SO4 solution was cooled to room temperature prior to use. 
[e] The biphasic mixture was stirred as vigorously as possible without decoupling the stir bar and stir plate. 
[f] During this quench procedure, additional DI H2O (300 mL total) was added. 
[g] Detailed gradient: 5% (2.6 L) → 10% (1.6 L) → 15% (3.6 L) EtOAc/Hex; compound 217 eluted in 10% →15 % EtOAc/Hex (primarily in 15%). 
[h] To isolate product 217 as a solid rather than a thick oil, the purified material was concentrated in vacuo (rotovap), placed into an acetone/dry ice bath (-78 ºC), and 

dried under high vacuum. 
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B.4  1st Generation Synthesis of Lemonose Thioglycoside 216 from Vinylogous Ester 217  

B.4.1 Synthesis of Compound 224 

 
 
Name: (2S,3R,4S)-3-(dibenzylamino)-2,4-dimethyl-3,4-dihydro-2H-pyran-4-ol 
 
Procedure[a]: A dried PSF (25 mL) equipped with a stir bar was placed under a double balloon of argon and charged with dry THF (1.3 
mL, 0.50 M) followed by methyllithium (0.59 mL, 0.94 mmol, 1.4 Eq | 1.6 M solution in Et2O). The resulting mixture was chilled in an 
acetone/dry ice bath (−78 ºC). Then a solution of vinylogous ester 217 (201.3 mg, 654.9 µmol, 1.000 Eq) in dry THF (1.0 mL, 0.65 M) 
was added dropwise via syringe pump over 10 min.[b] The reaction was left to stir at −78 ºC for an additional 3 hr at which point it was 
quenched by the portionwise addition of CH3OH (0.64 mL) at −78 ºC.[c] The quenched reaction was removed from the cooling bath 
and stirred for 10 min at room temperature. Then the stir bar was removed, and the yellow reaction mixture was concentrated in vacuo. 
The resulting residue was transferred to a separatory funnel (30 mL) using 2:1 Et2O/DI H2O (24 mL, v/v). The layers were separated, 
and the organics were washed with sat. aq NH4Cl (1 x 3 mL) followed by DI H2O (1 x 3 mL). The washed organics were dried over 
anhydrous Na2SO4, filtered, concentrated in vacuo, co-evaporated with CH2Cl2 (3x), and dried overnight under high vacuum to give a 
crude yellow oil that contained 224 in ≥ 20:1 dr as determined by 1H NMR. Purification of the crude material by FCC (SiO2: 2% → 15% 
EtOAc/Hex)[d] afforded tertiary alcohol 224 (182.6 mg, 565.2 µmol, ≥ 20:1 dr, 86% yield) as a pale yellow oil.  
 
1H NMR (600 MHz, CDCl3): d 7.39-7.21 (m, 10H, H4c), 6.24 (d, J = 6.3 Hz, 1H, H1), 5.20 (br s, 1H, OH), 5.00 (dd, J = 6.3, 0.7 
Hz, 1H, H2), 4.56-4.05 (br s, 2H, H4a), 4.30 (qd, J = 6.9, 2.5 Hz, 1H, H5), 3.91 (br d, J = 10.2 Hz, 2H, H4a), 2.67 (br s, 1H, H4), 1.60 
(d, J = 7.0 Hz, 3H, H6), 1.13 (s, 3H, C3Me). 
 
13C{1H} NMR (151 MHz, CDCl3): d 142.4 (C1), 139.2 (br, C4b)[e], 129.3 (C4c), 128.7 (C4c), 127.5 (C4c), 111.9 (C2), 74.1 (C5), 
64.2 (C3), 61.3 (C4), 32.5 (C3Me), 19.6 (C6).[f]  
 
IR (thin film, cm-1): 3420, 3287, 3059, 3031, 2975, 2927, 2862.9, 1647, 1601, 1452, 1383, 1238, 1120, 1156, 750, 701. 
 
HRMS (ESI+, m/z): [M+H]+ calculated for [C21H25NO2 + H]+ 312.1958 ; found 312.1954 (error 1.2 ppm). 
 
Rf:  0.36 (15% EtOAc/Hex, UV/CAM). 
 
OR: "!"# = −116º (c = 1.00, CHCl3) 
 
Notes: 
[a] Procedure adapted from Nicolaou, K. C.; Koskinen, A. M. P. et al.9. 
[b] The solution of vinylogous ester 217 in dry THF was made in a dry 2 dram vial. After the dropwise addition was complete, the vial was rinsed with additional dry THF 

(3 x 0.3 mL), and the rinses were added to the reaction. 
[c] Before quenching the reaction with CH3OH, a reaction aliquot was removed, quenched into CH3OH, and analyzed by TLC developed with 15% EtOAc/Hex 

(UV/CAM). 
[d] Detailed gradient: 2% (80 mL) → 5% (60 mL) → 15% (180 mL) EtOAc/Hex; 224 eluted in 15% EtOAc/Hex. 
[e] Broad, low intensity peak in the 1-D 13C NMR spectrum. Shift obtained from 1H-13C HMBC correlation. 
[f] A peak assignable to C4a was not observed in the 1-D 13C NMR spectrum. 
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Preparation of Compound 224 Continued 
 
TLCs: 

  
TLC #1a: Reaction Monitoring 
Gradient: 15% EtOAc/Hex 
Visualization: UV 

TLC #1b: Reaction Monitoring 
Gradient: 15% EtOAc/Hex 
Visualization: CAM Stain 

For both plates, lanes from left to right are as follows: 
starting material (217) | co-spot| reaction ca. 3 hr after end of addition of 217 
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B.4.2 Preparation of Compound 225 

 
 
Name: (2S,3R,4S)-N,N-dibenzyl-4-((tert-butyldimethylsilyl)oxy)-2,4-dimethyl-3,4-dihydro-2H-pyran-3-amine 
 
Procedure[a]: In an oven dried vial equipped with a stir bar was prepared a solution of tertiary alcohol 224 (345.8 mg, 1.059 mmol, 1.000 
Eq) and 2,6-lutidine (0.50 mL, 4.3 mmol, 4.0 Eq) in dry CH2Cl2 (2.2 mL, 0.48 M). The solution was placed under a balloon of argon 
and cooled in an ice/water bath (ca. 2 ºC). TBSOTf (0.50 mL, 2.2 mmol, 2.0 Eq) was added in portions by hand over 5 min. After stirring 
at 2 ºC for another 3 min, the reaction was removed from the ice/water bath and stirred at room temperature for 75 min. Then the 
reaction was transferred using CH2Cl2 (24 mL) to a separatory funnel (60 mL) already charged with sat. aq. NaHCO3 (6 mL). The layers 
were separated, and the organics were washed with 1 N HCl (2 x 6 mL) followed by DI H2O (1 x 6 mL). The washed organics were dried 
over anhydrous Na2SO4, filtered, and concentrated in vacuo. Purification by FCC (SiO2: 100% Hex → 6% EtOAc/Hex)[a] afforded silyl 
ether 225 (399.5 mg, 912.7 µmol, 85% yield) as an off-white solid.[c] 

 
1H NMR (600 MHz, CDCl3):  d 7.41-7.32 (m, 4H, H4c), 7.29 (t, J = 7.5 Hz, 4H, H4d), 7.20 (t, J = 7.3 Hz, 2H, H4e), 6.21 (d, J = 6.3 
Hz, 1H, H1), 4.90 (d, J = 6.2 Hz, 1H, H2), 4.22 (d, J = 13.5 Hz, 2H, H4a), 4.18-4.09 (m, 1H, H5), 4.01 (s, 2H, H4a), 2.55 (br d, J = 2.1 
Hz, 1H, H4), 1.42 (s, 3H, C3Me), 1.32 (d, J = 6.5 Hz, H6), 1.01 (s, 9H, H3c), 0.28 (s, 3H, H3a), 0.26 (s, 3H, H3a). 
 
13C NMR (151 MHz, CDCl3): d 143.1 (C1), 141.6 (C4b), 129.5 (C4c), 128.2 (C4d), 126.7 (C4e), 110.4 (C2), 75.0 (C5), 74.4 (C3), 
61.9 (C4), 56.5 (C4a), 34.4 (C3Me), 26.5 (C3c), 18.5 (C3b), 18.3 (C6), -1.1 (C3a), -1.4 (C3a).  
 
IR (thin film, cm-1): 3061, 3027, 2934, 2860, 1646, 1456, 1253, 1220, 1122, 1065, 994, 839, 749, 698. 
 
HRMS (ESI+/m/z): [M+H]+ calculated for [C27H39NO2Si + H]+ 438.2823; found 438.2823 (error 0.0 ppm). 
 
LC/MS (Agilent A, ESI +): tR = 1.43 min | [M+H]+ calculated for [C27H39NO2Si+H]+ 438.3 m/z; found 438.5 m/z. 
 
OR:  "!"# = +27.2º (c = 1.00, CHCl3) 
 
Rf:  0.76 (15% EtOAc/Hex, UV/CAM) 
 
MP:  107.3-110.9 ºC {single point = 109.3 ºC} 
 
Notes 
[a] Procedure adapted from Corey, E. J. et al.10 and Fukuyma, T.; Kan, T. et al.11 
[b] Detailed gradient: 100% Hex (300 mL) → 1% (200 mL) → 3% (160 mL) → 6% (200 mL) EtOAc/Hex; 225 eluted in 3% → 6% EtOAc/Hex (primarily in 6%). 
[c] A crystal of sufficient quality for XRD analysis was obtained by vapor diffusion (CH2Cl2 = solubilizing solvent; CH3OH = precipitating solvent). The material used 

to grow this XRD quality crystal was not made by the procedure outlined above; rather, it was made through a one pot sequence involving treatment of vinylogous 
ester 217 with CH3Li followed by the additional of TBSOTf to yield silyl ether 225 (93.8 mg, 214 µmol, 66% yield) with 1H and 13C NMR data matching those 
given above. 
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B.4.3 Preparation of Compound 226 

 
 
Name (a-226): (2R,4S,5R,6S)-4-((tert-butyldimethylsilyl)oxy)-5-(dibenzylamino)-4,6-dimethyltetrahydro-2H-pyran-2-ol 
 
Name (b-226):  (2S,4S,5R,6S)-4-((tert-butyldimethylsilyl)oxy)-5-(dibenzylamino)-4,6-dimethyltetrahydro-2H-pyran-2-ol 
 
Procedure: An RBF (25 mL)[a] equipped with a stir bar[a] was charged with glycal 225 (510.1 mg, 1.165 mmol, 1.000 Eq) followed by 
dry THF (11 mL, 0.11 M). Then PPh3•HBr (853.7 mg, 2.487 mmol, 2.134 Eq) was added in one portion at room temperature followed 
6 min later by the addition of DI H2O (2.2 mL, 0.12 mmol, 1.1*102 Eq) in one portion at room temperature. 5 min later, the flask was 
flushed with argon, stoppered with a hard yellow plastic cap, and lowered into a preheated oil bath (set point = 40 ºC). The reaction was 
stirred at 40 ºC for 43.2 hr at which point it was removed from the oil bath. After cooling at room temperature for 1 hr, the reaction was 
transferred to a separatory funnel (250 mL) with Et2O (45 mL) and H2O (30 mL).[c] Sat. aq. NaHCO3 (24 mL) was added, the funnel 
was shaken, and the layers were separated. The resulting aqueous layer (pH ~8–9) was extracted with CH2Cl2 (4 x 25 mL).[d] The 
combined organics (Et2O + CH2Cl2) were dried over anhydrous Na2SO4, filtered, and concentrated in vacuo. Purification by FCC (SiO2: 
2% → 15% EtOAc/Hex) afforded the desired hemiacetal a/b-226 (201.3 mg, 1.165 mmol, 38% yield, ca. 1:1.3 a/b).[f] 

 
1H NMR (600 MHz, CDCl3, a-226): d 7.68-7.05 (m, 10H, H4c), 5.36 (app q, J = 3.7 Hz, 1H, H1), 4.25 (app qd, J = 6.5, 4.0 Hz, 1H, 
H5), 4.23 (app d, J = 4.23, 2H, H4a), 4.08 (br s, 2H, H4a), 2.57 (d, J = 3.3 Hz, 1H, OH), 2.49 (d, J = 3.8 Hz, 1H, H4), 2.27 (dd, J = 13.7, 
4.0 Hz, 1H, H2 pro-R), 1.81 (dd, J = 13.7, 3.2 Hz, H2pro-S), 1.54 (s, 3H, C3Me), 1.34 (d, J = 6.6 Hz, 3H, H6), 1.01 (s, 9H, H3c), 0.26 (s, 
3H, H3a), 0.22 (s, 3H, H3a).  
 
1H NMR (600 MHz, CDCl3, b-226): d 7.68-7.05 (m, 10H, H4c), 4.80 (br s, 1H, EXSY with d 3.67, H4a), 4.73 (ddd, J = 9.7, 5.8, 2.8 
Hz, 1H, H1), 4.23 (app d, J = 4.23, 2H, H4a), 3.67 (br s, 1H, EXSY with d 4.80, H4a), 3.63 (qd, J = 6.3, 3.4 Hz, 1H, H5), 3.14 (d, J = 5.9 
Hz, 1H, OH), 2.31 (d, J = 3.2 Hz, 1H, H4), 2.16 (ABXdd, 2JAB = 12.7 Hz, 3JAX = 9.9 Hz, Dn = 38.2 Hz, 1H, H2 pro-R), 2.10 (ABXdd, 2JAB = 
12.7 Hz, 3JAX = 2.3 Hz, Dn = 38.2 Hz, 1H, H2pro-S), 1.40 (s, 3H, C3Me), 1.28 (d, J = 6.3 Hz, 3H, H6), 1.07 (s, 9H, H3c), 0.31 (s, 3H, 
H3a), 0.29 (s, 3H, H3a). 
  
13C NMR (151 MHz, CDCl3, a/b-226): d 141.5 (C4b), 141.3 (C4b), 129.2 (C4c), 128.2 (C4c), 126.8 (C4c), 126.7 (C4c), 94.5 (1JCH 
= 159 Hz, b-C1), 91.1 (1JCH = 166 Hz, a-C1), 78.7 (b-C3), 77.5 (a-C3), 72.8 (b-C5), 68.0 (a-C5), 62.6 (a-C4), 62.1 (b-C4), 56.4 (a-
C4a & b-C4a), 46.4 (b-C2), 44.3 (a-C2), 32.1 (a-C3Me), 30.9 (b-C3Me), 26.7 (b-C3c), 26.5 (a-C3c), 18.9 (b-C6), 18.7 (a-C6), 
18.58 (C3b), 18.56 (C3b), −0.8 (C3a), −0.9 (C3a), −0.99 (C3a), −1.03 (C3a).[d] 

 
IR (thin film, cm-1, a/b-226): 3395, 3061, 3027, 2935, 2862, 1600, 1456, 1367, 1257, 1117, 1070, 1020, 834, 742, 700. 
 
HRMS (ESI+) m/z (a/b-226): [M+H]+ Calcd for C27H42NO3Si 456.2928; Found 456.2922 (−1.31 ppm). 
 
Rf (a/b-226): 0.35 & 0.41 (25% EtOAc/Hex, CAM). 
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Preparation of Compound 226 Continued 
 
Notes 
[a] Neither the RBF nor the stir bar were heat dried in any fashion. 
[b] Addition of DI H2O instantaneously changed the physical appearance of the reaction from a white suspension to a colorless liquid with a few white solids. 
[c] Before transferring the reaction to the separatory funnel (250 mL), the reaction was spotted directly onto a TLC plate subsequently developed with 25% 

EtOAc/Hex (UV/CAM). 
[d] During the first two CH2Cl2 extractions, a bright yellow color was observed after the separatory funnel was shaken; this color somewhat faded for the final 

two CH2Cl2 extractions. 
[e] Detailed gradient: 2% (300 mL) → 5% (200 mL) → 10% (180 mL) → 12.5% (200 mL) → 15% (200 mL) EtOAc/Hex; a/b-226 eluted in 5% → 10% 

EtOAc/Hex. 
[f] 1H NMR indicates the presence of a TBS containing byproduct. As the methyl protons of this impurity were not diastereotopic, we concluded that this 

was not a carbohydrate bound TBS group. We tentatively assigned the impurity as tert-butyldimethylsilanol (TBSOH) so that we could, to some extent, 
account for this impurity in determining the yield of a/b -226. 
 

TLCs: 

  
TLC #1a: Reaction Monitoring 
Gradient: 25% EtOAc/Hex 
Visualization: UV 

TLC #1b: Reaction Monitoring 
Gradient: 25% EtOAc/Hex 
Visualization: CAM Stain 

For both plates, lanes from left to right are as follows: 
starting material (225) | PPh3 | co-spot| reaction after stirring at 40 ºC for ca. 43 hr. 
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B.4.4 Preparation of Compound 227 

 
 
Procedure[a]: In an oven dried collection flask (100 mL) equipped with a stir bar was prepared a solution of alcohol a/b-226 (690.2 
mg, 1.515 mmol, 1.000 Eq), triethylamine (NEt3, 0.65 mL, 4.7 mmol, 3.1 Eq), and DMAP (14.6 mg, 120 µmol, 7.89 mol %) under a 
balloon of argon. Acetic anhydride (Ac2O, 0.44 mL, 4.7 mmol, 3.1 Eq) was added in one portion at room temperature, and the reaction 
was stirred at that temperature for 8.5 hr. Then it was transferred to a separatory funnel (60 mL) using CH2Cl2 and washed with sat. aq. 
NaHCO3 (1 x 15 mL), DI H2O (1 x 15 mL), and 1 N HCl (2 x 15 mL). The washed organics were dried over anhydrous Na2SO4, filtered, 
and concentrated in vacuo. Purification by FCC (SiO2: 3% → 15% EtOAc/Hex)[b] afforded the desired acetate a/b-227 (639.6 mg, 
1.285 mmol, 85% yield, ca. 2:3 a/b) as a white foam.[c] 

 
1H NMR (600 MHz, CDCl3, a-227): d (7.79-6.89, m, 10H, H4c), 6.22 (dd, J = 4.3, 2.1 Hz, 1H, H1), 4.23 (d, J = 12.7, 2H, H4a), 4.12  
(qd, J = 6.5, 3.7 Hz, H5), 2.50 (d, J = 3.5 Hz, 1H, H4), 2.45 (dd, J = 14.3, 4.6 Hz, 1H, H2b), 2.05 (s, 3H, H1b), 1.92 (dd, J = 14.2, 1.6 Hz,  
H2a), 1.53 (s, 3H, C3Me), 1.31 (d, J = 6.5 Hz, 3H, H6), 1.04 (s, 9H, H3c), 0.28 (s, 3H, H3a), 0.25 (s, 3H, H3a).[d] 

 
1H NMR (600 MHz, CDCl3, b-227):  d (7.79-6.89, m, 10H, H4c), 5.65 (dd, J = 10.3, 2.9 Hz, H1), 4.23 (d, J = 12.7, 2H, H4a), 3.72  
(dq, J = 6.3, 3.4 Hz, 1H, H5), 2.35 (d, J = 3.2 Hz, 1H, H4), 2.35-2.27 (m, 1H,  2.10 (s, 3H, H1b), 1.99 (dd, J = 12.6, 2.4 Hz, 1H, H2a), 1.45  
(s, 3H, C3Me), 1.29 (d, J = 6.3 Hz, 3H, H6), 1.08 (s, 9H, H3c), 0.31 (s, 3H, H3a), 0.29 (s, 3H, H3a).[d] 
 
13C NMR (151 MHz, CDCl3, a/b-227): d 169.7 (a-C1a), 169.6 (b-C1a), 141.4 (C4b), 141.2 (C4b), 129.6 (C4c), 129.4 (C4c),  
128.2 (C4c), 126.82 (C4c), 126.81 (C4c), 92.8 (1JCH = 164 Hz, b-C1), 92.0 (1JCH = 171 Hz, a-C1), 78.6 (a-C3), 76.9 (b-C3)[e], 73.8 (b- 
C5), 70.0 (a-C5), 62.5 (a-C4), 62.2 (b-C4), 56.5 (b-C4a), 56.3 (a-C4a), 43.4 (b-C2), 42.2 (a-C2), 32.0 (a-C3Me), 30.8 (b-C3Me), 26.7  
(C3c), 26.6 (C3c), 21.43 (C1b), 21.40 (C1b), 18.76 (C3b/C6), 18.68 (C3b/C6), 18.58 (C3b/C6), 18.56 (C3b/C6), -0.8 (C3a), -0.87 (C3a),  
-0.91 (C3a), -1.0 (C3a).[f] 

 

IR (thin film, cm-1): 2937, 2861, 1752, 1598, 1455, 1370, 1236, 1034, 835. 
 
HRMS (ESI+) m/z: [M+H]+ Calcd for C29H44NO4Si 498.3034; found 498.3045 (error = 2.21 ppm). 
 
Notes: 
[a] Procedure adapted from 6) Org. Lett. 2007, 9 (10), 1923-5. 
[b] Detailed gradient: 3% (200 mL) → 10% (200 mL) → 15% (200 mL) EtOAc/Hex; a/b-227 eluted in 10% EtOAc/Hex. 
[c] Foaming on high vac controlled using acetone/dry ice bath. 
[d] Only 2 out of the 4 anticipated C4a resonances were included in the line listing for both anomers. EXSY indicates that broad resonances centered at 4.98 and 3.70 

ppm undergo chemical exchange; we hypothesize that these broad peaks account for the missing C4a resonances. 
[e] Obscured by CDCl3 in 1-D 13C NMR; shift determined by HMBC. 
[f] Only 4 out of the 6 anticipated C4b carbon resonances were observed, likely due to signal overlap. 
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B.4.5 Preparation of Compound 216 from Acetate 227 (ca. 7:1 a/b-216:225) 

 
 
Name (a-216): (2S,3R,4S,6S)-N,N-dibenzyl-4-((tert-butyldimethylsilyl)oxy)-2,4-dimethyl-6-(phenylthio) 
tetrahydro-2H-pyran-3-amine 
 
Name (b-216):  (2S,3R,4S,6R)-N,N-dibenzyl-4-((tert-butyldimethylsilyl)oxy)-2,4-dimethyl-6 (phenylthio) 
tetrahydro-2H-pyran-3-amine 
 
Procedure[a]:  An oven dried test tube (16 x 125 mm) equipped with a stir bar was fitted with a 24/40 septum, placed under a balloon 
of argon, and charged with a solution of acetate a/b-227 (321.9 mg, 646.7 mol, 1.000 Eq) in dry CH2Cl2 (4.2 mL, 0.15 M). PhSH (0.09 
mL, 0.9 mmol, 1 Eq)[b] was added, and the resulting mixture was lowered into an ice/brine bath (ca. −5 ºC). Then a solution of BF3•OEt2 
(0.10 mL, 0.79 mmol, 1.2 Eq)[c] in dry CH2Cl2 (0.20 mL, 3.2 M) was added in portions by hand over 6 min. After stirring in the ice/brine 
bath for an additional 1.4 hr, the reaction was removed from the cooling bath[d] and stirred vigorously for 18.4 hr. Then the reaction was 
quenched by the addition of sat. aq. NaHCO3 (6 mL)[e–f] and transferred to a separatory funnel (60 mL) using CH2Cl2 (21 mL) and DI 
H2O (7 mL). The layers were separated, and the resulting organic layer was washed with ca. 0.1 N NaOH (3 x 10 mL), dried over 
anhydrous Na2SO4, filtered, concentrated in vacuo, and co-evaporated with hexanes (2x). Purification by FCC (SiO2: 100% Hex → 3% 
Et2O/Hex)[g–h] afforded a white foam consisting of a mixture of desired thioglycoside a/b-216 (190.3 mg, 347.3 µmol, 54% yield, ca. 9:1 
a:b) and undesired glycal 225 (20.4 mg, 46.6 µmol, 7% yield).[i] 

 
Notes: 
[a] Procedure adapted from Wang, P. G. et al.12 
[b] Assuming that the volume of the added PhSH was 0.09 ± 0.01 mL, between 1.2 Eq (0.080 mL, 0.78 mmol) and 1.5 Eq (0.10 mL, 0.97 mmol) of PhSH were added. 
[c] The solution of BF3•OEt2 in dry CH2Cl2 was prepared in an oven dried/desiccator cooled vial; the BF3•OEt2 was a pale orange in color. 
[d] At this point, the ice/brine bath had warmed to +10 ºC, and the reaction was colorless to extremely faint yellow solution. 
[e] Before quenching the reaction with sat. aq. NaHCO3, a reaction aliquot was removed, quenched into CH3OH, and analyzed by TLC developed with 5% EtOAc/Hex 

(UV/Anisaldehyde stain). TLC indicated the presence of a small amount of starting material a/b-227. 
[f] At this point, the reaction was a pale orange solution.  
[g] Crude material loaded onto column using 100% hexanes due to the low polarity of a/b-216. 
[h] Detailed gradient: 100% Hex (180 mL) → 1% (140 mL) → 2% (130 mL) → 3% (120 mL) Et2O/Hex; the co-eluting mixture of a/b-216 and 225 eluted in 2% → 3% 

Et2O/Hex. 
[i] See pages 157–158 for the characterization of thioglycoside a/b-216. 
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Preparation of Compound 226 Continued 216 from Acetate 227 (ca. 7:1 a/b-216:225) 
 
TLCs: 

   
TLC #1: Reaction Monitoring 
Gradient: 5% EtOAc/Hex 
Visualization: Anisaldehyde Stain 
Lanes from left to right are as follows: 
starting material (a/b-227) | glycal 225 | thiophenol (PhSH) | co-
spot | reaction 19 hr after conclusion of BF3•OEt2 addition 

TLC #2a: Crude 
Gradient: 4% Et2O/Hex 
Visualization: UV 

TLC #2b: Crude 

Gradient: 4% Et2O/Hex 
Visualization: Anisaldehyde 
Stain 

For both plates, lanes from left to right are as follows: 
starting material (a/b-227) | glycal 225 | thiophenol | crude 

reaction mixture 
*Plate was broken during staining and development; it was reassembled for this picture. 
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B.4.6 Preparation of Compound 216 from Acetate 227 (ca. 18:1 a/b-216:225) 

 
 
Name (a-216): (2S,3R,4S,6S)-N,N-dibenzyl-4-((tert-butyldimethylsilyl)oxy)-2,4-dimethyl-6-(phenylthio) 
tetrahydro-2H-pyran-3-amine 
 
Name (b-216):  (2S,3R,4S,6R)-N,N-dibenzyl-4-((tert-butyldimethylsilyl)oxy)-2,4-dimethyl-6 (phenylthio) 
tetrahydro-2H-pyran-3-amine 
 
Procedure[a]: A PSF (10 mL)[b] into which acetate a/b-227 (31.1 mg, 62.5 µmol, 1.00 Eq) had been concentrated was charged with 
powdered 4 Å MS (40 mg), a dried stir bar, and dry CH2Cl2 (0.90 mL, 69 µM). PhSH (25 µL, 0.24 mmol, 3.9 Eq) was added, and the 
reaction was stirred at room temperature under a double balloon of argon for 30 min. Then the reaction was lowered into an ice/brine 
bath (ca. −5 ºC). After the reaction had been chilled for 15 min, BF3•OEt2 (0.08 mL, 0.6 mmol, 10 Eq)[c] was added in one portion. After 
stirring for an addition 20 min, the reaction was removed from the cooling bath[d] and stirred at room temperature for an additional 17.5 
hr. At this point, crushed ice was added followed by 1 N aq. NaOH (4.6 mL).[e] After stirring for 20 min, the quenched reaction mixture 
was transferred to a separatory funnel (60 mL) using CH2Cl2 (30 mL) and H2O (10 mL). The funnel was shaken, and the layers were 
separated. The resulting organic layer was washed with 1 N aq. NaOH (1 x 8 mL), dried over anhydrous Na2SO4, filtered, and 
concentrated in vacuo. Purification (SiO2, 2% → 6% EtOAc/Hex)[f] afforded a co-eluting mixture of desired thioglycoside a/b-216 (26.7 
mg, 48.7 µmol, 78% yield, > 20:1 a:b) and undesired glycal 225 (1.2 mg, 2.7 µmol, 4% yield).[g] 

 
Notes: 
[a] Procedure adapted from Wang, P. G. et al.12 
[b] PSF (10 mL) was neither flame nor oven dried. 
[c] Assuming that the volume of the added BF3•OEt2 was 0.08 ± 0.01 mL, between 8.8 Eq (0.070 mL, 0.55 mmol) and 11 Eq (0.090 mL, 0.71 mmol) of BF3•OEt2 were 

added. 
[d] At this point, the ice/brine bath had warmed to −2 ºC. 
[e] Before addition the crushed ice3, a reaction aliquot was spotted directly onto a TLCs plates developed with 2%, 10%, and 25% EtOAc/Hex (UV/CAM  stain).  
[f] Detailed gradient: 2% (50 mL) → 3% (40 mL) → 4% (30 mL) → 5% (32 mL) → 6% (30 mL) EtOAc/Hex; mixture of a/b-216 and 225 eluted in 2% →3% 

EtOAc/Hex. This mixture was so nonpolar that it eluted while loading the column (liquid loading with CH2Cl2 + 2% EtOAc/Hex). As the eluate from column 
loading was assumed to be free of reaction components, it was recycled. As such, the a/b-216 and 225 that eluted during column loading was inadvertently poured 
back on top of the column and eluted a second time. As such, we note that the 100% Hex → 3% Et2O/Hex (liquid loading with 100% Hex) used in the procedure on 
page 149 is more effective for this particular purification than the 2% → 6% EtOAc/Hex used for this reaction. 

[g] See pages 157–158 for the characterization of thioglycoside a/b-216. 
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Preparation of Compound 226 Continued 216 from Acetate 227 (ca. 18:1 a/b-216:225) 
 
TLCs: 

    
TLC #1a: Reaction 
Monitoring 
Gradient: 10% EtOAc/Hex 
Visualization: UV 

TLC #1b: Reaction 
Monitoring 
Gradient: 10% EtOAc/Hex 
Visualization: CAM Stain 

TLC #2a: Crude 
 
Gradient: 10% EtOAc/Hex 
Visualization: UV 

TLC #2b: Crude 
 
Gradient: 10% EtOAc/Hex 
Visualization: CAM Stain 

For plates 1a–1b, lanes from left to right are as follows: 
starting material (a/b-227) | co-spot| reaction 17.4 hr after 

BF3•OEt2 addition 

For both plates 2a–2b, lanes from left to right are as follows: 
starting material (a/b-227) | co-spot| crude reaction mixture 
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B.5  2nd Generation Synthesis of Lemonose Thioglycoside 216 from Vinylogous Ester 217 

B.5.1 Preparation of Compound 233 

 
 
Name (a-233): (2R,4S,5R,6S)-5-(dibenzylamino)-4,6-dimethyltetrahydro-2H-pyran-2,4-diol 
 
Name (b-233): (2S,4S,5R,6S)-5-(dibenzylamino)-4,6-dimethyltetrahydro-2H-pyran-2,4-diol 
 
Procedure (Step 1)[a]:  A dried collection flask (500 mL) equipped with a stir bar was placed under a balloon of argon and charged 
with dry THF (75 mL, 0.39 M) followed by methyllithium (25 mL, 40 mmol, 1.4 Eq | 1.6 M solution in Et2O). The resulting mixture 
was chilled in an acetone/dry ice bath (−78 ºC). Then a solution of vinylogous ester 217 (8.5061 g, 27.672 mmol, 1.0000 Eq) in dry 
THF (20 mL, 1.4 M) was added dropwise via syringe pump (60 cc/hr).[b] The reaction was stirred for an additional 3.5 hr at -78 ºC and 
then was quenched by the portionwise addition of CH3OH (25 mL) at −78 ºC.[c] The quenched reaction was removed from the cooling 
bath and stirred for 30 min at room temperature. Next, the stir bar was removed, and the reaction was concentrated in vacuo to give a 
yellow residue that was transferred to a separatory funnel (1 L) using 2:1 Et2O/DI H2O (525 mL, v/v). The layers were separated, and 
the organics were washed with aq. NH4Cl (2 x 50 mL) followed by DI H2O (1 x 50 mL). The washed organics were dried over anhydrous 
Na2SO4, filtered, concentrated in vacuo (rotovap), and dried on a high vacuum line to give crude 16 which was taken on to Step 2 without 
further purification. 
 
Procedure (Step 2)[d]:  The RBF (2 L) into which crude 16 (theoretically 27.672 mmol) had been concentrated was equipped with 
a large stir bar and charged with dry THF (162 mL, 0.16 M) and DI H2O (162 mL, 0.16 M). To the resulting pale yellow mixture was 
added Hg(OAc)2 (10.5921 g, 33.237 mmol, 1.2011 Eq) in one portion at room temperature.[e] Then the reaction was stoppered with a 
plastic cap and stirred vigorously at room temperature. After 5.5 hr,[f] the plastic cap was replaced with a Claisen adapter equipped with 
an addition funnel (500 mL, center neck).[g-h] A freshly prepared solution of aq. NaOH (230 mL, 27.7 g, 693 mmol | 120 mg/mL)[i] was 
added dropwise via the addition funnel over 10 min. 15 min later, a freshly made solution of NaBH4 (1.9936 g, 52.70 mmol, 1.904 Eq) 
in aq. NaOH (230 mL, 27.7 g, 693 mmol | 120 mg/mL)[i] was added dropwise via the addition funnel over 15 min. The resulting dark 
grey mixture was stirred for another 60 min before it was filtered through a pad of SiO2 topped with sand (ca. 1:3 SiO2/sand; 600 mL 
fritted funnel), eluting with EtOAc (4 x 150 mL). The filtrate was transferred to a separatory funnel (2 L) using EtOAc (180 mL) and 
DI H2O (100 mL). The layers were separated, and the resulting aqueous layer was extracted with EtOAc (1 x 150 mL). The combined 
organics were washed with brine (1 x 200 mL), dried over anhydrous Na2SO4, filtered through a pad of Celite® topped with sand (600 
mL fritted funnel), concentrated in vacuo, and co-evaporated with CH2Cl2. Purification by FCC (SiO2: 15% → 50% EtOAc/Hex)[j] 
afforded reducing sugar a/b-17 (6.06 g, 17.7 mmol, 64% yield over 2 steps, ca. 2:3 a:b) as an off white foam. 
 
1H NMR (600 MHz, CDCl3, a-233):   d 7.68-6.82 (m, 10H, H4c), 5.36 (d, J = 4.5 Hz, 1H, H1), 4.97 (s, 1H, C3OH), 4.51 (dq, 
J = 6.9, 2.7 Hz, 1H, H5), 3.89 (d, J = 13.8 Hz, 2H, H4a), 2.57 (d, J = 2.6 Hz, 1H, H4), 1.98 (dd, J = 14.4, 4.7 Hz, 1H, H2pro-R), 1.90 (d, J 
= 14.3 Hz, 1H, H2pro-S), 1.45 (d, J = 7.0 Hz, 3H, H6), 1.28 (s, 3H, C3Me).[k] 
 
1H NMR (600 MHz, CDCl3, b-233):   d 7.68-6.82 (m, 10H, H4c), 5.05 (s, 1H, C3OH), 4.79 (dd, J = 10.0, 2.5 Hz, 1H, H1), 
3.93 (qd, J = 6.9, 2.9 Hz, 1H, H5), 3.89 (d, J = 13.8 Hz, 2H, H4a), 2.48 (d, J = 2.7 Hz, 1H, H4), 2.00 (dd, J = 13.2, 2.3 Hz, 1H, H2pro-S), 
1.80 (dd, J = 13.3, 10.1 Hz, 1H, H2pro-S), 1.51 (d, J = 6.8 Hz, 3H, H6), 1.11 (s, 3H, C3Me).[k] 
 
13C{1H} NMR (151 MHz, CDCl3, a/b-233): d 139.5 (C4b), 129.2 (C4c), 128.7 (C4c), 127.5 (C4c), 95.2 (1JCH = 159 Hz, b-C1), 
92.4 (1JCH = 167 Hz, a-C1), 71.5 (b-C5), 68.8 (b-C3), 66.7 (a-C3), 65.8 (a-C5), 63.6 (a-C4), 62.9 (b-C4), 57.0 (br, C4a)[l], 45.2 (b-
C2), 41.2 (a-C2), 30.0 (a-C3Me), 28.1 (b-C3Me), 19.5 (a-C6), 19.4 (b-C6). 
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Preparation of Compound 233 Continued 
 
IR (thin film, cm-1, a/b-233): 3361, 3061, 3029, 2972, 2933, 2859, 1599, 1451, 1366, 1172, 1109, 1062, 743, 700. 
 
Rf: (a/b-233): 0.37 & 0.45 (50% EtOAc/Hex, CAM) 
 
HRMS (ESI+, m/z, a/b-233): [M+H]+ calculated for [C21H27NO3 + H]+ 342.2064 ; found 342.2064 (error 0.0 ppm). 
 
Notes: 
[a] Procedure for Step 1 adapted from Nicolaou, K. C.; Koskinen, A. M. P. et al.9. 
[b] The solution of vinylogous ester 217 in dry THF was made in a dried 6 dram vial. After the dropwise addition was complete, the vial was rinsed with additional dry 

THF (3 x 10 mL), and the rinses were added to the reaction. 
[c] Before the reaction was quenched with CH3OH, the septum was briefly removed and a reaction aliquot was removed. The aliquot was quenched into CH3OH and 

analyzed by TLC developed in 15% EtOAc/Hex (UV/CAM). 
[d] Procedure for Step 2 adapted from Brown, H. C. et al.13. 
[e] Additional DI H2O (2 mL) was used to rinse Hg(OAc)2 stuck on the neck of the flask into the reaction. 
[f] Solids were observed 80 min after the addition of Hg(OAc)2. 
[g] Before the RBF was fitted with a Claisen adapter, the reaction was spotted directly onto a TLC plate developed in 25% EtOAc/Hex (CAM). 
[h] The side neck of the Claisen adapter was left open to the hood to facilitate gas venting. 
[i] The aq. NaOH solution was prepared as follows: an Erlenmeyer flask (1L) equipped with a stir bar was charged with solid NaOH (60.13 g, 1.503 mol) and DI H2O 

(500 mL). Stirring gave a homogenous solution that was allowed to cool to room temperature prior to use. 
[j] Detailed gradient: 15% (1.2 L) → 25% (1.2 L) → 30% (0.5 L) → 37% (0.5 L) → 40% (0.5 L) → 50% (1.4 L) EtOAc/Hex; a/b-233 eluted in 40% → 50% EtOAc/Hex. 
[k] Two of the H4a protons were not observed in the 1H NMR spectrum. 
[l] By 1H-13C HSQC{1H}{13C}, we observed 3 correlations with CH2 phasing in the region expected for the benzyl C4a resonances. Of these three 13C shifts (d 57.0, 

55.4, 53.1), we only included the 13C shift (d 57.0) in the line listing with a correlation to the assigned H4a protons (1H: d 3.89). 

 

Visual Procedure for Step 2:* 

 

→ 

 

→ 

 

→ 

 

→ 

 

A. Step 2: 
Crude SM (16) in 

THF/DI H2O. 

 B. Step 2: 
ca. 9 min after 

Hg(OAc)2 
addition. 

 C. Step 2: 
ca. 3 hr after 
Hg(OAc)2 
addition. 

 D. Step 2: 
After addition of 
initial aq. NaOH. 

 E. Step 2: 
After addition of 

NaBH4 + aq. NaOH. 

*Visual procedure from a smaller scale reaction that yielded 2.35 g of a/b-233.  
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B.5.2 Preparation of Compound 235 

 
 
Name (a-235): (2S,3R,4S,6S)-N,N-dibenzyl-4,6-bis((tert-butyldimethylsilyl)oxy)-2,4-dimethyltetrahydro-2H-pyran-3-amine 
 
Name (b-235): (2S,3R,4S,6R)-N,N-dibenzyl-4,6-bis((tert-butyldimethylsilyl)oxy)-2,4-dimethyltetrahydro-2H-pyran-3-amine 
 
Name (225):  (2S,3R,4S)-N,N-dibenzyl-4-((tert-butyldimethylsilyl)oxy)-2,4-dimethyl-3,4-dihydro-2H-pyran-3-amine 
 
Procedure[a]: A dried collection flask (200 mL) equipped with a stir bar was charged with reducing sugar a/b-223 (5.0079 g, 14.667 
mmol, 1.0000 Eq, ca. 2:3 a:b), dry CH2Cl2 (30 mL, 0.49 M), and 2,6-lutidine (10 mL, 86 mmol, 5.9 Eq). The resulting yellow solution 
was placed under a balloon of argon and chilled in an ice/brine bath (ca. −5 ºC). TBSOTf (12 mL, 52 mmol, 3.6 Eq) was added dropwise 
via syringe pump (18 cc/hr) to give an orange solution. 2.9 hr after the start of the TBSOTf addition, the reaction was removed from the 
cooling bath and stirred at room temperature for an additional 1.3 hr. Next, the dark orange solution was quenched by the portionwise 
addition of sat. aq. NaHCO3 (50 mL) over 7 min at rt.[b-d] The quenched reaction mixture was transferred to a separatory funnel (500 
mL) using CH2Cl2 (90 mL) and DI H2O (30 mL). The layers were separated, and the organics were washed with 1 N HCl (3 x 40 mL) 
followed by sat. aq. NaHCO3 (50 mL). The washed organics were dried over anhydrous Na2SO4, filtered, concentrated in vacuo, and co-
evaporated with hexanes (2x). Purification by FCC (SiO2: 100% Hex → 5% Et2O/Hex)[e] afforded silyl ether glycoside a/b-235 (7.66 g, 
13.4 mmol, 92% yield, ca. 1:2 a:b) as a sticky colorless foam.[f] 1H NMR indicated the presence of trace amounts of elimination product 
225 (35.5 mg, 81.1 µmol, 0.6% yield).[g] 
 
1H NMR (600 MHz, CDCl3, a-235): d 7.69-6.97 (m, 10H, C4c), 5.31 (dd, J = 3.7, 2.3 Hz, 1H, H1), 4.15 (app qd, J = 6.5, 3.8 Hz, 1H, 
H5), 2.45 (d, J = 3.6 Hz, 1H, H4), 2.31 (dd, J = 13.4, 4.1 Hz, 1H, H2pro-R), 1.80 (dd, J = 13.4, 1.8 Hz, 1H, H2pro-S), 1.54 (s, 3H, C3Me), 
1.28 (d, J = 6.5 Hz, 3H, H6), 1.04 (s, 9H, H3a), 0.88 (s, 9H, H3c), 0.275 (s, 3H, H3a), 0.24 (s, 3H, H3a), 0.08 (s, 3H, H1a), 0.06 (s, 3H, 
H1a).[i] 
 
1H NMR (600 MHz, CDCl3, b-235): d 7.69-6.97 (m, 10H, C4c), 4.66 (dd, J = 9.7, 2.6 Hz, 1H, H1), 3.53 (qd, J = 6.3, 3.4 Hz, 1H, H5), 
2.26 (d, J = 3.2 Hz, 1H, H4), 2.18 (dd, J = 12.7, 9.8 Hz, 1H, H2pro-R), 1.95 (dd,  = 12.8, 2.1 Hz, H2pro-S), 1.38 (s, 3H, C3Me), 1.25 (d, J = 
6.3 Hz, 3H, H6), 1.07 (s, 9H, H3c), 0.89 (s, 9H, H1c), 0.31 (s, 3H, H3a), 0.284 (s, 3H, H3a), 0.09 (s, 6H, H1a). [h] 
 
13C{1H} NMR (151 MHz, CDCl3, a/b-235): d 142.0 (C4b), 141.6 (C4b), 129.8 (br, C4c), 129.5 (br, C4c), 129.4 (C4c), 128.3 (br, 
C4c), 128.3 (C4c), 127.9 (br, C4c), 126.7 (C4c), 126.6 (C4c), 95.3 (1JCH = 159 Hz, b-C1), 91.7 (1JCH = 170 Hz, a-C1), 79.0 (b-C3), 
77.8 (a-C3), 72.5 (b-C5), 67.2 (a-C5), 62.7 (a-C4), 62.3 (b-C4), 56.7 (br, C4a), 56.4 (C4a), 56.3 (br, C4a), 47.7 (b-C2), 45.6 (a-
C2), 32.6 (a-C3Me), 31.1 (b-C3Me), 26.7 (b-C3c), 26.6 (a-C3c), 26.1 (b-C1c), 25.8 (a-C1c), 18.9 (C1a/C3a/C6), 18.8 
(C1a/3a/6), 18.6 (C1a/C3a/C6), 18.4 (C1a/C3a/C6), 18.0 (C1a/3a) -0.7 (b-C3a), -0.80 (b-C3a), -0.85 (a-C3a), -0.90 (a-C3a), 
−3.9 (b-C1a), −4.3 (a-C1a), −4.6 (b-C1a), −5.6 (a-C1a).[i] 
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Preparation of Compound 235 Continued 
 
IR (thin film, cm-1, a/b-235): 3062, 3027, 2939, 2860, 1600, 1461, 1377, 1254, 1124, 1078, 1020, 835. 
 
HRMS (ESI+, m/z, a/b-235): [M+H]+ calculated for [C33H55NO3Si2 + H]+ 570.3793 ; found 570.3806 (error 2.3 ppm). 
 
Rf (a/b-235): 0.39 (4% Et2O/Hex, CAM stain) 
 
Notes: 
[a] Procedure adapted from Corey, E. J. et al.10 and Fukuyama, T.; Kan, T. et al.11. 
[b] Before the reaction was quenched with sat. aq. NaHCO3, the septum was briefly removed, and an aliquot was removed from the reaction. The aliquot was quenched 

into EtOAc/sat. aq. NaHCO3 and analyzed by TLC developed in 5% and 50% EtOAc/Hex (UV/CAM). 
[c] The reaction bubbled during the quench. 
[d] The stir rate was increased during the quench. 
[e] Detailed gradient: 100% Hex → 0.5% (0.5 L) → 1% (0.5 L) → 2% (1 L) → 5% (2.4 L) Et2O/Hex; a/b-235 eluted in 5% Et2O/Hex. 
[f] Foaming on a high vac line was controlled using an acetone/dry ice bath. 
[g] See page 145 for characterization of 225. 
[h] 1H resonances for the benzyl protection group hydrogens H4a are absent from the line listing due to their complexity. Based on 1H-13C HSQC{1H}{13C}, 

we observed the following four resonances consistent with H4a protons: d 4.85 (br d, J = 8.0 Hz), 4.30-4.18 (m), 4.07 (s), and 3.67 (br d, J = 8.2 Hz). 1H-
1H NOESY/EXSY indicates that d 4.85 and d 3.67 are related by chemical exchange; the same experiment also shows that d 4.30-4.18 has NOESY 
correlations with both of d 4.85 and d 3.67. Setting the integration of b-H1 to 1H, the combined integration of d 4.85, d 4.30-4.18, and d 3.67 is 5.1H. This 
is in decent agreement with the expected total integration of 6H for a ca. 1:2 a/b mixture of 235. 

[i] For benzyl protecting group carbons C4a and C4c, we observed more signals than expected (C4a: expected 2, observed 3; C4c: expected 6, observed 8; 
expected resonances determined with the assumption that none of the resonances are degenerate between the a- and b-anomers). We attribute this to 
hindered rotation as further evidenced by the broadness (denoted as “br”) of some of these resonances. 
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B.5.3 Preparation of Compound 216 from TBS Glycoside 235 

 
 

Name (a-216): (2S,3R,4S,6S)-N,N-dibenzyl-4-((tert-butyldimethylsilyl)oxy)-2,4-dimethyl-6-(phenylthio) 
tetrahydro-2H-pyran-3-amine 
 
Name (b-216):  (2S,3R,4S,6R)-N,N-dibenzyl-4-((tert-butyldimethylsilyl)oxy)-2,4-dimethyl-6 (phenylthio) 
tetrahydro-2H-pyran-3-amine 
 
Procedure (Step 1)[a]: In an oven dried collection flask (200 mL) equipped with a stir bar was made a colorless solution of a/b-235 
(4.0244 g, 7.0606 mmol, 1.0000 Eq, ca. 1:2 a:b) and PhSH (3.2 mL, 31 mmol, 4.4 Eq) in dry CH2Cl2 (32 mL, 0.22 M). TMSOTf (4.0 
mL, 22 mmol, 3.1 Eq) was added in one portion at room temperature. Then the reaction flask was flushed with argon and stoppered with 
a hard plastic cap. The reaction was stirred at room temperature for 14.5 hr. Then it was transferred using CH2Cl2 (120 mL) to a 
separatory funnel (500 mL) already charged with sat. aq. NaHCO3 (120 mL). The layers were separated, and then the organics were 
washed with additional sat. aq. NaHCO3 (2 x 120 mL).[b] The washed organics were dried over anhydrous MgSO4, filtered through a 
Celite® pad (150 mL fritted funnel), and concentrated in vacuo. Crude NMR analysis revealed that the reaction was not complete.[c] As 
such, the crude material was transferred to a flame dried collection flask (200 mL) using dry CH2Cl2. The majority of the solvent was 
removed to give a yellow-orange liquid that re-subjected to the reaction conditions as detailed in Step 2. 
 
Procedure (Step 2)[a]: The flame dried collection flask (200 mL) into which the crude product (theoretically 7.0606 mmol) of Step 1 
had been concentrated was equipped with an oven dried stir bar and charged with dry CH2Cl2 (32 mL, 0.22 M) followed by PhSH (3.2 
mL, 31 mmol, 4.4 Eq). TMSOTf (4.0 mL, 22 mmol, 3.1 Eq) was added in one portion at room temperature. Then the reaction flask was 
flushed with argon and stoppered with a hard plastic cap. The reaction was stirred at room temperature for 17 hr. Then it was transferred 
using CH2Cl2 (120 mL) to a separatory funnel (500 mL) already charged with sat. aq. NaHCO3 (120 mL). The layers were separated, 
and then the organics were washed with additional sat. aq. NaHCO3 (2 x 120 mL). The washed organics were dried over anhydrous 
Na2SO4, filtered, concentrated in vacuo, and co-evaporated with hexanes (3x). Purification by FCC (SiO2: 100% → 4% Et2O/Hex)[d] 
afforded the desired thioglycoside a/b-216 (3.5404 g, 6.4621 mmol, 92% yield over 2 steps, ca. 9:1 a:b) as a white foam.[e] 

 
1H NMR (600 MHz, CDCl3, a-216): d 7.52-7.13 (m, 15H, HAr)[e], 5.57 (dd, J = 5.9, 5.1 Hz, 1H, H1), 4.38 (qd, J = 6.7, 4.4 Hz, 1H, 
H5), 4.23 (dis br d, J = 12.5 Hz, 2H, H4a), 4.05 (br s, 2H, H4a), 2.61 (d, J = 4.3 Hz, 1H, H4), 2.45 (dd, J = 13.9, 4.8 Hz, 1H, H2pro-R), 
1.92 (dd, J = 13.9, 6.2 Hz, 1H, H2pro-S), 1.57 (s, 3H, C3Me), 1.46 (d, J = 6.7 Hz, 3H, H6), 0.97 (s, 9H, H3c), 0.22 (s, 3H, H3a), 0.18 (s, 
3H, H3a).  
 
1H NMR (600 MHz, CDCl3, b-216): d 7.52-7.13 (m, 15H, HAr)[e], 4.71 (dd, J = 12.4, 2.6 Hz, 1H, H1), 4.62 (br d, J = 10.8 Hz, 2H, 
H4a) 3.67 (qd, J = 6.3, 3.3 Hz, 1H, H5), 3.64 (app br d,[g] 2H, H4a), 2.32 (d, J = 3.1 Hz, 1H, H4), 2.32 (app t, J = 12.7 Hz, 1H, H2pro-R), 
2.04 (dd, J = 13.1, 1.8 Hz, 1H, H2pro-S), 1.42 (s, 3H, C3Me), 1.31 (d, J = 6.3 Hz, H6), 1.05 (s, 9H, H3c), 0.27 (s, 3H, H3a), 0.26 (s, 3H, 
H3a).  
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Preparation of Compound 216 from TBS Glycoside 235 Continued 
 
13C{1H} NMR (151 MHz, CDCl3, a/b-216): d 141.0 (a-C4b), 135.5 (a-C1a), 134.4 (b-C1a), 132.5 (CAr), 131.2 (a-C1b), 129.0 
(a-C4c), 128.8 (CAr), 128.3 (a-C4d), 127.7 (CAr), 127.1 (a-C1b), 126.9 (a-C4e), 126.7 (CAr), 82.1 (1JCH = 154 Hz, b-C1), 80.2 
(1JCH = 162 Hz, a-C1), 78.9 ((b-C3), 78.2 (a-C5) 76.6 (b-C5), 70.0 (a-C5), 62.5 (a-C4), 62.1 (b-C4), 56.3 (a-C4a & b-C4a)[g], 45.7 
(a-C2), 44.7 (b-C2), 31.2 (a-C3Me), 30.3 (b-C3Me), 26.6 (b-C3c), 26.4 (a-C3c), 19.3 (b-C6), 18.5 (a-C3b & b-C3b)[g], 18.2 (a-
C6), −0.7 (b-C3a), −0.9 (b-C3a), −1.2 (2 x a-C3a)[h]

. 

 
IR (thin film, cm-1, ca. 9:1 a:b-216): 3062, 3026, 2936, 2858, 1585, 1457, 1256, 1111, 991, 836, 744, 696.  
 
HRMS (ESI+, m/z, ca. 9:1 a:b-216): [M+H]+ calculated for [C33H45NO2SSi + H]+ 548.3013; found 548.3012 (error 0.2 ppm). 
 
OR (ca. 9:1 a:b-216): "!"# = −91.8º (c = 1.00, CHCl3) 
 
Rf (ca. 9:1 a:b-216): 0.23 (4% Et2O/Hex, CAM) 
 
Notes: 
[a] Procedure adapted from Szeja, W. et al.14. 
[b] Throughout the aqueous workup, there was a fluffy yellow solid present that was always taken with the organic layer. 
[c] This crude 1H NMR spectrum is analyzed in Figure A.4b and presented in Table 2.2a-b (Entry 1). 
[d] Detailed gradient: 100% Hex (2.4 L) → 1% (1 L) → 2% (1.2 L) → 3% (1.2 L) → 4% (1.2 L) Et2O/Hex; a/b-216 eluted in 3% → 4% Et2O/Hex.  
[e] After concentrating the purified product in vacuo (rotovap), a dry ice/acetone bath was used to chill the resulting residue and thus control it as it foamed 

under high vacuum. 
[f] Due to the complexity of the 1H NMR aromatic region, the entire region was integrated as one entity. A combination of various 2-D NMR techniques 

allowed us to make the following assignments in which 1H resonances were determined from 2-D correlations/cross-peaks: d 7.35 (H4c), 7.31 (H4d), 
7.23 (H4e). 

[g] Based on the 1H-13C HSQC{1H}{13C}, it appears that this 1H resonance is a broad doublet centered at 3.64 ppm that is obscured by a neighboring qd (3.67 
ppm). 

[h] Based on the 1H-13C HSQC{1H}{13C} spectrum, the indicated carbons share the same 13C shift. 
[i] 12 of the theoretical 16 aromatic 13C resonances were observed. Presumably, incidental peak overlap and/or low intensity peaks (particularly for the less 

abundant b-216) can account for these unobserved resonances. 
 

Visual Procedure: 
 

 

→ 

 

→ 

 

→ 

 
A. Step 1: 

Starting Material 
(a/b-235) 

 B. Step 1: 
Crude product (starting 

material for Step 2) 

 C. Step 2: 
17 hr after TMSOTf 

addition 

 D. Step 2: 
Purified thioglycoside 

a/b-216. 
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B.6  Synthesis and Structural Verification of Fully Protected, a-Linked Arimetamycin A Disaccharide 215 

B.6.1 Preparation of Compound 215 

 
 
Name (215): benzyl ((2S,3S,4S,6R)-6-((tert-butyldimethylsilyl)oxy)-3-(((2S,4S,5R,6S)-4-((tert-butyldimethylsilyl)oxy)-5- 
(dibenzylamino)-4,6-dimethyltetrahydro-2H-pyran-2-yl)oxy)-2,4-dimethyltetrahydro-2H-pyran-4-yl)carbamate 
 
Name (243): benzyl ((2S,3S,4S)-3-(((2R,4S,5R,6S)-4-((tert-butyldimethylsilyl)oxy)-5-(dibenzylamino)-4,6- 
dimethyltetrahydro-2H-pyran-2-yl)oxy)-2,4-dimethyl-3,4-dihydro-2H-pyran-4-yl)carbamate 
 
Procedure[a]:  In a flame dried collection flask (100 mL, 24/40 neck) equipped with a stir bar was made a mixture of acceptor b-218 
(1.2157 g, 2.9680 mmol, 1.0000 Eq), donor a/b-216 (2.2904 g, 4.1806 mmol, 1.4085 Eq), 2,4,6-tri-tert-butyl pyrimidine (TTBP, 2.9513 
g, 11.881 mmol, 4.0029 Eq), and freshly activated powdered 4 Å MS (ca. 3.11 g) in dry CH2Cl2 (30 mL, 0.10 M). The flask was flushed 
with argon and stoppered with a septum (secured with electrical tape and then parafilm). The reaction mixture was left to stir vigorously 
for 16.4 hr. Then the reaction was placed under a balloon of argon, wrapped in foil,[b] and cooled in an ice/brine bath (ca. -10 ºC). A 
solution of AgPF6 (3.0142 g, 4.0168 Eq, 11.922 mmol) in dry CH2Cl2 (4.0 mL, 0.74 M) was added in one continuous portion.[c] The 
reaction was stirred in the ice/brine bath for 3 hr, during which time the bath warmed to 10 ºC, before it was removed from the cooling 
bath and left to vigorously at room temperature for 27 hr. The reaction was quenched by the addition of pyridine (12 mL, 0.15 mol, 50 
Eq) in one continuous portion at room temperature. The reaction was stirred for an additional 20 min at room temperature before it was 
filtered through a Celite® pad topped with sand (150 fritted funnel, eluting with CH2Cl2). The white opaque filtrate was concentrated in 
vacuo and co-evaporated with PhCH3 (3 x 40 mL).[d] This crude material was concentrated onto ca. 4:1 Celite®/SiO2 (20 g, w/w). 
Purification by FCC (SiO2: solid loading, 2% → 10% EtOAc/Hex)[e] afforded a white foam[f] containing a mixture of the desired 
disaccharide 215 (2.0707 g, 2.4439 mmol, 82% yield) and undesired glycal 243 (86.4 mg, 121 µmol, 4% yield). This ≥ 20:1 (mol:mol) 
mixture of 215: 243 was taken on without further purification for characterization and further synthetic manipulation. 
 
1H NMR (600 MHz, CDCl3, Compound 215): d 7.41-7.29 (m, 10H, H3d/4′c), 7.41-7.29 (m, 3H, H3d/4′c), 7.19 (app t, J = 7.2 
Hz, 2H, H3d/4′c), 6.77 (br s, 1H, C3NH), 5.09 (ABq, J = 12.4 Hz, Dn = 62.8 Hz, 1H, H3b), 4.98 (ABq, J = 12.4 Hz, Dn = 62.8 Hz, 1H, 
H3b), 4.89 (dd, J = 7.2, 2.9 Hz, 1H, H1′), 4.79 (br d, J = 8.7 Hz, 1H, H1), 4.36-4.28 (m, 1H, H5′), 4.21 (br s, 2H, H4′a), 3.88 (br s, 2H, 
H4′a), 3.80 (q, J = 6.3 Hz, 1H, H5), 2.97 (s, 1H, H4), 2.62 (d, J = 4.7 Hz, 1H, H4′), 2.44 (br d, J = 12.4 Hz, 1H, H2 pro-S), 2.20 (dd, J = 
13.6, 2.7 Hz, 1H, H2′pro-R), 1.70 (dd, J = 13.6, 7.2 Hz, 1H, H2′pro-S), 1.56 (dd, J = 12.9, 9.9 Hz, 1H, H2pro-R), 1.53 (ovlp d, J = 6.9 Hz, 3H, 
H6′), 1.50 (br s, 3H, C3Me), 1.47 (br s, 3H, C3′Me), 1.20 (d, J = 6.4 Hz, 3H, H6), 0.91 (s, 9H, H3′c), 0.87 (s, 9H, H1c), 0.18 (s, 3H, 
H3′a), 0.09 (s, 3H, H1a), 0.07 (s, 6H, H1a & H3′a). 
 
13C NMR (151 MHz, CDCl3, Compound 215): d 155.1 (C3a), 140.6 (C4′b), 137.4 (C3c), 128.6 (C3d/4′c), 128.5 (C3d/4′c), 
128.4 (C3d/4′c), 128.0 (C3d/4′c), 127.9 (C3d/4′c), 126.9 (C3d/4′c), 98.0 (1JCH = 162 Hz, C1′), 94.2 (1JCH = 155 Hz, C1), 82.4 (C4), 
78.3 (C3′), 70.0 (C5′), 68.6 (C5), 65.7 (C3b), 62.2 (C4′), 56.2 (C4′a), 54.0 (C3), 45.4 (C2′), 39.7 (C2), 30.5 (C3′Me), 26.3 (C3′c), 
26.0 (C1c), 21.9 (C3Me), 18.52 (C1b/3′b/6′), 18.49 (C1b/3′b/6′), 18.3 (C1b/3′b) , 17.9 (C6), −1.37 (C1a/3′a), −1.39 (C1a/3′a), 
−3.9 (C1a/3′a), −4.6 (C1a/3′a). 
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Preparation of Compound 215 Continued 
 
1H NMR (600 MHz, CDCl3, Compound 243): d 6.30 (d, J = 6.2 Hz, 1H, H1), 4.74 (dd, J = 6.2, 1.3 Hz, 1H, H2), 4.46 (dd, J = 10.3, 
2.4 Hz, 1H, H1′), 5.17 (br s, 1H, C3NH), 4.16 (1H, H5)[g], 3.83 (1H, H4)[g], 3.50 (1H, H5′)[g], 2.27 (1H, H2′pro-R)[g], 2.25 (1H, H4′)[g], 
1.95 (br d, J ~ 13 Hz, 1H, H2′pro-S), 1.59 (3H, C3Me)[g],1.32 (d, J = 6.5 Hz, 3H, H5), 1.29 (s, 3H, C3′Me), 1.23 (3H, H6′)[g].[h] 

 
13C NMR (151 MHz, CDCl3, Compound 243): d 143.2 (C1), 105.0 (1JCH = 166 Hz, C2), 101.3 (1J = 159 Hz, C1′), 78.8 (C3′), 77.8 
(C4), 72.6 (C5′), 71.7 (C5), 62.4 (C4′), 52.4 (C3), 45.0 (C2′), 31.0 (C3′Me), 27.5 (C3Me), 17.3 (C6).[i] 

 
IR (thin film, cm-1, ≥ 20:1 215: 243): 3340, 3028, 2940, 2892, 2861, 1724, 1513, 1457, 1380, 1249, 1072, 839. 
 
HRMS (ESI+, m/z, Compound 215): [M+H]+ calculated for [C48H74N2O7Si2 + H]+ 847.5107; found 847.5107 (error 0.0 ppm).[j] 

 
HRMS (ESI+, m/z, Compound 243): [M+H]+ calculated for [C42H58N2O6Si + H]+ 715.4137; found 715.4131 (error 0.8 ppm).[j] 
 
OR (≥ 20:1 215: 243): "!"# = −20.960º (c = 1.00, CHCl3) 
 
Rf: 0.20 (10% EtOAc/Hex, CAM stain) 
 
Notes: 
[a] Procedure adapted from Lear, M. J. et al15 
[b] Hood light was also turned off. 
[c] The solution of AgPF6 in dry CH2Cl2 was prepared as follows: AgPF6 (3.0142 g) was weighed into a 20 mL vial in a N2 filled glovebox. The vial was capped 

with a septum cap, wrapped in foil, and brought out of the glovebox. The cap was secured with parafilm, the vial was placed under a balloon of argon, and 
dry CH2Cl2 (4.0 mL) was added to give the solution described above. After the addition was complete, the vial was rinsed with additional dry CH2Cl2 (3 
x 1.4 mL), and the rinses were added to the reaction. 

[d] After the PhCH3 co-evaporations (3x), CH2Cl2 was added to give a suspension of yellow solids in a pale-yellow liquid. In an attempt to obtain a 
homogenous crude NMR sample, the CH2Cl2 suspension was swirled and an aliquot was removed without delay. This crude aliquot was concentrated in 
vacuo (rotovap), further dried under high vacuum, and analyzed by NMR (see Figure A.5 on page 114 for analysis). Due to the presence of a significant 
amount of solid material in the initially prepared crude NMR sample (CDCl3), the CDCl3 soluble supernatant from that sample was transferred to a fresh 
NMR tube prior to analysis. As such, the crude analysis only accounts for CDCl3 soluble compounds. 

[e] Detailed gradient: 2% (1 L) → 4% (0.6 L) → 6% (0.6 L) → 8% (0.6 L) → 10% (0.6 L) EtOAc/Hex; ≥ 20:1 215:243 eluted in 6 → 8% EtOAc/Hex. 
[f] Foaming on high vac controlled using acetone/dry ice bath. 
[g] 1H shift determined by 2-D NMR techniques. As such, multiplicity data was unavailable. Integrations for these peaks were assumed based on their 

assignment. 
[h] For minor component 243, the only peaks reported are those that lent themselves to confident assignment. Resonances for both anomeric peaks as well the 

carbohydrate backbone are given. The integration for each resonance was assumed based on its assignment. 
[i] For minor component 243, the 13C shifts were determined by 1H-13C HSQC{1H}{13C} and 1H-13C HMBC due to their low abundance. Only those shifts that lent 

themselves to confident assignment are reported. 
[j] HRMS data acquired on a sample of ≥ 20:1 215:243; as such, both [M+H] adducts were observed in the same mass spectrum. 
 
TLCs:* 

 

  

For plates 1a–1b, lanes from left to right are as follows: 
acceptor (218) | hydrolyzed donor | desired product (215) 
| co-spot | reaction 24.5 hr after AgPF6 addition 

TLC #1a: Reaction Monitoring 
Gradient: 15% EtOAc/Hex 
Visualization: UV 

TLC #1b: Reaction Monitoring 
Gradient: 15% EtOAc/Hex 
Visualization: Anisaldehyde Stain 

*TLCs from smaller scale reaction that yielded 145 mg of disaccharide 215. 
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Preparation of Compound 215 Continued 
 
Visual Procedure: 

 

→ 

 

→ 

 

→ 

 
A. Donor (216), 

acceptor (218), and 
base (TTBP) stirring 

vigorously over 
powdered 4 Å MS in 

dry CH2Cl2. 

 B. 12 min after AgPF6 
addition. 

 

 C. Quenched 
reaction mixture 
prior to filtration. 

 D. After filtration of 
quenched reaction 

mixture through 
Celite® pad topped 

with sand. 

 

→ 

 

→ 

 
E. Aliquot for crude NMR analysis after 

drying overnight on high vac. 
 F. Crude reaction mixture 

loaded onto ca. 4:1 
Celite®/SiO2 
(20 g, w/w). 

 G. Purified disaccharide 
215 (≥ 20:1 215:243). 
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B.6.2 Preparation of Compound 244 

 
 
Name (244): 4-nitrobenzyl ((2S,3S,4S,6R)-6-((tert-butyldimethylsilyl)oxy)-3-(((2S,4S,5R,6S)-4-((tert-butyldimethylsilyl)oxy)-4,6-
dimethyl-5-((((4-nitrobenzyl)oxy)carbonyl)amino)tetrahydro-2H-pyran-2-yl)oxy)-2,4-dimethyltetrahydro-2H-pyran-4-
yl)carbamate  
 
Name (376): bis(4-nitrobenzyl) carbonate 
 
Procedure (Step 1)[a]: An oven dried vial (2 dram) equipped with a stir bar was charged with disaccharide 215 (20.5 mg, 24.2 µmol, 
1.00 Eq), NH4HCO2 (34.4 mg, 546 µmol, 22.5 Eq), and Pd/C (12.5 mg)[b], in that order. The vial was stoppered with a 14/20 septum[c] 
and flushed with argon from a double balloon for 2 min. Leaving the vial under argon, dry CH3OH (0.80 mL, 30 mM) was then added 
cautiously through the septum. Finally, the reaction was lowered into a preheated oil bath (set point = 50 ºC). After stirring at 50 ºC for 
3.1 hr, the reaction was removed from the oil bath. 1 hr later, the reaction was filtered through a 0.2 µm syringe filter (eluting with 20% 
CH3OH/CH2Cl2)[d]. The filtrate was concentrated in vacuo and co-evaporated with toluene (2x). The resulting crude yellow product 
was further dried under high vacuum in vacuum desiccator over P2O5 for 13 hr and used immediately in Step 2. 
 
Procedure (Step 2): The pear-shaped flask (50 mL) into which the crude product of Step 1 (theoretically 24.2 µmol) had been 
concentrated was equipped with an oven dried spin vane. The flask was charged with 4-nitrobenzyl chloroformate (375, 26.2 mg, 133 
µmol, 5.02 Eq) followed by a solution of 2,6-lutidine in dry CH2Cl2 (0.40 mL, 14 mg, 0.13 mmol, 5.4 Eq | 34.4 mg/mL)[e]. The flask was 
lightly stoppered with a hard yellow plastic cap, and the reaction was stirred at room temperature for 1.5 hr. Then the reaction was 
transferred using CH2Cl2 to a 16 x 150 mm test tube already charged with 1 N HCl (3 mL)[f]. The layers were separated, and the organics 
were washed with 1 N HCl (3 x 3 mL) followed by sat aq. NaHCO3 (2 x 3 mL). The washed organics were dried over anhydrous Na2SO4, 
filtered, and concentrated in vacuo. Purification by FCC (SiO2: 2% → 50% EtOAc/Hex)[g] afforded an off-white solid (18.8 mg) 
containing a mixture of desired 244, tentatively assigned impurity 376, and other unknown impurity(ies). As 23 was the only 
carbohydrate containing component of the isolated solid, we moved the material forward into recrystallization experiments. Slow 
evaporation from a mixture of CH2Cl2 (solubilizing solvent) and CH3OH (precipitating solvent) gave crystals of sufficient quality for 
XRD analysis which revealed that disaccharide 244 had preferentially crystallized out of the mixture. 
 
1H NMR (600 MHz, CDCl3, Compound 244): d 8.23-8.19 (m, 4H, H3e & H4′e), 7.51 (d, J = 8.6 Hz, 2H, H4′d), 7.48 (d, J = 8.5 
Hz, 2H, H3d), 6.57 (br s, 1H, C3NH), 5.22 (ABq, J = 13.5 Hz, Dn = 21.0 Hz, 1H, H4′b), 5.19 (ABq, J = 13.5 Hz, Dn = 21.0 Hz, 1H, 
H4′b), 5.16 (ABq, J = 13.6 Hz, Dn = 45.1 Hz, 1H, H3b), 5.09 (ABq, J = 13.6 Hz, Dn = 45.1 Hz, 1H, H3b), 5.03 (d, J = 9.9 Hz, 1H, 
C4′NH), 4.85 (dd, J = 6.5, 3.5 Hz, 1H, H1′), 4.81 (dd, J = 9.4, 1.5 Hz, 1H, H1), 4.35-4.26 (m, 1H, H5′), 3.82 (q, J = 6.3 Hz, 1H, H5), 
3.66 (dd, J = 9.9, 4.6 Hz, 1H, H4′), 3.04 (s, 1H, H4), 2.43 (br d, J = 12.5 Hz, 1H, H2pro-S), 2.11 (dd, J = 14.2, 3.2 Hz, 1H, H2′pro-R), 1.89 
(dd, J = 14.2, 6.7 Hz, H2′pro-S), 1.61 (inf. dd, J ~ 13, 10 Hz, 1H, H2pro-R)[h], 1.51 (s, 3H, C3Me), 1.43 (3H, s, C3′Me), 1.25 (3H, H6′)[i], 
1.22 (d, J = 6.3 Hz, 3H, H6), 0.88 (s, 9H, H1c), 0.87 (s, 9H, H3′c), 0.133 (s, 3H, H3′a), 0.128 (s, 3H, H3′a), 0.10 (s, 3H, H1a), 0.09 (s, 
3H, H1a). 
  

O OTBS

NHCbz

H3C
CH3

O

CH3

Bn2N
H3C

TBSO

O

215
4′aO

OH3C
CH3

1′5′6′

OH3C
CH3

O

HS

HR

ON H

156

3a
3b

3c
3d

3e

O

O CH3

H3C
1a′

1a″

Si

H3C

CH3

CH3
1c

1b

NO2

3fN
H

O

O2N

4′b
4′c

4′f

4′e
4′d

HS

HR

H3C
CH3

O

Si3′a″
3′c

CH3
H3C CH3

3′b

1. NH4HCO2, Pd/C
    CH3OH, 50 ºC

2,6-lutidine, CH2Cl2, rt

Cl O

O

NO2

2.

244

+

376
[tentatively assigned]

375
O O

O

1
2

 NO2   NO2
6

5

4
3

3′a′



163 

Preparation of Compound 244 Continued 
 
13C NMR (151 MHz, CDCl3, Compound 244): d 156.1 (C4′a), 154.4 (C3a), 147.8 (C3f/C4′f), 147.7 (C3f/C4′f), 144.6 (C3c), 
144.0 (C4′c), 128.3 (C3d/C4′d), 128.2 (C3d/C4′d), 98.3 (1JCH = 164 Hz, C1′), 94.1 (1JCH = 156 Hz), 82.5 (C4), 73.5 (C3′), 68.9 (C5′), 
65.5 (C4′b), 64.5 (C3b), 57.4 (C4′), 54.3 (C3), 41.8 (C2′), 39.8 (C2), 28.7 (C3′Me), 26.01 (C1c/C3′c), 25.9 (C1c/C3′c), 21.9 
(C3Me), 18.3 (C1b & C3b)[j], 17.9 (C6), 15.8 (C6′), −1.8 (C3′a), −2.0 (C3′a), −3.9 (C1a), −4.7 (C1a).[k] 

 

1H NMR (600 MHz, CDCl3, Compound 376): d 8.24 (d, J = 8.7 Hz, 4H, H4), 7.55 (d, J = 8.6 Hz, 4H, H5), 5.28 (s, 4H, H2).[l] 

 
13C NMR (151 MHz, CDCl3, Compound 376): d 154.7 (C1), 148.2 (C6), 142.1 (C3), 128.6 (C4).[k–l] 

 
Notes: 
[a] Procedure adapted from DeGoey, D. A. et al.16 
[b] Pd/C = 10% unreduced Pd on activated carbon. 
[c] 14/20 septum was used “right side up” and was secured to the vial with parafilm. 
[d] Before filtering the reaction, the reaction was spotted directly on TLC plates developed in 25% EtOAc/Hex and 20% CH3OH/CH2Cl2 (CAM stain). 
[e] A stock solution 2,6-lutidine in dry CH2Cl2 was prepared as follows: a vial (1 dram) was charged with 2,6-lutidine (28.6 mg) and dry CH2Cl2 (0.80 mL). 

As the density of 2,6-lutidine is 0.92 g/mL, this gives a combined volume (0.031 mL 2,6-lutidine + 0.80 mL CH2Cl2) of 0.831 mL and a concentration of 
34.4 mg 2,6 lutidine per 1 mL of stock solution. 

[f] Before transferring the reaction to the test tube, the reaction was spotted directly onto TLC plates developed in 25% EtOAc/Hex, 50% EtOAc/Hex, and 
20% CH3OH/CH2Cl2 (UV and CAM stain). 

[g] Detailed gradient: 2% (20 mL) → 5% (15 mL) → 10% (15 mL) → 15% (15 mL) → 25% (15 ml) → 30% (15 mL) → 40% (15 mL) → 50% (35 mL) EtOAc/Hex; 
co-eluting mixture of 244, tentatively assigned impurity 376, and other unkown impurity(ies) eluted in 25% → 30% EtOAc/Hex. 

[h] Due to overlap with the H2O peak (d 1.59), this resonance was inferred to be a doublet of doublets based on the visible peaks (3 out of 4); as such, the J 
values are given as estimates. 

[i] Due to overlap with the “grease” peak (d 1.25), the peak appears to be a singlet in the 1H NMR. However, inspection of the 1H-13C HSQC{1H}{13C} 
indicates that the resonance is centered at d 1.25. Considering the assignment of this peak to H6′, we hypothesize that this resonance is actually a doublet 
centered at d 1.25. 

[j] 1H-13C HMBC indicates that the13C shift for C1b and C3′b are both d 18.3. 
[k] Due to the combined presence of 244 and S3, the following 13C nuclei escaped confident assignment: 244 – C3e, C5, C4′e and S3 – C2, C5. These nuclei 

were not included in the line listings above and are assigned as follows: 13C (151 MHz, CDCl3) d 124.1 (244: C3e/C4′e or 376:C5), 123.91 (244: C3e/C4′e 
or 376:C5), 123.89 (244: C3e/C4′e or 376:C5), 68.54 (244: C5 or 376:C2), 68.49 (244: C5 or 376:C2). 

[l] Structure of 376 was tentatively assigned. 
 
TLCs: 

  
TLC #1a: FCC Fractions 

Gradient: 25% EtOAc/Hex 
Visualization: UV 

TLC #1b: FCC Fractions 
Gradient: 25% EtOAc/Hex 
Visualization: CAM Stain 

The fractions represented by lanes 21-25 were combined and concentrated in vacuo to give the mixture described above consisting of 
disaccharide 244, tentatively assigned impurity 376, and other unknown impurity(ies). 
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B.7  Synthesis of 1st–3rd Generation Disaccharide Donors 

B.7.1 Preparation of Compound 246 

 
 

Name: allyl ((2S,3S,4S,6R)-3-(((2S,4S,5R,6S)-5-(((allyloxy)carbonyl)amino)-4-((tert-butyldimethylsilyl)oxy)-4,6-dimethyl 
tetrahydro-2H-pyran-2-yl)oxy)-6-((tert-butyldimethylsilyl)oxy)-2,4-dimethyltetrahydro-2H-pyran-4-yl)carbamate 
 
Procedure (Step 1)[a]: A dried RBF (50 mL, 24/40 neck) equipped with a stir bar was charged with 215 (330 mg, 389 µmol, 1.00 Eq), 
NH4HCO2 (512 mg, 8.12 mmol, 20.8 Eq), and Pd/C (167.3 mg, ~ 2:1 w/w 215:Pd/C).[b] The RBF was stoppered with a septum, 
flushed with argon for 5 min, and left under a balloon of argon. Next, dry CH3OH (6.5 mL, 60 mM) was cautiously added through the 
septum. The resulting mixture was lowered into a preheated oil bath (50 ºC) and stirred for 2.8 hr. The cooled mixture was “double 
filtered,” first through a pad of Celite (topped with sand) and then through a 0.2 µm syringe filter, eluting with 20% CH3OH/CH2Cl2 in 
both cases.[c] The filtrate was concentrated in vacuo into a collection flask (50 mL), co-evaporated with toluene (2x), and placed under 
high vacuum overnight. 
 
Procedure (Step 2): The next day, the collection flask (50 mL) containing the crude product of Step 1 (theoretically 389 µmol) was 
equipped with a dried stir bar and charged with dry CH2Cl2 (6.5 mL, 60 mM) followed by 2,6-lutidine (0.25 mL, 2.1 mmol, 5.5 Eq). The 
resulting colorless solution was placed under a balloon of argon and chilled in an ice/H2O/brine bath (−10 ºC). AllocCl (0.21 mL, 2.0 
mmol, 5.1 Eq) was added in one portion, causing the solution to turn yellow. After stirring at−10 ºC for 5 min, the now pale pink solution 
was removed from the cooling bath and stirred at room temperature for 1 hr. The resulting purple solution was transferred to a separatory 
funnel (60 mL) using CH2Cl2 (24 mL) and washed with 1 N HCl (3 x 6 mL) followed by sat. aq. NaHCO3 (1 x 6 mL). The washed 
organics were dried over anhydrous Na2SO4, filtered, and concentrated in vacuo. Without delay,[c] the crude dark purple was purified by 
FCC (SiO2: 2% → 30% EtOAc/Hex)[e] to afford desired bis-Alloc product 246 (243.6 mg, 347.5 µmol, 89% yield over 2 steps) as a 
crunchy off-white foam. 
 
1H NMR (600 MHz, CDCl3): d 6.33 (s, 1H, C3NH), 5.98-5.83 (m, 2H, H3c + H4′c), 5.30 (br app dd, J = 17.3, 1.3 Hz, 1H, H4′d-trans), 
5.26 (br app d, J ~ 17.3 Hz, 1H, H3d-trans), 5.20 (dd, J = 10.4, 1.0 Hz, 1H, H4′d-cis), 5.17 (dd, J = 10.4, 0.8 Hz, H3d-cis), 4.93 (d, J = 
10.0 Hz, 1H, C4′NH), 4.85–4.78 (m, 2H, H1′{4.82}, H1{4.80}), 4.56 (br d, J = 5.6 Hz, 2H, H4′b), 4.48 (br d, J = 4.4 Hz, H3b), 4.31 
(qd, J = 6.5, 4.5 Hz, 1H, H5′), 3.81 (q, J = 6.3 Hz, 1H, H5), 3.65 (dd, J = 10.0, 4.3 Hz, 1H, H4′), 3.00 (s, 1H, H4), 2.44 (d, J = 12.5 Hz, 
H2pro-S), 2.06 (dd, J = 14.2, 3.6 Hz, 1H, H2′), 1.89 (dd, J = 14.2, 6.2 Hz, H2′), 1.59 (dd, J = 12.7, 9.8 Hz, 1H, H2pro-R), 1.50 (s, 3H, C3Me), 
1.44 (s, 3H, C3′Me), 1.28 (d, J = 6.6 Hz, 3H, H6′), 1.20 (d, J = 6.4 Hz, 3H, H6), 0.88 (s, 9H, H1c/3′c), 0.87 (s, 9H, H1c/3′c), 0.13 (s, 
3H, H1a/3′a), 0.12 (s, 3H, H1a/3′a), 0.09 (s, 3H, H1a/3′a), 0.08 (s, 3H, H1a/3′a). 
 
13C{1H} NMR (151 MHz, CDCl3): d 156.5 (C4′a), 154.9 (C3a), 133.3 (C3c/4′c), 133.1 (C3c/4′c), 117.63 (C3d/4′d), 117.60 
(C3d/4′d), 98.8 (C1′), 94.2 (C1), 82.8 (C4), 73.3 (C3′), 68.7 (C5′), 68.5 (C5), 65.7 (C4′b), 65.1 (C3b), 57.4 (C4′), 54.1 (C3), 41.5 
(C2′), 39.9 (C2), 28.7 (C3′Me), 26.0 C1c/3′c), 25.9 (C1c/3′c), 21.9 (C3Me), 18.3 (C1b/3′b), 17.9 (C6), 15.9 (C6′), −1.9 (C1a/3′a), 
−2.0 (C1a/3′a), −3.9 (C1a/3′a), −4.6 (C1a/3′a).[f] 
 
IR (thin film, cm-1): 3327, 3083, 2942, 2891, 2863, 1713, 1532, 1458, 1388, 1324, 1246, 1162, 1066, 1018, 842, 777. 
 
OR:  "!"# = −20.560º (c = 1.00, CHCl3) 
 
Rf:  0.41 (25% EtOAc/Hex, CAM) 
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Preparation of Compound 246 Continued 
 
Notes: 
[a] Procedure adapted from DeGoey, D. A. et al.16 
[b] 10% unreduced Pd on activated carbon from Acros (Lot A0341351). 
[c] On a smaller scale (197 µmol 215; 87 mg Pd/C), single filtration through a 0.2 µm syringe filter was sufficient to remove the Pd/C. However, upon scaling 

up the reaction (356 µmol 215; 148 mg Pd/C), the increased amount of Pd/C clogged the 0.2 µm syringe filter. As such, a double filtration protocol was 
adapted in which the first filtration (Celite pad topped with sand) removes the bulk of the Pd/C and the second filtration (0.2 µm syringe filter) removes 
residual Pd/C to give a particulate free filtrate. 

[d] On one occasion, there was a 12-day delay between workup and purification. In this case, TLC during the reaction indicated starting material consumption 
and a relatively clean reaction. However, TLC of the column fractions did not indicate the presence of any 246. Combining and concentrating all of these 
fractions gave sample that showed the presence of many spots by TLC but the absence of a spot co-polar with 246.  

[e] Detailed gradient: 2% (150 mL flush) → 5% (100 mL) → 10% (100 mL) ) → 20% (150 mL) ) → 30% (200 mL) EtOAc/Hex; 246 eluted in 20% EtOAc/Hex. 
[f] Only 1 out of 2 expected 13C resonance assignable to C1b/3′b was observed in the 1-D 13C{1H} spectrum. This is likely the result of coincidental overlap 

as the 1H NMR indicates the presence of 2 TBS groups and resonances assignable to 4 C1a/3′a and 2 C1c/C3′c carbons  were observed in the 1-D 13C{1H} 
spectrum     

 
Visual Procedure: 

 

 

 

 

 

 

 
A. Step 2: 

8 min after AllocCl 
addition. 

 B. Step 2: 
19 min after AllocCl 
addition. 

 C. Step 2: 
46 min after AllocCl 
addition. 

 D. Step 2: 
61 min after AllocCl 
addition. 
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B.7.2 Preparation of Compound 249 

 
 
Name (a-249): allyl ((2S,3S,4S,6R)-3-(((2S,4S,5R,6S)-5-(((allyloxy)carbonyl)amino)-4-hydroxy-4,6-dimethyltetrahydro- 
2H-pyran-2-yl)oxy)-6-hydroxy-2,4-dimethyltetrahydro-2H-pyran-4-yl)carbamate 
 
Name (b-249):  allyl ((2S,3S,4S,6S)-3-(((2S,4S,5R,6S)-5-(((allyloxy)carbonyl)amino)-4-hydroxy-4,6-dimethyltetrahydro- 
2H-pyran-2-yl)oxy)-6-hydroxy-2,4-dimethyltetrahydro-2H-pyran-4-yl)carbamate 
 
Procedure: A dried RBF (25 mL) equipped with a stir bar was charged with TBS glycoside 246 (221.8 mg, 316.4 µmol, 1.000 Eq) and 
dry THF (3.2 mL, 99 mM). The reaction was placed under a balloon of argon and lowered into an ice/brine bath (−5 ºC). Next, chilled[a] 
TBAF (1 M in THF | 3.2 mL, 3.2 mmol, 10 Eq) was added in portions by hand over 2 min. After stirring for an additional 45 min at −5 
ºC, the reaction was quenched by the addition of 1 N HCl (10 mL). The quenched reaction mixture was stirred for 5 min at −5 ºC before 
it was removed from the cooling bath. After stirring for an additional 5 min at rt, the reaction mixture was transferred to a separatory 
funnel (60 mL) using EtOAc (30 mL) and DI H2O (6 mL). The layers were separated, and the organics were washed with 1 N HCl (3 x 
8 mL), sat. aq. NaHCO3 (1 x 8 mL), and brine (1 x 8 mL), in that order. The washed organics were dried over anhydrous Na2SO4, filtered, 
concentrated in vacuo, and co-evaporated with CH2Cl2 (1x). Purification by FCC (SiO2: 25% EtOAc/Hex → 100% EtOAc → 10% 
CH3OH/EtOAc) gave desired hemiacetal a/b-249 (125.0 mg, 264.5 µmol, 84% yield, 1:1.4 a/b) as a white to colorless foamy looking 
solid. 
 
1H NMR (600 MHz, CDCl3, a-249):  d 5.93-5.82 (m, 3H, H4′c{5.93}, C3NH{5.92}, H3c{5.88}), 5.32 (br d, J = 17.5 Hz, 1H, 
H4′d-trans), 5.30[d]

 (buried, 1H, H1), 5.27 (br d, J = 17.4 Hz, 1H, H3d-trans), 5.23 (br d, J = 10.3 Hz, 1H, H4d-cis), 5.21-5.15 (m, 1H, 
H3d-cis), 5.11 (br d, J = 7.7 Hz, 1H, C4′NH), 4.90-4.80 (m, 1H, H1′{4.855}), 4.65-4.55 (m, 2H, H4′b), 4.50 (br s, 2H, H3b), 4.38-4.26 
(m, 2H, H5{4.32}, H5′{4.31}), 3.59 (app br t, J = 8.6 Hz, 1H, H4′), 3.18 (s, 1H, H4), 2.84–2.66 (m, 1H, C1OH), 2.49-2.25 (m, 1H, 
H2,{2.40}), 2.04-1.94 (m, 1H, H2′), 1.94-1.82 (m, 2H, H2′{1.90}, H2{1.87}), 1.69 (s, 3H, C3Me), 1.49 (br s, 3H, C3′Me), 1.32-1.20 
(m, 3H, H6′{1.27}), 1.19 (d, J = 6.4 Hz, 3H, H6).  
 
1H NMR (600 MHz, CDCl3, b-249):  d 6.02 (br s, 1H, C3NH), 5.93-5.82 (m, 2H, H4′c{5.93}, H3c{5.88}), 5.27 (br d, J = 17.4 Hz, 
1H, H3d-trans), 5.23 (br d, J = 10.3 Hz, 1H, H4d-cis), 5.21-5.15 (m, 1H, H3d-cis), 5.11 (br d, J = 7.7 Hz, 1H, C4′NH), 4.90-4.80 (m, 
2H, H1′{4.86}), H1{4.850}), 4.65-4.55 (m, 2H, H4′b), 4.50 (br s, 2H, H3b), 4.38-4.26 (m, 1H, H5′{4.33}), 3.89 (q, J = 6.2 Hz, 1H, 
H5), 3.59 (app br t, J = 8.6 Hz, 1H, H4′), 3.34–3.20 (m, 1H, C1OH), 3.08 (s, 1H, H4), 2.57 (br d, J = 11.9 Hz, H2), 2.04-1.94 (m, 1H, 
H2′), 1.94-1.82 (m, 1H, H2′{1.90}), 1.57-1.43 (m, 1H, H2{1.53}), 1.52 (br s, 3H, C3Me), 1.51 (br s, 3H, C3′Me), 1.32-1.20 (m, 6H, 
H6′{1.27}, H6{1.23}). 
 
13C NMR (151 MHz, CDCl3, a/b-249): d 157.8 (a/b-C4′a), 157.7 (a/b-C4′a), 154.8 (a-C3a and b-C3a), 133.1 (a/b-C3c), 133.0 
(a/b-C3c), 132.7 (a-C4′c and b-C4′c), 118.2 (a-C4′d and b-C4′d), 118.0 (a/b-C3d), 117.9 (a/b-C3d), 101.1 (b-C1′)[e], 100.9 (a-
C1′)[e], 93.3 (b-C1, 1JCH = 159 Hz), 91.7 (a-C1, 1JCH = 168 Hz), 85.2 (a-C4), 84.4 (b-C4), 69.83 (a/b-C3′), 69.79 (a/b-C3′), 68.9 (b-
C5), 67.0 (a/b-C5′), 66.8 (a/b-C5′), 66.2 (a-C4′b and b-C4′b), 65.3 (a/b-C3b), 65.2 (a/b-C3b), 63.9 (a-C5), 58.6 (a/b-C4′), 58.4 
(a/b-C4′), 54.3 (b-C3), 52.7 (a-C3), 39.3 (b-C3), 39.0 (a/b-C2′), 38.9 (a/b-C2′), 35.7 (a-C2), 27.9 (a/b-C3′Me), 27.8 (a/b-
C3′Me), 24.0 (a-C3Me), 21.9 (b-C3Me), 18.0 (b-C6), 17.9 (a-C6), 17.0 (a/b-C6′), 16.9 (a/b-C6′). 
 
IR (thin film, cm-1): 3351, 3078, 2930, 1710, 1525, 1452, 1382, 1325, 1273, 1237, 1163, 1106, 1067, 1001. 
 
HRMS (ESI+) m/z: [M+Na]+ Calculated for C22H36N2NaO9 495.2313; found 495.2320 (error 1.41 ppm). 
 
Rf: 0.26 (100% EtOAc, anisaldehyde stain) 
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Preparation of Compound 249 Continued 
 
Notes: 
[a] Chilled TBAF (1 M in THF) was prepared as follows: a dried 16 x 150 mm test tube was fitted with a septum, placed under a balloon of argon, charged with TBAF 

solution (1 M in THF), and lowered into the same ice/brine bath (−5 ºC) used to chill the reaction flask. 
[b] Before quenching the reaction with 1 N HCl, a reaction aliquot was removed, quenched into a mixture of EtOAc/1 N HCl, and analyzed by TLCs developed in 25% 

EtOAc/Hex and 100% EtOAc (anisaldehyde stain). 
[c] Detailed gradient: 25% (100 mL) → 50% (50 mL) → 75% EtOAc/Hex (60 mL) → 100% EtOAc (50 mL) → 10% CH3OH/EtOAc (100 mL); a/b-249 began to elute 

in last fraction of 100% EtOAc and primarily eluted in 10% CH3OH/EtOAc. 
[d] Signal buried in 1H NMR; observed by 2-D NMR. 
[e] Due to significant overlap in both the 1H and 13C dimensions, 1JCH could not be assigned for a-C1′ and b-C1′. 
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B.7.3 Preparation of Compound 254 

 
 
Name (a-254):  (2S,4S,5S,6S)-4-(((allyloxy)carbonyl)amino)-5-(((2S,4S,5R,6S)-5-(((allyloxy)carbonyl)amino)-4-hydroxy-
4,6-dimethyltetrahydro-2H-pyran-2-yl)oxy)-4,6-dimethyltetrahydro-2H-pyran-2-yl acetate 
 
Name (b-254):  (2R,4S,5S,6S)-4-(((allyloxy)carbonyl)amino)-5-(((2S,4S,5R,6S)-5-(((allyloxy)carbonyl)amino)-4-hydroxy-
4,6-dimethyltetrahydro-2H-pyran-2-yl)oxy)-4,6-dimethyltetrahydro-2H-pyran-2-yl acetate 
 
Procedure: In a vial (2 dram) equipped with a stir bar was made a solution of diol a/b-249 (61.3 mg, 130 µmol, 1.00 Eq) in dry 
CH2Cl2 (1.2 mL, 0.11 M). The vial was stoppered with a septum, placed under a double balloon of argon, and chilled in an ice/brine 
bath (ca. −10 ºC). Next, NEt3 (0.06 mL, 0.4 mmol, 3 Eq), Ac2O (0.04 mL, 0.4 mmol, 3 Eq), and a freshly made stock solution of DMAP 
in dry CH2Cl2 (15.3 mg/mL | 0.11 mL stock solution ∴1.7 mg, 14 µmol, 0.11 Eq DMAP) were each added in one portion, in that order. 
After 1.5 hr, the reaction was quenched by the addition of CH3OH (0.38 mL, 9.4 mmol, 72 Eq)[b-c]. 20 min later, aq. 1 N HCl (1000 µL) 
was added. Next, the quenched reaction mixture was diluted with CH2Cl2 and the layers were separated. Then the organics were washed 
with aq. 1 N HCl (2 x 1000 µL) followed by sat. aq. NaHCO3 (1 x 1000 µL). The washed organics were dried over anhydrous Na2SO4, 
filtered, and concentrated in vacuo. Purification by FCC (SiO2: 25% EtOAc/Hex → 100% EtOAc) gave desired anomeric acetate a/b-
254 (58.2 mg, 113 µmol, 87% yield, 1.0:1.7 a/b) as a white foam. 
 
1H NMR (600 MHz, CDCl3, a-254):  d 6.13 (br d, J = 4.0 Hz, 1H, H1), 6.03 (br s, 1H, C3NH), 5.97-5.82 (m, 2H, H4′c{5.89}, 
H3c{5.87}), 5.31 (d, J = 17.2 Hz, 1H, H4′d-trans), 5.26 (d, J = 17.3 Hz, 1H, H3d-trans), 5.22 (d, J = 10.5 Hz, 1H, H4′d-cis), 5.18 (d, J = 
10.4 Hz, 1H, H3d-cis), 5.16–5.08 (m, 1H, C4′NH{5.13}), 4.89–4.81 (m, 1H, H1′{4.84}), 4.64–4.54 (m, 2H, H4′b{4.58}), 4.54–4.42 
(m, 2H, H3b{4.49}), 4.39–4.24 (m, 1H, H5′{4.30}), 4.18 (q, J = 6.3 Hz, 1H, H5), 3.67–3.53 (m, 1H, H4′{3.60}), 3.18 (s, 1H, H4), 
2.57-2.34 (m, 1H, H2pro-S{2.47})[e], 2.06 (s, 3H, H1b), 2.02–1.86 (m, 3H, H2′{1.96, 1.91}, H2pro-R{1.95}), 1.66 (s, 3H, C3Me), 1.47 (s, 
3H, C3′Me), 1.30–1.25 (m, 3H, H6′{1.26}), 1.19 (d, J = 6.4 Hz, 3H, H6).[e] 

 
1H NMR (600 MHz, CDCl3, b-254):  d 6.10 (br s, 1H, C3NH), 5.97-5.82 (m, 2H, H4′c{5.89}, H3c{5.87}), 5.76 (dd, J = 10.3, 2.2 
Hz), 5.31 (d, J = 17.2 Hz, 1H, H4′d-trans), 5.26 (d, J = 17.3 Hz, 1H, H3d-trans), 5.22 (d, J = 10.5 Hz, 1H, H4′d-cis), 5.18 (d, J = 10.4 Hz, 
1H, H3d-cis), 5.16-5.08 (m, 1H, C4′NH{5.13}), 4.84 (m, 1H, H1′), 4.64–4.54 (m, 2H, H4′b{4.58}), 4.54–4.42 (m, H3b{4.49}), 4.39–
4.24 (m, 1H, H5′{4.33}), 3.97 (q, J = 6.3 Hz, H5), 3.67–3.53 (m, 1H, H4′{3.60}), 3.08 (s, 1H, H4), 2.57–2.34 (m, 1H, H2pro-S{2.49})[e], 
2.05 (s, 3H, H1b), 1.74 (app dd, J = 12.0, 10.9 Hz, H2pro-R), 1.55 (s, 3H, C3Me), 1.49 (s, 3H, C3′Me), 1.30–1.25(m, 3H, H6′{1.27}), 
1.23 (grease obscured d, 3H, H6)[f]. 

 
13C NMR (151 MHz, CDCl3, a/b-254): d 169.6 (a-C1a), 169.4 (b-C1a), 157.65 (C4′a), 157.58 (C4′a), 154.8 (a-C3a & b-C3a), 
133.0 (a-C3c/4′c & b-C3c/4′c), 132.7 (a-C3c/4′c & b-C3c/4′c), 118.1 (a-C4′d & b-C4′d), 118.0 (a-C3d & b-C3d), 101.1 (a-C1′), 
100.9 (b-C1′), 91.4 (a-C1{1JCH = 173 Hz} & b-C1{1JCH = 164 Hz}), 84.8 (a-C4), 84.0 (b-C4), 69.8 (a-C5/a-C3′/b-C3′), 69.7 (a-
C5/a-C3′/b-C3′), 69.6 (a-C5/a-C3′/b-C3′), 67.2 (C5′), 67.0 (C5′), 66.2 (a-C4′d & b-C4′d), 66.0 (a-C5), 65.3 (a-C3b & b-C3b), 
58.4 (a-C4′/b-C4′), 58.2 (a-C4′/b-C4′), 54.1 (b-C3), 52.2 (a-C3), 39.2 (C2′), 39.0 (C2′), 35.9 (b-C2), 34.4 (a-C2), 27.8 (b-C3′Me), 
27.7 (a-C3′Me), 23.3 (a-C3Me), 21.7 (b-C3Me), 21.4 (C1b), 21.2 (C1b), 17.8 (C6), 17.7 (C6), 16.9 (C6′), 16.7 (C6′). 
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Preparation of Compound 254 Continued 
 
IR (thin film, cm-1): 3346, 3080, 2931, 1719, 1524, 1452, 1376, 1322, 1233, 1165, 1111, 1043, 1003, 924, 731. 
 
HRMS (ESI+) m/z: [M+Na]+ Calculated C24H38N2NaO10 for 537.2419; found 537.2427 (error 1.49 ppm). 
 
Notes: 
[a] The stock solution of DMAP in dry CH2Cl2 was prepared as follows: DMAP (15.3 mg) and dry CH2Cl2 (1.00 mL) were combined in an oven dried/desiccator cooled 

vial (1 dram). 
[b] Before quenching the reaction with CH3OH, the reaction was spotted directly onto a TLC plate developed in 100% EtOAc (anisaldehyde stain). 
[c] The ice/brine bath had warmed to ca. 0 ºC by the time the reaction was quenched with CH3OH. 
[d] Detailed gradient: 25% (32 mL) → 40% (20 mL) → 60% (20 mL) → 80% EtOAc/Hex (30 mL) → 100% EtOAc (32 mL); a/b-254 eluted in 80% EtOAc/Hex and in 

100% EtOAc. 
[e] In total, the multiplet from d 2.57–2.34 included four peaks: b-H2pro-S{2.49}, a-H2pro-S{2.47}, C3′OH {2.44}, and C3′OH {2.41}; as we could not determine which 

anomer gave rise to which C3′OH resonance, we did not the C3′OH resonances include these in the line listings above. 
[f] As grease obscured the doublet at d 1.23, the integration of the peak was assumed to be 3H based on the peak’s assignment. 
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B.7.4 Preparation of Compound 245 

 
 
Name (a-245): allyl ((2S,3S,4S,6S)-3-(((2S,4S,5R,6S)-5-(((allyloxy)carbonyl)amino)-4-hydroxy-4,6-dimethyltetrahydro-2H 
-pyran-2-yl)oxy)-2,4-dimethyl-6-(phenylthio)tetrahydro-2H-pyran-4-yl)carbamate 
 
Name (b-245): allyl ((2S,3S,4S,6R)-3-(((2S,4S,5R,6S)-5-(((allyloxy)carbonyl)amino)-4-hydroxy-4,6-dimethyltetrahydro-2H 
-pyran-2-yl)oxy)-2,4-dimethyl-6-(phenylthio)tetrahydro-2H-pyran-4-yl)carbamate 
 
Name (255):  allyl (2R,3S)-3-hydroxy-2-((S)-1-hydroxyethyl)-3-methyl-5-(phenylthio)pyrrolidine-1-carboxylate 
 
Procedure: A vial (2 dram) containing a/b-254 (63.7 mg, 124 µmol, 1.00 Eq) was equipped with a dried stir bar and charged with dry 
CH2Cl2 (1.1 mL, 0.11 M) followed by thiophenol (33 µL, 0.32 mmol, 2.6 Eq)[a]. The vial was stoppered with a 14/20 septum, placed 
under a balloon of argon, and lowered into an ice/brine bath (ca. −5 ºC). Next, a freshly prepared stock solution of BF3•OEt2 in dry 
CH2Cl2 (0.10 mL, 3.4 mg, 24 µmol, 0.19 Eq | 34 mg/mL)[c] was added in portions by hand over 8 minutes. After stirring for an additional 
1.75 hr, the reaction was quenched by the addition of sat. aq. NaHCO3 (1 mL). The quenched reaction mixture was diluted with CH2Cl2, 
and the layers were separated. The organics were washed with sat. aq. NaHCO3 (3 x 1000 µL), dried over anhydrous Na2SO4, filtered, 
and concentrated in vacuo. Purification by FCC (SiO2: 12% → 80% EtOAc/Hex)[d] afforded an opaque white oil containing a mixture of 
the desired thioglycoside a/b-245 (43.9 mg, 77.7 µmol, 63% yield, 5.1:1 a/b) and rearrangement product 255 (1.0 mg, 3.0 µmol, 2% 
yield) in > 20:1 mol:mol ratio as determined by 1H NMR. This mixture was taken on without further purification for characterization 
and further synthetic manipulation. 
 
1H NMR (600 MHz, CDCl3, a-245):  d 5.97–5.83 (m, 2H, H3c and H4′c) 5.50 (br dd, J = 6.1, 3.6 Hz, 1H, H1), 5.32 (br dd, J = 
17.2, 0.7 Hz, 1H, H3dtrans/H4′dtrans), 5.26 (br d, J = 17.4 Hz, 1H, H3dtrans/H4′dtrans), 5.23 (br dd, J = 10.5, 1.0 Hz, 1H, H3dcis/H4′dcis), 5.18 
(br d, J = 10.3 Hz, 1H, H3dcis/H4′dcis), 4.87 (app br dd, J = 4.1, 3.0 Hz, H1′), 4.63–4.55 (m, 2H, H4′b), 4.44 (br app qd, J = 6.5, 1.4 Hz, 
1H, H5), 4.30 (br dis qd, J ~ 6.3, 1.7 Hz, H5′), 3.59 (d, J = 8.9 Hz, 1H, H4′), 3.27 (s, 1H, H4), 2.50 (ABX, dd, J = 13.5, 5.8 Hz, H2pro-R)[e], 
2.46–2.30 (m, 1H, H2pro-S{2.40}), 1.95 (ABX dd, 2J = 14.2 Hz, 3J = 2.1 Hz, Dn = 39.1 Hz, 1H, H2′pro-S), 1.89 (ABX dd, 2J = 14.2 Hz, 3J = 
4.7 Hz, Dn = 39.1 Hz, 1H, H2′pro-R), 1.70 (s, 3H, C3Me), 1.49 (br s, 3H, C3′Me), 1.29–1.24 (m, 3H, H6′{1.26}), 1.22 (d, J = 6.5 Hz, 3H, 
H6). 
 
13C NMR (151 MHz, CDCl3, a-245): d 157.8 (C4′a) 136.0 (C1a), 100.4 (a-C1′), 84.3 (a-C4), 82.8 (a-C1), 69.7 (C3′),  66.64 
(a-C5′), 66.2 (a-C4′b), 65.2 (a-C5), 58.5 (a-C4′), 53.3 (C3), 38.8 (a-C2′), 37.0 (a-C2), 27.8 (a-C3′Me), 24.2 (a-C3Me), 17.2 (a-
C6/a-C6′), 17.0 (a-C6/a-C6′). 
 
IR (thin film, cm-1):  3343, 3067, 2977, 2932, 1714, 1521, 1450, 1384, 1322, 1235, 1073, 990.  
 
HRMS (ESI−) m/z:  [M+FA−H]− Calculation for C29H41N2O10S 609.2487; found 609.2497 (error 1.64 ppm). 
 
Notes: 
[a] The thiophenol was measured out and dispensed using a Gilson P200 pipet. 
[b] The stock solution BF3•OEt2 in dry CH2Cl2 was prepared as follows: a dry vial (1/2 dram) was charged with BF3•OEt2 (23.1 mg) and dry CH2Cl2 (0.66 mL). As the 

density of BF3•OEt2 is 1.15 g/mL, this gives a combined volume of 0.6801 mL (0.0201 mL BF3•OEt2 + 0.66 mL CH2Cl2) and a concentration of 34 mg BF3•OEt2 per 
1 mL of stock solution. 

[c] Before quenching the reaction with sat. aq. NaHCO3, a reaction aliquot was removed, quenched into a mixture of EtOAc/sat. aq. NaHCO3, and analyzed by TLC 
developed in 75% EtOAc/Hex (CAM stain). 

[d] Detailed gradient: 12% (50 mL) → 25% (28 mL) → 35% (40 mL) → 63% (41 ml) → 80% (40 mL) EtOAc/Hex. 

  

O
NHAlloc

H3C
CH3

O
OH

H3C
CH3

AllocHN

O

OAc OH3C
CH3

O Htrans

Hcis

HS

HR

ON H

56

3b 3d

OH3C
CH3

OH

5′6′

O

1′
3a

O Htrans

HcisOHN

4′a

4′b 4′d

1

α/β-254

S

PhSH, BF3•OEt2

CH2Cl2, −5 ºC

1a

N
Alloc

SPhH3C
H

HO

HO
CH3

+

255
(1 anomer)

α/β-245
(ca. 5:1 α:β)

245:   63%
255:     2%
co-elute



171 

B.8  Synthesis of 4th Generation Disaccharide Donor 287 

B.8.1 Preparation of Compound 288 

 
 
Name (a-288): benzyl ((2S,3S,4S,6R)-3-(((2S,4S,5R,6S)-5-(dibenzylamino)-4-hydroxy-4,6-dimethyltetrahydro-2H-pyran-2-
yl)oxy)-6-hydroxy-2,4-dimethyltetrahydro-2H-pyran-4-yl)carbamate 
 
Name (b-288): benzyl ((2S,3S,4S,6S)-3-(((2S,4S,5R,6S)-5-(dibenzylamino)-4-hydroxy-4,6-dimethyltetrahydro-2H-pyran-2-
yl)oxy)-6-hydroxy-2,4-dimethyltetrahydro-2H-pyran-4-yl)carbamate 
 
Procedure[a]:  A dried vial (6 dram) equipped with a stir bar was charged with bis-TBS 215 (405.9 mg, 479.1 µmol, 1.000 Eq) 
followed by TBAF (9.5 mL, 9.5 mmol, 20 Eq | 1 M in THF) to give a yellow solution. Then the vial was flushed with argon, capped[b] 
and lowered into a preheated oil bath (set point 50 ºC). After stirring at 50 ºC for 17.3 hr, the now orange solution was removed from 
the oil bath. 30 min later, it was transferred to a separatory funnel (125 mL) using EtOAc (75 mL).[c-d] The reaction was washed with 1 
N HCl (3 x 10 mL), sat. aq. NaHCO3 (1 x 10 mL), and brine (1 x 10 mL), in that order. Next, the washed organics were dried over 
anhydrous Na2SO4, filtered, and concentrated in vacuo to give a crude orange oil that was co-evaporated with CH2Cl2 (2x). Purification 
by FCC (SiO2: 15% EtOAc/Hex → 100% EtOAc)[e] afforded diol 288 (252.4 mg, 407.9 µmol, 85% yield, ca. 2:3 a:b) as an off-white 
foam. 
 
1H NMR (600 MHz, CDCl3, a-288): d 7.41-7.18 (m, 15H, H3d/4′c), 6.03 (s, 1H, C3NH), 5.28 (br d, J = 3.5 Hz, 1H, H1), 5.15-5.00 
(m, 2H, H3b), 4.92-4.86 (m, 1H, H1′), 4.39 (br s, 1H, H5′), 4.30 (dis q, J ~ 6.5 Hz, 1H, H5), 4.26 (br s, 2H, H4′a), 3.95-3.78 (m, 2H, 
H4′a [3.85])[f], 3.17 (s, 1H, H4), 2.59 (br s, 1H, H4′), 2.42 (br d, J = 13.2 Hz, 1H, H2pro-S), 2.07 (ABXdd, 2JAB = 14.6 Hz, 3JAX ~ 4.4 Hz, 
Dn = 22.7 Hz, 1H, H2′), 2.03 (ABX2td, 2JAB = 14.6 Hz, 3JAX ~ 3.2 Hz, Dn = 22.7 Hz, 1H, H2′), 1.88 (dd, J = 13.7, 4.1 Hz, 1H, H2pro-R), 1.70 
(s, 3H, C3Me), 1.36 (br s, 3H, H6′), 1.18-1.12 (m, 6H, H6 & C3′Me).  
 
1H NMR (600 MHz, CDCl3, b-288): d 7.41-7.18 (m, 15H, H3d/4′c), 6.15 (s, 1H, C3NH), 5.15-5.00 (m, 2H, H3b), 4.92-4.86 (m, 1H, 
H1′), 4.83 (br d, J = 9.2 Hz, 1H, H1), 4.39 (br s, 1H, H5′), 4.26 (br s, 2H, H4′a), 3.95-3.78 (m, 3H, H5 [3.87]. H4′a[3.85]) f], 3.05 (s, 
1H, H4), 2.62 (br d, J ~ 11 Hz, 1H, H2pro-S), 2.59 (br s, 1H, H4′), 2.07 (ABXdd, 2JAB = 14.6 Hz, 3JAX ~ 4.4 Hz, Dn = 22.7 Hz, 1H, H2′), 
2.03 (ABX2td, 2JAB = 14.6 Hz, 3JAX ~ 3.2 Hz, Dn = 22.7 Hz, 1H, H2′), 1.53 (s, 3H, C3Me), 1.52 (dd, J = 12.8, 10.5 Hz, 1H, H2pro-R), 1.36 
(br s, 3H, H6′), 1.21 (d, J = 6.3 Hz, 3H, H6), 1.15 (s, 3H, C3′Me). 
 
13C NMR (151 MHz, CDCl3, a/b-288 ): d 154.9 (C3a), 139.4 (C4′b) , 136.8 (C3c), 136.7 (C3c), 129.1 (C3d/4′c), 128.8 (C3d/4′c), 
128.6 (C3d/4′c), 128.5 (C3d/4′c), 128.5 (C3d/4′c), 128.4 (C3d/4′c), 128.2 (C3d/4′c), 128.1 (C3d/4′c), 127.6 (C3d/4′c), 102.0 (b-
C1′)[g], 101.6 (a-C1′)[g], 93.3 (b-C1, 1JCH = 159 Hz), 91.7 (a-C1, 1JCH =168 Hz), 84.7 (a-C4), 84.1 (b-C4), 68.9 (b-C5), 68.4 (C5′), 
68.1 (C5′), 67.1 (C3′), 67.0 (C3′), 66.3 (C3b), 63.9 (a-C5), 63.4 (C4′), 57.1 (C4′a), 54.3 (b-C3), 52.7 (a-C3), 40.7 (C2′), 40.6 (C2′), 
39.2 (b-C2) , 35.6 (a-C2), 29.54 (C3′Me) , 29.46 (C3′Me), 24.0 (a-C3Me), 21.9 (b-C3Me), 18.8 (C6′), 18.7 (C6′), 17.9 (b-C6), 17.8 
(a-C6).  
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Preparation of Compound 288 Continued 
 
HRMS (ESI+, m/z, a/b-288): [M+H]+ calculated for [C36H46N2O7 + H]+ 619.3378; found 619.3400 (error 3.55 ppm). 
 
Rf (a/b-288): 0.37 & 0.50 (75% EtOAc/Hex, Anisaldehyde stain). 
 
Notes: 
[a] Procedure adapted from Fukuyama, T.; Kan, T. et al.11. 
[b] The hard urea cap lined with polyethylene was secured with parafilm. 
[c] Before transferring the reaction to the separatory funnel, a reaction aliquot was removed, quenched into a mixture of EtOAc/1 N HCl, and analyzed by 

TLCs developed in 15% & 75% EtOAc/Hex (anisaldehyde stain). 
[d] At this point, the remaining material from the aliquot quenched for TLC analysis[b] was also added to the 125 mL separatory funnel. 
[e] Detailed gradient: 15% (160 mL) → 30% (70 mL) → 50% (70 mL) EtOAc/Hex → 100% (300 mL) EtOAc; a/b-288 began to elute in last fraction of 50% 

EtOAc/Hex and primarily eluted in 100% EtOAc. 
[f] Shift in square brackets determined by 1H-13C HSQC{1H}{13C}. 
[g] Due to signal overlap, we could not confidently determine the value of 1JCH for this anomeric resonance. 
 
TLCs: 

   
TLC #1a: Reaction Monitoring 

Gradient: 15% EtOAc/Hex 
Visualization: Ansialdehyde Stain 
Left Lane: Starting material (215) 
Middle Lane: co-spot 
Right Lane: Reaction 17 min after being 
removed from oil bath 

TLC #1b: Reaction Monitoring* 
Gradient: 75% EtOAc/Hex 
Visualization: Ansialdehyde Stain 
Left Lane: Starting material (215) 
Middle Lane: co-spot 
Right Lane: Reaction 17 min after being removed 
from oil bath 
*Note how poorly the product (a/b-288) stains in 
the middle and right lanes. 

TLC #2: FCC Fractions 
Solvent(s): 75% EtOAc/Hex 
Visualization: Anisaldehyde 
Stain 
Lanes 11-12: a/b-288 
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B.8.2 Preparation of Compound 289 

 
 
Name (a-289): benzyl ((2S,3S,4S,6S)-6-((tert-butyldimethylsilyl)oxy)-3-(((2S,4S,5R,6S)-5-(dibenzylamino)-4-hydroxy-4,6- 
dimethyltetrahydro-2H-pyran-2-yl)oxy)-2,4-dimethyltetrahydro-2H-pyran-4-yl)carbamate 
 
Name (b-289): benzyl ((2S,3S,4S,6R)-6-((tert-butyldimethylsilyl)oxy)-3-(((2S,4S,5R,6S)-5-(dibenzylamino)-4-hydroxy-4,6- 
dimethyltetrahydro-2H-pyran-2-yl)oxy)-2,4-dimethyltetrahydro-2H-pyran-4-yl)carbamate 
 
Procedure: A solution of diol a/b-288 (245.0 mg, 395.9 µmol, 1.000 Eq) was transferred to a dried vial (3 dram) and concentrated in 
vacuo. Then the vial was equipped with a dried stir bar, charged with dry DMF (1.8 mL, 0.22 M) followed by imidazole (ImH, 90.9 mg, 
1.34 mmol, 3.37 Eq), flushed with argon, and capped. The reaction was stirred for 30 min at room temperature. Then TBSCl (131.1 mg, 
869.8 µmol, 2.197 Eq) was added in one portion, and the vial was flushed with argon and recapped.[a] The reaction, a pale yellow solution, 
was stirred at room temperature for 48.5 hr.[b] Next, the reaction was transferred to a separatory funnel (125 mL) using EtOAc (90 mL) 
and DI H2O (10 mL).[c] The reaction was washed with 0.5 N HCl/brine (9:1, v/v | 4 x 20 mL), sat. aq. NaHCO3/brine (9:1, v/v | 1 x 20 
mL), and brine (1 x 20 mL), in that order. The washed organics were dried over anhydrous Na2SO4, filtered through a pad of Celite®, 
concentrated in vacuo, and co-evaporated with CH2Cl2 (1x). Purification by FCC (SiO2: 5% → 35% EtOAc/Hex)[d] afforded mono-TBS 
product a/b-289 (271.0 mg, 369.7 µmol, 93% yield, ca. 1:9 a:b) as a crunchy white foam.  
 
1H NMR (600 MHz, CDCl3, a-289): d 6.07 (s, 1H, C3NH), 5.21 (d, J = 3.3 Hz, 1H, H1), 4.89 (dd, J = 4.8, 3.0 Hz, 1H, H1′), 4.20 (obs 
q, J ~ 6-7 Hz, 1H, H5)[e], 3.11 (s, 1H, H4), 2.40 (1H, H2)[f], 1.80 (dd, J = 13.5, 4.0 Hz, 1H, H2), 1.70 (s, 3H, C3Me), 1.13 (d, J = 6.5 Hz, 
3H, H6).[g]  
 
1H NMR (600 MHz, CDCl3, b-289 ): d 7.41-7.29 (m, 10H, H3d/4′c), 7.27 (br s, 1H, H3d/4′c), 7.26-7.20 (m, 4H, H3d/4′c), 6.14 (s, 
1H, C3NH), 5.07 (app ABq, 2H, H3b), 4.87 (app t, J = 3.7 Hz, 1H, H1′), 4.81 (d, J = 8.8 Hz, 1H, H1), 4.53 (s, 1H, C3′OH), 4.40 (br s, 
1H, H5′), 4.26 (br s, 2H, H4′a), 3.85 (br d, J = 13.7 Hz, 2H, H4′a), 3.80 (q, J = 6.3 Hz, 1H, H5), 3.01 (s, 1H, H4), 2.59 (s, 1H, H4′), 2.46 
(br d, J = 11.4 Hz, 1H, H2pro-S), 2.05 (m, 2H, H2′), 1.56 (dd, J = 12.7, 9.7 Hz, 1H, H2pro-R), 1.52 (s, 3H, C3Me), 1.35 (br s, 3H, H6′), 
1.176 (obs d, 3H, H6)[h], 1.173 (s, 3H, C3′Me), 0.87 (s, 9H, H1c), 0.08 (s, 3H, H1a), 0.07 (s, 3H, H1a).  
 
13C NMR (151 MHz, CDCl3, a-289 ): d 101.8 (C1′)[i], 91.9 (C1, 1JCH = 165 Hz), 85.1 (C4), 63.5 (C5), 52.8 (C3), 37.4[j] (C2), 24.1[j] 
(C3Me), 17.9 (C6).[g] 

 
13C NMR 51 MHz, CDCl3, b-289 ): d 154.9 (C3a), 139.4 (C4′b), 136.8 (C3c), 129.2 (C3d/4′c), 128.7 (C3d/4′c), 128.6 (C3d/4′c), 
128.5 (C3d/4′c), 128.2 (C3d/4′c), 127.6 (C3d/4′c), 102.1 (C1′, 1JCH = 165 Hz), 94.1 (C1, 1JCH = 156 Hz), 84.6 (C4), 68.7 (C5), 68.2 
(C5′), 67.1 (C3′), 66.2 (C3b), 63.6 (C4′), 57.2 (C4′a), 54.4 (C3), 40.7 (C2′), 40.0 (C2), 29.55 (C3′Me), 26.0 (C1c), 22.0 (C3Me), 
18.8 (C6′), 18.3 (C1b), 18.0 (C6), −3.8 (C1a), −4.4 (C1a).  
 
IR (thin film, cm-1): 3342, 3029, 2937, 2860, 1721, 1514, 1455, 1385, 1228, 1071, 1014, 841. 
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Preparation of Compound 289 Continued 
 
HRMS (ESI+, m/z): [M+H]+ calculated for [C42H60N2O7Si +H]+ 733.4243; found 733.4249 (error 0.8 ppm). 
 
OR:  "!  = −59.9º (c = 0.887, CH2Cl2) 
 
Rf:  0.37 (25% EtOAc/Hex, anisaldehyde) 
 
Notes: 
[g] This time, the cap was secured with parafilm. 
[h] Before transferring the reaction to the separatory funnel, a reaction aliquot was removed, quenched into a mixture of EtOAc/1 N HCl, and analyzed by TLC developed 

in 75% EtOAc/Hex (anisaldehyde). 
[i] At this point, the remaining material from the aliquot quenched for TLC analysis[b] was also added to the 125 mL separatory funnel. 
[j] Detailed gradient: 5% (240 mL) → 10% (120 mL) → 15% (120 mL) → 25% (160 mL) → 35% (160 mL) EtOAc/Hex; a/b-289 eluted in 15% EtOAc/Hex. 
[k] A relatively large neighboring peak at 4.26 ppm from the major anomer (b-H4′a) obscures this minor anomer peak (4.20 ppm, a-H5), making the coupling constant 

and the integration difficult of this peak to determine with great accuracy. Integration was assumed to be 1H based on the peak’s assignment. 
[l] A relatively large neighboring peak at 2.46 ppm from the major anomer (b-H2pro-S) obscures this minor anomer peak (2.40 ppm, a-H2), making shift, multiplicity, 

and resonance difficult of this peak to determine with any great accuracy. As such, the shift was obtained from the 1H-13C HSQC{1H}{13C}, and the integration was 
assumed to be 1H based on the peak’s assignment. 

[m] For minor anomer a-289, the only peaks reported are those that lent themselves to confident assignment. Resonances for both anomeric peaks as well the 
carbohydrate backbone of the reducing sugar are given.  

[n] Based on the peak assignment and the centering of the corresponding 1H-13C HSQC{1H}{13C} correlation, we hypothesize that the multiplicity of this resonance 
(1.176 ppm) is a doublet that is obscured by the neighboring singlet at 1.173 ppm. 

[o] 1JCH could not be confidently determined by coupled 1H-13C HSQC. 
[p] Peak not observed in 1-D 13C NMR; shift obtained from 1H-13C HSQC{1H}{13C}. 
 
TLCs 

  
TLC #1: Reaction Monitoring 

Gradient: 75% EtOAc/Hex 
Visualization: Anisaldehyde Stain 
Left Lane: Starting material (a/b-288) 
Middle Lane: co-spot 
Right Lane: Reaction 48 hr after TBSCl added 

TLC #2: FCC Fractions 
Solvent(s): 25% EtOAc/Hex 
Visualization: Anisaldehyde Stain 
Lane 12: a/b-289 
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B.8.3 Preparation of Compound b-287 

 
 
Name (a-374): (2S,3R,4S,6S)-3-amino-6-(((2S,3S,4S,6S)-4-amino-6-((tert-butyldimethylsilyl)oxy)-2,4-dimethyltetrahydro-2H-
pyran-3-yl)oxy)-2,4-dimethyltetrahydro-2H-pyran-4-ol 
 
Name (b-374): (2S,3R,4S,6S)-3-amino-6-(((2S,3S,4S,6R)-4-amino-6-((tert-butyldimethylsilyl)oxy)-2,4-dimethyltetrahydro-2H-
pyran-3-yl)oxy)-2,4-dimethyltetrahydro-2H-pyran-4-ol 
 
Name (a-290): (2S,3S,4S,6S)-6-((tert-butyldimethylsilyl)oxy)-N,N,2,4-tetramethyl-3-(((3aR,4S,6S,7aS)-3,4,7a-
trimethylhexahydro-4H-pyrano[3,4-d]oxazol-6-yl)oxy)tetrahydro-2H-pyran-4-amine 
 
Name (b-290):  (2S,3S,4S,6R)-6-((tert-butyldimethylsilyl)oxy)-N,N,2,4-tetramethyl-3-(((3aR,4S,6S,7aS)-3,4,7a-
trimethylhexahydro-4H-pyrano[3,4-d]oxazol-6-yl)oxy)tetrahydro-2H-pyran-4-amine 
 
Name (b-287): (2S,3R,4S,6S)-6-(((2S,3S,4S,6R)-6-((tert-butyldimethylsilyl)oxy)-4-(dimethylamino)-2,4-dimethyltetrahydro-
2H-pyran-3-yl)oxy)-3-(dimethylamino)-2,4-dimethyltetrahydro-2H-pyran-4-ol 
 
Procedure (Step 1) [a]: A vial (20 mL) containing a/b-289 (125.5 mg, 171.2 µmol, 1.000 Eq) was equipped with an oven dried stir bar 
and charged with NH4HCO2 (258.9 mg, 4.106 mmol, 23.98 Eq) followed by Pd/C (135.7 mg)[b]. The vial was stoppered with an upside-
down 24/40 septum secured with parafilm, flushed with argon from a double balloon for 5 min, and left under the argon balloon. Next, 
dry CH3OH (4.2 mL, 41 mM) was added cautiously through the septum. Finally, the reaction was lowered into a preheated oil bath (set 
point = 50 ºC). After stirring at 50 ºC for 3.4 hr, the reaction was removed from the oil bath. 20 min later, the cooled reaction was “double 
filtered,” first through a pad of Celite® and then through a 0.2 µm syringe filter. The final filtrate was collected in a vial (6 dram). The 
solvent was removed first under a stream of nitrogen (50 ºC water bath) and then in vacuo. The resulting crude material was taken onto 
Step 2 without further purification. 
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Preparation of Compound b-287 Continued 
 
Procedure (Step 2): The vial (6 dram) containing the crude product of Step 1 (theoretically 171.2 µmol) was equipped with a stir 
bar and charged with dry CH3OH (1.00 mL, 171 mM). Aq. HCHO (2 x 640 µL, 17.2 mmol total, 100 Eq total | 37% by weight in H2O) 
was added in two portions at room temperature. Then the reaction was lowered into an ice/water bath (ca. -3 ºC). After chilling for 10 
min, NaBH3CN (714 mg, 11.4 mmol, 66.4 Eq) was added in one portion.[c]

 . Then the reaction vial was fitted with a septum cap pierced 
with a venting needle (18 gauge). 10 min later, neat CH3CO2H (0.80 mL, 14 mmol, 82 Eq) was added dropwise via syringe pump over 
16 min. The reaction was stirred in the cooling bath for an additional 10 min before it was removed from the cooling bath and left to stir 
at room temperature for an additional 3.4 hr. Then the colorless solution was quenched by the addition of aq. 1 N NaOH (18 mL) in 
one portion at room temperature, causing the reaction to immediately become white and cloudy. The quenched reaction mixture was 
stirred for 20 min and then transferred to a separatory funnel (60 mL) using CH2Cl2 (20 mL) and DI H2O (8 mL). The layers were 
separated, and the resulting aqueous layer (pH > 10) was extracted with CH2Cl2 (7 x 7 mL). The combined organics were passed through 
a pad of anhydrous Na2SO4 and concentrated in vacuo. Purification by RP-HPLC (25% → 55% B/A where A= 1000:1 H2O:CF3CO2H 
v/v, B = 100% CH3CN) afforded a mixture (53.9 mg) of b-287 (48.7 mg, 103 µmol, 60% yield over 2 steps)[d] and two disaccharides 
denoted dA and dB in a molar ratio of ca. 91:6:3 (b-287:dA:dB) as estimated by 1H NMR.  
 
1H NMR (600 MHz, 4:1 CD3OD:CDCl3 (w/w) + ca. 3 Equivalents CF3CO2H, b-287): d 5.32 (dd, J = 7.2, 5.5 Hz, 1H, H1′), 4.97 
(dd, J = 9.0, 2.5 Hz, 1H, H1), 4.70 (qd, J = 6.9, 3.8 Hz, 1H, H5′), 3.90 (s, 1H, H4), 3.84 (q, J = 6.6 Hz, H5), 3.40 (d, J = 3.4 Hz, 1H, H4′), 
3.12 (br s, 3H, C3′NMe), 3.11 (br s, 3H, C3′NMe), 2.92 (s, 3H, C3NMe), 2.83 (s, 3H, C3NMe), 2.19-2.16 (m, 2H, H2′pro-S {2.174}, 
H2′pro-R {2.168}), 2.01-1.96 (m, 1H, H2pro-S), 1.74 (br dd, J = 11.9, 9.2 Hz, 1H, H2pro-R), 1.57 (d, J = 7.0 Hz, 3H, H6′), 1.53 (s, 3H, C3′Me), 
1.43 (s, 3H, C3Me), 1.35 (d, J = 3.5 Hz, 3H, H6), 0.91 (s, 9H, H1c), 0.133 (s, 3H, H1a), 0.128 (s, 3H, H1a).[e] 

 

13C NMR (151 MHz, 4:1 CD3OD:CDCl3 (w/w) + ca. 3 Equivalents CF3CO2H, b-287): d 99.7 (C1′, 1JCH = 170 Hz), 94.3 (C1, 1JCH 
= 159 Hz), 77.0 (C4), 70.3 (C4/C3′/C4′), 70.2 (C4/C3′/C4′), 70.1 (C4/C3′/C4′), 67.8 (C3), 67.3 (C5′), 45.3 (C3′NMe), 44.0 
(C3′NMe), 42.2 (C2′), 38.8 (C2), 38.44 (C3NMe), 38.36 (C3NMe), 30.9 (C3′Me), 26.2 (C1c), 18.7 (C1b), 18.2 (C6), 17.5 (C6′), 
14.0 (C3Me), −4.0 (C1a), −4.8 (C1a).[e] 

 
LC/MS (Agilent B, ESI +, 374): tR: 0.85 min | [M+H]+ calculated for [C20H42N2O5Si + H]+ 419.3 m/z; found 419.1 m/z. 
 
LC/MS (Agilent B, ESI+, 290): tR: 0.88 min | [M+H]+ calculated for [C24H48N2O5Si + H]+ 473.3 m/z; found 473.0 m/z. 
 
LC/MS (Agilent B, ESI+, 287): tR: 0.88 min | [M+H]+ calculated for [C24H50N2O5Si + H]+ 475.4 m/z; found 475.1 m/z. 
 
HRMS (ESI+, m/z, 287): [M+H]+ calculated for [C24H50N2O5Si + H]+ 475.3562; found 475.3566 (error 0.8 ppm). 
 
OR (≥9:1 b-287): "!  = −60.0º (c = 0.837, CH3OH) 
 
Notes: 
[a] Procedure for Step 1 adapted from DeGoey, D. A. et al.16 
[b] Pd/C = 10% unreduced Pd on activated carbon. 
[c] NaBH3CN was weighed into a vial (2 dram). After the NaBH3CN was added in one portion from this vial, the vial was rinsed with dry CH3OH (0.67 mL), 

and the rinse was added to the reaction. 
[d] Conservative subtraction of dA and dB from the mass of the entire mixture (53.9 mg) gave 44.7 mg of desired disaccharide b-287. 
[e] The NMR sample was prepared as follows: a dried vial (1 dram) was charged with CF3CO2H (10.5 mg) and CD3OD (641.0 mg) to give a stock solution 

with 16.1 mg CF3CO2H per 1.00 g of solution. A portion of this CF3CO2H/CD3OD stock solution (266.9 mg solution: 4.30 mg, 37.7 µmol, ca. 3.0 Eq 
CF3CO2H and 262.6 mg CD3OD) was added to another vial containing ca. 91:6:3 b-287:dA:dB (6.0 mg, ca. 12.6 µmol disaccharides, 1.0 Eq) give a 
colorless solution with some white solids. CDCl3 (58.5 mg) was added in an attempt to solubilize the solids. As solids remained after CDCl3 addition, the 
mixture was filtered (Kimwipe in an 18 gauge needle) into a 3 mm NMR tube and analyzed. 
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B.9  Preparation of 5th Generation Disaccharide Donor 300 

B.9.1 Preparation of Compound 303 

 
 
Name (S6): tert-butyldiphenylsilyl 2-(4-((tert-butyldiphenylsilyl)oxy)phenyl)acetate 
 
Name (37): 2-(4-((tert-butyldiphenylsilyl)oxy)phenyl)acetic acid 
 
Procedure (Step 1)[a]: In a dried RBF (50 mL, 24/40 neck) equipped with a stir bar was prepared a colorless solution of commercially 
available 4-hydroxyphenylacetic acid (301, 1.533 g, 10.08 mmol, 1.000 Eq) in dry DMF (20 mL, 0.50 M). Imidazole (ImH, 3.011 g, 
44.23 mmol, 4.390 Eq) was added in one portion at room temperature, and the reaction was placed under a double balloon of argon. 10 
min later, TBDPSCl (5.8 mL, 22 mmol, 2.2 Eq) was added dropwise via syringe pump over 18 min to the now pale-yellow reaction 
solution. After stirring for an additional 45 hr at room temperature, the pale yellow solution was transferred using Et2O (60 mL) to a 
separatory funnel (500 mL) already charged with brine (250 mL). The layers were separated, and the aqueous layer was extracted with 
Et2O (2 x 50 mL). Next, the combined organics were washed with 1N HCl/ice (2:1 v/v | 3 x 60 mL), transferred to a collection flask 
(500 mL)[b], concentrated in vacuo, and taken on to Step 2 without further purification. 
 
Procedure (Step 2)[a]: The collection flask (500 mL) containing the crude product from Step 1 (theoretically 10.08 mmol) was charged 
with a stir bar, dry THF (40 mL, 0.25 M), and CH3OH (40 mL, 0.25 M). Next, a solution of K2CO3 (1.0013 g, 7.2453, 0.7191 Eq) in DI 
H2O (10 mL, 1.0 M) was added in one portion at room temperature, and the reaction was left to stir vigorously at room temperature 
open to the air. 1.3 hr later, additional K2CO3 (1.997 g, 14.45 mmol, 1.434 Eq) and DI H2O (20 mL, 0.50 M) were added in turn.[c] After 
stirring for another 2.5 hr[d], the K2CO3 was partially neutralized by the addition of acetic acid (2.0 mL, 35 mmol, 3.5 Eq).[e] Then the 
stir bar was removed, and the reaction was concentrated in vacuo. Brine (100 mL) and 1 N HCl (21 mL) were added to the resulting 
residue which was transferred to a separatory funnel (500 mL) using Et2O (120 mL), 1 N HCl (20 mL), and DI H2O (30 mL). The 
layers were separated, and the aqueous layer was extracted with Et2O (2 x 50 mL). The combined organics were washed with brine (1 x 
50 mL), dried over anhydrous Na2SO4, filtered, and concentrated in vacuo. Purification by FCC (SiO2: 80:20:0 → 30:70:0.5 
Hex/Et2O/AcOH (v/v/v/))[f] afforded the desired TBDPS protected carboxylic acid product 303 (2.0668 g, 5.2920 mmol, 53% yield 
over 2 steps)[g] as a light brown semi-solid that further solidified upon standing in a refrigerator (2-8 ºC). 
 
1H NMR (600 MHz, CDCl3, 303): d 7.80-7.70 (m, 4H), 7.48-7.42 (m, 2H), 7.42-7.36 (m, 4H), 7.03-6.98 (m, 2H), 6.78-6.72 (m, 2H), 
3.52 (s, 2H), 1.13 (s, 2H). 
 
13C NMR (151 MHz, CDCl3, 303): d 178.4 (quat.), 155.0 (quat.), 135.6 (4 x CH), 133.0 (quat.), 130.3 (2 x CH), 130.0 (2 x CH), 
127.9 (4 x CH), 125.7 (quat.), 119.9 (CH), 40.3 (CH2), 26.6 (3 x CH3), 19.6 (quat.). 
 
LC/MS (Agilent A, ESI +, 303): tR: 1.39 min| [M+NH4]+ calculated for [C24H26O3Si + NH4]+ 408.2 m/z; found 408.4 m/z. [M + 
Na]+ calculated for [C24H26O3Si + Na]+ 413.2 m/z; found 413.4 m/z. 
 
HRMS (ESI+, m/z, 303): [M+Na]+ calculated for [C24H26O3Si + Na]+ 413.1543; found 413.1546 (error 0.7 ppm). 
 
Rf (303):  0.04 (20% Et2O/Hex + ca. 0.5% AcOH, UV) 
 
MP (303): 133.6-139.1 ºC {Single Point = 137.2 ºC} 
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Preparation of Compound 303 Continued 
 
Notes: 
[a] The procedures for Steps 1-2 were adapted from Sebesta, R. et al.17 
[b] The combined organics from Step 1 were not dried as water was added to the reaction in Step 2. 
[c] Addition of water immediately caused the reaction to transform from a colorless liquid with white solid to an opaque white suspension. 
[d] At this point, the reaction was yellow in color. 
[e] Addition of AcOH caused a color change from yellow to colorless. 
[f] Detailed gradient: 80:20:0 (600 mL) → 80:20:0.5 (301.5 mL) → 30:70:0.5 (502.5 mL) Hex/Et2O/AcOH (v/v/v); 303 eluted in 80:20:0.5 → 30:70:0.5 

Hex/Et2O/AcOH (v/v/v). 
[g] This yield accounts for the residual toluene (PhCH3) and CH2Cl2 noted in the provided 1H NMR spectrum. 
 

TLCs: 

  
TLC #1: Crude (Step 2) 

Gradient: 20% Et2O/Hex + ca. 0.5% AcOH 
Visualization: UV 
Middle Lane: Crude product of Step 2  
                           after aqueous workup 

TLC #2: FCC Fractions (Step 2) 
Solvent(s): 20% Et2O/Hex + ca. 0.5% AcOH 
Visualization: UV 
Lanes 5-16: Compound 303 
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B.9.2 Preparation of Compound 304 

 
 
Name (a-304): (2S,4S,5S,6S)-4-(((benzyloxy)carbonyl)amino)-5-(((2S,4S,5R,6S)-5-(dibenzylamino)-4-hydroxy-4,6-
dimethyltetrahydro-2H-pyran-2-yl)oxy)-4,6-dimethyltetrahydro-2H-pyran-2-yl 2-(4-((tert-butyldiphenylsilyl)oxy) 
phenyl)acetate 
 
Name (b-304): (2R,4S,5S,6S)-4-(((benzyloxy)carbonyl)amino)-5-(((2S,4S,5R,6S)-5-(dibenzylamino)-4-hydroxy-4,6-
dimethyltetrahydro-2H-pyran-2-yl)oxy)-4,6-dimethyltetrahydro-2H-pyran-2-yl 2-(4-((tert-butyldiphenylsilyl)oxy) 
phenyl)acetate 
 
Procedure[a]: A vial (2 dram) containing diol 288 (198.4 mg, 320.6 µmol, 1.000 Eq, ca. 2:3 a:b) was charged with 2-(4-((t-
butyldiphenylsilyl)oxy)phenyl)acetic acid (303, 231.0 mg, 591.5 µmol, 1.845 Eq), EDC•HCl (157.0 mg, 819.0 µmol, 2.554 Eq), and 
dry CH2Cl2 (1.6 mL, 0.20 M), in that order. After equipping the vial with a dried stir bar, DIPEA (0.17 mL, 0.98 mmol, 3.0 Eq) was 
added in one portion at room temperature. 4 min later, DMAP (77.1 mg, 631 µmol, 1.97 Eq) was added at room temperature. The vial 
was flushed with argon, fitted with a parafilm secured cap, vortexed, and left to stir at room temperature. After 20.4 hr, the yellow solution 
was transferred to a separatory funnel (125 mL) using Et2O (25 mL) and DI H2O (10 mL).[b] Additional Et2O (20 mL) was added, the 
layers were separated, and the resulting aqueous layer was extracted with Et2O (2 x 10 mL). Then the combined organics were washed 
with 1 N HCl/brine (2:1 v/v | 3 x 21 mL), DI H2O/sat. aq. NaHCO3/brine (3:2:1 v/v/v/ | 1 x 42 mL), and DI H2O/brine (1:1 v/v | 1 
x 42 mL), in that order.[c] The combined organics were passed through a plug of anhydrous Na2SO4 (eluting with EtOAc) , concentrated 
in vacuo, and co-evaporated with CH2Cl2 (1x). Purification by FCC (SiO2: 10% → 35% EtOAc/Hex)[d] afforded the desired product b- 
304 (245.4 mg, 247.6 µmol, 77% yield, ≥20:1 b:a) as a white foam. 
 
1H NMR (600 MHz, CDCl3, a-304): d 6.12-6.07 (m, 1H, H1{6.10}), 4.86 (app dd, J ~ 4.3, 2.8 Hz, H1′), 3.04 (s, H4).[e-f] 

 
1H NMR (600 MHz, CDCl3, b-304): d 7.77-7.67 (m, 4H, H1j), 7.46-7.21 (m, 21H, H1j, H1c, & H4′c), 6.98 (d, J = 8.5 Hz, 2H, H1d), 
6.71 (d, J = 8.5 Hz, 2H, H1e), 6.19 (s, 1H, C3NH), 5.76 (br d, J = 9.3 Hz, 1H, H1), 5.08 (s, 2H, H3b), 4.89 (app t, J ~ 3.8 Hz, 1H, H1′), 
4.49 (br s, 1H, C3′OH)[g], 4.41 (br app d, J = 3.7 Hz, 1H, H5′), 4.27 (br d, J = 10.4 Hz, 2H, H4′a), 3.95 (q, J = 6.2 Hz, 1H, H5), 3.86 (d, 
J = 13.7 Hz, 2H, H4′a), 3.50 (s, 2H, H1b), 3.08 (s, 1H, H4), 2.61 (br s, 1H, H4′), 2.49 (br d, J = 10.6 Hz, 1H, H2pro-S), 2.08 (ABX dd, 2J 
= 14.4 Hz, Dn = 24.4 Hz, 3J = 4.6 Hz, H2′), 2.04 (ABX dd, 2J = 14.4 Hz, Dn = 24.4 Hz, 3J = 2.9 Hz, H2′), 1.75 (dd, J = 12.2, 10.7 Hz, 1H, 
H2pro-R), 1.56 (s, 3H, C3Me), 1.38 (br s, 3H, H6′), 1.21 (d, J = 6.3 Hz, H6), 1.17 (s, 3H, C3′Me), 1.10 (s, 9H, H1h).[f] 

 
13C NMR (151 MHz, CDCl3, a-304): d 102.0 (C1′, 1JCH = 166 Hz)[h], 91.5 (C1, 1JCH = 174 Hz)[i].[e-f] 
 
13C NMR (151 MHz, CDCl3, b-304): d 170.4 (C1a), 154.8 (C1f & C3a), 139.4 (C4′b), 136.7 (C3c), 135.6 (Ar), 133.0 (Ar), 130.3 
(C1d), 130.0 (Ar), 129.1 (Ar), 128.8 (Ar), 128.6 (Ar), 128.5 (Ar), 128.2 (Ar), 127.9 (Ar), 127.6 (Ar), 125.9 (C1c), 119.8 (C1e), 101.9 
(C1′, 

1JCH = 166 Hz), 91.7 (C1, 1JCH = 164 Hz), 83.8 (C4), 69.7 (C5), 68.4 (C5′), 67.1 (C3′), 66.4 (C3b), 63.4 (C4′), 57.1 (C4′a), 54.2 
(C3), 40.6 (C2′), 40.3 (C1b), 35.8 (C2), 29.6 (C3′Me), 21.8 (C3Me), 19.6 (C1g), 18.7 (C6′), 17.7 (C6).[f,j] 
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Preparation of Compound 304 Continued 
 
HRMS (ESI+, m/z): [M+H]+ calculated for [C60H70N2O9Si + H]+ 991.4923; found 991.4931 (error 0.8 ppm). 
 
OR (b-304, ≥ 20:1 b:a): "!  = −46.0º (c = 0.572, CH2Cl2) 
 
Rf (a-304): Tentatively assigned to 0.60 (40% EtOAc/Hex, CAM Stain) 
 
Rf (b-304): 0.51 (40% EtOAc/Hex, CAM Stain) 
 
Notes: 
[a] Procedure adapted from Zeng, J. et al.18 
[b] Before transferring the reaction to the separatory funnel, the reaction was directly spotted onto TLC plates developed in 75% EtOAc/Hex (UV/CAM 

stain). 
[c] During the aqueous washes, any emulsions that formed were kept with the organics. EtOAc and DI H2O were added to the separatory funnel to resolve 

the final emulsion after the wash with DI H2O/brine (1:1, v/v). 
[d] Detailed gradient: 10% (300 mL) → 15% (200 mL) 20% → (100 mL) → 25% (280 mL) → 30% (280 mL) → 35% (120 mL) EtOAc/Hex; b-304 eluted in last 

fraction of 25% EtOAc/Hex and mainly in 30% → 35% EtOAc/Hex. 
[e] For the minor anomer a-304, the only peaks reported are those that lent themselves to confident assignment.  
[f] For both anomers of 304, ≥10:1 b/a-304 material from a separate reaction sequence that yielded 143.3 mg of a/b-304 (61% yield over 2 steps from 215, ≥10:1 

b/a) was used for the line listings and peak assignments. A 1H NMR spectrum of the ≥20:1 b/a-304 obtained in the procedure detailed above is provided to 
demonstrate purity. 

[g] Tentatively assigned based on process of elimination, the absence of an HSQC correlation to this proton, and a weak exchange cross peak in the ROESY spectrum 
with 1.63 ppm (H2O). 

[h] 13C resonance obtained from coupled 1H-13C HSQC. 
[i] 13C resonance obtained from 1H-13C HSQC{1H}{13C}. 
[j] Ar = C1i, C1j, C3d, and/or C4′c. 
 
TLC: 

 

TLC #1: FCC Fractions 
Solvent(s): 40% EtOAc/Hex 
Visualization: CAM Stain 
Lanes 32-36: a-304 (top spot; tentatively assigned) 
Lanes 35-39, 54-55: b- 304 (bottom spot) 
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B.9.3 Preparation of Compound 300 

 
 
Name: (2R,4S,5S,6S)-4-(dimethylamino)-5-(((2S,4S,5R,6S)-5-(dimethylamino)-4-hydroxy-4,6-dimethyltetrahydro-2H-pyran-2-
yl)oxy)-4,6-dimethyltetrahydro-2H-pyran-2-yl 2-(4-((tert-butyldiphenylsilyl)oxy)phenyl)acetate 
 
Procedure (Step 1)[a]: A dried 20 mL vial equipped with a stir bar was charged with b-304 (141.0 mg, 142.2 µmol, 1.000 Eq, ≥ 20:1 
b:a), NH4HCO2 (228.9 mg, 3.630 mmol, 25.52 Eq), and Pd/C (157.4 mg)[b], in that order. Then the reaction vial was fitted with a 
septum cap, flushed with argon from a balloon for 8 min, and left under the argon balloon. Next, dry CH3OH (4.8 mL, 30 mM) was 
carefully added through the septum at room temperature. Then the vial was lowered into a preheated oil bath (set point 50 ºC) and 
stirred at 50 ºC for 30 min. After cooling for 6 min at room temperature, the reaction mixture was “double filtered,” first through a pad 
of cotton and then through a 0.2 µm syringe filter[c], eluting liberally with CH3OH in both cases. The filtrate was concentrated in vacuo, 
transferred to a 4 dram vial, and concentrated in vacuo to afford a crude white solid that was taken on to Step 2 without further 
purification. 
 
Procedure (Step 2)[c]: The 4 dram vial containing the crude product of Step 1 (theoretically 142.2 µmol) was equipped with a dried 
stir bar and charged with dry CH3OH (1.00 mL, 0.142 M). Next, aq. HCHO (446 µL, 5.99 mmol, 42.1 Eq | 37 wt% in H2O)[d] and AcOH 
(326 µL, 5.69 mmol, 40.0 Eq)[d] were each added at room temperature. The reaction vial was vortexed, shaken, and then fitted with a 
24/40 septum pierced with an 18 gauge vent needle. After stirring at room temperature for 20 min, the reaction was chilled in an ice/H2O 
bath (ca. 0 ºC). Then a mixture of purified pyr.•BH3 (481.5 mg, 5.181, mmol, 36.43 Eq)[e] and dry CH3OH (0.20 mL) was added 
dropwise by hand over 5 min.[f] After stirring for an additional 15 min at 0 ºC, the colorless, bubbling solution was removed from the 
cooling bath and stirred 3.9 hr at room temperature. At this point, LC/MS indicated the completion of the reaction. Next, the reaction 
was chilled in a fresh ice/H2O bath (ca. 0 ºC). Then HN(i-Pr)2 (0.85 mL, 6.0 mmol, 42 Eq) was added dropwise by hand over 5 min to 
quench excess HCHO and pyridine•BH3. After stirring at 0 ºC for an additional 5 min, the colorless, bubbling solution was removed 
from the cooling bath and stirred at room temperature for 25 min before the stir bar was removed and the majority of the liquid was 
removed in vacuo. The crude mixture was then purified on a Teledyne Isco Combiflash system (RP-C18: 20% → 100% B/A where A= 
1000:1 H2O:CF3CO2H v/v, B = 100% CH3CN). Fractions containing 300 as indicated by LC/MS were transferred to a separatory 
funnel (250 mL) using sat. aq. NaHCO3 (20 mL), CH2Cl2, and DI H2O. The layers were separated, and the aqueous layer was extracted 
with CH2Cl2 (8 x 15 mL). The combined organics were passed through a pad of anhydrous MgSO4 and concentrated in vacuo to yield 
5th generation donor 300 (58.2 mg, 79.4 µmol, 56% yield over 2 steps) as a white foam. 
 
1H NMR (600 MHz, CDCl3, 300): d 7.70 (br d, J = 6.8 Hz, 4H, H1j), 7.45-7.39 (m, 2H, H1l), 7.39-7.31 (m, 4H, H1k), 7.00 (d, J = 8.5 
Hz, 1H, H1d), 6.70 (d, J = 8.5 Hz, 2H, H1e), 5.86 (dd, J = 9.9, 2.8 Hz, 1H, H1), 5.01 (d, J = 4.4 Hz, 1H, H1′), 4.67 (qd, J = 6.7, 2.4 Hz, 
1H, H5′), 3.77 (q, J = 6.4 Hz, 1H, H5), 3.54 (AB q, J ~16.5 Hz, 2H, H1b), 3.30 (s, 1H, H4), 2.69 (s, 6H, C4′NMe2), 2.22 (br s, 1H, H4′), 
2.14 (s, 6H, C3NMe2), 2.06 (d, J = 13.8 Hz, 1H, H2′pro-S), 1.85 (dd, J = 13.8, 4.5 Hz, 1H, H2′pro-R), 1.70 (ovlp dd, J ~ 11.6, 10.4 Hz, 1H, 
H2pro-R), 1.62 (br dd, J ~ 11.9, 1.6 Hz, 1H, H2pro-S), 1.50 (s, 3H, C3′Me), 1.36 (d, J = 6.9 Hz), 3H, H6′), 1.24 (d, J = 6.5 Hz, 3H, H6), 1.08 
(s, 9H, H1h), 0.94 (3H, C3Me).  
 
13C NMR (151 MHz, CDCl3, 300): d 170.8 (C1a), 154.8 (C1f), 135.6 (C1j), 133.0 (C1i), 130.3 (C1d), 130.0 (C1l), 127.9 (C1k), 
126.1 (C1c), 119.8 (C1e), 99.7 (C1′, 1JCH = 164 Hz), 93.1 (C1, 1JCH = 164 Hz), 78.2 (C4), 71.0 (C5), 69.8 (C4′), 66.7 (C3′/C5′), 66.5 
(C3′/C5′), 58.8 (C3), 45.0 (br, C4′NMe2), 41.1 (C2), 40.4 (C1b), 37.9 (C3NMe2), 35.9 (C2), 29.0 (C3′Me), 26.7 (C1h), 19.6 (C1g), 
19.1 (C6′), 18.6 (C6), 12.2 (C3′Me).  
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Preparation of Compound 300 Continued 
 
LC/MS (Agilent A, ESI+): tR: 1.17 min | [M+H]+ calculated for [C42H60N2O7Si + H]+ 733.4 m/z; found 733.7 m/z. 
 
HRMS (ESI+, m/z): [M+H]+ calculated for [C42H60N2O7Si + H]+ 733.4243; found 733.4245 (error 0.3 ppm). 
 
OR:  "!  = −58º (c = 0.27, CH2Cl2) 
 
Notes: 
[a] Procedure for Step 1 adapted from DeGoey, D. A. et al.16 
[b] Pd/C = 10% unreduced Pd on activated carbon. 
[c] Procedure for Step 2 adapted from Wong, W. S. D. et al.19 
[d] Aq. HCHO and AcOH measured and dispensed using Gilson P1000 pipet. 
[e] Pyr.•BH3 was purified as detailed in Materials section. 504.7 mg of the purified reagent (95.4:4.5:01 pyr.•BH3:pyridine:Et2O w/w/w as indicated by 1H NMR of the 

purified reagent on the day that it was used in this reaction) and therefore ca. 481.5 mg pyr.•BH3 were used in this reaction.  
[f] Mixture of pyr.•BH3/CH3OH mixture was prepared in a vial (0.5 dram). After the addition was complete, the 0.5 dram vial was rinsed with additional dry CH3OH 

(3 x 0.20 mL) and the rinses were added to the reaction. 
 
Representative RP-C18 Injection: 
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Preparation of Compound 300 Continued 
 
Visual Procedure: 

 

→ 

 

→ 

 

≡ 

 
A. Step 1: 

Crude product of Step 
1 in reaction vial for 
Step 2. 

 B. Step 2: 
After the reaction was 
removed from the 
cooling bath following 
pyr•BH3 addition. 

 Ci. Step 2: 
Compound 300 
after drying under 
high vacuum (side 
view). 

 Cii. Step 2: 
Compound 300 after 
drying under high 
vacuum (bottom view). 
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B.10  Synthesis of Aglycone Acceptors 

B.10.1  Preparation of Daunorubicinone (28) 

 

 
 

Name (common): daunorubicinone 
 
Name (IUPAC):  (7S,9S)-9-acetyl-6,7,9,11,12-pentahydroxy-4-methoxy-7,9,10,12-tetrahydrotetracen-5(8H)-one 
 
Procedure[a-b]: An RBF (100 mL, 24/40 neck) equipped with a large stir bar was charged with daunorubicin•HCl (5•HCl, 565.9 
mg, 1.003 mmol, 1.000 Eq) and DI H2O (44 mL, 23 mM). Next, aq. 1 N HCl (11 mL) was added in one portion at room temperature. 
Then the flask was stoppered with a hard plastic cap and lowed into a preheated oil bath (set point = 90 ºC). The reaction was stirred at 
90 ºC for 1.5 hr[c], during which time solids crashed out of solution. After cooling at room temperature for 30 min, the red solids were 
collected on a Büchner funnel, rinsed with DI H2O, suction dried for several minutes, and then transferred to a 250 mL Erlenmeyer flask 
(24/40 ground glass joint). Then the Büchner funnel, filter paper, reaction flask, and stir bar were rinsed with CH2Cl2 and CH3OH, and 
the rinses were added to the 250 mL Erlenmeyer flask containing the collected solids. The solvent was removed in vacuo, and the resulting 
crude material was recrystallized as follows: the crude material was dissolved in CH2Cl2 and acetone with the aid of a ca. 60 ºC H2O bath, 
hot filtered into a new 250 mL Erlenmeyer flask, allowed to cool to room temperature, and then chilled in a freezer (ca. −35 ºC) for ca. 
2 days. The resulting red solids were collected on a Büchner funnel, rinsed with chilled Et2O[d], and dried under vacuum to afford 
daunorubicinone (28, 283.1 mg, 710.6 µmol, 71% yield) as a red solid. 
 
1H NMR (600 MHz, CDCl3): d 13.85 (s, 1H, C6OH/C11OH), 13.17 (s, 1H, C6OH/C11OH), 7.96 (d, J = 7.6 Hz, 1H, H1), 7.76 (app 
t, J = 8.1 Hz, 1H, H2), 7.37 (d, J = 8.4 Hz, 1H, H3), 5.28 (br s, 1H, H7), 4.64 (s, 1H, C9OH), 4.07 (s, 3H, C4OMe), 3.81 (br s, 1H, 
C7OH), 3.13 (dd, J = 18.4, 2.1 Hz, 1H, H10), 2.88 (d, J = 18.4 Hz, 1H, H10), 2.43 (s, 3H, H14), 2.34 (app dt, J = 14.5, 1.9 Hz, 1H, H8), 
2.13 (dd, J = 14.5, 4.8 Hz, 1H, H8).[f] 
 
13C NMR (151 MHz, CDCl3): d 212.2 (C13), 187.1 (C5/C12), 186.7 (C5/C12), 161.2 (C4), 156.1 (C6/C11), 155.9 (C6/C11), 
136.1 (C6a/C10a), 135.9 (C2), 135.6 (C12a), 133.8 (C6a/C10a), 120.9 (C4a), 119.9 (C1), 118.5 (C3), 111.6 (C5a/C11a), 111.2 
(C5a/C11a), 77.0 (C9)[d], 62.0 (C7), 56.8 (C4OMe), 35.4 (C8), 33.3 (C10), 24.8 (C14).[g] 
 
LC/MS (Agilent A, ESI+): tR = 0.94 min | [2M+Na]+ calculated for [2x(C21H18O8) + Na]+ 819.2 m/z; found 819.6 m/z. 
 
Notes 
[a] Procedure adapted from Yoo, D. J. et al.20 with slight modification. 
[b] No precautions were taken to protect the reaction from light. 
[c] After 25 min at 90 ºC, the hard plastic cap popped off the flask due to a buildup of pressure. As such, the reaction was stoppered with a new hard plastic cap pierced 

with an 18 gauge needle to prevent this from happening again. 
[d] Et2O was chilled in a 2–8 ºC refrigerator. 
[e] This peak (77.0 ppm) was not observed in the 1-D 13C NMR spectrum; presumably, it was masked by the CDCl3 triplet. As such, it was determined via HMBC 

correlations from H7, H8, H10, H14, and C9OH to C9. 
[f] 1H NMR data in agreement with Yoo, D. J. et al.20 
[g] 13C NMR data in decent agreement with Chan, J. A. et al.21; the largest discrepancy comes when comparing the C5/C10a resonances (this work: d 136.1, 133.8; Chan, 

J. A. et al: d 133.5, 133.3). 
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Preparation of Daunorubicinone (28) Continued 
 
Visual Procedure: 

 

→ 

 

→ 

 

→ 

 
A. Flask and stir bar used in 
this reaction. 

 B. After heating at 90 ºC 
for 1 min. 

 C. After heating at 90 ºC 
for 20 min. 

 D. After reaction removed 
from oil bath (1.5 hr at 90 ºC). 

 

→ 

 

→ 

 

→ 

 
 E. Crude aglycone after 

washing with DI H2O. 
 F. Crude aglycone (solids 

+ CH2Cl2/ CH3OH 
rinses) before 
concentration. 

 G. Recrystallized 28 on 
Büchner funnel. 
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B.10.2 Preparation of Compound 14-O-TBS Doxorubicinone (29) 

 
 
Name (common): 14-O-TBS doxorubicinone 
 
Name (IUPAC):  (8S,10S)-8-(2-((tert-butyldimethylsilyl)oxy)acetyl)-6,8,10,11-tetrahydroxy-1-methoxy-7,8,9,10-
tetrahydrotetracene-5,12-dione 
 
Procedure (Step 1)[a]: An RBF (50 mL, 24/40 neck) was charged with doxorubicin•HCl (6•HCl, 256 mg, 441 µmol, 1.00 Eq), a stir 
bar, and DI H2O (19 mL, 23 mM). Next, aq. 1 N HCl (4 mL) was added in one portion at room temperature. The flask was placed under 
a double balloon of argon, wrapped in foil[b], and lowered into a preheated oil bath (90 ºC). The reaction was stirred at 90 ºC for 1.5 hr 
and then allowed to cool with stirring at room temperature for 3.6 hr. The solids were collected on a Büchner funnel, washed with water, 
and suction dried (water aspirator) for ca. 15 min. A small portion of the partially dried solids were transferred to a dried vial (4 dram). 
The majority of the solid were rinsed from the filter paper and Büchner funnel into a collection flask (200 mL) using a combination of 
CH2Cl2, CH3OH, and acetone.[c] The solvent was removed in vacuo, and the resulting material was transferred to the aforementioned 
vial (4 dram) already containing some of the crude solids. After removing the transfer solvents in vacuo, the material was dried in a vacuum 
desiccator over P2O5 under high vacuum for ca. 16 hr. The resulting red solids were taken on without purification to Step 2. 
 
Procedure (Step 2)[d]: The vial (4 dram) containing the crude product from Step 1 (theoretically 441 µmol) was equipped with a dried 
stir bar and charged with DMF (1.2 mL, 0.37 M) to give a blood red solution. Next, imidazole (78.3 mg, 1.15 mmol, 2.61 Eq) was added 
followed 3 min later by the addition of TBSCl (71.0 mg, 471 µmol, 1.07 Eq), both added in one portion at room temperature. Then the 
vial was flushed with argon, capped (secured with parafim), vortexed for ca. 10 sec, inverted (10x), wrapped in foil[b], and left to stir at 
room temperature for 2 hr. At this point, additional portions of imidazole (91.9 mg, 1.35 mmol, 3.06 Eq) and TBSCl (73.9 mg, 490 µmol, 
1.11 Eq) were each added in one portion at room temperature.[e] Then the vial was flushed with argon, capped (secured with parafim), 
vortexed for ca. 10 sec, inverted (10x), wrapped in foil[b], and left to stir at room temperature for an additional 2.6 hr. At this point, the 
blood red solution was transferred using CH2Cl2 (100 mL) to a separatory funnel (250 mL) already charged with 0.5 N HCl (20 mL).[f] 
The funnel was shaken to give two layers separated by an emulsion. The lower organic layer was collected before additional DI H2O (20 
mL) and CH2Cl2 (20 mL) were added to the flask in failed attempt to resolve the emulsion. As such, the organics and emulsion were 
combined with the initial organic portion. These combined organics were washed with 0.5 N HCl (1 x 20 mL) and DI H2O (2 x 20 mL). 
The washed organics were dried over a mixture of anhydrous Na2SO4 (10.3 g) and NaHCO3 (328 mg), filtered, and concentrated in 
vacuo. Purification by FCC (SiO2: 100% PhCH3 → 20% acetone/PhCH3)[g] yielded semi-pure material by TLC that was further purified 
via recrystallization as follows: the semi-pure material was dissolved in CH2Cl2 (solubilizing solvent) and 200 proof EtOH (precipitating 
solvent) with the aid of a ca. 70 ºC H2O bath, allowed to cool to room temperature, chilled in a fridge (2–8 ºC) for a short time, and then 
chilled in a freezer (ca. – 35 ºC) overnight. The resulting red solids were collected on a Büchner funnel, rinsed sparingly with chilled[h] 
200 proof EtOH, rinsed generously with chilled[h] pentanes, and dried under high vacuum to afford 14-O-TBS doxorubicinone (29, 
112.0 mg, 221.9 µmol, 48% yield over 2 steps). 
 
1H NMR (600 MHz, CDCl3): d 7.94 (d, J = 7.7 Hz, 1H), 7.76 (app t, J = 8.0 Hz, 1H, H2), 7.37 (d, J = 8.2 Hz, 1H), 5.26 (dd, J ~ 4.7, 
1.4 Hz, 1H, H7), 4.92 (ABq, J = 19.7 Hz, Dn = 45.0 Hz, 1H, H14), 4.85 (ABq, J = 19.7 Hz, Dn = 45.0 Hz, 1H, H14), 4.07 (s, 3H, C4OMe), 
3.13 (ABX dd, 2J = 18.5 Hz, 3J = 2.0 Hz, Dn = 158.2 Hz, 1H, H10), 2.87 (AB d, 2J = 18.5 Hz, Dn = 158.2 Hz, 1H, H10), 2.35 (ABX app 
dt, J = 14.5 Hz, 1.8 Hz, Dn = 131.2 Hz, 1H, H8), 2.13 (ABX dd, 2J = 14.6 Hz, 3J = 2.0 Hz, Dn = 131.2 Hz, 1H, H8), 0.95 (s, 9H, C14c), 
0.14 (s, 6H, C14a).  
 
13C NMR (151 MHz, CDCl3): d 211.8, 187.0, 186.5, 161.1, 156.1, 155.6, 136.0, 135.53, 135.48, 133.9, 120.7, 119.9, 118.6, 111.5, 
111.2, 67.0 (C14), 62.2 (C7), 56.8 (C4OMe), 35.8 (C8), 33.8 (C10), 26.0 (C14c), 18.7 (C14b), −5.21 (C14a), −5.24 (C14a).	
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Preparation of 14-O-TBS Doxorubicinone (29) Continued 
 
Notes 
[a] Procedure for Step 1 adapted from Yoo, D. J. et al.20 with slight modification. 
[b] Reaction run in a hood with the hood light turned off. 
[c] As the product of Step 1 was difficult to solubilize, much solvent was required to rinse the filter paper and Büchner funnel. In hindsight, after suction drying the 

collected solids on the Büchner funnel, the entire Büchner funnel and weigh paper assembly should have been dried in a vacuum desiccator over P2O5 without any 
further manipulation. Presumably, the resulting dried solid would then be easily transferred to vial for Step 2. 

[d] Procedure for Step 2 adapted from Horton, D. et al.22 
[e] Before added the 2nd portions of imidazole and TBSCl, a reaction aliquot was removed, quenched into EtOAc/H2O, and analyzed by TLC developed in 25% 

acetone/toluene (red spots visualized without aid of UV lamp or stain). 
[f] Before transferring the reaction to the separatory funnel, a reaction aliquot was removed, quenched into EtOAc/H2O, and analyzed by TLC developed in 25% 

acetone/toluene (red spots visualized without aid of UV lamp or stain). 
[g] Detailed gradient: 100% (150 mL) PhCH3 → 2% (60 mL) → 5% (100 mL) → 10% (200 mL) → 20% (100 mL) acetone/PhCH3; semi-pure 29 eluted in the last two 

fractions of 5% acetone/PhCH3 
 and mainly in 10% acetone/PhCH3. 

[h] 200 proof EtOH and pentanes for washing solids collected from recrystallization were chilled in a 2–8 ºC fridge. 
 
TLCs: 

  
TLC #1: Reaction Monitoring (Step 2) 

Gradient:  25% Acetone/Toluene 
Visualization: No UV or Stain 
Left Lane: Crude product of Step 1. 
Middle Lane: Co-Spot 
Right Lane: Reaction (Step 2) 2.3 hr after 1st TBSCl addition 

TLC #2: Reaction Monitoring (Step 2) 
Gradient:  25% Acetone/Toluene 
Visualization: No UV or Stain 
Left Lane: Crude product of Step 1. 
Middle Lane: Co-Spot 
Right Lane: Reaction (Step 2) 2.4 hr after 2nd TBSCl addition 

  

  
  

TLC #3a: FCC Fractions (Step 2) 
Gradient:  25% Acetone/Toluene 
Visualization: No UV or Stain 
Lanes 11-20: Combined to give semi-pure 29 that  
   was further purified by recrystallization. 

TLC #3b: FCC Fractions (Step 2) 
Gradient:  25% Acetone/Toluene 
Visualization: CAM Stain 
Lanes 11-20: Combined to give semi-pure 29 that 
   was further purified by recrystallization. 
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Preparation of 14-O-TBS Doxorubicinone (29) Continued 
 
Visual Procedure: 

 

→ 

 

→ 

 

→ 

A. Step 1: 
Reaction immediately before collecting 

red solids on Büchner funnel 
 

B. Step 1: 
DI H2O washed red solids suction 

drying on Büchner funnel. 
 

C. Step 1: 
Crude product of Step 1 in 

reaction vial for Step 2. 

 

 

 

→ 

 

→ 

 
D. Step 2: 

Crude product of Step 1 in DMF 
prior to addition of 1st portions of 

ImH and TBSCl. 

 
E. Step 2: 

Recrystallized 29 on Büchner 
funnel. 

 
F. Step 2: 

Recrystallized 29 after drying 
under high vacuum.. 
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B.10.3 Preparation of Compound 30 

 
 
Name (common): 4′-O-Cbz-epipodophyllotoxin 
 
Name (IUPAC):  benzyl (4-((5R,5aR,8aR,9S)-9-hydroxy-6-oxo-5,5a,6,8,8a,9-hexahydrofuro[3′,4′:6,7]naphtho 
[2,3-d][1,3]dioxol-5-yl)-2,6-dimethoxyphenyl) carbonate 
 
Procedure[a]: In a dried collection flask (50 mL) equipped with a stir bar was made a white suspension of 4′-
demethylepipodophyllotoxin (314, 1.03 g, 2.57 mmol, 1.00 Eq) in dry CH2Cl2 (17 mL, 0.15 M). The flask was placed under a double 
balloon of argon. Then NEt3 (1.1 mL, 7.9 mmol, 3.1 Eq) was added in one portion at room temperature, and the reaction was stirred at 
room temperature for 13 min. Next, a solution of CbzCl (902 mg, 5.29 mmol, 2.05 Eq) in dry CH2Cl2 (1.5 mL) was added in portions 
by hand over 4 min at room temperature, causing the reaction to change from a white suspension to a colorless solution (CAUTION: 
gas evolution observed during addition of CbzCl solution).[c–e] The reaction was stirred room temperature for an additional 13.6 hr. 
Then reaction was transferred using CH2Cl2 (30 mL) to a separatory funnel (125 mL) already charged with DI H2O (20 mL).[f] Sat. aq. 
NH4Cl (10 mL) was added, and the layers were separated.[f] The resulting organic layer was washed with DI H2O (1 x 20 mL). The 
washed organics were dried over anhydrous Na2SO4, filtered, and concentrated in vacuo. Purification by FCC (SiO2: 15% → 80% 
EtOAc/Hex → 20% CH2Cl2/EtOAc)[g] afforded desired 4′-O-Cbz-epipodophyllotoxin (30, 860.2 mg, 1.609 mmol, 63% yield) as a dense, 
crunchy white foam. 
 
1H NMR (600 MHz, CDCl3): d 7.45–7.40 (m, 2H, H4′d), 7.40–7.31 (m, 3H, H4′e), 6.86 (s, 1H, H5), 6.53 (s, 1H, H8), 6.31 (s, 2H, 
H2′), 5.98 (ABq, J = 1.2 Hz, Dn = 13.4 Hz, 1H, H13), 5.96 (ABq, J = 1.2 Hz, Dn = 13.4 Hz, 1H, H13), 5.25 (s, 2H, H4′b), 4.84 (app t , J 
= 3.7 Hz, 1H, H4), 4.62 (d, J = 5.1 Hz, 1H, H1), 4.40–4.29 (m, 2H, H11), 3.68 (s, 6H, C3′OMe), 3.28 (dd, J = 14.2, 5.1 Hz, 1H, H2), 
2.79 (dddd, J = 14.1, 11.0, 7.9, 3.4 Hz, 1H, H3), 1.96 (d, J = 4.3 Hz, 1H, C4OH).[h] 

 
13C NMR (151 MHz, CDCl3): d 175.1 (C12), 153.2 (C4′a), 151.6 (C3′), 148.7 (C6/C7), 147.7 (C6/C7), 138.3 (C1′), 135.2 (C4′c), 
132.1 (C9/C10), 131.7 (C9/C10), 128.63 (C4′/C4′d/C4′e), 128.60 (C4′/C4′d/C4′e), 128.5 (C4′/C4′d/C4′e), 128.4 
(C4′/C4′d/C4′e), 110.7 (C8), 109.2 (C5), 107.8 (C2′), 101.8 (C13), 70.5 (C4′b), 67.7 (C11), 66.8 (C4), 56.4 (C3′OMe), 44.1 (C1), 
40.6 (C2), 38.4 (C3).[i] 

 
Notes 
[a] Procedure adapted from Tsai-Kun et al.23 with minimal modifications. 
[b] Solution was prepared as follows: a dried vial (1 dram) was charged with 90.4:9.6 wt/wt CbzCl:BnCl[c] (997.5 mg total, ca. 902 mg CbzCl, ca. 96 mg BnCl) followed 

by dry CH2Cl2 (1.5 mL). 
[c] 1H NMR indicated that the bottle of CbzCl used in this reaction consisted of a 90.4:9.6 wt/wt mixture of CbzCl and BnCl. 
[d] When the dropwise addition of CbzCl in dry CH2Cl2 was complete, the dried vial (1 dram) in which the solution had been prepared[c] was rinsed with additional dry 

CH2Cl2 (3 x 0.5 mL), and the rinses were added to the reaction. 
[e] Before transferring the reaction to the separatory funnel, a reaction aliquot was removed, diluted into CH2Cl2, and analyzed by TLC developed in 60% EtOAc/Hex 

(UV/CAM). 
[f] When the funnel was shaken prior to the addition of sat. aq. NH4Cl, the resulting organic layer was a white suspension. After adding sat. aq. NH4Cl (10 mL) and 

shaking the funnel again, the resulting organic layer was much clearer than before. 
[g] Detailed gradient: 15% (320 mL) → 25% (240 mL) → 35% (240 mL) → 40% (240 mL) → 45% (240 mL) → 50% (240 mL) → 60% (240 mL) → 70% (240 mL) → 80% 

(240 mL) EtOAc/Hex → 20% (300 mL) CH2Cl2/EtOAc; pure 4′-O-Cbz-epipodophyllotoxin (30) eluted in 50% → 60% EtOAc/Hex. Fractions were cut very 
conservatively. 

[h] 1H NMR data in decent agreement with Tsai-Kun et al.23 with the following three exceptions: (1) integration of region from ca. 7.30–7.45 ppm [this work: d 7.45–
7.40 (m, 2H, H4′d), 7.40–7.31 (m, 3H, H4′e); Tsai-Kun et al.: d 7.43–7.35 (m, 4H)] and (2–3) integration and coupling constant for the resonance at 3.28 ppm [this 
work: d 3.28 (dd, J = 14.2, 5.1 Hz, 1H, H2); Tsai-Kun et al.: d 3.28 (dd, J = 4.4, 4.0 Hz, 2H)].[j] 

[i] 13C NMR data in decent agreement with Tsai-Kun et al.23; the only discrepancy comes in the number of resonances from 128–129 ppm [this work: d 128.63, 128.60, 
128.5, 128.4; Tsai-Kun et al.: d 128.73, 128.50].[j] 

[j] Tsai-Kun et al.23 acquired their NMR data for 4′-O-Cbz-epipodophyllotoxin (30) in CDCl3 (1H – 400 MHz; 13C – 100 MHz). 
  

O

O

H3CO
OH

OCH3

O

O

HO

H

H

CbzCl, NEt3

CH2Cl2, rt

O

O

H3CO
O

OCH3

O

O

HO

H

H

O

O

1

4

2
3

11

12
8

5
6

7

13

9

10

1′
2′

4′
3′

4′a 4′b 4′c
4′d

4′e′

4′e″

4′-demethylepipodophyllotoxin
(etoposide aglycone, 314)

4′-O-Cbz-epipodophyllotoxin
(30)

(62 %)



190 

Preparation of 14-O-TBS Doxorubicinone (29) Continued 
 
TLCs: 
 

  

For plates 1a–1b: 
Left Lane: Starting Material (314) 
Middle Lane: Co-Spot 
Right Lane: Reaction 13.3 hr after the 
addition of CbzCl addition ended. 

TLC #1a: Reaction Monitoring 
Gradient: 60% EtOAc/Hex 
Visualization: UV 

TLC #1b: Reaction Monitoring 
Gradient: 60% EtOAc/Hex 
Visualization: CAM Stain 

 
 
Visual Procedure: 

 

→ 

 

→ 

 

→ 

 

A. Reaction 3 min before the 
addition of CbzCl solution 

started. 
 

B. Reaction 5 min after the 
addition of CbzCl solution 

ended. 
 

C. Reaction 13.1 hr 
after the addition of 

CbzCl solution ended. 

 D. Purified 30 after 
drying under high 

vacuum. 
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B.11 Unsuccessful Synthesis of DNR-AMA Hybrid 24 from 3rd Generation Disaccharide Donor 246 

B.11.1 Preparation of Compound 275 

 
 
Name: allyl ((2S,3S,4S,6R)-6-(((1S,3S)-3-acetyl-3,5,12-trihydroxy-10-methoxy-6,11-dioxo-1,2,3,4,6,11-hexahydrotetracen-
1-yl)oxy)-3-(((2S,4S,5R,6S)-5-(((allyloxy)carbonyl)amino)-4-hydroxy-4,6-dimethyltetrahydro-2H-pyran-2-yl)oxy)-2,4-
dimethyltetrahydro-2H-pyran-4-yl)carbamate 
 
Procedure: A dried Anton Parr G10 microwave vial (referred to hereafter as the “reaction vial”) charged with a stir bar, 3rd generation 
disaccharide donor 246 (51.9 mg, 74.0 mmol, 1.00 Eq) and aglycone acceptor 28 (59.7 mg, 150 mol, 2.02 Eq) was dried over P2O5 in a 
vacuum desiccator on a high vacuum line for ca. 13.6 hr. Then the reaction vial was charged with freshly activated powdered 4 Å 
molecular sieves (181.3 mg) followed by dry CH2Cl2 (3.2 mL, 23 mM). The reaction vial was flushed with argon, stoppered with an 
upside down 14/20 septum (secured with electrical tape then parafilm), and wrapped in foil.[b] The reaction was stirred at room 
temperature for 2.2 hr. Then it was placed under a double balloon of argon and chilled in an acetone/dry ice bath (−78 ºC). A freshly 
prepared stock solution of BF3•OEt2 in dry CH2Cl2 (0.31 mL, 16 mg, 0.11 mmol, 1.5Eq |52 mg/mL)[c] was added in portions by hand 
over 2 minutes at −78 ºC. The reaction was stirred for 30 min at −78 ºC. Then it was removed from the acetone/dry ice bath, lowered 
into an ethylene glycol/EtOH/H2O/dry ice bath (ca. −50 ºC)[d], and stirred for an additional 6 hr before the reaction was quenched by 
the addition of a solution of pyridine (27 µL, 0.33 mmol, 4.5 Eq) in dry CH2Cl2 (1.00 mL). The quenched reaction was stirred for an 
addition 30 min at the same temperature. Then it was removed from the cooling bath and stirred for an additional 23 min at room 
temperature. At this point, the quenched reaction mixture was filtered through a pad of Celite (60 mL fritted funnel; eluting with CH2Cl2 
and CH3OH). The bright red filtrate was concentrated in vacuo, and co-evaporated with toluene (2x). Purification by FCC (SiO2: 10% 
→ 60% EtOAc/Hex → 20% CH3OH/CH2Cl2)[e] afforded unreacted 3rd generation disaccharide donor 246 (17.9 mg, 25.5 µmol, 35% 
recovered) and desired glycosidation product 275 (42.1 mg, 43.5 µmol, 59% yield, 90% yield based on recovered donor 246). 
 
1H NMR (600 MHz, CDCl3): d 13.90 (s, 1H, C6OH/C11OH), 13.21 (C6OH/C11OH), 7.97 (d, J = 7.6 Hz, 1H, C1), 7.73 (app t, 
J = 8.0 Hz, 1H, H2), 7.36 (d, J = 8.4 Hz, 1H, H3), 6.27 (s, 1H, C3′NH), 5.99–5.79 (m, 2H, H3′c and H4″c), 5.50 (d, J = 4.8 Hz, 1H, H1′), 
5.33–5.11 (m, 5H, H3′d, H4″d, and H7{5.19}), 4.93 (d, J = 10.0 Hz, 1H, C4″NH), 4.87 (br dd, J = 4.9, 4.1 Hz, 1H, H1″), 4.56 (d, J = 5.4 
Hz, 2H, H3′b/H4″b), 4.47–4.43 (m, 2H, H3′b/H4″b), 4.36–4.23 (m, 2H, H5″{4.30}, H5′{4.27}), 4.06 (s, 3H, C4OMe), 3.67 (dd, J = 
9.9, 4.1 Hz, 1H, H4″), 3.23–3.16 (m, 2H, H4′{3.20}, H10{3.18}), 2.86 (d, J = 18.6 Hz, 1H, H10), 2.44 (br d, J = 13.8 Hz, 1H, H2′), 2.39 
(s, 3H, H14), 2.28 (br d, J = 14.7 Hz, 1H, H8), 2.14–2.04 (m, 2H, H8{2.11}, H2″{2.08}), 1.97–1.88 (m, 2H, H2′{1.92}, H2″{1.91}), 
1.53 (s, 3H, C3′Me), 1.46 (s, 3H, C3″Me), 1.29 (d, J = 6.4 Hz, 3H, H6″), 1.26 (d, J = 6.5 Hz, 3H, H6′), 0.88 (s, 9H, H3″c), 0.14 (s, 6H, 
H3″a).  
 
13C NMR (151 MHz, CDCl3): d 212.1, 187.0, 186.8, 161.1, 156.6, 156.5, 155.8, 154.8, 135.7[f], 135.6[f], 134.4, 134.2, 133.3 (C3′c/C4 
C3′c/C4″c), 133.0 (C3′c/C4″c), 121.1, 119.8 (C1), 118.6 (C3), 117.7 (C3′d/C4″d), 117.6 (C3′d/C4″d), 111.5, 111.4, 100.8 (C1′), 
98.9 (C1″), 83.2 (C4′), 76.6 (C9), 73.2 (C3″), 69.6 (C7), 68.7 (C5″), 65.7 (C3′b/C4″b), 65.1 (C3′b/C4″b), 64.3 (C5′), 57.3 (C4″), 
56.8 (C4OMe), 51.9 (C3′), 41.6 (C2″), 35.6 (C8/C2′), 35.5 (C8/C2′), 33.5 (C10), 28.6 (C3″Me), 25.9 (C3″c), 24.9 (C14), 23.9 
(C3′Me), 18.3 (C3″b), 17.8 (C6′), 16.0 (C6″), −1.9 (C3″a), −2.0 (C3″a).[g] 

 
Rf: 0.36 (50% EtOAc/Hex, red spot visible without UV or stain; spot is also visible under UV and is stained by CAM) 
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Preparation of Compound 275 Continued 
 
Notes: 
[a] Procedure adapted from patent CN102146108B.24 
[b] Reaction run in a hood with the hood light turned off. 
[c] The stock solution BF3•OEt2 in dry CH2Cl2 was prepared as follows: a dry vial (1/2 dram) was charged with BF3•OEt2 (41.6 mg) and dry CH2Cl2 (0.76 

mL). As the density of BF3•OEt2 is 1.15 g/mL, this gives a combined volume of 0.79622 mL (0.0362 mL BF3•OEt2 + 0.76 mL CH2Cl2) and a concentration 
of 52 mg BF3•OEt2 per 1 mL of stock solution. 

[d]  Bath was made with ca. 11:9 v/v ethylene glycol/EtOH plus some H2O; temperature of bath ranged from −60 ºC to −40 ºC. 
[e] Detailed gradient: 10% (100 mL) → 20% (100 mL) → 30% (100 mL) → 40% (100 mL) → 45% (100 mL) → 50% (100 mL) → 60% (100 mL) EtOAc/Hex → 20% (100 

mL) CH3OH/CH2Cl2; unreacted donor 246 eluted in 20% EtOAc/Hex and desired product 275 eluted in 45% → 50% EtOAc/Hex. 
[f] One of these peaks results from C2; however, we were not able to make a confident assignment. 
[g] Only peaks that lent themselves to confident assignment are assigned. 
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B.12 Successful Syntheses of DNR-AMA Hybrid 24 

B.12.1 Preparation of DNR-AMA Hybrid 24 from 4th Generation Disaccharide Donor 287 

 
 
Name: (8S,10S)-8-acetyl-10-(((2R,4S,5S,6S)-4-(dimethylamino)-5-(((2S,4S,5R,6S)-5-(dimethylamino)-4-hydroxy-4,6-
dimethyltetrahydro-2H-pyran-2-yl)oxy)-4,6-dimethyltetrahydro-2H-pyran-2-yl)oxy)-6,8,11-trihydroxy-1-methoxy-7,8,9,10-
tetrahydrotetracene-5,12-dione bis(2,2,2-trifluoroacetate) 
 
Procedure[a]: A dried Anton Parr G10 microwave vial (referred to hereafter as the “reaction vial”) charged with 4th generation donor 
287 (19.9 mg, 41.9 µmol, 1.00 Eq) and aglycone acceptor 28 (32.6 mg, 81.8 µmol, 1.95 Eq) was dried over P2O5 in a vacuum desiccator 
on a high vacuum line for ≥ 24 hr. Then the reaction vial was equipped with a dried stir bar and charged with freshly activated powdered 
4 Å molecular sieves (54 mg) followed by dry CH2Cl2 (1.1 mL, 38 mM). The reaction vial was flushed with argon, stoppered with an 
upside down 14/20 septum (secured with electrical tape then parafilm), and wrapped in foil.[b] The reaction was stirred at room 
temperature for 80 min. Then it was placed under a double balloon of argon and chilled in an acetone/dry ice bath (−78 ºC). A freshly 
prepared stock solution of BF3•OEt2 in dry CH2Cl2 (0.11 mL, 17 mg, 0.12 mmol, 2.9 Eq | 150 mg/mL)[c] was added in one portion at 
−78 ºC. The reaction was stirred for 15 min at -78 ºC. Then it was removed from the acetone/dry ice bath, lowered into a 
H2O/CH3OH/dry ice bath (ca. −30 ºC to −25 ºC)[d], and stirred for an additional 7.1 hr before the reaction was quenched by the 
addition of a solution of pyridine (25 µL, 0.41 mmol, 7.4 Eq)[e] in dry CH2Cl2 (0.30 mL). After stirring for an additional 35 min, the 
reaction was directly loaded onto a column of SiO2 using 5% CH3OH/CH2Cl2. Elution via FCC (Column #1, SiO2: 19:1:0:0/0 → 
0:40:10:3/2 CH2CH2/CH3OH/CHCl3/H2O/NEt3 v/v/v/v/v)[f] afforded a mixture of unactivated donor 287 and a/b-linked DNR-
AMA hybrid 24 free of excess aglycone 28. Purification of this mixture by strong anion exchange chromatography (Column #2, SAX: 
95:5:0 → 100:0:0 CH3OH/NEt3/AcOH)[g-h] afforded an impure mixture of a/b-linked DNR-AMA hybrid 24 free of 287. Final 
purification by preparatory HPLC (Column #3, RP-C18: 25% → 60% B/A where A= 1000:1 H2O:CF3CO2H v/v, B = 100% CH3CN, 4.0 
min run) afforded the a-linked 24•2TFA (1.8 mg, 1.9 µmol, 4% yield based on donor b-287) as a red solid. 
 
1H NMR (600 MHz, CD3OD): d 7.99 (br d, J = 7.4 Hz, 1H, H1), 7.86 (app t, J = 8.1 Hz, 1H, H2), 7.59 (br d, J = 8.3 Hz, H3), 5.50 (m, 
1H, H1′), 5.37 (dd, J = 8.0, 4.4 Hz, 1H, H1″), 5.01 (dd, J ~ 5, 2 Hz, 1H, H7), 4.67 (qd, J = 7.0, 3.6 Hz, 1H, H5″), 4.45 (q, J = 6.6 Hz, 1H, 
H5′), 4.04 (m, 4H, C4OMe and H4′), 3.42 (d, J = 3.6 Hz, 1H, H4″), 3.13 (br s, 6H, C3″NMe), 3.07 (ABq, J = 18.8 Hz, Dn = 22.9 Hz, 
1H, H10), 3.03 (ABq, J = 18.8 Hz, Dn = 22.9 Hz, 1H, H10), 2.87 (s, 3H, C3′NMe), 2.77 (s, 3H, C3′NMe), 2.35 (s, 3H, H14), 2.27 (ABq, 
J = 14.5 Hz, Dn = 88.2 Hz, 1H, H8pro-R), 2.22 (ABXdd, 2JHH = 14.7 Hz, 3JHH = 4.4 Hz, Dn = 36.8 Hz, 1H, H2″pro-R), 2.16 (ABXdd, 2JHH = 
14.7 Hz, 3JHH = 8.1 Hz, Dn = 36.8 Hz, 1H, H2″pro-S), 2.13 (ABXdd, 2JHH = 14.5 Hz, 3JHH = 5.2 Hz, Dn = 88.2 Hz, 1H, H8pro-S), 2.06-2.02 
(m, 2H, H2′), 1.59 (d, J = 7.0 Hz, 3H, H6″), 1.57 (s, 3H, C3′Me), 1.56 (s, 3H, C3″Me), 1.38 (d, J = 6.7 Hz, 3H, H6′). 
 
13C NMR (151 MHz, CD3OD): d 213.9 (C13), 188.5 (C5)[i], 188.1 (C12), 162.6 (C4), 157.5 (C6), 156.4 (C11), 137.3 (C2), 136.6 
(C12a), 136.1 (C6a), 135.7 (C10a), 121.8 (C4a), 120.6 (C1), 120.4 (C3), 112.5 (C5a/11a)[j], 112.2 (C5a/11a)[j], 100.7 (1JCH = 171 
Hz, C1′), 100.1 (1JCH = 170 Hz, C1″), 78.4 (C4′), 71.6 (1JCH = 145 Hz, C7), 70.5 (C4″), 70.1 (C3″), 67.4 (C5″), 66.7 (C3′) 65.9 (C5′), 
57.1 (C4OMe), 44.5 (C3″NMe)[j], 44.1 (C3″NMe)[k], 42.2 (C2″), 38.2 (C3′NMe), 38.0 (C3′NMe), 37.1 (C8), 34.5 (C2′), 32.9 (C10), 
31.0 (C3″Me), 24.4 (C14), 18.2 (C6′), 17.6 (C6″), 14.8 (C3′Me). 
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Preparation of DNR-Hybrid 24 from 4th Generation Disaccharide Donor 287 Continued 
 
HRMS (ESI+, m/z): [M+H]+ calculated for [C39H52N2O12 +H]+ 741.3593; found 733.3593 (error 0.0 ppm). 
 
Notes: 
[a] Procedure adapted from patent CN102146108B.24 
[b] Reaction run in a hood with the hood light turned off. 
[c] The stock solution BF3•OEt2 in dry CH2Cl2 was prepared as follows: a dry vial (1 dram) was charged with BF3•OEt2 (117.6 mg) and dry CH2Cl2 (0.68 

mL). As the density of BF3•OEt2 is 1.15 g/mL, this gives a combined volume of 0.782 mL (0.102 mL BF3•OEt2 + 0.68 mL CH2Cl2) and a concentration 
of 150 mg BF3•OEt2 per 1 mL of stock solution. 

[d] Bath made by adding dry ice to 11:9 H2O/CH3OH (v/v). Dry ice was added over the course of the reaction with the goal of maintaining the bath 
temperature at -30 ºC; a temperature range of -58 ºC to -18 ºC was noted through the reaction. 

[e] Pyridine was measured out and dispensed using a Gilson P200 pipet. 
[f] Detailed gradient for Column #1 (SiO2): 19:1:0:0:0 (40 mL) → 0:10:40:1:0 (20.4 mL) → 0:25:25:3:0 (42.4 mL) → 0:40:10:3:0 (42.4 mL) → 0:40:10:3:2 

CH2CH2/CH3OH/CHCl3/H2O/NEt3 v/v/v/v/v. 
[g] SAX column ran with Amberlite IRA-400 (OH) ion-exchange resin (Aldrich catalog number 21,654-2). 
[h] Detailed gradient for Column #2 (SAX): 95:5:0 (5 mL) → 100:0:0 (80 mL) → 95:0:5 (160 mL) → 100:0:0 (300-400 mL) CH3OH/NEt3/AcOH v/v/v; 287 

eluted in the first portion of 100:0:0 CH3OH/NEt3/AcOH while a/b-24 eluted in 95:0:5 CH3OH/NEt3/AcOH and the second portion of 100:0:0 
CH3OH/NEt3/AcOH. 

[i] No 1H-13C HMBC correlations to this quaternary 13C nucleus; assignment made based on functional group analysis (carbonyl), process of elimination (not d 188.1 
– C12), and comparison with the assignment for daunorubicin•HCl (5•HCl, 151 MHz, DMSO-d6) as detailed by Stancyzk, W. et al.25  

[j] No 1H-13C HMBC correlations to these quaternary 13C nuclei; assignments made based on process of elimination and comparison with the assignment for 
daunorubicin•HCl (5 •HCl, 151 MHz, DMSO-d6) as detailed by Stancyzk, K. et al.25 

[k] Peak not visible in 1-D 13C NMR; shift acquired from 1H-13C HSQC{1H}{13C}. 
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B.12.2 Preparation of DNR-AMA Hybrid 24 from 5th Generation Donor 300 

 
Name: (8S,10S)-8-acetyl-10-(((2R,4S,5S,6S)-4-(dimethylamino)-5-(((2S,4S,5R,6S)-5-(dimethylamino)-4-hydroxy-4,6-
dimethyltetrahydro-2H-pyran-2-yl)oxy)-4,6-dimethyltetrahydro-2H-pyran-2-yl)oxy)-6,8,11-trihydroxy-1-methoxy-7,8,9,10-
tetrahydrotetracene-5,12-dione bis(2,2,2-trifluoroacetate) 
 
Procedure: 5th generation donor 300 (53.5 mg, 73.0 µmol, 1.09 Eq) was transferred to a dried Anton Parr G10 microwave vial 
(referred to hereafter as the “reaction vial”) using dry CH2Cl2. The solvent was removed in vacuo. Then the reaction vial containing donor 
300, a dried vial (1 dram) containing acceptor 28, and a test tube equipped with a dried stir bar were dried over P2O5 in a vacuum 
desiccator on a high vacuum line for ca. 15 hr. Then the reaction vial was charged with dried acceptor 28 (26.6 mg, 66.8 µmol, 1.00 Eq), 
freshly activated powdered 4 Å MS (380.1 mg), the dried stir bar, and dry CH2Cl2 (1.5 mL, 45 mM), in that order. The reaction vial was 
flushed with argon, stoppered with an upside down 14/20 septum (secured with electrical tape then parafilm), and wrapped in foil.[a] 
The reaction was stirred at room temperature for 1 hr. Then it was placed under a double balloon of argon and chilled in an acetone/dry 
ice bath (-78 ºC). A freshly prepared stock solution of BF3•OEt2 in dry CH2Cl2 (0.32 mL, 38 mg, 0.27 mmol, 4.0 Eq | 117 mg/mL)[b] 
was added in one portion at -78 ºC. The reaction was stirred for an additional 15 min at -78 ºC. Then it was removed from the 
acetone/dry ice bath and lowered into an ice/brine bath (ca. -5 ºC). After stirring for 9.3 hr at ca. -5 ºC, the reaction was removed from 
the ice/brine bath and lowered into a fresh acetone/dry ice bath (-78 ºC). Then the reaction was quenched by the addition of a solution 
of pyridine (47 µL, 0.58 mmol, 8.7 Eq)[c] in dry CH2Cl2 (0.95 mL). 10 min later, the reaction was removed from the dry ice/acetone 
bath, briefly vortexed, and left to stir at room temperature for 45 min. Then the dark red reaction mixture was filtered through a pad of 
sand to remove the molecular sieves; the pad of sand was rinsed with CH2Cl2 and CH3OH until the filtrate was colorless. The filtrate was 
concentrated in vacuo[d] and then purified in portions on a Teledyne Isco Combiflash system (RP-C18: 10% → 100% B/A where A= 
1000:1 H2O:CF3CO2H v/v, B = 100% CH3CN). Fractions containing 24 with minimal impurities were combined, concentrated in 
vacuo, and co-evaporated with CH3OH to remove H2O. Impure fractions containing 24 were repurified in portions (Teledyne Isco 
Combiflash system, RP-C18: 10% → 100% B/A where A= 1000:1 H2O:CF3CO2H v/v, B = 100% CH3CN). Combination of all fractions 
containing 7 with minimal impurities and subsequent lyophilization from H2O (+ 0.1% CF3CO2H) afforded DNR-AMA hybrid 
24•2TFA (14.6 mg, 15.1 µmol, ca. 20% yield based on acceptor 28) as a blood red solid. 
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Preparation of DNR-Hybrid 24 from 5th Generation Disaccharide Donor 300 Continued 
 
Notes: 
[a] Reaction run in a hood with the hood light turned off. 
[b] The stock solution of BF3•OEt2 in dry CH2Cl2 was prepared as follows: a dry vial (1 dram) was charged with BF3•OEt2 (144.3 mg) and dry CH2Cl2 (1.1 

mL). As the density of BF3•OEt2 is 1.15 g/mL, this gives a combined volume (0.129 mL BF3•OEt2 + 1.1 mL CH2Cl2) of 1.229 mL and a concentration of 
117 mg BF3•OEt2 per 1 mL of stock solution. 

[c] Pyridine was measured out and dispensed using a Gilson P200 pipet. 
[d] As previous experiments indicated that acceptor 28 and product 24 co-eluted under the reverse phase conditions noted above we made various attempts 

to remove unreacted 28 prior to reverse phase chromatography. The first involved adding CH3OH (3 mL) to the initial crude product to give a 
heterogenous mixture (presumably 28 did not got into solution) that was filtered through a 0.2 µm syringe filter. After rinsing the flask and filter with 
additional CH3OH (3 x 1 mL), the flask and filter were rinsed liberally with CH2Cl2 into a fresh flask. Finally, the filter was flushed with a combination of 
CH2Cl2 and CH3OH into a third flask. Though LC/MS indicated the methanolic fraction contained little 28, it also indicated that the CH2Cl2 fraction 
contained an appreciable amount of 24. As such, all three fractions were ultimately purified by reverse phase. Further attempts to remove unreacted 28 
leveraged the solubility of 24 and insolubility of 28 in acidic H2O (H2O + 0.1% CF3CO2H). We found that we could use liberal amounts of H2O (+0.1% 
CF3CO2H) to load the crude mixture directly onto the reverse phase ISCO column without inducing band spreading. As such, by introducing a syringe 
filter into the loading process, we could remove insoluble 28. However, due to encountered difficulties with syringe filter clogging when trying to use the 
filter for more than one injection, we found that prefiltration through a pad of cotton prior to loading the reverse phase ISCO column proved most effective. 

 
Representative RP-C18 Injection: 

 
Fractions 13-18 = pure 24•2TFA; fractions 6-12 and 20-23 = impure 24•2TFA. 
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Preparation of DNR-Hybrid 24 from 5th Generation Disaccharide Donor 300 Continued 
 
Visual Procedure: 

 

→ 

 

→ 

 

→ 

 
A. Donor 300 in 

reaction vial 
after drying 

overnight over 
P2O5. 

 B. Donor 300 and acceptor 
28 in reaction vial before 

4Å MS added. 

 C. After dry CH2Cl2 was 
added, right before 

reaction vial wrapped in 
foil. 

 D. Quenched reaction mixture right 
before filtration through pad of sand 

to remove 4 Å MS. 

 

→ 

 

→ 

 

≡ 

 
E. Filtration set 
up for removing 

4 Å MS. 

 F. Crude reaction mixture 
after filtration to remove 4 

Å MS. 

 Gi. Pure DNR-AMA 
hybrid (24•2TFA) after 

lyophilization (side 
view). 

 Gii. Pure DNR-AMA hybrid 
(24•2TFA) after lyophilization 

(bottom view). 
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C.1  Cytotoxicity Studies 

C.1.1 Materials and Procedures for Cytotoxicity Studies 

Company:  The cytotoxicity studies were performed by ImQuest BioSciences, Inc. (7340 Executive Way, Suite R Frederick, 
Maryland 21740 (USA)). 
 
Compounds:  DNR-AMA hybrid bis(trifluoroacetate) (24•2TFA) was submitted to ImQuest BioSciences as frozen 20 mM stock 
solutions in DMSO and stored at −20 ºC. Daunorubicin hydrochloride (5•HCl) was submitted to ImQuest BioSciences as a solid, 
solubilized in DMSO at 20 mM, and stored at −20 ºC. Doxorubicin (6) was purchased from Sigma-Aldrich by Imquest BioSciences and 
solubilized in DMSO at 20 mM. Staurosporine (377) was purchased from Sigma-Aldrich by Imquest BioSciences and solubilized in 
DMSO at 1 mM.  
 

 
 

DNR-AMA Hybrid (24) 

 
 

daunorubicin (5) 

 
 

doxorubicin (6) 

 
 

staurosporine (377) 

 

Cell Lines: HCT116 cells (human colorectal carcinoma) from ATCC (CCL247) were cultured in McCoy’s 5A media supplemented 
with 10% FBS and 2 mM L-glutamine. MDA-MB231 cells (human breast adenocarcinoma) from ATCC (HTB26) were cultured in 
DMEM media supplemented with 10% FBS and 2 mM L-glutamine. H69AR cells (human lung carcinoma) from ATCC (CRL11351) 
were cultured in RPMI 1640 media supplemented with 20% FBS and 2 mM L-glutamine. 
 

In Vitro Anti-Cancer Evaluations: Cells were counted by Trypan Blue Dye exclusion method and seeded in 96 well flat bottom 
microtiter plates at 1 x 104 cells per well in 100 µL/well. Cells were incubated overnight at 37 ºC (5% CO2) to allow the cells to adhere 
to the plates. Medium was removed and replaced with 100 µL/well of fresh medium. 100 µL of each compound at six concentrations was 
transferred to the 96 well plate containing the cells, in triplicate. Following 3 days incubation at 37 ºC (5% CO2), the test plates were 
stained with the tetrazolium dye XTT (2,3,-bis(2-methoxy-4-nitro-5-sulfophenyl)-[(phenylamino)carbonyl]-2H-tetrazolium 
hydroxide). XTT-tetrazolium was metabolized by the mitochondrial enzymes of metabolically active cells to a soluble formazan product, 
allowing rapid quantitative analysis of the inhibition of cell killing by test substances. XTT solution was prepared daily as a stock of 1 
mg/mL in RPMI 1640. Phenazine methosulfate (PMS) solution was prepared at 0.15 mg/mL in PBS and stored in the dark at -20 ºC. 
XTT/PMS stock was prepared immediately before use by adding 40 µL of PMS per mL of XTT solution. 50 µL of XTT/PMS was added 
to each well of the plate, and the plate was reincubated for 4 hours at 37 ºC. Plates were sealed with adhesive plate sealers and shaken 
gently or inverted several times to mix the soluble formazan product, and the plate was read spectrophotometrically at 450/650 nm with 
a Molecular Devices Vmax plate reader. Microsoft Excel 2010 was used to analyze and graph the raw data. 
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C.2  Cytotoxicity Data 

C.2.1 Cytotoxicity Data for MDA-MB231 Cell Line 

DNR-AMA Hybrid (24) | TC50 = 0.09 µM 

 
 

Daunorubicin (5) | TC50 = 0.08 µM 

 
 

Doxorubicin (6) | TC50 = 0.47 µM 

 
 

Staurosporine (377, positive control) | TC50 = 0.005 µM 
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C.2.2 Cytotoxicity Data for HCT 116 Cell Line 

DNR-AMA Hybrid (24) | TC50 = 0.09 µM 

 
 

Daunorubicin (5) | TC50 = 0. µM 

 
 

Doxorubicin (6) | TC50 = 0.09 µM 

 
 

Staurosporine (377, positive control) | TC50 = 0.03 µM 
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C.2.3 Cytotoxicity Data for H69AR Cell Line 

DNR-AMA Hybrid (24) | TC50 = 0.20 µM 

 
 

Daunorubicin (5) | TC50 = 1.25 µM 

 
 

Doxorubicin (6) | TC50 = 14.9 µM 

 
 

Staurosporine (377, positive control) | TC50 = 0.15 µM 
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C.3  Materials and Procedures for DNA Relaxation Studies 

Facilities and Personnel: DNA relaxation studies were performed by Jo Ann Byl (M.S., Senior Scientist) in the laboratory of 
Professor Neil Osheroff (Ph.D., Professor of Biochemistry, John Coniglio Chair in Biochemistry, Vanderbilt University). 
 
Preparation of Enzymes: Recombinant human topoisomerase IIa (hTopIIa) was expressed in Saccharomyces cerevisiae and purified 
as described previously.1-3 hTopIIa was stored at −80 °C as a 1.5 mg/mL stock in 50 mM Tris-HCl (pH 7.9), 0.1 mM EDTA, 750 mM 
KCl, and 40% (v/v) glycerol. Archaeoglobus fulgidus reverse gyrase was expressed in E. coli C41(DE3) and purified as described by 
Rodriguez.4 A. fulgidus reverse gyrase was stored in liquid nitrogen; working stocks were stored at −80 ºC. 
 
Preparation of Negative Supercoiled (−SC) DNA: Negatively supercoiled pBR322 DNA was prepared according to the 
manufacturer’s protocol from Escherichia coli using a Plasmid Mega Kit (Qiagen). 
 
Preparation of Positively Supercoiled (+SC) DNA: Positively supercoiled pBR322 DNA was prepared by treating negatively 
supercoiled DNA with reverse gyrase4 in an adaption of a previously described method.5 Reaction mixtures contained 50 µg negatively 
supercoiled pBR322 DNA and 25 µg A. fulgidus reverse gyrase in a total of 500 µL 50 mM Tris•HCl (pH 9.0), 10 mM NaCl, 10 mM 
MgCl2, and 0.3 mM ATP. Reactions were incubated at 95 ºC for 5 min, halted by the addition of 13.6 µL 375 mM EDTA, and cooled on 
ice. Proteinase K was added (10 µL of 4 mg/mL), reactions were incubated at 45 ºC for 30 min to digest the enzyme and then cooled on 
ice. Samples were extracted with phenol:chloroform:isoamyl alcohol (25:24:1) using a phase lock gel (vortex and microfuge at 13,000 
rpm for 2 min). The supernatant was removed and divided into two 1.5 mL microfuge tubes. Precipitation involved addition of 0.1 
volumes of NaOAc and 2-3 volumes of 100% ethanol. After chilling in a freezer for 20 min, the tubes were spun in a microcentrifuge at 
13,000 rpm for 20 min at 4 ºC. The majority of the supernatant was aspirated. 500 µL 70% ethanol was added, and the tubes were spun 
in a microcentrifuge at 13,000 rpm for 10 min at 4 ºC. The supernatant was aspirated, and the pellet was dried. The positively supercoiled 
DNA was resuspended in 0.5x TE buffer and further purified using a Bio-Spin P-30 spin column in Tris buffer (Bio-Rad) according to 
the manufacturer’s protocol using 0.5x TE buffer [buffer exchange to 0.5x TE buffer was accomplished via gravity flow prior to loading 
the crude, positively supercoiled DNA]. 
 
Assay 1 – DNA Relaxation Assays with Human Topoisomerase IIa (+hTopIIa): DNA relaxation reactions were carried out using 
the procedure of Fortune and Osheroff.6 Reaction mixtures contained 5 nM negatively or positively supercoiled pBR322 DNA, 3 nM 
human topoisomerase IIa, 1 mM ATP, and DNR-AMA Hybrid (24•2TFA) or daunorubicin (5•HCl) in a total of 20 µL of relaxation 
buffer [10 mM Tris-HCl (pH 7.9) 5 mM MgCl2, 175 mM KCl, 0.1 mM EDTA, and 2.5% (v/v) glycerol]. Mixtures were incubated at 37 
°C for 4 min. Reactions were stopped by the addition of 3 µL of 0.77% SDS-77 mM EDTA, pH 8.0. Samples were mixed with 2 µL of 
agarose loading dye, heated for 2 min at 45 °C, and subjected to electrophoresis in a 1% agarose gel in 100 mM Tris-borate (pH 8.3) and 
2 mM EDTA. Gels were stained for 30 min using 1.0 µg/mL ethidium bromide and rinsed in deionized water. DNA bands were visualized 
by UV light and quantified using an Alpha Innotech digital imaging system.  
 
Assay 2 – DNA Relaxation Assay without Human Topoisomerase IIa (−hTopIIa): To determine how DNR-AMA Hybrid 
(24•2TFA) and daunorubicin (5•HCl) impacted the mobility of unrelaxed negatively or positively supercoiled pBR322 DNA, the DNA 
relaxation reactions were carried out as described in Assay 1 except that topoisomerase diluent [50 mM Tris (pH 7.7), 0.5 mM DTT, 
0.1 mM EDTA (pH 8.0), 750 mM KCl, and 40% (v/v) glycerol] was used instead of human topoisomerase IIa. 
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C.4  Data from Assay 1 

C.4.1 Inhibition of hTopIIa Mediated Relaxation of −SC DNA by DNR-AMA Hybrid (DNA-AMA, 24•2TFA) 
Full Gel from Figure 3.6ai. 
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C.4.2 Inhibition of hTopIIa Mediated Relaxation of −SC DNA by Daunorubicin (DNR, 5•2TFA) 
Full Gel from Figure 3.6bi. 
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C.4.3 Inhibition of hTopIIa Mediated Relaxation of +SC DNA by DNR-AMA Hybrid (DNA-AMA, 24•2TFA) 
Full Gel from Figure 3.7ai. 
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C.4.4 Inhibition of hTopIIa Mediated Relaxation of +SC DNA by Daunorubicin (DNR, 5•2TFA) 
Full Gel from Figure 3.7bi. 
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C.5 Data from Assay 2 

C.5.1 Effect of DNR-AMA Hybrid (DNR-AMA, 24•2TFA) on the Electrophoretic Mobility of −SC DNA. 
Full Gel from Figure 3.6aii. 
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C.5.2 Effect of Daunorubicin (DNR, 5•HCl) on the Electrophoretic Mobility of −SC DNA. 
Full Gel from Figure 3.6bii. 
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C.5.3 Effect of DNR-AMA Hybrid (DNR-AMA, 24•2TFA) on the Electrophoretic Mobility of +SC DNA. 
Full Gel from Figure 3.7aii. 
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C.5.4 Effect of Daunorubicin (DNR, 5•HCl) on the Electrophoretic Mobility of +SC DNA. 
Full Gel from Figure 3.7bii. 
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D.1  Crystallographic Data for Compound 225 

  A suitable crystal was selected for analysis and mounted in a polyimide loop. All measurements were made 

on a Rigaku Oxford Diffraction Supernova EosS2 CCD with filtered Cu-Kα radiation at a temperature of 

100.00(10) K. Using Olex21, the structure was solved with the ShelXT structure solution program using Direct 

Methods and refined with the ShelXL refinement package using Least Squares minimization.2 

 

 
  

ORTEP diagram of 225 shown at 50% probability.
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XRD Table D.1 Crystal data and structure refinement for 
compound 225. 

 

 
  

Parameter Value 
Empirical formula C27H39NO2Si 

Formula weight 437.68 
Temperature 100.00(10) K 
Wavelength 1.54184 Å 

Crystal system Monoclinic 
Space group P1211 

Unit cell dimensions 

a = 8.06293(9) Å 
b = 15.17197(14) Å 
c = 11.20793(14) Å 

a = 90° 
b = 110.8510(14)° 

g = 90° 
Volume 1281.28(3) Å3 

Z 2 
Density (calculated) 1.134 Mg/m3 

Absorption coefficient 0.968 mm-1 
F(000) 476 

Crystal size 0.179 x 0.132 x 0.09 mm3 
Theta range for data collection 4.221 to 73.437°. 

Index ranges -9<=h<=10, -18<=k<=18, -13<=l<=13 
Reflections collected 14532 

Independent reflections 5014 [R(int) = 0.0216] 
Completeness to theta = 67.684° 100.0 % 

Absorption correction Gaussian 
Max. and min. transmission 1.000 and 0.804 

Refinement method Full-matrix least-squares on F2 
Data / restraints / parameters 5014 / 1 / 287 

Goodness-of-fit on F2 1.051 
Final R indices [I>2sigma(I)] R1 = 0.0246, wR2 = 0.0643 

R indices (all data) R1 = 0.0249, wR2 = 0.0646 
Absolute structure parameter 0.011(9) 

Extinction coefficient n/a 
Largest diff. peak and hole 0.204 and -0.175 e/Å-3 
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XRD Table D.2 Atomic Coordinates ( x 105) and Equivalent Isotropic Displacement Parameters (Å2x 104) 
for Compound 225.U(eq) is defined as one third of the trace of the orthogonalized Uij tensor. 
 

 
 

 

Atom x y z U(eq) 
Si(1) 59883(5) 54992(3) 59602(4) 154(1) 
O(1) 42606(16) 44653(8) 9076(12) 209(3) 
O(2) 46783(14) 53195(7) 44679(11) 151(2) 
N(1) 16576(17) 49254(9) 23168(13) 142(3) 
C(1) 57340(20) 43388(12) 19781(17) 198(3) 
C(2) 61010(20) 47803(11) 30592(17) 180(3) 
C(3) 49330(19) 54892(11) 32803(14) 144(3) 
C(4) 30757(18) 54721(11) 21726(14) 136(3) 
C(5) 33600(20) 52912(10) 9076(16) 174(3) 
C(6) 57490(20) 64044(11) 33205(17) 192(3) 
C(7) 16640(20) 52703(12) -2434(16) 212(4) 
C(8) 21300(20) 40165(11) 27521(17) 183(3) 
C(9) 5250(20) 34150(11) 23997(17) 174(3) 

C(10) 980(20) 29781(12) 33413(18) 214(3) 
C(11) -13050(20) 23798(12) 30210(20) 251(4) 
C(12) -23040(20) 22159(12) 17530(20) 246(4) 
C(13) -18970(30) 26533(13) 8039(19) 257(4) 
C(14) -4920(20) 32436(12) 11271(18) 219(4) 
C(15) 6920(20) 53667(11) 30439(15) 158(3) 
C(16) -2270(20) 62004(11) 24132(15) 147(3) 
C(17) 1780(20) 70076(12) 30341(18) 223(4) 
C(18) -7000(30) 77735(12) 24600(20) 292(4) 
C(19) -19840(30) 77415(13) 12510(20) 278(4) 
C(20) -23840(20) 69400(13) 6146(17) 247(4) 
C(21) -15210(20) 61753(12) 11950(16) 193(3) 
C(22) 57810(30) 66654(12) 64330(19) 253(4) 
C(23) 83830(20) 52719(14) 62520(18) 274(4) 
C(24) 51710(20) 47176(11) 69443(16) 179(3) 
C(25) 31650(20) 48190(12) 66348(17) 228(4) 
C(26) 61270(30) 49133(14) 83740(17) 278(4) 
C(27) 55480(30) 37574(12) 66890(20) 286(4) 
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XRD Table D.3  Bond Lengths for Compound 225. 
 

 

 
 

Bond Length (Å) Bond Length (Å) 
Si(1)-O(2) 1.6522(12) C(12)-C(13) 1.388(3) 

Si(1)-C(22) 1.8715(19) C(13)-H(13) 0.9300 
Si(1)-C(23) 1.8719(18) C(13)-C(14) 1.387(3) 
Si(1)-C(24) 1.8908(17) C(14)-H(14) 0.9300 
O(1)-C(1) 1.369(2) C(15)-H(15A) 0.9700 
O(1)-C(5) 1.4483(19) C(15)-H(15B) 0.9700 
O(2)-C(3) 1.4404(18) C(15)-C(16) 1.508(2) 
N(1)-C(4) 1.4673(19) C(16)-C(17) 1.389(2) 
N(1)-C(8) 1.467(2) C(16)-C(21) 1.393(2) 

N(1)-C(15) 1.4735(19) C(17)-H(17) 0.9300 
C(1)-H(1) 0.9300 C(17)-C(18) 1.393(3) 
C(1)-C(2) 1.323(3) C(18)-H(18) 0.9300 
C(2)-H(2) 0.9300 C(18)-C(19) 1.383(3) 
C(2)-C(3) 1.507(2) C(19)-H(19) 0.9300 
C(3)-C(4) 1.569(2) C(19)-C(20) 1.388(3) 
C(3)-C(6) 1.530(2) C(20)-H(20) 0.9300 
C(4)-H(4) 0.9800 C(20)-C(21) 1.390(2) 
C(4)-C(5) 1.539(2) C(21)-H(21) 0.9300 
C(5)-H(5) 0.9800 C(22)-H(22A) 0.9600 
C(5)-C(7) 1.510(2) C(22)-H(22B) 0.9600 

C(6)-H(6A) 0.9600 C(22)-H(22C) 0.9600 
C(6)-H(6B) 0.9600 C(23)-H(23A) 0.9600 
C(6)-H(6C) 0.9600 C(23)-H(23B) 0.9600 
C(7)-H(7A) 0.9600 C(23)-H(23C) 0.9600 
C(7)-H(7B) 0.9600 C(24)-C(25) 1.536(2) 
C(7)-H(7C) 0.9600 C(24)-C(26) 1.540(2) 
C(8)-H(8A) 0.9700 C(24)-C(27) 1.536(2) 
C(8)-H(8B) 0.9700 C(25)-H(25A) 0.9600 
C(8)-C(9) 1.516(2) C(25)-H(25B) 0.9600 

C(9)-C(10) 1.390(2) C(25)-H(25C) 0.9600 
C(9)-C(14) 1.394(3) C(26)-H(26A) 0.9600 

C(10)-H(10) 0.9300 C(26)-H(26B) 0.9600 
C(10)-C(11) 1.394(3) C(26)-H(26C) 0.9600 
C(11)-H(11) 0.9300 C(27)-H(27A) 0.9600 
C(11)-C(12) 1.384(3) C(27)-H(27B) 0.9600 
C(12)-H(12) 0.9300 C(27)-H(27C) 0.9600 
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XRD Table D.4 Anisotropic Displacement Parameters (Å2x 104) for Compound 225.The anisotropic 
displacement factor exponent takes the form: -2p2[ h2 a*2U11 + ...  + 2 h k a* b* U12 ] 
 

 

 
 

Atom U11 U22 U33 U23 U13 U12 
Si(1) 127(2) 162(2) 172(2) -11(2) 48(2) -12(2) 
O(1) 217(6) 208(6) 216(6) -43(5) 93(5) 29(5) 
O(2) 123(5) 176(6) 164(5) 6(4) 62(4) -12(4) 
N(1) 131(6) 125(6) 188(7) 22(5) 79(5) 5(5) 
C(1) 159(7) 205(8) 268(9) 3(7) 121(7) 30(6) 
C(2) 131(7) 185(8) 238(8) 23(6) 86(6) 13(6) 
C(3) 140(6) 152(7) 167(7) -2(6) 85(5) -13(6) 
C(4) 131(6) 120(7) 172(7) 17(6) 74(5) 3(6) 
C(5) 178(7) 178(8) 192(8) 10(6) 98(6) 5(6) 
C(6) 201(8) 168(8) 231(8) -5(6) 107(7) -48(6) 
C(7) 233(8) 242(9) 168(8) 27(6) 78(6) -4(6) 
C(8) 143(7) 139(8) 269(8) 40(6) 77(6) 4(6) 
C(9) 145(7) 116(7) 275(9) 7(6) 92(6) 9(6) 

C(10) 188(8) 201(8) 250(9) 42(7) 75(7) 5(6) 
C(11) 226(8) 200(9) 371(11) 56(7) 159(8) -11(7) 
C(12) 193(8) 157(8) 407(11) -33(7) 127(8) -32(6) 
C(13) 255(9) 221(9) 281(10) -88(7) 76(7) -35(7) 
C(14) 245(9) 189(8) 253(9) -19(6) 126(7) -23(7) 
C(15) 133(6) 181(8) 177(7) 25(6) 76(6) 23(6) 
C(16) 116(7) 169(8) 181(8) 2(6) 84(6) 3(6) 
C(17) 147(8) 224(9) 284(9) -50(7) 59(7) -6(6) 
C(18) 254(9) 160(9) 473(12) -74(8) 144(9) -7(7) 
C(19) 255(9) 200(9) 426(11) 99(8) 180(9) 80(7) 
C(20) 237(9) 299(10) 201(8) 56(7) 75(7) 72(7) 
C(21) 197(8) 204(8) 182(8) -20(6) 72(6) 26(6) 
C(22) 310(9) 192(9) 281(9) -56(7) 136(8) -73(7) 
C(23) 139(7) 392(11) 266(9) 5(7) 41(6) 11(7) 
C(24) 200(8) 166(8) 162(8) 3(6) 53(6) -6(6) 
C(25) 225(9) 257(9) 218(8) 33(7) 100(7) -30(7) 
C(26) 305(9) 310(10) 182(9) 14(7) 41(7) -29(7) 
C(27) 395(11) 172(9) 304(10) 21(7) 140(9) 29(7) 
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XRD Table D.5  Hydrogen Coordinates ( x 104) and Isotropic Displacement Parameters (Å2x 103) for 
Compound 225. 

 

 
 

     

Atom x y z U(eq) 
H(1) 6539 3910 1943 24 
H(2) 7148 4644 3726 22 
H(4) 2634 6079 2104 16 
H(5) 4102 5766 778 21 

H(6A) 5037 6834 3546 29 
H(6B) 5791 6544 2496 29 
H(6C) 6929 6410 3944 29 
H(7A) 1941 5193 -1002 32 
H(7B) 1035 5815 -298 32 
H(7C) 936 4790 -162 32 
H(8A) 2723 4015 3672 22 
H(8B) 2957 3789 2376 22 
H(10) 756 3086 4196 26 
H(11) -1571 2090 3662 30 
H(12) -3239 1816 1538 30 
H(13) -2568 2550 -50 31 
H(14) -225 3530 484 26 

H(15A) 1520 5508 3890 19 
H(15B) -186 4964 3141 19 
H(17) 1047 7037 3845 27 
H(18) -422 8308 2891 35 
H(19) -2575 8252 868 33 
H(20) -3233 6915 -204 30 
H(21) -1811 5641 765 23 

H(22A) 6189 7057 5924 38 
H(22B) 6486 6746 7319 38 
H(22C) 4561 6791 6299 38 
H(23A) 8523 4665 6064 41 
H(23B) 9077 5390 7130 41 
H(23C) 8776 5644 5712 41 
H(25A) 2896 5425 6736 34 
H(25B) 2808 4458 7205 34 
H(25C) 2538 4637 5770 34 
H(26A) 7386 4864 8583 42 
H(26B) 5749 4498 8872 42 
H(26C) 5842 5500 8559 42 
H(27A) 5008 3634 5793 43 
H(27B) 5064 3370 7159 43 
H(27C) 6806 3668 6956 43 
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D.2  Crystallographic Data for Compound 244 

  A suitable crystal was selected for analysis and mounted in a polyimide loop. All measurements were made 

on a Rigaku Oxford Diffraction Supernova EosS2 CCD with filtered Cu-Kα radiation at a temperature of 

100.00(10) K. Using Olex21, the structure was solved with the ShelXT structure solution program using Direct 

Methods and refined with the ShelXL refinement package using Least Squares minimization.2 

 

 
  

ORTEP diagram of 244 shown at 50% probability.
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XRD Table D.6  Crystal data and structure refinement for compound 244. 
 

 
 

Empirical formula C42H66N4O13Si2 
Formula weight 891.16 

Temperature 100.00(10) K 
Wavelength 1.54184 Å 

Crystal system Monoclinic 
Space group P1211 

Unit cell dimensions 

a = 8.02112(11) Å 
b = 11.95004(14) Å 

c = 24.8127(4) Å 
a = 90° 

b = 94.4773(13)° 
g = 90° 

Volume 2371.10(5) Å3 
Z 2 

Density (calculated) 1.248 Mg/m3 
Absorption coefficient 1.215 mm-1 

F(000) 956 
Crystal size 0.386 x 0.215 x 0.026 mm3 

Theta range for data collection 3.574 to 73.445°. 
Index ranges -8<=h<=9, -14<=k<=14, -30<=l<=30 

Reflections collected 24066 
Independent reflections 9230 [R(int) = 0.0275] 

Completeness to theta = 67.684° 100.0 % 
Absorption correction Gaussian 

Max. and min. transmission 1.000 and 0.494 
Refinement method Full-matrix least-squares on F2 

Data / restraints / parameters 9230 / 1 / 564 
Goodness-of-fit on F2 1.026 

Final R indices [I>2sigma(I)] R1 = 0.0321, wR2 = 0.0812 
R indices (all data) R1 = 0.0338, wR2 = 0.0822 

Absolute structure parameter 0.014(16) 
Extinction coefficient n/a 

Largest diff. peak and hole 0.395 and -0.208 e/Å-3 
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XRD Table D.7  Atomic Coordinates ( x 105) and Equivalent Isotropic Displacement Parameters (Å2x 104) 
for Compound 244.U(eq) is defined as one third of the trace of the orthogonalized Uij tensor. 

 
 

 
 

 

 x y z U(eq)  x y z U(eq) 
Si(1) 107629(8) 44034(5) 84568(2) 169(1) C(13) 46150(30) 106490(20) 69409(11) 228(5) 
Si(2) 47602(9) 95108(6) 92491(3) 263(2) C(14) 92650(30) 100160(20) 80089(11) 254(5) 
O(1) 73340(20) 69281(14) 67852(7) 187(3) C(15) 83100(30) 34760(20) 70160(9) 179(5) 
O(2) 73700(20) 82548(13) 74756(6) 161(3) C(16) 93120(30) 18070(20) 66293(10) 219(5) 
O(3) 103280(20) 53006(14) 79607(7) 183(3) C(17) 82230(30) 14090(20) 61423(9) 187(5) 
O(4) 65060(20) 97730(15) 82660(7) 229(4) C(18) 70090(30) 20890(20) 58817(10) 200(5) 
O(5) 39680(20) 96068(19) 86137(7) 305(4) C(19) 59990(30) 16820(20) 54488(10) 193(5) 
O(6) 93540(20) 30024(14) 66684(7) 209(4) C(20) 62120(30) 5840(20) 52908(10) 187(5) 
O(7) 73020(20) 29559(16) 72505(8) 260(4) C(21) 74160(30) -1120(20) 55377(10) 197(5) 
O(8) 38500(20) 6909(18) 46919(9) 311(5) C(22) 84390(30) 3150(20) 59639(10) 192(5) 
O(9) 54050(20) -7719(16) 46527(8) 279(4) C(23) 111230(40) 51350(20) 91197(11) 268(5) 

O(10) 17760(20) 89865(16) 66096(8) 256(4) C(24) 91140(30) 33220(20) 85116(11) 258(5) 
O(11) 31170(20) 77780(17) 60833(7) 256(4) C(25) 127660(30) 37470(20) 82641(10) 216(5) 
O(12) -14160(30) 97377(16) 37487(8) 291(4) C(26) 125410(40) 32290(30) 77009(12) 363(7) 
O(13) -28280(20) 81835(18) 36963(8) 290(4) C(27) 133550(40) 28460(30) 86729(12) 322(6) 
N(1) 85880(20) 45937(17) 70379(8) 185(4) C(28) 141300(40) 46550(30) 82644(13) 362(7) 
N(2) 45960(30) 86501(18) 67445(8) 184(4) C(29) 30600(30) 85300(20) 64993(10) 207(5) 
N(3) 50810(30) 1386(18) 48466(8) 208(4) C(30) 15600(30) 72600(20) 59046(11) 267(6) 
N(4) -17720(30) 88030(20) 39187(9) 234(5) C(31) 7530(30) 77210(20) 53834(10) 199(5) 
C(1) 83620(30) 76340(20) 71336(9) 167(5) C(32) 12930(30) 86650(20) 51288(10) 214(5) 
C(2) 96620(30) 69486(19) 74704(10) 176(5) C(33) 4850(30) 90220(20) 46428(11) 221(5) 
C(3) 89320(30) 59810(20) 77861(9) 161(4) C(34) -8690(30) 84220(20) 44233(10) 195(5) 
C(4) 77130(30) 53030(20) 73957(9) 169(5) C(35) -14270(30) 74610(20) 46645(11) 231(5) 
C(5) 64700(30) 60850(20) 70789(10) 193(5) C(36) -6110(30) 71280(20) 51485(11) 241(5) 
C(6) 80430(30) 63990(20) 82700(9) 189(5) C(37) 60160(40) 107600(30) 94645(12) 344(7) 
C(7) 53260(40) 54660(20) 66662(12) 289(6) C(38) 60780(50) 82330(30) 93441(15) 495(9) 
C(8) 69240(30) 93770(20) 73279(9) 164(4) C(39) 28210(40) 93890(30) 96321(11) 324(6) 
C(9) 50170(30) 94760(20) 71732(9) 176(4) C(40) 17100(40) 104300(30) 95332(13) 390(7) 

C(10) 40980(30) 92190(20) 76786(9) 191(5) C(41) 18200(50) 83540(40) 94533(17) 547(10) 
C(11) 47490(30) 99340(20) 81564(10) 229(5) C(42) 33380(50) 93140(40) 102436(12) 510(10) 
C(12) 74220(30) 101100(20) 78211(10) 200(5)      
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XRD Table D.8 Bond Lengths for Compound 244. 
 

 

 
 

 

Bond Length (Å) Bond Length (Å) Bond Length (Å) Bond Length (Å) 
Si(1)-O(3) 1.6490(17) N(4)-C(34) 1.469(3) C(14)-H(14B) 0.9600 C(30)-H(30A) 0.9700 

Si(1)-C(23) 1.865(3) C(1)-H(1A) 0.9800 C(14)-H(14C) 0.9600 C(30)-H(30B) 0.9700 
Si(1)-C(24) 1.862(3) C(1)-C(2) 1.523(3) C(16)-H(16A) 0.9700 C(30)-C(31) 1.505(3) 
Si(1)-C(25) 1.883(3) C(2)-H(2A) 0.9700 C(16)-H(16B) 0.9700 C(31)-C(32) 1.379(4) 
Si(2)-O(5) 1.6574(19) C(2)-H(2B) 0.9700 C(16)-C(17) 1.512(3) C(31)-C(36) 1.393(3) 

Si(2)-C(37) 1.856(3) C(2)-C(3) 1.538(3) C(17)-C(18) 1.389(3) C(32)-H(32) 0.9300 
Si(2)-C(38) 1.861(3) C(3)-C(4) 1.550(3) C(17)-C(22) 1.396(3) C(32)-C(33) 1.391(4) 
Si(2)-C(39) 1.891(3) C(3)-C(6) 1.528(3) C(18)-H(18) 0.9300 C(33)-H(33) 0.9300 
O(1)-C(1) 1.424(3) C(4)-H(4) 0.9800 C(18)-C(19) 1.382(3) C(33)-C(34) 1.378(4) 
O(1)-C(5) 1.451(3) C(4)-C(5) 1.537(3) C(19)-H(19) 0.9300 C(34)-C(35) 1.385(4) 
O(2)-C(1) 1.417(3) C(5)-H(5) 0.9800 C(19)-C(20) 1.383(3) C(35)-H(35) 0.9300 
O(2)-C(8) 1.429(3) C(5)-C(7) 1.514(3) C(20)-C(21) 1.382(3) C(35)-C(36) 1.381(4) 
O(3)-C(3) 1.423(3) C(6)-H(6A) 0.9600 C(21)-H(21) 0.9300 C(36)-H(36) 0.9300 

O(4)-C(11) 1.427(3) C(6)-H(6B) 0.9600 C(21)-C(22) 1.384(3) C(37)-H(37A) 0.9600 
O(4)-C(12) 1.430(3) C(6)-H(6C) 0.9600 C(22)-H(22) 0.9300 C(37)-H(37B) 0.9600 
O(5)-C(11) 1.394(3) C(7)-H(7A) 0.9600 C(23)-H(23A) 0.9600 C(37)-H(37C) 0.9600 
O(6)-C(15) 1.371(3) C(7)-H(7B) 0.9600 C(23)-H(23B) 0.9600 C(38)-H(38A) 0.9600 
O(6)-C(16) 1.432(3) C(7)-H(7C) 0.9600 C(23)-H(23C) 0.9600 C(38)-H(38B) 0.9600 
O(7)-C(15) 1.205(3) C(8)-H(8) 0.9800 C(24)-H(24A) 0.9600 C(38)-H(38C) 0.9600 
O(8)-N(3) 1.224(3) C(8)-C(9) 1.552(3) C(24)-H(24B) 0.9600 C(39)-C(40) 1.538(4) 
O(9)-N(3) 1.226(3) C(8)-C(12) 1.532(3) C(24)-H(24C) 0.9600 C(39)-C(41) 1.522(5) 

O(10)-C(29) 1.216(3) C(9)-C(10) 1.535(3) C(25)-C(26) 1.526(4) C(39)-C(42) 1.544(4) 
O(11)-C(29) 1.372(3) C(9)-C(13) 1.540(3) C(25)-C(27) 1.528(3) C(40)-H(40A) 0.9600 
O(11)-C(30) 1.433(3) C(10)-H(10A) 0.9700 C(25)-C(28) 1.542(4) C(40)-H(40B) 0.9600 
O(12)-N(4) 1.235(3) C(10)-H(10B) 0.9700 C(26)-H(26A) 0.9600 C(40)-H(40C) 0.9600 
O(13)-N(4) 1.224(3) C(10)-C(11) 1.520(3) C(26)-H(26B) 0.9600 C(41)-H(41A) 0.9600 
N(1)-H(1) 0.8600 C(11)-H(11) 0.9800 C(26)-H(26C) 0.9600 C(41)-H(41B) 0.9600 
N(1)-C(4) 1.448(3) C(12)-H(12) 0.9800 C(27)-H(27A) 0.9600 C(41)-H(41C) 0.9600 

N(1)-C(15) 1.354(3) C(12)-C(14) 1.519(3) C(27)-H(27B) 0.9600 C(42)-H(42A) 0.9600 
N(2)-H(2) 0.8600 C(13)-H(13A) 0.9600 C(27)-H(27C) 0.9600 C(42)-H(42B) 0.9600 
N(2)-C(9) 1.471(3) C(13)-H(13B) 0.9600 C(28)-H(28A) 0.9600 C(42)-H(42C) 0.9600 

N(2)-C(29) 1.339(3) C(13)-H(13C) 0.9600 C(28)-H(28B) 0.9600   
N(3)-C(20) 1.472(3) C(14)-H(14A) 0.9600 C(28)-H(28C) 0.9600   
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XRD Table D.9 Anisotropic Displacement Parameters (Å2x 104) for Compound 244.The anisotropic 
displacement factor exponent takes the form: -2p2[ h2 a*2U11 + ...  + 2 h k a* b* U12 ] 

 

 
 

 

Atom U11 U22 U33 U23 U13 U12 Atom U11 U22 U33 U23 U13 U12 
Si(1) 165(3) 166(3) 172(3) -1(2) -13(2) 8(2) C(13) 208(12) 210(12) 259(13) 40(9) -15(10) 63(9) 
Si(2) 324(4) 262(3) 202(3) -5(3) 16(3) 78(3) C(14) 217(13) 235(13) 294(13) -16(10) -74(10) -6(10) 
O(1) 186(9) 187(8) 183(8) -11(6) -17(6) 22(6) C(15) 161(11) 195(12) 175(11) -19(9) -29(9) -10(9) 
O(2) 151(8) 142(8) 188(8) 13(6) 6(6) 29(6) C(16) 259(13) 161(11) 231(12) -23(9) -17(10) 19(9) 
O(3) 166(8) 186(8) 194(8) 26(7) -5(6) 59(7) C(17) 191(12) 187(11) 187(11) -9(9) 45(9) -10(9) 
O(4) 208(9) 274(9) 201(8) -20(7) -10(7) -1(7) C(18) 217(12) 138(11) 248(12) -15(9) 30(10) 4(9) 
O(5) 286(10) 437(12) 199(8) -46(8) 57(7) -24(9) C(19) 177(12) 171(11) 232(12) 19(9) 22(9) 18(9) 
O(6) 234(9) 159(8) 234(8) -51(6) 25(7) -14(7) C(20) 173(12) 185(11) 204(11) -8(9) 26(9) -13(9) 
O(7) 276(10) 215(9) 296(9) -26(7) 71(8) -61(7) C(21) 202(12) 155(11) 237(12) -24(9) 33(9) 12(9) 
O(8) 198(9) 328(11) 392(11) -69(9) -70(8) 60(8) C(22) 180(12) 173(11) 223(11) 4(9) 15(9) 54(9) 
O(9) 270(10) 219(10) 340(10) -99(8) -34(8) 5(7) C(23) 289(14) 300(14) 209(12) -49(10) -25(10) 4(11) 

O(10) 154(9) 324(10) 288(9) 2(8) -6(7) 51(7) C(24) 228(13) 254(13) 291(13) 19(11) 13(10) -56(10) 
O(11) 200(9) 343(10) 213(8) -49(8) -57(7) 40(8) C(25) 177(12) 246(12) 221(11) 26(10) -12(9) 73(10) 
O(12) 332(11) 248(10) 294(9) 65(8) 32(8) 102(8) C(26) 359(16) 455(18) 269(14) -40(13) -10(12) 222(14) 
O(13) 224(10) 386(11) 247(9) -21(8) -56(7) 14(8) C(27) 325(15) 314(15) 319(14) 59(12) -28(12) 124(12) 
N(1) 189(10) 161(10) 208(9) -20(8) 31(7) 2(8) C(28) 203(13) 431(18) 455(17) 110(14) 53(12) 0(12) 
N(2) 154(10) 218(10) 177(9) -19(8) -5(8) 48(8) C(29) 208(13) 230(12) 180(11) 32(9) -12(9) 15(10) 
N(3) 174(10) 203(10) 247(10) -12(8) 8(8) -25(8) C(30) 253(14) 281(13) 251(13) 12(10) -88(11) -23(11) 
N(4) 204(11) 269(11) 227(10) 5(9) 12(9) 77(9) C(31) 171(12) 216(12) 205(11) -19(9) -6(9) 37(9) 
C(1) 134(11) 181(11) 187(10) -13(9) 23(8) 10(9) C(32) 176(12) 215(12) 247(12) -44(10) -8(9) -30(9) 
C(2) 139(11) 164(11) 222(11) -8(9) 0(9) 8(9) C(33) 216(13) 194(11) 254(12) 17(9) 20(10) -15(9) 
C(3) 133(11) 171(11) 175(10) -2(9) -15(9) 42(9) C(34) 187(12) 209(12) 188(11) 3(9) 8(9) 55(9) 
C(4) 164(11) 150(11) 192(11) -12(9) 6(9) 14(9) C(35) 190(12) 229(12) 267(12) -18(10) -24(10) -26(9) 
C(5) 144(11) 196(11) 233(12) -16(9) -21(9) 7(9) C(36) 214(13) 216(12) 285(13) 39(10) -20(10) -40(10) 
C(6) 167(12) 204(11) 194(11) -6(9) 7(9) 34(9) C(37) 372(17) 388(16) 254(13) 1(12) -86(12) 35(13) 
C(7) 236(13) 251(13) 359(15) -40(11) -115(11) -4(10) C(38) 600(20) 401(19) 490(20) 76(16) 95(17) 244(17) 
C(8) 141(10) 147(10) 201(10) 18(9) -2(8) 29(9) C(39) 409(16) 346(15) 222(12) 56(12) 58(11) 65(13) 
C(9) 152(11) 186(11) 188(10) 5(10) -2(8) 31(9) C(40) 374(17) 530(20) 276(14) 75(13) 73(12) 155(15) 

C(10) 168(11) 210(12) 195(11) -1(9) 13(9) 17(9) C(41) 570(20) 520(20) 570(20) 48(18) 175(19) -151(19) 
C(11) 219(13) 276(13) 195(11) -29(10) 25(9) 32(10) C(42) 570(20) 720(30) 250(14) 177(17) 85(14) 230(20) 
C(12) 195(12) 164(11) 237(12) 5(9) -11(9) 21(9)        
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XRD Table D.10 Hydrogen Coordinates ( x 104) and Isotropic Displacement Parameters (Å2x 103) for 
Compound 244. 

 
 

 
 

 

Atom x y z U(eq) Atom x y z U(eq) 
H(1) 9296 4886 6836 22 H(24A) 8103 3674 8608 39 
H(2) 5379 8222 6646 22 H(24B) 9480 2788 8785 39 

H(1A) 8946 8160 6911 20 H(24C) 8909 2947 8171 39 
H(2A) 10275 7443 7725 21 H(26A) 11730 2638 7699 54 
H(2B) 10452 6644 7233 21 H(26B) 13590 2932 7605 54 
H(4) 7064 4813 7617 20 H(26C) 12161 3792 7444 54 
H(5) 5785 6461 7335 23 H(27A) 13453 3162 9030 48 

H(6A) 7629 5771 8461 28 H(27B) 14423 2565 8587 48 
H(6B) 7126 6873 8146 28 H(27C) 12559 2245 8659 48 
H(6C) 8815 6815 8507 28 H(28A) 13770 5239 8016 54 
H(7A) 4529 5979 6496 43 H(28B) 15146 4331 8156 54 
H(7B) 4747 4885 6843 43 H(28C) 14323 4963 8621 54 
H(7C) 5977 5140 6398 43 H(30A) 791 7348 6184 32 
H(8) 7544 9614 7023 20 H(30B) 1748 6465 5859 32 

H(10A) 2912 9357 7601 23 H(32) 2203 9066 5283 26 
H(10B) 4243 8435 7771 23 H(33) 852 9655 4469 27 
H(11) 4514 10725 8079 28 H(35) -2322 7053 4505 28 
H(12) 7157 10892 7732 24 H(36) -980 6494 5321 29 

H(13A) 5203 10762 6623 34 H(37A) 6887 10866 9225 52 
H(13B) 4957 11205 7206 34 H(37B) 6504 10652 9826 52 
H(13C) 3434 10711 6849 34 H(37C) 5307 11408 9453 52 
H(14A) 9508 9267 8131 38 H(38A) 5466 7597 9199 74 
H(14B) 9526 10531 8300 38 H(38B) 6371 8120 9723 74 
H(14C) 9927 10192 7714 38 H(38C) 7077 8325 9159 74 
H(16A) 8891 1501 6954 26 H(40A) 2322 11084 9656 59 
H(16B) 10440 1529 6606 26 H(40B) 729 10356 9728 59 
H(18) 6875 2820 5999 24 H(40C) 1388 10498 9154 59 
H(19) 5196 2136 5268 23 H(41A) 1518 8395 9072 82 
H(21) 7537 -845 5421 24 H(41B) 826 8317 9644 82 
H(22) 9276 -131 6133 23 H(41C) 2486 7698 9531 82 

H(23A) 11919 5728 9089 40 H(42A) 4079 8690 10312 76 
H(23B) 11549 4612 9390 40 H(42B) 2360 9213 10438 76 
H(23C) 10087 5442 9221 40 H(42C) 3896 9992 10362 76 
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1H NMR of Compound 218 (600 MHz, CDCl3) 
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EDH-e-0662_C1F5-14 (1H, 600 MHz, CDCl3, 5 mm)

Current Data Parameters
NAME         EDH-e-0662
EXPNO                11
PROCNO                1

F2 - Acquisition Parameters
Date_          20190322
Time               8.52 h
INSTRUM           spect
PROBHD   Z44896_0077 (C
PULPROG            zg30
TD                32768
SOLVENT           CDCl3
NS                   16
DS                    0
SWH            7836.991 Hz
FIDRES         0.478332 Hz
AQ            2.0905983 sec
RG                 6.35
DW               63.800 usec
DE                10.00 usec
TE                298.0 K
D1           2.00000000 sec
TD0                   1
SFO1        600.1330006 MHz
NUC1                 1H
P1                 9.25 usec
PLW1         6.35610008 W

F2 - Processing parameters
SI                32768
SF          600.1300151 MHz
WDW                  EM
SSB                   0
LB                 0.30 Hz
GB                    0
PC                 1.00
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13C NMR of Compound 218 (151 MHz, CDCl3)  
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EDH-e-0514_C1F31-50 (13C{1H}, 151 MHz, CDCl3, 3 mm, 1024 scans)

Current Data Parameters
NAME         EDH-e-0514
EXPNO                13
PROCNO                1

F2 - Acquisition Parameters
Date_          20180612
Time              22.01
INSTRUM           spect
PROBHD   5 mm CPTCI 1H-
PULPROG            zgpg
TD                32768
SOLVENT           CDCl3
NS                 1024
DS                    8
SWH           36231.883 Hz
FIDRES         1.105709 Hz
AQ            0.4521984 sec
RG                 1820
DW               13.800 usec
DE                10.00 usec
TE                298.0 K
D1           1.50000000 sec
D11          0.03000000 sec
TD0                   1

======== CHANNEL f1 ========
SFO1        150.9194080 MHz
NUC1                13C
P1                 5.00 usec
PLW1       178.91999817 W

======== CHANNEL f2 ========
SFO2        600.1330010 MHz
NUC2                 1H
CPDPRG[2        waltz16
PCPD2             70.00 usec
PLW2         6.35610008 W
PLW12        0.09372000 W
PLW13        0.04592300 W

F2 - Processing parameters
SI                32768
SF          150.9027893 MHz
WDW                  EM
SSB      0
LB                 1.50 Hz
GB       0
PC                 1.40
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1H-13C HSQC{1H}{13C} NMR of Compound 218 (1H-600 MHz, 13C-151 MHz, CDCl3)  

 Note: Blue = CH/CH3 | Red = CH2. 
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EDH-e-0514_C1F31-50 (HSQC{1H}{13C}, 600 MHz, CDCl3, 3 mm, O2P = 80 ppm)

Current Data Parameters
NAME         EDH-e-0514
EXPNO                14
PROCNO                1

F2 - Acquisition Parameters
Date_          20180612
Time              22.03
INSTRUM           spect
PROBHD   5 mm CPTCI 1H-
PULPROG  hsqcedetgpsisp.2
TD                 1024
SOLVENT           CDCl3
NS                    2
DS                   16
SWH            7836.991 Hz
FIDRES         7.653311 Hz
AQ            0.0653312 sec
RG                 1820
DW               63.800 usec
DE                10.00 usec
TE                298.0 K
CNST2       145.0000000
CNST17       -0.5000000
D0           0.00000300 sec
D1           1.50000000 sec
D4           0.00172414 sec
D11          0.03000000 sec
D16          0.00020000 sec
D21          0.00344828 sec
D24          0.00086207 sec
IN0          0.00001840 sec

======== CHANNEL f1 ========
SFO1        600.1330006 MHz
NUC1                 1H
P1                 9.25 usec
P2                18.50 usec
P28      0 usec
PLW1         6.35610008 W

======== CHANNEL f2 ========
SFO2        150.9148812 MHz
NUC2                13C
CPDPRG[2          garp4
P3                15.00 usec
P14              500.00 usec
P24             2000.00 usec
PCPD2             60.00 usec
PLW0     0 W
PLW2       178.91999817 W
PLW12       11.18299961 W
SPNAM[3] Crp60,0.5,20.1
SPOAL3            0.500
SPOFFS3  0 Hz
SPW3        61.50899887 W
SPNAM[7]    Crp60comp.4
SPOAL7            0.500
SPOFFS7  0 Hz
SPW7        61.50899887 W

====== GRADIENT CHANNEL =====
GPNAM[1]     SMSQ10.100
GPNAM[2]     SMSQ10.100
GPZ1              80.00 %
GPZ2              20.10 %
P16             1000.00 usec

F1 - Acquisition parameters
TD                  256
SFO1           150.9149 MHz
FIDRES       212.296188 Hz
SW              180.061 ppm
FnMODE    Echo-Antiecho

F2 - Processing parameters
SI                 2048
SF          600.1300151 MHz
WDW               QSINE
SSB                   2
LB       0 Hz
GB       0
PC                 1.40

F1 - Processing parameters
SI                 2048
MC2       echo-antiecho
SF          150.9027893 MHz
WDW               QSINE
SSB                   2
LB       0 Hz
GB       0
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1H-1H COSY NMR Compound 218 (600 MHz, CDCl3)  
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EDH-e-0514_C1F31-50 (COSY, 600 MHz, CDCl3, 3 mm)

Current Data Parameters
NAME         EDH-e-0514
EXPNO                15
PROCNO                1

F2 - Acquisition Parameters
Date_          20180612
Time              22.17
INSTRUM           spect
PROBHD   5 mm CPTCI 1H-
PULPROG        cosygpqf
TD                 2048
SOLVENT           CDCl3
NS                    1
DS                    8
SWH            7836.991 Hz
FIDRES         3.826656 Hz
AQ            0.1306624 sec
RG                  512
DW               63.800 usec
DE                10.00 usec
TE                298.0 K
D0           0.00000300 sec
D1           1.48689198 sec
D13          0.00000400 sec
D16          0.00020000 sec
IN0          0.00012760 sec

======== CHANNEL f1 ========
SFO1        600.1330006 MHz
NUC1                 1H
P0                 4.65 usec
P1                 9.30 usec
PLW1         6.35610008 W

====== GRADIENT CHANNEL =====
GPNAM[1]     SMSQ10.100
GPZ1              10.00 %
P16             1000.00 usec

F1 - Acquisition parameters
TD                  512
SFO1            600.133 MHz
FIDRES        30.613245 Hz
SW               13.059 ppm
FnMODE               QF

F2 - Processing parameters
SI                 4096
SF          600.1300151 MHz
WDW               QSINE
SSB      0
LB       0 Hz
GB       0
PC                 1.40

F1 - Processing parameters
SI                 4096
MC2                  QF
SF          600.1300151 MHz
WDW               QSINE
SSB      0
LB       0 Hz
GB       0
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1H-13C HMBC NMR Compound 218 (1H-600 MHz, 13C-151 MHz, CDCl3) 
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EDH-e-0514_C1F31-50 (HMBC, 600 MHz, CDCl3, 3 mm)

Current Data Parameters
NAME         EDH-e-0514
EXPNO                16
PROCNO                1

F2 - Acquisition Parameters
Date_          20180612
Time              22.33
INSTRUM           spect
PROBHD   5 mm CPTCI 1H-
PULPROG    hmbcgplpndqf
TD                 2048
SOLVENT           CDCl3
NS                    2
DS                   16
SWH            7836.991 Hz
FIDRES         3.826656 Hz
AQ            0.1306624 sec
RG                 1820
DW               63.800 usec
DE                10.00 usec
TE                298.0 K
CNST2       145.0000000
CNST13        9.0000000
D0           0.00000300 sec
D1           1.50000000 sec
D2           0.00344828 sec
D6           0.05555556 sec
D16          0.00020000 sec
IN0          0.00001440 sec

======== CHANNEL f1 ========
SFO1        600.1330006 MHz
NUC1                 1H
P1                 9.25 usec
P2                18.50 usec
PLW1         6.35610008 W

======== CHANNEL f2 ========
SFO2        150.9194083 MHz
NUC2                13C
P3                15.00 usec
PLW2       178.91999817 W

====== GRADIENT CHANNEL =====
GPNAM[1]     SMSQ10.100
GPNAM[2]     SMSQ10.100
GPNAM[3]     SMSQ10.100
GPZ1              50.00 %
GPZ2              30.00 %
GPZ3              40.10 %
P16             1000.00 usec

F1 - Acquisition parameters
TD                  256
SFO1           150.9194 MHz
FIDRES       271.267365 Hz
SW              230.071 ppm
FnMODE               QF

F2 - Processing parameters
SI                 2048
SF          600.1300151 MHz
WDW               QSINE
SSB      0
LB       0 Hz
GB       0
PC                 1.40

F1 - Processing parameters
SI                 2048
MC2                  QF
SF          150.9027893 MHz
WDW               QSINE
SSB      0
LB       0 Hz
GB       0
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1H-1H NOESY NMR Compound 218 (600 MHz, CDCl3)  

 Note: Blue = diagonal/chemical exchange | Red = NOESY cross peaks. 
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EDH-e-0514_C1F31-50 (NOESY, 600 MHz, CDCl3, 3 mm)

Current Data Parameters
NAME         EDH-e-0514
EXPNO                17
PROCNO                1

F2 - Acquisition Parameters
Date_          20180612
Time              22.49
INSTRUM           spect
PROBHD   5 mm CPTCI 1H-
PULPROG       noesygpph
TD                 2048
SOLVENT           CDCl3
NS                    4
DS                   16
SWH            7836.991 Hz
FIDRES         3.826656 Hz
AQ            0.1306624 sec
RG                  128
DW               63.800 usec
DE                10.00 usec
TE                298.0 K
D0           0.00005202 sec
D1           1.48689198 sec
D8           0.60000002 sec
D16          0.00020000 sec
IN0          0.00012760 sec

======== CHANNEL f1 ========
SFO1        600.1330006 MHz
NUC1                 1H
P1                 9.25 usec
P2                18.50 usec
PLW1         6.35610008 W

====== GRADIENT CHANNEL =====
GPNAM[1]     SMSQ10.100
GPZ1              40.00 %
P16             1000.00 usec

F1 - Acquisition parameters
TD                  512
SFO1            600.133 MHz
FIDRES        30.613245 Hz
SW               13.059 ppm
FnMODE      States-TPPI

F2 - Processing parameters
SI                 2048
SF          600.1300151 MHz
WDW               QSINE
SSB                   2
LB       0 Hz
GB       0
PC                 1.40

F1 - Processing parameters
SI                 2048
MC2         States-TPPI
SF          600.1300151 MHz
WDW               QSINE
SSB                   2
LB       0 Hz
GB       0

 

 
218 

O OTBS

NHCbzHO

H3C
CH3

H H

= NOESY



233 

1H NMR of Compound 219 (600 MHz, CDCl3) 
 Note: Calibrated to residual CH2Cl2 (d 5.30). 
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EDH-e-0743_C1S3+C2S3 (1H, 600 MHz, CDCl3, 5 mm, NS = 4 scans)

Current Data Parameters
NAME         EDH-e-0743
EXPNO                21
PROCNO                1

F2 - Acquisition Parameters
Date_          20191211
Time              10.41 h
INSTRUM           spect
PROBHD   Z44896_0077 (C
PULPROG            zg30
TD                32768
SOLVENT           CDCl3
NS                    4
DS                    0
SWH            7836.991 Hz
FIDRES         0.478332 Hz
AQ            2.0905983 sec
RG                  5.6
DW               63.800 usec
DE                10.00 usec
TE                298.0 K
D1           2.00000000 sec
TD0                   1
SFO1        600.1330006 MHz
NUC1                 1H
P1                 9.25 usec
PLW1         6.35610008 W

F2 - Processing parameters
SI                32768
SF          600.1300078 MHz
WDW                  EM
SSB      0
LB                 0.30 Hz
GB       0
PC                 1.00
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13C{1H} NMR of Compound 219 (151 MHz, CDCl3)  
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EDH-e-0743_C1S3+C2S3 (13C, 151 MHz, CDCl3, 5 mm, NS = 512 scans)

Current Data Parameters
NAME         EDH-e-0743
EXPNO                12
PROCNO                1

F2 - Acquisition Parameters
Date_          20191211
Time              10.59 h
INSTRUM           spect
PROBHD   Z44896_0077 (C
PULPROG            zgpg
TD                32768
SOLVENT           CDCl3
NS                  512
DS                    8
SWH           36231.883 Hz
FIDRES         2.211419 Hz
AQ            0.4521984 sec
RG                 1820
DW               13.800 usec
DE                10.00 usec
TE                298.0 K
D1           1.50000000 sec
D11          0.03000000 sec
TD0                   1
SFO1        150.9194080 MHz
NUC1                13C
P1                 5.00 usec
PLW1       178.91999817 W
SFO2        600.1330010 MHz
NUC2                 1H
CPDPRG[2        waltz16
PCPD2             70.00 usec
PLW2         6.35610008 W
PLW12        0.09372000 W
PLW13        0.04592300 W

F2 - Processing parameters
SI                32768
SF          150.9027951 MHz
WDW                  EM
SSB      0
LB                 1.50 Hz
GB       0
PC                 1.40
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1H-13C HSQC{1H}{13C} of Compound 219 (600 MHz, CDCl3) 
 Note: Blue = CH/CH3 | Red = CH2. 
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EDH-e-0743_C1S3+C2S3 (HSQC{1H}{13C}, 600 MHz, CDCl3, 5 mm, NS = 1 scan)

Current Data Parameters
NAME         EDH-e-0743
EXPNO                13
PROCNO                1

F2 - Acquisition Parameters
Date_          20191211
Time              11.00 h
INSTRUM           spect
PROBHD   Z44896_0077 (C
PULPROG  hsqcedetgpsisp.2
TD                 1024
SOLVENT           CDCl3
NS                    1
DS                   16
SWH            7836.991 Hz
FIDRES        15.306623 Hz
AQ            0.0653312 sec
RG                 1820
DW               63.800 usec
DE                10.00 usec
TE                298.0 K
CNST2       145.0000000
CNST17       -0.5000000
D0           0.00000300 sec
D1           1.50000000 sec
D4           0.00172414 sec
D11          0.03000000 sec
D16          0.00020000 sec
D21          0.00344828 sec
D24          0.00086207 sec
IN0          0.00001840 sec
TDav                  1
SFO1        600.1330006 MHz
NUC1                 1H
P1                 9.25 usec
P2                18.50 usec
P28      0 usec
PLW1         6.35610008 W
SFO2        150.9163903 MHz
NUC2                13C
CPDPRG[2          garp4
P3                15.00 usec
P14              500.00 usec
P24             2000.00 usec
PCPD2             60.00 usec
PLW0     0 W
PLW2       178.91999817 W
PLW12       11.18299961 W
SPNAM[3] Crp60,0.5,20.1
SPOAL3            0.500
SPOFFS3  0 Hz
SPW3        61.50899887 W
SPNAM[7]    Crp60comp.4
SPOAL7            0.500
SPOFFS7  0 Hz
SPW7        61.50899887 W
GPNAM[1]     SMSQ10.100
GPZ1              80.00 %
GPNAM[2]     SMSQ10.100
GPZ2              20.10 %
P16             1000.00 usec

F1 - Acquisition parameters
TD                  256
SFO1           150.9164 MHz
FIDRES       212.296188 Hz
SW              180.059 ppm
FnMODE    Echo-Antiecho

F2 - Processing parameters
SI                 1024
SF          600.1300078 MHz
WDW               QSINE
SSB                   2
LB       0 Hz
GB       0
PC                 1.40

F1 - Processing parameters
SI                 1024
MC2       echo-antiecho
SF          150.9027951 MHz
WDW               QSINE
SSB                   2
LB       0 Hz
GB       0
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1H NMR of Compound 220 (600 MHz, CDCl3)  
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EDH-e-0415_C1F4-5 (1H, 600 MHz, CDCl3)

Current Data Parameters
NAME         EDH-e-0415
EXPNO                 1
PROCNO                1

F2 - Acquisition Parameters
Date_          20180113
Time               7.53
INSTRUM           spect
PROBHD   5 mm CPTCI 1H-
PULPROG            zg30
TD                32768
SOLVENT           CDCl3
NS                   16
DS                    0
SWH            7836.991 Hz
FIDRES         0.239166 Hz
AQ            2.0905983 sec
RG                 7.12
DW               63.800 usec
DE                12.36 usec
TE                298.0 K
D1           2.00000000 sec
TD0                   1

======== CHANNEL f1 ========
SFO1        600.1330006 MHz
NUC1                 1H
P1                 9.25 usec
PLW1         6.35610008 W

F2 - Processing parameters
SI                32768
SF          600.1300140 MHz
WDW                  EM
SSB      0
LB                 0.30 Hz
GB       0
PC                 1.00
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 13C{1H} NMR of Compound 220 (151 MHz, CDCl3)  
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EDH-e-0415_C1F4-5 (13C, 151 MHz, CDCl3)

Current Data Parameters
NAME         EDH-e-0415
EXPNO                 2
PROCNO                1

F2 - Acquisition Parameters
Date_          20180113
Time               8.39
INSTRUM           spect
PROBHD   5 mm CPTCI 1H-
PULPROG            zgpg
TD                32768
SOLVENT           CDCl3
NS                  512
DS                    8
SWH           36231.883 Hz
FIDRES         1.105709 Hz
AQ            0.4521984 sec
RG                 1820
DW               13.800 usec
DE                10.00 usec
TE                298.0 K
D1           1.50000000 sec
D11          0.03000000 sec
TD0                   1

======== CHANNEL f1 ========
SFO1        150.9194080 MHz
NUC1                13C
P1                 5.00 usec
PLW1       178.91999817 W

======== CHANNEL f2 ========
SFO2        600.1330010 MHz
NUC2                 1H
CPDPRG[2        waltz16
PCPD2             70.00 usec
PLW2         6.35610008 W
PLW12        0.09372000 W
PLW13        0.04592300 W

F2 - Processing parameters
SI                32768
SF          150.9027872 MHz
WDW                  EM
SSB      0
LB                 1.50 Hz
GB       0
PC                 1.40
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1H-13C HSQC{1H}{13C} NMR of Compound 220 (1H-600 MHz, 13C-151 MHz, CDCl3) 
 Note: Blue = CH/CH3 | Red = CH2. 
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EDH-e-0415_C1F4-5 (HSQC, 600 MHz, CDCl3, 5 mm, NS = 1 scan)

Current Data Parameters
NAME         EDH-e-0415
EXPNO                12
PROCNO                1

F2 - Acquisition Parameters
Date_          20191211
Time              10.13 h
INSTRUM           spect
PROBHD   Z44896_0077 (C
PULPROG  hsqcedetgpsisp.2
TD                 1024
SOLVENT           CDCl3
NS                    1
DS                   16
SWH            7836.991 Hz
FIDRES        15.306623 Hz
AQ            0.0653312 sec
RG                 1820
DW               63.800 usec
DE                10.00 usec
TE                298.0 K
CNST2       145.0000000
CNST17       -0.5000000
D0           0.00000300 sec
D1           1.50000000 sec
D4           0.00172414 sec
D11          0.03000000 sec
D16          0.00020000 sec
D21          0.00344828 sec
D24          0.00086207 sec
IN0          0.00001840 sec
TDav                  1
SFO1        600.1330006 MHz
NUC1                 1H
P1                 9.25 usec
P2                18.50 usec
P28      0 usec
PLW1         6.35610008 W
SFO2        150.9163903 MHz
NUC2                13C
CPDPRG[2          garp4
P3                15.00 usec
P14              500.00 usec
P24             2000.00 usec
PCPD2             60.00 usec
PLW0     0 W
PLW2       178.91999817 W
PLW12       11.18299961 W
SPNAM[3] Crp60,0.5,20.1
SPOAL3            0.500
SPOFFS3  0 Hz
SPW3        61.50899887 W
SPNAM[7]    Crp60comp.4
SPOAL7            0.500
SPOFFS7  0 Hz
SPW7        61.50899887 W
GPNAM[1]     SMSQ10.100
GPZ1              80.00 %
GPNAM[2]     SMSQ10.100
GPZ2              20.10 %
P16             1000.00 usec

F1 - Acquisition parameters
TD                  256
SFO1           150.9164 MHz
FIDRES       212.296188 Hz
SW              180.059 ppm
FnMODE    Echo-Antiecho

F2 - Processing parameters
SI                 1024
SF          600.1300177 MHz
WDW               QSINE
SSB                   2
LB       0 Hz
GB       0
PC                 1.40

F1 - Processing parameters
SI                 1024
MC2       echo-antiecho
SF          150.9027872 MHz
WDW               QSINE
SSB                   2
LB       0 Hz
GB       0
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1H-13C HMBC NMR of Compound 220 (1H-600 MHz, 13C-151 MHz, CDCl3)  
 

  

H3C (S)(S)
(R)(R)

OCH3
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NBn2

O

EDH-e-0415_C1F4-5 (HMBC, 600 MHz, CDCl3, 5 mm, NS = 2 scans)

Current Data Parameters
NAME         EDH-e-0415
EXPNO                13
PROCNO                1

F2 - Acquisition Parameters
Date_          20191211
Time              10.22 h
INSTRUM           spect
PROBHD   Z44896_0077 (C
PULPROG    hmbcgplpndqf
TD                 2048
SOLVENT           CDCl3
NS                    2
DS                   16
SWH            7836.991 Hz
FIDRES         7.653311 Hz
AQ            0.1306624 sec
RG                 1820
DW               63.800 usec
DE                10.00 usec
TE                298.0 K
CNST2       145.0000000
CNST13        9.0000000
D0           0.00000300 sec
D1           1.50000000 sec
D2           0.00344828 sec
D6           0.05555556 sec
D16          0.00020000 sec
IN0          0.00001440 sec
TDav                  1
SFO1        600.1330006 MHz
NUC1                 1H
P1                 9.25 usec
P2                18.50 usec
PLW1         6.35610008 W
SFO2        150.9194083 MHz
NUC2                13C
P3                15.00 usec
PLW2       178.91999817 W
GPNAM[1]     SMSQ10.100
GPZ1              50.00 %
GPNAM[2]     SMSQ10.100
GPZ2              30.00 %
GPNAM[3]     SMSQ10.100
GPZ3              40.10 %
P16             1000.00 usec

F1 - Acquisition parameters
TD                  256
SFO1           150.9194 MHz
FIDRES       271.267365 Hz
SW              230.071 ppm
FnMODE               QF

F2 - Processing parameters
SI                 1024
SF          600.1300177 MHz
WDW               QSINE
SSB      0
LB       0 Hz
GB       0
PC                 1.40

F1 - Processing parameters
SI                 1024
MC2                  QF
SF          150.9027872 MHz
WDW               QSINE
SSB      0
LB       0 Hz
GB       0
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1H NMR of Compound 222 (600 MHz, CDCl3)  
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EDH-e-0757_C1F22-37 (1H, 600 MHz, CDCl3, 5 mm)

Current Data Parameters
NAME         EDH-e-0757
EXPNO                 2
PROCNO                1

F2 - Acquisition Parameters
Date_          20190513
Time              16.42 h
INSTRUM           spect
PROBHD   Z44896_0077 (C
PULPROG            zg30
TD                32768
SOLVENT           CDCl3
NS                   16
DS                    0
SWH            7836.991 Hz
FIDRES         0.478332 Hz
AQ            2.0905983 sec
RG                 6.35
DW               63.800 usec
DE                10.00 usec
TE                298.0 K
D1           2.00000000 sec
TD0                   1
SFO1        600.1330006 MHz
NUC1                 1H
P1                 9.25 usec
PLW1         6.35610008 W

F2 - Processing parameters
SI                32768
SF          600.1300150 MHz
WDW                  EM
SSB      0
LB                 0.30 Hz
GB       0
PC                 1.00

ppm

3
.
8
8

3
.
9
2

3
.
9
4

2
.
9
9

1
.
9
7

4.5 ppm

4
.
4
3

4
.
4
4

4
.
4
4

4
.
4
5

4
.
4
5

4
.
4
7

0
.
9
9

 
222 

OCH3

O O
H

H3C
H

Bn2N



241 

13C{1H} NMR of Compound 222 (151 MHz, CDCl3)  
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EDH-e-0757_C1F22-37 (13C, 151 MHz, CDCl3, 5 mm)

Current Data Parameters
NAME         EDH-e-0757
EXPNO                 3
PROCNO                1

F2 - Acquisition Parameters
Date_          20190513
Time              17.00 h
INSTRUM           spect
PROBHD   Z44896_0077 (C
PULPROG            zgpg
TD                32768
SOLVENT           CDCl3
NS                  512
DS                    8
SWH           36231.883 Hz
FIDRES         2.211419 Hz
AQ            0.4521984 sec
RG                 1820
DW               13.800 usec
DE                10.00 usec
TE                298.0 K
D1           1.50000000 sec
D11          0.03000000 sec
TD0                   1
SFO1        150.9194080 MHz
NUC1                13C
P1                 5.00 usec
PLW1       178.91999817 W
SFO2        600.1330010 MHz
NUC2                 1H
CPDPRG[2        waltz16
PCPD2             70.00 usec
PLW2         6.35610008 W
PLW12        0.09372000 W
PLW13        0.04592300 W

F2 - Processing parameters
SI                32768
SF          150.9027881 MHz
WDW                  EM
SSB      0
LB                 1.50 Hz
GB       0
PC                 1.40
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1H-13C HSQC{1H}{13C} NMR of Compound 222 (1H-600 MHz, 13C-151 MHz, CDCl3)  
 Note: Blue = CH/CH3 | Red = CH2. 
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EDH-e-0757_C1F22-37 (HSQC{1H}{13C}, 600 MHz, CDCl3, 5 mm, NS = 1 scan)

Current Data Parameters
NAME         EDH-e-0757
EXPNO                12
PROCNO                1

F2 - Acquisition Parameters
Date_          20191211
Time              11.14 h
INSTRUM           spect
PROBHD   Z44896_0077 (C
PULPROG  hsqcedetgpsisp.2
TD                 1024
SOLVENT           CDCl3
NS                    1
DS                   16
SWH            7836.991 Hz
FIDRES        15.306623 Hz
AQ            0.0653312 sec
RG                 1820
DW               63.800 usec
DE                10.00 usec
TE                298.0 K
CNST2       145.0000000
CNST17       -0.5000000
D0           0.00000300 sec
D1           1.50000000 sec
D4           0.00172414 sec
D11          0.03000000 sec
D16          0.00020000 sec
D21          0.00344828 sec
D24          0.00086207 sec
IN0          0.00001840 sec
TDav                  1
SFO1        600.1330006 MHz
NUC1                 1H
P1                 9.25 usec
P2                18.50 usec
P28      0 usec
PLW1         6.35610008 W
SFO2        150.9163903 MHz
NUC2                13C
CPDPRG[2          garp4
P3                15.00 usec
P14              500.00 usec
P24             2000.00 usec
PCPD2             60.00 usec
PLW0     0 W
PLW2       178.91999817 W
PLW12       11.18299961 W
SPNAM[3] Crp60,0.5,20.1
SPOAL3            0.500
SPOFFS3  0 Hz
SPW3        61.50899887 W
SPNAM[7]    Crp60comp.4
SPOAL7            0.500
SPOFFS7  0 Hz
SPW7        61.50899887 W
GPNAM[1]     SMSQ10.100
GPZ1              80.00 %
GPNAM[2]     SMSQ10.100
GPZ2              20.10 %
P16             1000.00 usec

F1 - Acquisition parameters
TD                  256
SFO1           150.9164 MHz
FIDRES       212.296188 Hz
SW              180.059 ppm
FnMODE    Echo-Antiecho

F2 - Processing parameters
SI                 1024
SF          600.1300150 MHz
WDW               QSINE
SSB                   2
LB       0 Hz
GB       0
PC                 1.40

F1 - Processing parameters
SI                 1024
MC2       echo-antiecho
SF          150.9027881 MHz
WDW               QSINE
SSB                   2
LB       0 Hz
GB       0
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1H-13C HMBC NMR of Compound 222 (1H-600 MHz, 13C-151 MHz, CDCl3)  
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EDH-e-0757_C1F22-37 (HMBC, 600 MHz, CDCl3, 5 mm, NS = 4 scans)

Current Data Parameters
NAME         EDH-e-0757
EXPNO                13
PROCNO                1

F2 - Acquisition Parameters
Date_          20191211
Time              11.22 h
INSTRUM           spect
PROBHD   Z44896_0077 (C
PULPROG    hmbcgplpndqf
TD                 2048
SOLVENT           CDCl3
NS                    4
DS                   16
SWH            7836.991 Hz
FIDRES         7.653311 Hz
AQ            0.1306624 sec
RG                 1820
DW               63.800 usec
DE                10.00 usec
TE                298.0 K
CNST2       145.0000000
CNST13        9.0000000
D0           0.00000300 sec
D1           1.50000000 sec
D2           0.00344828 sec
D6           0.05555556 sec
D16          0.00020000 sec
IN0          0.00001440 sec
TDav                  1
SFO1        600.1330006 MHz
NUC1                 1H
P1                 9.25 usec
P2                18.50 usec
PLW1         6.35610008 W
SFO2        150.9194083 MHz
NUC2                13C
P3                15.00 usec
PLW2       178.91999817 W
GPNAM[1]     SMSQ10.100
GPZ1              50.00 %
GPNAM[2]     SMSQ10.100
GPZ2              30.00 %
GPNAM[3]     SMSQ10.100
GPZ3              40.10 %
P16             1000.00 usec

F1 - Acquisition parameters
TD                  256
SFO1           150.9194 MHz
FIDRES       271.267365 Hz
SW              230.071 ppm
FnMODE               QF

F2 - Processing parameters
SI                 1024
SF          600.1300150 MHz
WDW               QSINE
SSB      0
LB       0 Hz
GB       0
PC                 1.40

F1 - Processing parameters
SI                 1024
MC2                  QF
SF          150.9027881 MHz
WDW               QSINE
SSB      0
LB       0 Hz
GB       0
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1H NMR of Compound 217 (400 MHz, CDCl3) 
 Note: This is the 1H NMR spectrum of 217 used to verify the purity of the 9.90 g of 217 obtained in the experimental procedure detailed above. 
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EDH-e-0765_C1F11-16 (1H, 400 MHz, CDCl3, 5 mm)

Current Data Parameters
NAME         EDH-e-0765
EXPNO                 1
PROCNO                1

F2 - Acquisition Parameters
Date_          20190620
Time              18.08
INSTRUM           spect
PROBHD   5 mm PABBO BB-
PULPROG            zg30
TD                32768
SOLVENT           CDCl3
NS                   16
DS                    0
SWH            5208.333 Hz
FIDRES         0.158946 Hz
AQ            3.1457281 sec
RG                228.1
DW               96.000 usec
DE                25.61 usec
TE                298.0 K
D1           1.50000000 sec
TD0                   1

======== CHANNEL f1 ========
NUC1                 1H
P1                11.38 usec
PL1               -2.50 dB
PL1W        18.35869598 W
SFO1        400.1320007 MHz

F2 - Processing parameters
SI                32768
SF          400.1300093 MHz
WDW                  EM
SSB                   0
LB                 0.30 Hz
GB                    0
PC                 1.00 5.555.60 ppm
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1H NMR of Compound 217 (600 MHz, CDCl3) 
 Note: This is the 1H NMR of 217 used for the line listing and peak assignment. 
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EDH-e-0450_C1F26-54 (1H, 600 MHz, CDCl3)

Current Data Parameters
NAME         EDH-e-0450
EXPNO                 4
PROCNO                1

F2 - Acquisition Parameters
Date_          20180311
Time               6.34
INSTRUM           spect
PROBHD   5 mm CPTCI 1H-
PULPROG            zg30
TD                32768
SOLVENT           CDCl3
NS                   16
DS                    0
SWH            7836.991 Hz
FIDRES         0.239166 Hz
AQ            2.0905983 sec
RG                 6.35
DW               63.800 usec
DE                12.36 usec
TE                298.0 K
D1           2.00000000 sec
TD0                   1

======== CHANNEL f1 ========
SFO1        600.1330006 MHz
NUC1                 1H
P1                 9.25 usec
PLW1         6.35610008 W

F2 - Processing parameters
SI                32768
SF          600.1300145 MHz
WDW                  EM
SSB      0
LB                 0.30 Hz
GB       0
PC                 1.00
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13C{1H} NMR of Compound 217 (151 MHz, CDCl3) 
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EDH-e-0450_C1F26-54 (13C, 151 MHz, CDCl3)

Current Data Parameters
NAME         EDH-e-0450
EXPNO                 5
PROCNO                1

F2 - Acquisition Parameters
Date_          20180311
Time               7.09
INSTRUM           spect
PROBHD   5 mm CPTCI 1H-
PULPROG            zgpg
TD                32768
SOLVENT           CDCl3
NS                 1024
DS                    8
SWH           36231.883 Hz
FIDRES         1.105709 Hz
AQ            0.4521984 sec
RG                 1820
DW               13.800 usec
DE                10.00 usec
TE                298.0 K
D1           1.50000000 sec
D11          0.03000000 sec
TD0                   1

======== CHANNEL f1 ========
SFO1        150.9194080 MHz
NUC1                13C
P1                 5.00 usec
PLW1       178.91999817 W

======== CHANNEL f2 ========
SFO2        600.1330010 MHz
NUC2                 1H
CPDPRG[2        waltz16
PCPD2             70.00 usec
PLW2         6.35610008 W
PLW12        0.09372000 W
PLW13        0.04592300 W

F2 - Processing parameters
SI                32768
SF          150.9027928 MHz
WDW                  EM
SSB                   0
LB                 1.50 Hz
GB                    0
PC                 1.40
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1H-13C HSQC{1H}{13C} NMR of Compound 217 (1H-600 MHz, 13C-151 MHz, CDCl3) 
 Note: Blue = CH/CH3 | Red = CH2. 
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EDH-e-0450_C1F26-54 (HSQC{1H}{13C}, 600 MHz, CDCl3)

Current Data Parameters
NAME         EDH-e-0450
EXPNO                 6
PROCNO                1

F2 - Acquisition Parameters
Date_          20180311
Time               7.11
INSTRUM           spect
PROBHD   5 mm CPTCI 1H-
PULPROG  hsqcedetgpsisp.2
TD                 1024
SOLVENT           CDCl3
NS                    2
DS                   16
SWH            7836.991 Hz
FIDRES         7.653311 Hz
AQ            0.0653312 sec
RG                 1820
DW               63.800 usec
DE                10.00 usec
TE                298.0 K
CNST2       145.0000000
CNST17       -0.5000000
D0           0.00000300 sec
D1           1.50000000 sec
D4           0.00172414 sec
D11          0.03000000 sec
D16          0.00020000 sec
D21          0.00344828 sec
D24          0.00086207 sec
IN0          0.00001840 sec

======== CHANNEL f1 ========
SFO1        600.1330006 MHz
NUC1                 1H
P1                 9.25 usec
P2                18.50 usec
P28      0 usec
PLW1         6.35610008 W

======== CHANNEL f2 ========
SFO2        150.9163903 MHz
NUC2                13C
CPDPRG[2          garp4
P3                15.00 usec
P14              500.00 usec
P24             2000.00 usec
PCPD2             60.00 usec
PLW0     0 W
PLW2       178.91999817 W
PLW12       11.18299961 W
SPNAM[3] Crp60,0.5,20.1
SPOAL3            0.500
SPOFFS3  0 Hz
SPW3        61.50899887 W
SPNAM[7]    Crp60comp.4
SPOAL7            0.500
SPOFFS7  0 Hz
SPW7        61.50899887 W

====== GRADIENT CHANNEL =====
GPNAM[1]     SMSQ10.100
GPNAM[2]     SMSQ10.100
GPZ1              80.00 %
GPZ2              20.10 %
P16             1000.00 usec

F1 - Acquisition parameters
TD                  256
SFO1           150.9164 MHz
FIDRES       212.296188 Hz
SW              180.059 ppm
FnMODE    Echo-Antiecho

F2 - Processing parameters
SI                 2048
SF          600.1300145 MHz
WDW               QSINE
SSB                   2
LB       0 Hz
GB       0
PC                 1.40

F1 - Processing parameters
SI                 2048
MC2       echo-antiecho
SF          150.9027929 MHz
WDW               QSINE
SSB                   2
LB       0 Hz
GB       0
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1H-1H COSY NMR of Compound 217 (600 MHz, CDCl3) 
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EDH-e-0450_C1F26-54 (COSY, 600 MHz, CDCl3)

Current Data Parameters
NAME         EDH-e-0450
EXPNO                 7
PROCNO                1

F2 - Acquisition Parameters
Date_          20180311
Time               7.25
INSTRUM           spect
PROBHD   5 mm CPTCI 1H-
PULPROG        cosygpqf
TD                 2048
SOLVENT           CDCl3
NS                    1
DS                    8
SWH            7836.991 Hz
FIDRES         3.826656 Hz
AQ            0.1306624 sec
RG                  114
DW               63.800 usec
DE                10.00 usec
TE                298.0 K
D0           0.00000300 sec
D1           1.48689198 sec
D13          0.00000400 sec
D16          0.00020000 sec
IN0          0.00012760 sec

======== CHANNEL f1 ========
SFO1        600.1330006 MHz
NUC1                 1H
P0                 4.65 usec
P1                 9.30 usec
PLW1         6.35610008 W

====== GRADIENT CHANNEL =====
GPNAM[1]     SMSQ10.100
GPZ1              10.00 %
P16             1000.00 usec

F1 - Acquisition parameters
TD                  512
SFO1            600.133 MHz
FIDRES        30.613245 Hz
SW               13.059 ppm
FnMODE               QF

F2 - Processing parameters
SI                 4096
SF          600.1300181 MHz
WDW               QSINE
SSB      0
LB       0 Hz
GB       0
PC                 1.40

F1 - Processing parameters
SI                 4096
MC2                  QF
SF          600.1300181 MHz
WDW               QSINE
SSB      0
LB       0 Hz
GB       0
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1H-13C HMBC NMR of Compound 217 (1H-600 MHz, 13C-151 MHz, CDCl3)  
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EDH-e-0450_C1F26-54 (HMBC, 600 MHz, CDCl3)

Current Data Parameters
NAME         EDH-e-0450
EXPNO                 8
PROCNO                1

F2 - Acquisition Parameters
Date_          20180311
Time               7.41
INSTRUM           spect
PROBHD   5 mm CPTCI 1H-
PULPROG    hmbcgplpndqf
TD                 2048
SOLVENT           CDCl3
NS                    8
DS                   16
SWH            7836.991 Hz
FIDRES         3.826656 Hz
AQ            0.1306624 sec
RG                 1820
DW               63.800 usec
DE                10.00 usec
TE                298.0 K
CNST2       145.0000000
CNST13        9.0000000
D0           0.00000300 sec
D1           1.50000000 sec
D2           0.00344828 sec
D6           0.05555556 sec
D16          0.00020000 sec
IN0          0.00001440 sec

======== CHANNEL f1 ========
SFO1        600.1330006 MHz
NUC1                 1H
P1                 9.25 usec
P2                18.50 usec
PLW1         6.35610008 W

======== CHANNEL f2 ========
SFO2        150.9194083 MHz
NUC2                13C
P3                15.00 usec
PLW2       178.91999817 W

====== GRADIENT CHANNEL =====
GPNAM[1]     SMSQ10.100
GPNAM[2]     SMSQ10.100
GPNAM[3]     SMSQ10.100
GPZ1              50.00 %
GPZ2              30.00 %
GPZ3              40.10 %
P16             1000.00 usec

F1 - Acquisition parameters
TD                  256
SFO1           150.9194 MHz
FIDRES       271.267365 Hz
SW              230.071 ppm
FnMODE               QF

F2 - Processing parameters
SI                 2048
SF          600.1300181 MHz
WDW               QSINE
SSB      0
LB       0 Hz
GB       0
PC                 1.40

F1 - Processing parameters
SI                 2048
MC2                  QF
SF          150.9027929 MHz
WDW               QSINE
SSB      0
LB       0 Hz
GB       0
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1H NMR of Crude Compound 224 (600 MHz, CDCl3) 
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EDH-e-0796_Crude_After Aqueous Workup (1H, 600 MHz, CDCl3, 5 mm, NS = 16 scans, DS = 4 scans, d1 = 10 sec)

Current Data Parameters
NAME         EDH-e-0796
EXPNO                 2
PROCNO                1

F2 - Acquisition Parameters
Date_          20190807
Time               9.25 h
INSTRUM           spect
PROBHD   Z44896_0077 (C
PULPROG            zg30
TD                32768
SOLVENT           CDCl3
NS                   16
DS                    4
SWH            7836.991 Hz
FIDRES         0.478332 Hz
AQ            2.0905983 sec
RG                  5.6
DW               63.800 usec
DE                10.00 usec
TE                298.0 K
D1          10.00000000 sec
TD0                   1
SFO1        600.1330006 MHz
NUC1                 1H
P1                 9.25 usec
PLW1         6.35610008 W

F2 - Processing parameters
SI                32768
SF          600.1300138 MHz
WDW                  EM
SSB      0
LB                 0.30 Hz
GB       0
PC                 1.00
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1H NMR of Purified Compound 224 (600 MHz, CDCl3) 
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EDH-e-0796_C1F17-23 (1H. 600 MHz, CDCl3, 5 mm, NS = 16 scans)

Current Data Parameters
NAME         EDH-e-0796
EXPNO                21
PROCNO                1

F2 - Acquisition Parameters
Date_          20191220
Time              11.03 h
INSTRUM           spect
PROBHD   Z44896_0077 (C
PULPROG            zg30
TD                32768
SOLVENT           CDCl3
NS                   16
DS                    0
SWH            7836.991 Hz
FIDRES         0.478332 Hz
AQ            2.0905983 sec
RG                    8
DW               63.800 usec
DE                10.00 usec
TE                298.0 K
D1           2.00000000 sec
TD0                   1
SFO1        600.1330006 MHz
NUC1                 1H
P1                 9.25 usec
PLW1         6.35610008 W

F2 - Processing parameters
SI                32768
SF          600.1300140 MHz
WDW                  EM
SSB      0
LB                 0.30 Hz
GB       0
PC                 1.00
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13C{1H} NMR of Purified Compound 224 (151 MHz, CDCl3) 
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EDH-e-0796_C1F17-23 (13C{1H}. 151 MHz, CDCl3, 5 mm, NS = 512 scans)

Current Data Parameters
NAME         EDH-e-0796
EXPNO                23
PROCNO                1

F2 - Acquisition Parameters
Date_          20191220
Time              11.41 h
INSTRUM           spect
PROBHD   Z44896_0077 (C
PULPROG            zgpg
TD                32768
SOLVENT           CDCl3
NS                  512
DS                    8
SWH           36231.883 Hz
FIDRES         2.211419 Hz
AQ            0.4521984 sec
RG                 1820
DW               13.800 usec
DE                10.00 usec
TE                298.0 K
D1           1.50000000 sec
D11          0.03000000 sec
TD0                   1
SFO1        150.9194080 MHz
NUC1                13C
P1                 5.00 usec
PLW1       178.91999817 W
SFO2        600.1330010 MHz
NUC2                 1H
CPDPRG[2        waltz16
PCPD2             70.00 usec
PLW2         6.35610008 W
PLW12        0.09372000 W
PLW13        0.04592300 W

F2 - Processing parameters
SI                32768
SF          150.9027874 MHz
WDW                  EM
SSB      0
LB                 1.50 Hz
GB       0
PC                 1.40
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1H-13C HSQC{1H}{13C} NMR of Purified Compound 224 (1H-600 MHz, 13C-151 MHz, CDCl3) 
 Note: Blue = CH/CH3 | Red = CH2. 
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EDH-e-0796_C1F17-23 (HSQC{1H}{13C}. 600 MHz, CDCl3, 5 mm, NS = 1 scan)

Current Data Parameters
NAME         EDH-e-0796
EXPNO                24
PROCNO                1

F2 - Acquisition Parameters
Date_          20191220
Time              11.43 h
INSTRUM           spect
PROBHD   Z44896_0077 (C
PULPROG  hsqcedetgpsisp.2
TD                 1024
SOLVENT           CDCl3
NS                    1
DS                   16
SWH            7836.991 Hz
FIDRES        15.306623 Hz
AQ            0.0653312 sec
RG                 1820
DW               63.800 usec
DE                10.00 usec
TE                298.0 K
CNST2       145.0000000
CNST17       -0.5000000
D0           0.00000300 sec
D1           1.50000000 sec
D4           0.00172414 sec
D11          0.03000000 sec
D16          0.00020000 sec
D21          0.00344828 sec
D24          0.00086207 sec
IN0          0.00001840 sec
TDav                  1
SFO1        600.1330006 MHz
NUC1                 1H
P1                 9.25 usec
P2                18.50 usec
P28      0 usec
PLW1         6.35610008 W
SFO2        150.9163903 MHz
NUC2                13C
CPDPRG[2          garp4
P3                15.00 usec
P14              500.00 usec
P24             2000.00 usec
PCPD2             60.00 usec
PLW0     0 W
PLW2       178.91999817 W
PLW12       11.18299961 W
SPNAM[3] Crp60,0.5,20.1
SPOAL3            0.500
SPOFFS3  0 Hz
SPW3        61.50899887 W
SPNAM[7]    Crp60comp.4
SPOAL7            0.500
SPOFFS7  0 Hz
SPW7        61.50899887 W
GPNAM[1]     SMSQ10.100
GPZ1              80.00 %
GPNAM[2]     SMSQ10.100
GPZ2              20.10 %
P16             1000.00 usec

F1 - Acquisition parameters
TD                  256
SFO1           150.9164 MHz
FIDRES       212.296188 Hz
SW              180.059 ppm
FnMODE    Echo-Antiecho

F2 - Processing parameters
SI                 1024
SF          600.1300140 MHz
WDW               QSINE
SSB                   2
LB       0 Hz
GB       0
PC                 1.40

F1 - Processing parameters
SI                 1024
MC2       echo-antiecho
SF          150.9027874 MHz
WDW               QSINE
SSB                   2
LB       0 Hz
GB       0
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1H-13C HMBC NMR of Purified Compound 224(1H-600 MHz, 13C-151 MHz, CDCl3) 
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EDH-e-0796_C1F17-23 (HMBC, 600 MHz, CDCl3, 5 mm, NS = 2 scans)

Current Data Parameters
NAME         EDH-e-0796
EXPNO                25
PROCNO                1

F2 - Acquisition Parameters
Date_          20191220
Time              11.51 h
INSTRUM           spect
PROBHD   Z44896_0077 (C
PULPROG    hmbcgplpndqf
TD                 2048
SOLVENT           CDCl3
NS                    2
DS                   16
SWH            7836.991 Hz
FIDRES         7.653311 Hz
AQ            0.1306624 sec
RG                 1820
DW               63.800 usec
DE                10.00 usec
TE                298.0 K
CNST2       145.0000000
CNST13        9.0000000
D0           0.00000300 sec
D1           1.50000000 sec
D2           0.00344828 sec
D6           0.05555556 sec
D16          0.00020000 sec
IN0          0.00001440 sec
TDav                  1
SFO1        600.1330006 MHz
NUC1                 1H
P1                 9.25 usec
P2                18.50 usec
PLW1         6.35610008 W
SFO2        150.9194083 MHz
NUC2                13C
P3                15.00 usec
PLW2       178.91999817 W
GPNAM[1]     SMSQ10.100
GPZ1              50.00 %
GPNAM[2]     SMSQ10.100
GPZ2              30.00 %
GPNAM[3]     SMSQ10.100
GPZ3              40.10 %
P16             1000.00 usec

F1 - Acquisition parameters
TD                  256
SFO1           150.9194 MHz
FIDRES       271.267365 Hz
SW              230.071 ppm
FnMODE               QF

F2 - Processing parameters
SI                 1024
SF          600.1300140 MHz
WDW               QSINE
SSB      0
LB       0 Hz
GB       0
PC                 1.40

F1 - Processing parameters
SI                 1024
MC2                  QF
SF          150.9027874 MHz
WDW               QSINE
SSB      0
LB       0 Hz
GB       0
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1H NMR of Compound 225 (600 MHz, CDCl3) 
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EDH-e-0633_C1F36-43 (1H, 600 MHz, CDCl3, 5 mm)

Current Data Parameters
NAME         EDH-e-0633
EXPNO                 1
PROCNO                1

F2 - Acquisition Parameters
Date_          20190105
Time              14.10 h
INSTRUM           spect
PROBHD   Z44896_0077 (C
PULPROG            zg30
TD                32768
SOLVENT           CDCl3
NS                   16
DS                    0
SWH            7836.991 Hz
FIDRES         0.478332 Hz
AQ            2.0905983 sec
RG                 7.12
DW               63.800 usec
DE                10.00 usec
TE                298.0 K
D1           2.00000000 sec
TD0                   1
SFO1        600.1330006 MHz
NUC1                 1H
P1                 9.25 usec
PLW1         6.35610008 W

F2 - Processing parameters
SI                32768
SF          600.1300153 MHz
WDW                  EM
SSB                   0
LB                 0.30 Hz
GB                    0
PC                 1.00

4.04.2 ppm

4
.
0
1
3
8

4
.
1
1
9
2

4
.
1
2
4
8

4
.
1
2
8
8

4
.
2
1
1
7

4
.
2
3
4
1

1
.
6
7

1
.
1
9

2
.
1
2

 
225 

H
H3C

OTBS

O
H

Bn2N

CH3



256 

13C{1H} NMR of Compound 225 (151 MHz, CDCl3) 
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EDH-e-0451_C1F25-32_Bulk Material (13C, 151 MHz, CDCl3)

Current Data Parameters
NAME         EDH-e-0451
EXPNO                 4
PROCNO                1

F2 - Acquisition Parameters
Date_          20180311
Time               9.20
INSTRUM           spect
PROBHD   5 mm CPTCI 1H-
PULPROG            zgpg
TD                32768
SOLVENT           CDCl3
NS                 1024
DS                    8
SWH           36231.883 Hz
FIDRES         1.105709 Hz
AQ            0.4521984 sec
RG                 1820
DW               13.800 usec
DE                10.00 usec
TE                298.0 K
D1           1.50000000 sec
D11          0.03000000 sec
TD0                   1

======== CHANNEL f1 ========
SFO1        150.9194080 MHz
NUC1                13C
P1                 5.00 usec
PLW1       178.91999817 W

======== CHANNEL f2 ========
SFO2        600.1330010 MHz
NUC2                 1H
CPDPRG[2        waltz16
PCPD2             70.00 usec
PLW2         6.35610008 W
PLW12        0.09372000 W
PLW13        0.04592300 W

F2 - Processing parameters
SI                32768
SF          150.9027885 MHz
WDW                  EM
SSB      0
LB                 1.50 Hz
GB       0
PC                 1.40
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1H-13C HSQC{1H}{13C} NMR of Compound 225 (1H-600 MHz, 13C-151 MHz, CDCl3) 
 Note: Blue = CH/CH3 | Red = CH2. 
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EDH-e-0451_C1F25-32_Bulk Material (HSQC{1H}{13C}, 600 MHz, CDCl3, O2P = 80 ppm)

Current Data Parameters
NAME         EDH-e-0451
EXPNO                 5
PROCNO                1

F2 - Acquisition Parameters
Date_          20180311
Time               9.21
INSTRUM           spect
PROBHD   5 mm CPTCI 1H-
PULPROG  hsqcedetgpsisp.2
TD                 1024
SOLVENT           CDCl3
NS                    2
DS                   16
SWH            7836.991 Hz
FIDRES         7.653311 Hz
AQ            0.0653312 sec
RG                 1820
DW               63.800 usec
DE                10.00 usec
TE                298.0 K
CNST2       145.0000000
CNST17       -0.5000000
D0           0.00000300 sec
D1           1.50000000 sec
D4           0.00172414 sec
D11          0.03000000 sec
D16          0.00020000 sec
D21          0.00344828 sec
D24          0.00086207 sec
IN0          0.00001840 sec

======== CHANNEL f1 ========
SFO1        600.1330006 MHz
NUC1                 1H
P1                 9.25 usec
P2                18.50 usec
P28      0 usec
PLW1         6.35610008 W

======== CHANNEL f2 ========
SFO2        150.9148812 MHz
NUC2                13C
CPDPRG[2          garp4
P3                15.00 usec
P14              500.00 usec
P24             2000.00 usec
PCPD2             60.00 usec
PLW0     0 W
PLW2       178.91999817 W
PLW12       11.18299961 W
SPNAM[3] Crp60,0.5,20.1
SPOAL3            0.500
SPOFFS3  0 Hz
SPW3        61.50899887 W
SPNAM[7]    Crp60comp.4
SPOAL7            0.500
SPOFFS7  0 Hz
SPW7        61.50899887 W

====== GRADIENT CHANNEL =====
GPNAM[1]     SMSQ10.100
GPNAM[2]     SMSQ10.100
GPZ1              80.00 %
GPZ2              20.10 %
P16             1000.00 usec

F1 - Acquisition parameters
TD                  256
SFO1           150.9149 MHz
FIDRES       212.296188 Hz
SW              180.061 ppm
FnMODE    Echo-Antiecho

F2 - Processing parameters
SI                 2048
SF          600.1300144 MHz
WDW               QSINE
SSB                   2
LB       0 Hz
GB       0
PC                 1.40

F1 - Processing parameters
SI                 2048
MC2       echo-antiecho
SF          150.9027885 MHz
WDW               QSINE
SSB                   2
LB       0 Hz
GB       0

7.47.6 ppm

125

126

127

128

129

130

ppm

6.26.4 ppm

141.5

142.0

142.5

143.0

143.5

144.0

ppm

Expansion #1
(↓ intensity)

Full Spectrum

Expanded
Region #1

Expanded
Region #2

Expansion #2

 
225 

H
H3C

OTBS

O
H

Bn2N

CH3



258 

1H-1H COSY NMR of Compound 225 (600 MHz, CDCl3) 
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EDH-e-0451_C1F25-32_Bulk Material (COSY, 600 MHz, CDCl3)

Current Data Parameters
NAME         EDH-e-0451
EXPNO                 6
PROCNO                1

F2 - Acquisition Parameters
Date_          20180311
Time               9.36
INSTRUM           spect
PROBHD   5 mm CPTCI 1H-
PULPROG        cosygpqf
TD                 2048
SOLVENT           CDCl3
NS                    1
DS                    8
SWH            7836.991 Hz
FIDRES         3.826656 Hz
AQ            0.1306624 sec
RG                 80.6
DW               63.800 usec
DE                10.00 usec
TE                298.0 K
D0           0.00000300 sec
D1           1.48689198 sec
D13          0.00000400 sec
D16          0.00020000 sec
IN0          0.00012760 sec

======== CHANNEL f1 ========
SFO1        600.1330006 MHz
NUC1                 1H
P0                 4.65 usec
P1                 9.30 usec
PLW1         6.35610008 W

====== GRADIENT CHANNEL =====
GPNAM[1]     SMSQ10.100
GPZ1              10.00 %
P16             1000.00 usec

F1 - Acquisition parameters
TD                  512
SFO1            600.133 MHz
FIDRES        30.613245 Hz
SW               13.059 ppm
FnMODE               QF

F2 - Processing parameters
SI                 4096
SF          600.1300144 MHz
WDW               QSINE
SSB      0
LB       0 Hz
GB       0
PC                 1.40

F1 - Processing parameters
SI                 4096
MC2                  QF
SF          600.1300144 MHz
WDW               QSINE
SSB      0
LB       0 Hz
GB       0
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1H-13C HMBC NMR of Compound 225 (1H-600 MHz, 13C-151 MHz, CDCl3)  
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EDH-e-0451_C1F25-32_Bulk Material (HMBC, 600 MHz, CDCl3)

Current Data Parameters
NAME         EDH-e-0451
EXPNO                 7
PROCNO                1

F2 - Acquisition Parameters
Date_          20180311
Time               9.51
INSTRUM           spect
PROBHD   5 mm CPTCI 1H-
PULPROG    hmbcgplpndqf
TD                 2048
SOLVENT           CDCl3
NS                    8
DS                   16
SWH            7836.991 Hz
FIDRES         3.826656 Hz
AQ            0.1306624 sec
RG                 1820
DW               63.800 usec
DE                10.00 usec
TE                298.0 K
CNST2       145.0000000
CNST13        9.0000000
D0           0.00000300 sec
D1           1.50000000 sec
D2           0.00344828 sec
D6           0.05555556 sec
D16          0.00020000 sec
IN0          0.00001440 sec

======== CHANNEL f1 ========
SFO1        600.1330006 MHz
NUC1                 1H
P1                 9.25 usec
P2                18.50 usec
PLW1         6.35610008 W

======== CHANNEL f2 ========
SFO2        150.9194083 MHz
NUC2                13C
P3                15.00 usec
PLW2       178.91999817 W

====== GRADIENT CHANNEL =====
GPNAM[1]     SMSQ10.100
GPNAM[2]     SMSQ10.100
GPNAM[3]     SMSQ10.100
GPZ1              50.00 %
GPZ2              30.00 %
GPZ3              40.10 %
P16             1000.00 usec

F1 - Acquisition parameters
TD                  256
SFO1           150.9194 MHz
FIDRES       271.267365 Hz
SW              230.071 ppm
FnMODE               QF

F2 - Processing parameters
SI                 2048
SF          600.1300144 MHz
WDW               QSINE
SSB      0
LB       0 Hz
GB       0
PC                 1.40

F1 - Processing parameters
SI                 2048
MC2                  QF
SF          150.9027885 MHz
WDW               QSINE
SSB      0
LB       0 Hz
GB       0
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1H-1H NOESY NMR of Compound 225 (600 MHz, CDCl3) 
 Note: Blue = diagonal/chemical exchange | Red = NOESY cross peaks. 
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EDH-e-0451_C1F25-32_Bulk Material (NOESY, 600 MHz, CDCl3)

Current Data Parameters
NAME         EDH-e-0451
EXPNO                 8
PROCNO                1

F2 - Acquisition Parameters
Date_          20180311
Time              10.50
INSTRUM           spect
PROBHD   5 mm CPTCI 1H-
PULPROG       noesygpph
TD                 2048
SOLVENT           CDCl3
NS                    4
DS                   16
SWH            7836.991 Hz
FIDRES         3.826656 Hz
AQ            0.1306624 sec
RG                  128
DW               63.800 usec
DE                10.00 usec
TE                298.0 K
D0           0.00005202 sec
D1           1.48689198 sec
D8           0.60000002 sec
D16          0.00020000 sec
IN0          0.00012760 sec

======== CHANNEL f1 ========
SFO1        600.1330006 MHz
NUC1                 1H
P1                 9.25 usec
P2                18.50 usec
PLW1         6.35610008 W

====== GRADIENT CHANNEL =====
GPNAM[1]     SMSQ10.100
GPZ1              40.00 %
P16             1000.00 usec

F1 - Acquisition parameters
TD                  465
SFO1            600.133 MHz
FIDRES        33.707485 Hz
SW               13.059 ppm
FnMODE      States-TPPI

F2 - Processing parameters
SI                 2048
SF          600.1300144 MHz
WDW               QSINE
SSB                   2
LB                    0 Hz
GB                    0
PC                 1.40

F1 - Processing parameters
SI                 2048
MC2         States-TPPI
SF          600.1300144 MHz
WDW               QSINE
SSB                   2
LB                    0 Hz
GB                    0
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1H NMR of Compound a/b-226 (ca. 2:3 a/b) (600 MHz, CDCl3) 
1Note: This is the 1H NMR spectrum of a/b-226 used for the line listing and peak assignment. 
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EDH-e-0868_C1F16-19 (1H, 600 MHz, CDCl3, 5 mm, NS = 1 scan)

Current Data Parameters
NAME         EDH-e-0868
EXPNO                 2
PROCNO                1

F2 - Acquisition Parameters
Date_          20191122
Time              22.24 h
INSTRUM           spect
PROBHD   Z44896_0077 (C
PULPROG            zg30
TD                32768
SOLVENT           CDCl3
NS                    1
DS                    0
SWH            7836.991 Hz
FIDRES         0.478332 Hz
AQ            2.0905983 sec
RG                  5.6
DW               63.800 usec
DE                10.00 usec
TE                298.0 K
D1           2.00000000 sec
TD0                   1
SFO1        600.1330006 MHz
NUC1                 1H
P1                 9.25 usec
PLW1         6.35610008 W

F2 - Processing parameters
SI                32768
SF          600.1300139 MHz
WDW                  EM
SSB                   0
LB                 0.30 Hz
GB                    0
PC                 1.00
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13C{1H} NMR of Compound a/b-226 (ca. 2:3 a/b) (151 MHz, CDCl3)  
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EDH-e-0868_C1F16-19 (13C,{1H} 151 MHz, CDCl3, 5 mm, NS = 512 scans)

Current Data Parameters
NAME         EDH-e-0868
EXPNO                 3
PROCNO                1

F2 - Acquisition Parameters
Date_          20191122
Time              22.43 h
INSTRUM           spect
PROBHD   Z44896_0077 (C
PULPROG            zgpg
TD                32768
SOLVENT           CDCl3
NS                  512
DS                    8
SWH           36231.883 Hz
FIDRES         2.211419 Hz
AQ            0.4521984 sec
RG                 1820
DW               13.800 usec
DE                10.00 usec
TE                298.0 K
D1           1.50000000 sec
D11          0.03000000 sec
TD0                   1
SFO1        150.9194080 MHz
NUC1                13C
P1                 5.00 usec
PLW1       178.91999817 W
SFO2        600.1330010 MHz
NUC2                 1H
CPDPRG[2        waltz16
PCPD2             70.00 usec
PLW2         6.35610008 W
PLW12        0.09372000 W
PLW13        0.04592300 W

F2 - Processing parameters
SI                32768
SF          150.9027892 MHz
WDW                  EM
SSB                   0
LB                 1.50 Hz
GB                    0
PC                 1.40
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1H-13C HSQC{1H}{13C} NMR of Compound a/b-226 (ca. 2:3 a/b) (1H-600 MHz, 13C-151 MHz, CDCl3)  
 Note: Blue = CH/CH3 | Red = CH2. 
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EDH-e-0868_C1F16-19 (HSQC{1H}{13C}, 600 MHz, CDCl3, 5 mm, NS = 1 scan, O2P = 80 ppm)

Current Data Parameters
NAME         EDH-e-0868
EXPNO                 4
PROCNO                1

F2 - Acquisition Parameters
Date_          20191122
Time              22.44 h
INSTRUM           spect
PROBHD   Z44896_0077 (C
PULPROG  hsqcedetgpsisp.2
TD                 1024
SOLVENT           CDCl3
NS                    1
DS                   16
SWH            7836.991 Hz
FIDRES        15.306623 Hz
AQ            0.0653312 sec
RG                 1820
DW               63.800 usec
DE                10.00 usec
TE                298.0 K
CNST2       145.0000000
CNST17       -0.5000000
D0           0.00000300 sec
D1           1.50000000 sec
D4           0.00172414 sec
D11          0.03000000 sec
D16          0.00020000 sec
D21          0.00344828 sec
D24          0.00086207 sec
IN0          0.00001840 sec
TDav                  1
SFO1        600.1330006 MHz
NUC1                 1H
P1                 9.25 usec
P2                18.50 usec
P28                   0 usec
PLW1         6.35610008 W
SFO2        150.9148812 MHz
NUC2                13C
CPDPRG[2          garp4
P3                15.00 usec
P14              500.00 usec
P24             2000.00 usec
PCPD2             60.00 usec
PLW0                  0 W
PLW2       178.91999817 W
PLW12       11.18299961 W
SPNAM[3] Crp60,0.5,20.1
SPOAL3            0.500
SPOFFS3               0 Hz
SPW3        61.50899887 W
SPNAM[7]    Crp60comp.4
SPOAL7            0.500
SPOFFS7               0 Hz
SPW7        61.50899887 W
GPNAM[1]     SMSQ10.100
GPZ1              80.00 %
GPNAM[2]     SMSQ10.100
GPZ2              20.10 %
P16             1000.00 usec

F1 - Acquisition parameters
TD                  256
SFO1           150.9149 MHz
FIDRES       212.296188 Hz
SW              180.061 ppm
FnMODE    Echo-Antiecho

F2 - Processing parameters
SI                 1024
SF          600.1300139 MHz
WDW               QSINE
SSB                   2
LB                    0 Hz
GB                    0
PC                 1.40

F1 - Processing parameters
SI                 1024
MC2       echo-antiecho
SF          150.9027892 MHz
WDW               QSINE
SSB                   2
LB                    0 Hz
GB                    0
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Coupled 1H-13C HSQC NMR of Compound a/b-226 (ca. 2:3 a/b) (1H-600 MHz, 13C-151 MHz, CDCl3)  
 Note: Blue = CH/CH3 | Red = CH2. 
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EDH-e-0868_C1F16-19 ("Coupled" - HSQC, 600 MHz, CDCl3, 5 mm)

Current Data Parameters
NAME         EDH-e-0868
EXPNO                 5
PROCNO                1

F2 - Acquisition Parameters
Date_          20191122
Time              22.53 h
INSTRUM           spect
PROBHD   Z44896_0077 (C
PULPROG  hsqcedetgpsisp.2
TD                 4096
SOLVENT           CDCl3
NS                    2
DS                   16
SWH            1200.384 Hz
FIDRES         0.586125 Hz
AQ            1.7061205 sec
RG                 1820
DW              416.533 usec
DE                10.00 usec
TE                298.0 K
CNST2       145.0000000
CNST17       -0.5000000
D0           0.00000300 sec
D1           1.50000000 sec
D4           0.00172414 sec
D11          0.03000000 sec
D16          0.00020000 sec
D21          0.00344828 sec
D24          0.00086207 sec
IN0          0.00001840 sec
TDav                  1
SFO1        600.1330307 MHz
NUC1                 1H
P1                 9.25 usec
P2                18.50 usec
P28                   0 usec
PLW1         6.35610008 W
SFO2        150.9168128 MHz
NUC2                13C
CPDPRG[2          garp4
P3                15.00 usec
P14              500.00 usec
P24             2000.00 usec
PCPD2             60.00 usec
PLW0                  0 W
PLW2       178.91999817 W
PLW12                 0 W
SPNAM[3] Crp60,0.5,20.1
SPOAL3            0.500
SPOFFS3               0 Hz
SPW3        61.50899887 W
SPNAM[7]    Crp60comp.4
SPOAL7            0.500
SPOFFS7               0 Hz
SPW7        61.50899887 W
GPNAM[1]     SMSQ10.100
GPZ1              80.00 %
GPNAM[2]     SMSQ10.100
GPZ2              20.10 %
P16             1000.00 usec

F1 - Acquisition parameters
TD                  128
SFO1           150.9168 MHz
FIDRES       424.592377 Hz
SW              180.059 ppm
FnMODE    Echo-Antiecho

F2 - Processing parameters
SI                 1024
SF          600.1300139 MHz
WDW               QSINE
SSB                   2
LB                    0 Hz
GB                    0
PC                 1.40

F1 - Processing parameters
SI                 1024
MC2       echo-antiecho
SF          150.9027892 MHz
WDW               QSINE
SSB                   2
LB                    0 Hz
GB                    0

a-C1: 1JCH = 166 Hz

b-C1: 1JCH = 159 Hz
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1H-1H COSY NMR of Compound a/b-226 (ca. 2:3 a/b) (600 MHz, CDCl3)  
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EDH-e-0868_C1F16-19 (COSY, 600 MHz, CDCl3, 5 mm, NS = 1 scan)

Current Data Parameters
NAME         EDH-e-0868
EXPNO                 6
PROCNO                1

F2 - Acquisition Parameters
Date_          20191122
Time              23.07 h
INSTRUM           spect
PROBHD   Z44896_0077 (C
PULPROG        cosygpqf
TD                 2048
SOLVENT           CDCl3
NS                    1
DS                    8
SWH            7836.991 Hz
FIDRES         7.653311 Hz
AQ            0.1306624 sec
RG                 71.8
DW               63.800 usec
DE                10.00 usec
TE                298.0 K
D0           0.00000300 sec
D1           1.48689198 sec
D13          0.00000400 sec
D16          0.00020000 sec
IN0          0.00012760 sec
TDav                  1
SFO1        600.1330006 MHz
NUC1                 1H
P0                 4.65 usec
P1                 9.30 usec
PLW1         6.35610008 W
GPNAM[1]     SMSQ10.100
GPZ1              10.00 %
P16             1000.00 usec

F1 - Acquisition parameters
TD                  512
SFO1            600.133 MHz
FIDRES        30.613245 Hz
SW               13.059 ppm
FnMODE               QF

F2 - Processing parameters
SI                 1024
SF          600.1300139 MHz
WDW               QSINE
SSB      0
LB       0 Hz
GB       0
PC                 1.40

F1 - Processing parameters
SI                 1024
MC2                  QF
SF          600.1300139 MHz
WDW               QSINE
SSB      0
LB       0 Hz
GB       0
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1H-13C HMBC NMR of Compound a/b-226 (ca. 2:3 a/b) (1H-600 MHz, 13C-151 MHz, CDCl3) 
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EDH-e-0868_C1F16-19 (HMBC, 600 MHz, CDCl3, 5 mm, NS = 4 scans)

Current Data Parameters
NAME         EDH-e-0868
EXPNO                 7
PROCNO                1

F2 - Acquisition Parameters
Date_          20191122
Time              23.23 h
INSTRUM           spect
PROBHD   Z44896_0077 (C
PULPROG    hmbcgplpndqf
TD                 2048
SOLVENT           CDCl3
NS                    4
DS                   16
SWH            7836.991 Hz
FIDRES         7.653311 Hz
AQ            0.1306624 sec
RG                 1820
DW               63.800 usec
DE                10.00 usec
TE                298.0 K
CNST2       145.0000000
CNST13        9.0000000
D0           0.00000300 sec
D1           1.50000000 sec
D2           0.00344828 sec
D6           0.05555556 sec
D16          0.00020000 sec
IN0          0.00001440 sec
TDav                  1
SFO1        600.1330006 MHz
NUC1                 1H
P1                 9.25 usec
P2                18.50 usec
PLW1         6.35610008 W
SFO2        150.9194083 MHz
NUC2                13C
P3                15.00 usec
PLW2       178.91999817 W
GPNAM[1]     SMSQ10.100
GPZ1              50.00 %
GPNAM[2]     SMSQ10.100
GPZ2              30.00 %
GPNAM[3]     SMSQ10.100
GPZ3              40.10 %
P16             1000.00 usec

F1 - Acquisition parameters
TD                  256
SFO1           150.9194 MHz
FIDRES       271.267365 Hz
SW              230.071 ppm
FnMODE               QF

F2 - Processing parameters
SI                 1024
SF          600.1300139 MHz
WDW               QSINE
SSB      0
LB       0 Hz
GB       0
PC                 1.40

F1 - Processing parameters
SI                 1024
MC2                  QF
SF          150.9027892 MHz
WDW               QSINE
SSB      0
LB       0 Hz
GB       0
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1H-1H NOESY NMR of Compound a/b-226 (ca. 2:3 a/b) (600 MHz, CDCl3)  
 Note: Blue = diagonal/chemical exchange | Red = NOESY cross peaks. 
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EDH-e-0868_C1F16-19 (NOESY 600 MHz, CDCl3, 5 mm, NS = 4 scans)

Current Data Parameters
NAME         EDH-e-0868
EXPNO                 8
PROCNO                1

F2 - Acquisition Parameters
Date_          20191122
Time              23.53 h
INSTRUM           spect
PROBHD   Z44896_0077 (C
PULPROG       noesygpph
TD                 2048
SOLVENT           CDCl3
NS                    4
DS                   16
SWH            7836.991 Hz
FIDRES         7.653311 Hz
AQ            0.1306624 sec
RG                  128
DW               63.800 usec
DE                10.00 usec
TE                298.0 K
D0           0.00005202 sec
D1           1.48689198 sec
D8           0.60000002 sec
D16          0.00020000 sec
IN0          0.00012760 sec
TDav                  1
SFO1        600.1330006 MHz
NUC1                 1H
P1                 9.25 usec
P2                18.50 usec
PLW1         6.35610008 W
GPNAM[1]     SMSQ10.100
GPZ1              40.00 %
P16             1000.00 usec

F1 - Acquisition parameters
TD                  512
SFO1            600.133 MHz
FIDRES        30.613245 Hz
SW               13.059 ppm
FnMODE      States-TPPI

F2 - Processing parameters
SI                 1024
SF          600.1300139 MHz
WDW               QSINE
SSB                   2
LB                    0 Hz
GB                    0
PC                 1.40

F1 - Processing parameters
SI                 1024
MC2         States-TPPI
SF          600.1300139 MHz
WDW               QSINE
SSB                   2
LB                    0 Hz
GB                    0 2.02.53.03.54.04.55.05.5 ppm
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1H NMR of Compound a/b-227 (ca. 2:3 a:b) (600 MHz, CDCl3)  
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EDH-e-0584_C1F5-11 (1H, 600 MHz, CDCl3, 5 mm, NS = 16 scans, DS = 4 scans, d1 = 10 sec)

Current Data Parameters
NAME         EDH-e-0584
EXPNO                 1
PROCNO                1

F2 - Acquisition Parameters
Date_          20181105
Time              19.35 h
INSTRUM           spect
PROBHD   Z44896_0077 (C
PULPROG            zg30
TD                32768
SOLVENT           CDCl3
NS                   16
DS                    4
SWH            7836.991 Hz
FIDRES         0.478332 Hz
AQ            2.0905983 sec
RG                  5.6
DW               63.800 usec
DE                10.00 usec
TE                297.9 K
D1          10.00000000 sec
TD0                   1
SFO1        600.1330006 MHz
NUC1                 1H
P1                 9.25 usec
PLW1         6.35610008 W

F2 - Processing parameters
SI                32768
SF          600.1300151 MHz
WDW                  EM
SSB                   0
LB                 0.30 Hz
GB                    0
PC                 1.00
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13C{1H} NMR of Compound a/b-227 (ca. 2:3 a:b) (151 MHz, CDCl3)  
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EDH-e-0584_C1F5-11 (13C,{1H} 151 MHz, CDCl3, 5 mm, NS = 512 scans)

Current Data Parameters
NAME         EDH-e-0584
EXPNO                 2
PROCNO                1

F2 - Acquisition Parameters
Date_          20181105
Time              19.54 h
INSTRUM           spect
PROBHD   Z44896_0077 (C
PULPROG            zgpg
TD                32768
SOLVENT           CDCl3
NS                  512
DS                    8
SWH           36231.883 Hz
FIDRES         2.211419 Hz
AQ            0.4521984 sec
RG                 1820
DW               13.800 usec
DE                10.00 usec
TE                297.9 K
D1           1.50000000 sec
D11          0.03000000 sec
TD0                   1
SFO1        150.9194080 MHz
NUC1                13C
P1                 5.00 usec
PLW1       178.91999817 W
SFO2        600.1330010 MHz
NUC2                 1H
CPDPRG[2        waltz16
PCPD2             70.00 usec
PLW2         6.35610008 W
PLW12        0.09372000 W
PLW13        0.04592300 W

F2 - Processing parameters
SI                32768
SF          150.9027893 MHz
WDW                  EM
SSB                   0
LB                 1.50 Hz
GB                    0
PC                 1.40

5657 ppm

5
6
.
3
1

5
6
.
5
0

 
a-227 

O

OTBSBn2N

H3C
CH3

OAc

 
b-227 

O OAc

OTBSBn2N

H3C
CH3

+ 

ca. 2:3 a/b 



270 

1H-13C HSQC{1H}{13C} NMR of Compound a/b-227 (ca. 2:3 a:b) (1H-600 MHz, 13C-151 MHz, CDCl3)  

 Note: Blue = CH/CH3 | Red = CH2. 
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EDH-e-0677_C1F4-10 (HSQC{1H}{13C}, 600 MHz, CDCl3, 5 mm, NS = 1 scan, O2P = 80 ppm)

Current Data Parameters
NAME         EDH-e-0677
EXPNO                13
PROCNO                1

F2 - Acquisition Parameters
Date_          20191211
Time              11.59 h
INSTRUM           spect
PROBHD   Z44896_0077 (C
PULPROG  hsqcedetgpsisp.2
TD                 1024
SOLVENT           CDCl3
NS                    1
DS                   16
SWH            7836.991 Hz
FIDRES        15.306623 Hz
AQ            0.0653312 sec
RG                 1820
DW               63.800 usec
DE                10.00 usec
TE                298.0 K
CNST2       145.0000000
CNST17       -0.5000000
D0           0.00000300 sec
D1           1.50000000 sec
D4           0.00172414 sec
D11          0.03000000 sec
D16          0.00020000 sec
D21          0.00344828 sec
D24          0.00086207 sec
IN0          0.00001840 sec
TDav                  1
SFO1        600.1330006 MHz
NUC1                 1H
P1                 9.25 usec
P2                18.50 usec
P28      0 usec
PLW1         6.35610008 W
SFO2        150.9148812 MHz
NUC2                13C
CPDPRG[2          garp4
P3                15.00 usec
P14              500.00 usec
P24             2000.00 usec
PCPD2             60.00 usec
PLW0     0 W
PLW2       178.91999817 W
PLW12       11.18299961 W
SPNAM[3] Crp60,0.5,20.1
SPOAL3            0.500
SPOFFS3  0 Hz
SPW3        61.50899887 W
SPNAM[7]    Crp60comp.4
SPOAL7            0.500
SPOFFS7  0 Hz
SPW7        61.50899887 W
GPNAM[1]     SMSQ10.100
GPZ1              80.00 %
GPNAM[2]     SMSQ10.100
GPZ2              20.10 %
P16             1000.00 usec

F1 - Acquisition parameters
TD                  256
SFO1           150.9149 MHz
FIDRES       212.296188 Hz
SW              180.061 ppm
FnMODE    Echo-Antiecho

F2 - Processing parameters
SI                 1024
SF          600.1300139 MHz
WDW               QSINE
SSB                   2
LB       0 Hz
GB       0
PC                 1.40

F1 - Processing parameters
SI                 1024
MC2       echo-antiecho
SF          150.9027917 MHz
WDW               QSINE
SSB                   2
LB       0 Hz
GB       0
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Coupled 1H-13C HSQC NMR of Compound a/b-227 (ca. 2:3 a:b) (1H-600 MHz, 13C-151 MHz, CDCl3)  

 Note: Blue = CH/CH3 | Red = CH2. 
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EDH-e-0677_C1F4-10 ("Coupled" HSQC, 600 MHz, CDCl3, 5 mm)

Current Data Parameters
NAME         EDH-e-0677
EXPNO                14
PROCNO                1

F2 - Acquisition Parameters
Date_          20191211
Time              12.07 h
INSTRUM           spect
PROBHD   Z44896_0077 (C
PULPROG  hsqcedetgpsisp.2
TD                 4096
SOLVENT           CDCl3
NS                    2
DS                   16
SWH            1200.384 Hz
FIDRES         0.586125 Hz
AQ            1.7061205 sec
RG                 1820
DW              416.533 usec
DE                10.00 usec
TE                298.0 K
CNST2       145.0000000
CNST17       -0.5000000
D0           0.00000300 sec
D1           1.50000000 sec
D4           0.00172414 sec
D11          0.03000000 sec
D16          0.00020000 sec
D21          0.00344828 sec
D24          0.00086207 sec
IN0          0.00001840 sec
TDav                  1
SFO1        600.1335648 MHz
NUC1                 1H
P1                 9.25 usec
P2                18.50 usec
P28                   0 usec
PLW1         6.35610008 W
SFO2        150.9167373 MHz
NUC2                13C
CPDPRG[2          garp4
P3                15.00 usec
P14              500.00 usec
P24             2000.00 usec
PCPD2             60.00 usec
PLW0                  0 W
PLW2       178.91999817 W
PLW12                 0 W
SPNAM[3] Crp60,0.5,20.1
SPOAL3            0.500
SPOFFS3               0 Hz
SPW3        61.50899887 W
SPNAM[7]    Crp60comp.4
SPOAL7            0.500
SPOFFS7               0 Hz
SPW7        61.50899887 W
GPNAM[1]     SMSQ10.100
GPZ1              80.00 %
GPNAM[2]     SMSQ10.100
GPZ2              20.10 %
P16             1000.00 usec

F1 - Acquisition parameters
TD                  128
SFO1           150.9167 MHz
FIDRES       424.592377 Hz
SW              180.059 ppm
FnMODE    Echo-Antiecho

F2 - Processing parameters
SI                 1024
SF          600.1300139 MHz
WDW               QSINE
SSB                   2
LB                    0 Hz
GB                    0
PC                 1.40

F1 - Processing parameters
SI                 1024
MC2       echo-antiecho
SF          150.9027917 MHz
WDW               QSINE
SSB                   2
LB                    0 Hz
GB                    0

a-C1: 1JCH = 171 Hz

b-C1: 1JCH = 164 Hz
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1H-1H COSY NMR Compound a/b-227 (ca. 2:3 a:b) (600 MHz, CDCl3)  
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EDH-e-0500_C1F2-4 (COSY, 600 MHz, CDCl3, 5 mm)

Current Data Parameters
NAME         EDH-e-0500
EXPNO                 5
PROCNO                1

F2 - Acquisition Parameters
Date_          20180517
Time              20.45
INSTRUM           spect
PROBHD   5 mm CPTCI 1H-
PULPROG        cosygpqf
TD                 2048
SOLVENT           CDCl3
NS                    1
DS                    8
SWH            7836.991 Hz
FIDRES         3.826656 Hz
AQ            0.1306624 sec
RG                 50.8
DW               63.800 usec
DE                10.00 usec
TE                298.0 K
D0           0.00000300 sec
D1           1.48689198 sec
D13          0.00000400 sec
D16          0.00020000 sec
IN0          0.00012760 sec

======== CHANNEL f1 ========
SFO1        600.1330006 MHz
NUC1                 1H
P0                 4.65 usec
P1                 9.30 usec
PLW1         6.35610008 W

====== GRADIENT CHANNEL =====
GPNAM[1]     SMSQ10.100
GPZ1              10.00 %
P16             1000.00 usec

F1 - Acquisition parameters
TD                  512
SFO1            600.133 MHz
FIDRES        30.613245 Hz
SW               13.059 ppm
FnMODE               QF

F2 - Processing parameters
SI                 4096
SF          600.1300151 MHz
WDW               QSINE
SSB      0
LB       0 Hz
GB       0
PC                 1.40

F1 - Processing parameters
SI                 4096
MC2                  QF
SF          600.1300151 MHz
WDW               QSINE
SSB      0
LB       0 Hz
GB       0
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1H-13C HMBC NMR Compound a/b-227 (ca. 2:3 a:b) (1H-600 MHz, 13C-151 MHz, CDCl3)  
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EDH-e-0500_C1F2-4 (HMBC, 600 MHz, CDCl3, 5 mm, NS = 2 scans)

Current Data Parameters
NAME         EDH-e-0500
EXPNO                 6
PROCNO                1

F2 - Acquisition Parameters
Date_          20180517
Time              21.01
INSTRUM           spect
PROBHD   5 mm CPTCI 1H-
PULPROG    hmbcgplpndqf
TD                 2048
SOLVENT           CDCl3
NS                    2
DS                   16
SWH            7836.991 Hz
FIDRES         3.826656 Hz
AQ            0.1306624 sec
RG                 1820
DW               63.800 usec
DE                10.00 usec
TE                298.0 K
CNST2       145.0000000
CNST13        9.0000000
D0           0.00000300 sec
D1           1.50000000 sec
D2           0.00344828 sec
D6           0.05555556 sec
D16          0.00020000 sec
IN0          0.00001440 sec

======== CHANNEL f1 ========
SFO1        600.1330006 MHz
NUC1                 1H
P1                 9.25 usec
P2                18.50 usec
PLW1         6.35610008 W

======== CHANNEL f2 ========
SFO2        150.9194083 MHz
NUC2                13C
P3                15.00 usec
PLW2       178.91999817 W

====== GRADIENT CHANNEL =====
GPNAM[1]     SMSQ10.100
GPNAM[2]     SMSQ10.100
GPNAM[3]     SMSQ10.100
GPZ1              50.00 %
GPZ2              30.00 %
GPZ3              40.10 %
P16             1000.00 usec

F1 - Acquisition parameters
TD                  256
SFO1           150.9194 MHz
FIDRES       271.267365 Hz
SW              230.071 ppm
FnMODE               QF

F2 - Processing parameters
SI                 2048
SF          600.1300151 MHz
WDW               QSINE
SSB                   0
LB                    0 Hz
GB                    0
PC                 1.40

F1 - Processing parameters
SI                 2048
MC2                  QF
SF          150.9027918 MHz
WDW               QSINE
SSB                   0
LB                    0 Hz
GB                    0
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1H-1H NOESY NMR Compound a/b-227 (ca. 2:3 a:b) (600 MHz, CDCl3)  

 Note: Blue = diagonal/chemical exchange | Red = NOESY cross peaks. 

 
8.5 8.0 7.5 7.0 6.5 6.0 5.5 5.0 4.5 4.0 3.5 3.0 2.5 2.0 1.5 1.0 0.5 ppm

8.5

8.0

7.5

7.0

6.5

6.0

5.5

5.0

4.5

4.0

3.5

3.0

2.5

2.0

1.5

1.0

0.5

0.0

ppm

EDH-e-0677_C1F4-10 (NOESY, 600 MHz, CDCl3, 5 mm, NS = 4 scans)

Current Data Parameters
NAME         EDH-e-0677
EXPNO                15
PROCNO                1

F2 - Acquisition Parameters
Date_          20191211
Time              12.23 h
INSTRUM           spect
PROBHD   Z44896_0077 (C
PULPROG       noesygpph
TD                 2048
SOLVENT           CDCl3
NS                    4
DS                   16
SWH            7836.991 Hz
FIDRES         7.653311 Hz
AQ            0.1306624 sec
RG                  128
DW               63.800 usec
DE                10.00 usec
TE                298.0 K
D0           0.00005202 sec
D1           1.48689198 sec
D8           0.60000002 sec
D16          0.00020000 sec
IN0          0.00012760 sec
TDav                  1
SFO1        600.1330006 MHz
NUC1                 1H
P1                 9.25 usec
P2                18.50 usec
PLW1         6.35610008 W
GPNAM[1]     SMSQ10.100
GPZ1              40.00 %
P16             1000.00 usec

F1 - Acquisition parameters
TD                  512
SFO1            600.133 MHz
FIDRES        30.613245 Hz
SW               13.059 ppm
FnMODE      States-TPPI

F2 - Processing parameters
SI                 1024
SF          600.1300139 MHz
WDW               QSINE
SSB                   2
LB                    0 Hz
GB                    0
PC                 1.40

F1 - Processing parameters
SI                 1024
MC2         States-TPPI
SF          600.1300139 MHz
WDW               QSINE
SSB                   2
LB                    0 Hz
GB                    0
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1H NMR of Compound a/b-233 (ca. 2:3 a/b) (600 MHz, CDCl3)  
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EDH-e-0775_C1F8-10 (1H, 600 MHz, CDCl3, 5 mm, NS = 1 scan)
Sample prepared 1-Aug-2019 for characterization

Current Data Parameters
NAME         EDH-e-0775
EXPNO                11
PROCNO                1

F2 - Acquisition Parameters
Date_          20190802
Time              19.54 h
INSTRUM           spect
PROBHD   Z44896_0077 (C
PULPROG            zg30
TD                32768
SOLVENT           CDCl3
NS                    1
DS                    0
SWH            7836.991 Hz
FIDRES         0.478332 Hz
AQ            2.0905983 sec
RG                 6.35
DW               63.800 usec
DE                10.00 usec
TE                298.0 K
D1           2.00000000 sec
TD0                   1
SFO1        600.1330006 MHz
NUC1                 1H
P1                 9.25 usec
PLW1         6.35610008 W

F2 - Processing parameters
SI                32768
SF          600.1300137 MHz
WDW                  EM
SSB      0
LB                 0.30 Hz
GB       0
PC                 1.00
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13C{1H} NMR of Compound a/b-233 (ca. 2:3 a/b) (151 MHz, CDCl3)  
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EDH-e-0775_C1F8-10 (13C, 151 MHz, CDCl3, 5 mm, NS = 512 scans)
Sample prepared 1-Aug-2019 for characterization

Current Data Parameters
NAME         EDH-e-0775
EXPNO                12
PROCNO                1

F2 - Acquisition Parameters
Date_          20190802
Time              20.13 h
INSTRUM           spect
PROBHD   Z44896_0077 (C
PULPROG            zgpg
TD                32768
SOLVENT           CDCl3
NS                  512
DS                    8
SWH           36231.883 Hz
FIDRES         2.211419 Hz
AQ            0.4521984 sec
RG                 1820
DW               13.800 usec
DE                10.00 usec
TE                298.0 K
D1           1.50000000 sec
D11          0.03000000 sec
TD0                   1
SFO1        150.9194080 MHz
NUC1                13C
P1                 5.00 usec
PLW1       178.91999817 W
SFO2        600.1330010 MHz
NUC2                 1H
CPDPRG[2        waltz16
PCPD2             70.00 usec
PLW2         6.35610008 W
PLW12        0.09372000 W
PLW13        0.04592300 W

F2 - Processing parameters
SI                32768
SF          150.9027928 MHz
WDW                  EM
SSB                   0
LB                 1.50 Hz
GB                    0
PC                 1.40
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1H-13C HSQC{1H}{13C} NMR of Compound a/b-233 (ca. 2:3 a/b) (1H-600 MHz, 13C-151 MHz, CDCl3) 
Note: Blue = CH/CH3 | Red = CH2. 
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EDH-e-0775_C1F8-10 (HSQC{1H}{13C}, 600 MHz, CDCl3, 5 mm)
Sample prepared 1-Aug-2019 for characterization

Current Data Parameters
NAME         EDH-e-0775
EXPNO                14
PROCNO                1

F2 - Acquisition Parameters
Date_          20190802
Time              21.03 h
INSTRUM           spect
PROBHD   Z44896_0077 (C
PULPROG  hsqcedetgpsisp.2
TD                 1024
SOLVENT           CDCl3
NS                    2
DS                   16
SWH            7836.991 Hz
FIDRES        15.306623 Hz
AQ            0.0653312 sec
RG                 1820
DW               63.800 usec
DE                10.00 usec
TE                298.0 K
CNST2       145.0000000
CNST17       -0.5000000
D0           0.00000300 sec
D1           1.50000000 sec
D4           0.00172414 sec
D11          0.03000000 sec
D16          0.00020000 sec
D21          0.00344828 sec
D24          0.00086207 sec
IN0          0.00001840 sec
TDav                  1
SFO1        600.1330006 MHz
NUC1                 1H
P1                 9.25 usec
P2                18.50 usec
P28                   0 usec
PLW1         6.35610008 W
SFO2        150.9163903 MHz
NUC2                13C
CPDPRG[2          garp4
P3                15.00 usec
P14              500.00 usec
P24             2000.00 usec
PCPD2             60.00 usec
PLW0                  0 W
PLW2       178.91999817 W
PLW12       11.18299961 W
SPNAM[3] Crp60,0.5,20.1
SPOAL3            0.500
SPOFFS3               0 Hz
SPW3        61.50899887 W
SPNAM[7]    Crp60comp.4
SPOAL7            0.500
SPOFFS7               0 Hz
SPW7        61.50899887 W
GPNAM[1]     SMSQ10.100
GPZ1              80.00 %
GPNAM[2]     SMSQ10.100
GPZ2              20.10 %
P16             1000.00 usec

F1 - Acquisition parameters
TD                  256
SFO1           150.9164 MHz
FIDRES       212.296188 Hz
SW              180.059 ppm
FnMODE    Echo-Antiecho

F2 - Processing parameters
SI                 1024
SF          600.1300137 MHz
WDW               QSINE
SSB                   2
LB                    0 Hz
GB                    0
PC                 1.40

F1 - Processing parameters
SI                 1024
MC2       echo-antiecho
SF          150.9027928 MHz
WDW               QSINE
SSB                   2
LB                    0 Hz
GB                    0
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Coupled 1H-13C HSQC NMR of Compound a/b-233 (ca. 2:3 a/b) (1H-600 MHz, 13C-151 MHz, CDCl3)  

 Note: Blue = CH/CH3 | Red = CH2. 
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EDH-e-0775_C1F8-10 (Coupled HSQC, 600 MHz, CDCl3, 5 mm)
Sample prepared 1-Aug-2019 for characterizationEDH-e-0775

Current Data Parameters
NAME         EDH-e-0775
EXPNO                21
PROCNO                1

F2 - Acquisition Parameters
Date_          20190819
Time              10.38 h
INSTRUM           spect
PROBHD   Z44896_0077 (C
PULPROG  hsqcedetgpsisp.2
TD                 4096
SOLVENT           CDCl3
NS                    2
DS                   16
SWH            1200.384 Hz
FIDRES         0.586125 Hz
AQ            1.7061205 sec
RG                 1820
DW              416.533 usec
DE                10.00 usec
TE                298.0 K
CNST2       145.0000000
CNST17       -0.5000000
D0           0.00000300 sec
D1           1.50000000 sec
D4           0.00172414 sec
D11          0.03000000 sec
D16          0.00020000 sec
D21          0.00344828 sec
D24          0.00086207 sec
IN0          0.00001840 sec
TDav                  1
SFO1        600.1330006 MHz
NUC1                 1H
P1                 9.25 usec
P2                18.50 usec
P28                   0 usec
PLW1         6.35610008 W
SFO2        150.9169939 MHz
NUC2                13C
CPDPRG[2          garp4
P3                15.00 usec
P14              500.00 usec
P24             2000.00 usec
PCPD2             60.00 usec
PLW0                  0 W
PLW2       178.91999817 W
PLW12                 0 W
SPNAM[3] Crp60,0.5,20.1
SPOAL3            0.500
SPOFFS3               0 Hz
SPW3        61.50899887 W
SPNAM[7]    Crp60comp.4
SPOAL7            0.500
SPOFFS7               0 Hz
SPW7        61.50899887 W
GPNAM[1]     SMSQ10.100
GPZ1              80.00 %
GPNAM[2]     SMSQ10.100
GPZ2              20.10 %
P16             1000.00 usec

F1 - Acquisition parameters
TD                  128
SFO1            150.917 MHz
FIDRES       424.592377 Hz
SW              180.059 ppm
FnMODE    Echo-Antiecho

F2 - Processing parameters
SI                 1024
SF          600.1300137 MHz
WDW               QSINE
SSB                   2
LB                    0 Hz
GB                    0
PC                 1.40

F1 - Processing parameters
SI                 1024
MC2       echo-antiecho
SF          150.9027928 MHz
WDW               QSINE
SSB                   2
LB                    0 Hz
GB                    0

a-C1: 1JCH = 167 Hz

b-C1: 1JCH = 159 Hz
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1H-1H COSY NMR of Compound a/b-233 (ca. 2:3 a/b) (600 MHz, CDCl3)  
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EDH-e-0775_C1F8-10 (COSY, 600 MHz, CDCl3, 5 mm)
Sample prepared 1-Aug-2019 for characterization

Current Data Parameters
NAME         EDH-e-0775
EXPNO                15
PROCNO                1

F2 - Acquisition Parameters
Date_          20190802
Time              21.17 h
INSTRUM           spect
PROBHD   Z44896_0077 (C
PULPROG        cosygpqf
TD                 2048
SOLVENT           CDCl3
NS                    1
DS                    8
SWH            7836.991 Hz
FIDRES         7.653311 Hz
AQ            0.1306624 sec
RG                 71.8
DW               63.800 usec
DE                10.00 usec
TE                298.0 K
D0           0.00000300 sec
D1           1.48689198 sec
D13          0.00000400 sec
D16          0.00020000 sec
IN0          0.00012760 sec
TDav                  1
SFO1        600.1330006 MHz
NUC1                 1H
P0                 4.65 usec
P1                 9.30 usec
PLW1         6.35610008 W
GPNAM[1]     SMSQ10.100
GPZ1              10.00 %
P16             1000.00 usec

F1 - Acquisition parameters
TD                  512
SFO1            600.133 MHz
FIDRES        30.613245 Hz
SW               13.059 ppm
FnMODE               QF

F2 - Processing parameters
SI                 1024
SF          600.1300137 MHz
WDW               QSINE
SSB      0
LB       0 Hz
GB       0
PC                 1.40

F1 - Processing parameters
SI                 1024
MC2                  QF
SF          600.1300137 MHz
WDW               QSINE
SSB      0
LB       0 Hz
GB       0
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1H-13C HMBC NMR of Compound a/b-233 (ca. 2:3 a/b) (1H-600 MHz, 13C-151 MHz, CDCl3)  
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EDH-e-0775_C1F8-10 (HMBC, 600 MHz, CDCl3, 5 mm, NS = 2 scans)
Sample prepared 1-Aug-2019 for characterization

Current Data Parameters
NAME         EDH-e-0775
EXPNO                16
PROCNO                1

F2 - Acquisition Parameters
Date_          20190802
Time              21.33 h
INSTRUM           spect
PROBHD   Z44896_0077 (C
PULPROG    hmbcgplpndqf
TD                 2048
SOLVENT           CDCl3
NS                    2
DS                   16
SWH            7836.991 Hz
FIDRES         7.653311 Hz
AQ            0.1306624 sec
RG                 1820
DW               63.800 usec
DE                10.00 usec
TE                298.0 K
CNST2       145.0000000
CNST13        9.0000000
D0           0.00000300 sec
D1           1.50000000 sec
D2           0.00344828 sec
D6           0.05555556 sec
D16          0.00020000 sec
IN0          0.00001440 sec
TDav                  1
SFO1        600.1330006 MHz
NUC1                 1H
P1                 9.25 usec
P2                18.50 usec
PLW1         6.35610008 W
SFO2        150.9194083 MHz
NUC2                13C
P3                15.00 usec
PLW2       178.91999817 W
GPNAM[1]     SMSQ10.100
GPZ1              50.00 %
GPNAM[2]     SMSQ10.100
GPZ2              30.00 %
GPNAM[3]     SMSQ10.100
GPZ3              40.10 %
P16             1000.00 usec

F1 - Acquisition parameters
TD                  256
SFO1           150.9194 MHz
FIDRES       271.267365 Hz
SW              230.071 ppm
FnMODE               QF

F2 - Processing parameters
SI                 1024
SF          600.1300137 MHz
WDW               QSINE
SSB      0
LB       0 Hz
GB       0
PC                 1.40

F1 - Processing parameters
SI                 1024
MC2                  QF
SF          150.9027928 MHz
WDW               QSINE
SSB      0
LB       0 Hz
GB       0
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1H-1H NOESY NMR of Compound a/b-233 (ca. 2:3 a/b) (600 MHz, CDCl3)  

 Note: Blue = diagonal/chemical exchange | Red = NOESY cross peaks. 
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EDH-e-0775_C1F8-10 (NOESY, 600 MHz, CDCl3, 5 mm, NS = 4 scans)
Sample prepared 1-Aug-2019 for characterization

Current Data Parameters
NAME         EDH-e-0775
EXPNO                17
PROCNO                1

F2 - Acquisition Parameters
Date_          20190802
Time              21.49 h
INSTRUM           spect
PROBHD   Z44896_0077 (C
PULPROG       noesygpph
TD                 2048
SOLVENT           CDCl3
NS                    4
DS                   16
SWH            7836.991 Hz
FIDRES         7.653311 Hz
AQ            0.1306624 sec
RG                  128
DW               63.800 usec
DE                10.00 usec
TE                298.0 K
D0           0.00005202 sec
D1           1.48689198 sec
D8           0.60000002 sec
D16          0.00020000 sec
IN0          0.00012760 sec
TDav                  1
SFO1        600.1330006 MHz
NUC1                 1H
P1                 9.25 usec
P2                18.50 usec
PLW1         6.35610008 W
GPNAM[1]     SMSQ10.100
GPZ1              40.00 %
P16             1000.00 usec

F1 - Acquisition parameters
TD                  512
SFO1            600.133 MHz
FIDRES        30.613245 Hz
SW               13.059 ppm
FnMODE      States-TPPI

F2 - Processing parameters
SI                 1024
SF          600.1300137 MHz
WDW               QSINE
SSB                   2
LB       0 Hz
GB       0
PC                 1.40

F1 - Processing parameters
SI                 1024
MC2         States-TPPI
SF          600.1300137 MHz
WDW               QSINE
SSB                   2
LB       0 Hz
GB       0
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1H NMR of Compound a/b-235 (ca. 1:2 a/b) (600 MHz, CDCl3)  
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EDH-e-0778_C1F11-14 (1H, 600 MHz, CDCl3, 5 mm, NS = 1 scan)
Sample prepared 1-Aug-2019 for characterization

Current Data Parameters
NAME         EDH-e-0778
EXPNO                 2
PROCNO                1

F2 - Acquisition Parameters
Date_          20190802
Time              23.11 h
INSTRUM           spect
PROBHD   Z44896_0077 (C
PULPROG            zg30
TD                32768
SOLVENT           CDCl3
NS                    1
DS                    0
SWH            7836.991 Hz
FIDRES         0.478332 Hz
AQ            2.0905983 sec
RG                  5.6
DW               63.800 usec
DE                10.00 usec
TE                298.0 K
D1           2.00000000 sec
TD0                   1
SFO1        600.1330006 MHz
NUC1                 1H
P1                 9.25 usec
PLW1         6.35610008 W

F2 - Processing parameters
SI                32768
SF          600.1300140 MHz
WDW                  EM
SSB                   0
LB                 0.30 Hz
GB                    0
PC                 1.00

6.3 ppm

6
.
2
1
7
5

6
.
2
2
8
1

0
.
0
1

5.3 ppm

5
.
3
0
9
0

5
.
3
1
2
9

5
.
3
1
5
1

5
.
3
1
9
0

0
.
4
9

4.7 ppm

4
.
6
5
4
2

4
.
6
5
8
6

4
.
6
7
0
3

4
.
6
7
4
7

1
.
0
0

2.02.5 ppm

1
.
7
8
8
1

1
.
8
0
7
4

1
.
8
1
0
4

1
.
9
4
2
3

1
.
9
4
5
8

1
.
9
6
3
7

1
.
9
6
7
1

2
.
1
6
4
6

2
.
1
8
0
9

2
.
1
8
5
6

2
.
2
0
2
1

2
.
2
6
0
5

2
.
2
6
5
8

2
.
4
4
3
9

2
.
4
4
9
9

0
.
4
9

0
.
9
7

0
.
9
9

0
.
9
7

0
.
5
1

0
.
4
9

b-H1a-H1glycal H1

 

a-235 

O

OTBSBn2N

H3C
CH3

OTBS
1

 

b-235 

O OTBS

OTBSBn2N

H3C
CH3 1

+ 

ca. 1:2 a/b 

 

glycal 225 

H
H3C

OTBS

O
H

Bn2N

CH3



283 

13C{1H} NMR of Compound 235 (ca. 1:2 a/b) (151 MHz, CDCl3)  
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EDH-e-0778_C1F11-14 (13C{1H}, 151 MHz, CDCl3, 5 mm, NS = 512 scans)
Sample prepared 1-Aug-2019 for characterization

Current Data Parameters
NAME         EDH-e-0778
EXPNO                 3
PROCNO                1

F2 - Acquisition Parameters
Date_          20190802
Time              23.30 h
INSTRUM           spect
PROBHD   Z44896_0077 (C
PULPROG            zgpg
TD                32768
SOLVENT           CDCl3
NS                  512
DS                    8
SWH           36231.883 Hz
FIDRES         2.211419 Hz
AQ            0.4521984 sec
RG                 1820
DW               13.800 usec
DE                10.00 usec
TE                298.0 K
D1           1.50000000 sec
D11          0.03000000 sec
TD0                   1
SFO1        150.9194080 MHz
NUC1                13C
P1                 5.00 usec
PLW1       178.91999817 W
SFO2        600.1330010 MHz
NUC2                 1H
CPDPRG[2        waltz16
PCPD2             70.00 usec
PLW2         6.35610008 W
PLW12        0.09372000 W
PLW13        0.04592300 W

F2 - Processing parameters
SI                32768
SF          150.9027885 MHz
WDW                  EM
SSB                   0
LB                 1.50 Hz
GB                    0
PC                 1.40 128130 ppm
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1H-13C HSQC{1H}{13C} NMR of Compound 235 (ca. 1:2 a/b) (1H-600 MHz, 13C-151 MHz, CDCl3)  
 Note: Blue = CH/CH3 | Red = CH2. 
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EDH-e-0778_C1F11-14 (HSQC{1H}{13C}, 600 MHz, CDCl3, 5 mm, O2P = 80 ppm)
Sample prepared 1-Aug-2019 for characterization

Current Data Parameters
NAME         EDH-e-0778
EXPNO                 5
PROCNO                1

F2 - Acquisition Parameters
Date_          20190803
Time               0.20 h
INSTRUM           spect
PROBHD   Z44896_0077 (C
PULPROG  hsqcedetgpsisp.2
TD                 1024
SOLVENT           CDCl3
NS                    2
DS                   16
SWH            7836.991 Hz
FIDRES        15.306623 Hz
AQ            0.0653312 sec
RG                 1820
DW               63.800 usec
DE                10.00 usec
TE                298.0 K
CNST2       145.0000000
CNST17       -0.5000000
D0           0.00000300 sec
D1           1.50000000 sec
D4           0.00172414 sec
D11          0.03000000 sec
D16          0.00020000 sec
D21          0.00344828 sec
D24          0.00086207 sec
IN0          0.00001840 sec
TDav                  1
SFO1        600.1330006 MHz
NUC1                 1H
P1                 9.25 usec
P2                18.50 usec
P28                   0 usec
PLW1         6.35610008 W
SFO2        150.9148812 MHz
NUC2                13C
CPDPRG[2          garp4
P3                15.00 usec
P14              500.00 usec
P24             2000.00 usec
PCPD2             60.00 usec
PLW0                  0 W
PLW2       178.91999817 W
PLW12       11.18299961 W
SPNAM[3] Crp60,0.5,20.1
SPOAL3            0.500
SPOFFS3               0 Hz
SPW3        61.50899887 W
SPNAM[7]    Crp60comp.4
SPOAL7            0.500
SPOFFS7               0 Hz
SPW7        61.50899887 W
GPNAM[1]     SMSQ10.100
GPZ1              80.00 %
GPNAM[2]     SMSQ10.100
GPZ2              20.10 %
P16             1000.00 usec

F1 - Acquisition parameters
TD                  256
SFO1           150.9149 MHz
FIDRES       212.296188 Hz
SW              180.061 ppm
FnMODE    Echo-Antiecho

F2 - Processing parameters
SI                 1024
SF          600.1300140 MHz
WDW               QSINE
SSB                   2
LB                    0 Hz
GB                    0
PC                 1.40

F1 - Processing parameters
SI                 1024
MC2       echo-antiecho
SF          150.9027885 MHz
WDW               QSINE
SSB                   2
LB                    0 Hz
GB                    0

7.5 ppm

125

130

135

ppm

45 ppm

54

56

58

60

ppm

Expanded
Region #1

Expanded
Region #2

Full SpectrumExpansion #1
(↓ intensity)

Expansion #2
(C4a Region)
(↑ intensity)

b-C1

a-C1

 

a-235 

O

OTBS

H3C
CH3

OTBS
1

Ph N
4a

Ph  

b-235 

Ph

Ph

O OTBS

OTBSN

H3C
CH3 1

4a+ 

ca. 1:2 a/b 



285 

Coupled 1H-13C HSQC NMR of Compound 235 (ca. 1:2 a/b) (1H-600 MHz, 13C-151 MHz, CDCl3)  
 Note: Blue = CH/CH3 | Red = CH2. 
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EDH-e-0778_C1F11-14 (Coupled HSQC, 600 MHz, CDCl3, 5 mm)
Sample prepared 1-Aug-2019 for characterization

Current Data Parameters
NAME         EDH-e-0778
EXPNO                11
PROCNO                1

F2 - Acquisition Parameters
Date_          20190819
Time              11.33 h
INSTRUM           spect
PROBHD   Z44896_0077 (C
PULPROG  hsqcedetgpsisp.2
TD                 4096
SOLVENT           CDCl3
NS                    2
DS                   16
SWH            1200.384 Hz
FIDRES         0.586125 Hz
AQ            1.7061205 sec
RG                 1820
DW              416.533 usec
DE                10.00 usec
TE                298.0 K
CNST2       145.0000000
CNST17       -0.5000000
D0           0.00000300 sec
D1           1.50000000 sec
D4           0.00172414 sec
D11          0.03000000 sec
D16          0.00020000 sec
D21          0.00344828 sec
D24          0.00086207 sec
IN0          0.00001840 sec
TDav                  1
SFO1        600.1330006 MHz
NUC1                 1H
P1                 9.25 usec
P2                18.50 usec
P28                   0 usec
PLW1         6.35610008 W
SFO2        150.9168430 MHz
NUC2                13C
CPDPRG[2          garp4
P3                15.00 usec
P14              500.00 usec
P24             2000.00 usec
PCPD2             60.00 usec
PLW0                  0 W
PLW2       178.91999817 W
PLW12                 0 W
SPNAM[3] Crp60,0.5,20.1
SPOAL3            0.500
SPOFFS3               0 Hz
SPW3        61.50899887 W
SPNAM[7]    Crp60comp.4
SPOAL7            0.500
SPOFFS7               0 Hz
SPW7        61.50899887 W
GPNAM[1]     SMSQ10.100
GPZ1              80.00 %
GPNAM[2]     SMSQ10.100
GPZ2              20.10 %
P16             1000.00 usec

F1 - Acquisition parameters
TD                  128
SFO1           150.9168 MHz
FIDRES       424.592377 Hz
SW              180.059 ppm
FnMODE    Echo-Antiecho

F2 - Processing parameters
SI                 1024
SF          600.1300140 MHz
WDW               QSINE
SSB                   2
LB                    0 Hz
GB                    0
PC                 1.40

F1 - Processing parameters
SI                 1024
MC2       echo-antiecho
SF          150.9027885 MHz
WDW               QSINE
SSB                   2
LB                    0 Hz
GB                    0

a-C1: 1JCH = 170 Hz

b-C1: 1JCH = 159 Hz
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1H-1H COSY NMR of Compound 235 (ca. 1:2 a/b) (600 MHz, CDCl3)  
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EDH-e-0778_C1F11-14 (COSY, 600 MHz, CDCl3, 5 mm)
Sample prepared 1-Aug-2019 for characterization

Current Data Parameters
NAME         EDH-e-0778
EXPNO                 6
PROCNO                1

F2 - Acquisition Parameters
Date_          20190803
Time               0.34 h
INSTRUM           spect
PROBHD   Z44896_0077 (C
PULPROG        cosygpqf
TD                 2048
SOLVENT           CDCl3
NS                    1
DS                    8
SWH            7836.991 Hz
FIDRES         7.653311 Hz
AQ            0.1306624 sec
RG                   57
DW               63.800 usec
DE                10.00 usec
TE                298.0 K
D0           0.00000300 sec
D1           1.48689198 sec
D13          0.00000400 sec
D16          0.00020000 sec
IN0          0.00012760 sec
TDav                  1
SFO1        600.1330006 MHz
NUC1                 1H
P0                 4.65 usec
P1                 9.30 usec
PLW1         6.35610008 W
GPNAM[1]     SMSQ10.100
GPZ1              10.00 %
P16             1000.00 usec

F1 - Acquisition parameters
TD                  512
SFO1            600.133 MHz
FIDRES        30.613245 Hz
SW               13.059 ppm
FnMODE               QF

F2 - Processing parameters
SI                 1024
SF          600.1300140 MHz
WDW               QSINE
SSB      0
LB       0 Hz
GB       0
PC                 1.40

F1 - Processing parameters
SI                 1024
MC2                  QF
SF          600.1300140 MHz
WDW               QSINE
SSB      0
LB       0 Hz
GB       0
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1H-13C HMBC NMR of Compound 235 (ca. 1:2 a/b) (1H-600 MHz, 13C-151 MHz, CDCl3)  
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EDH-e-0778_C1F11-14 (HMBC, 600 MHz, CDCl3, 5 mm, NS = 2 scans)
Sample prepared 1-Aug-2019 for characterization

Current Data Parameters
NAME         EDH-e-0778
EXPNO                 7
PROCNO                1

F2 - Acquisition Parameters
Date_          20190803
Time               0.50 h
INSTRUM           spect
PROBHD   Z44896_0077 (C
PULPROG    hmbcgplpndqf
TD                 2048
SOLVENT           CDCl3
NS                    2
DS                   16
SWH            7836.991 Hz
FIDRES         7.653311 Hz
AQ            0.1306624 sec
RG                 1820
DW               63.800 usec
DE                10.00 usec
TE                298.0 K
CNST2       145.0000000
CNST13        9.0000000
D0           0.00000300 sec
D1           1.50000000 sec
D2           0.00344828 sec
D6           0.05555556 sec
D16          0.00020000 sec
IN0          0.00001440 sec
TDav                  1
SFO1        600.1330006 MHz
NUC1                 1H
P1                 9.25 usec
P2                18.50 usec
PLW1         6.35610008 W
SFO2        150.9194083 MHz
NUC2                13C
P3                15.00 usec
PLW2       178.91999817 W
GPNAM[1]     SMSQ10.100
GPZ1              50.00 %
GPNAM[2]     SMSQ10.100
GPZ2              30.00 %
GPNAM[3]     SMSQ10.100
GPZ3              40.10 %
P16             1000.00 usec

F1 - Acquisition parameters
TD                  256
SFO1           150.9194 MHz
FIDRES       271.267365 Hz
SW              230.071 ppm
FnMODE               QF

F2 - Processing parameters
SI                 1024
SF          600.1300140 MHz
WDW               QSINE
SSB      0
LB       0 Hz
GB       0
PC                 1.40

F1 - Processing parameters
SI                 1024
MC2                  QF
SF          150.9027885 MHz
WDW               QSINE
SSB      0
LB       0 Hz
GB       0
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1H-1H NOESY NMR of Compound 235 (ca. 1:2 a/b) (600 MHz, CDCl3)  
 Note: Blue = diagonal/chemical exchange | Red = NOESY cross peaks. 
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EDH-e-0778_C1F11-14 (NOESY, 600 MHz, CDCl3, 5 mm, NS = 4 scans)
Sample prepared 1-Aug-2019 for characterization

Current Data Parameters
NAME         EDH-e-0778
EXPNO                 8
PROCNO                1

F2 - Acquisition Parameters
Date_          20190803
Time               1.06 h
INSTRUM           spect
PROBHD   Z44896_0077 (C
PULPROG       noesygpph
TD                 2048
SOLVENT           CDCl3
NS                    4
DS                   16
SWH            7836.991 Hz
FIDRES         7.653311 Hz
AQ            0.1306624 sec
RG                  128
DW               63.800 usec
DE                10.00 usec
TE                298.0 K
D0           0.00005202 sec
D1           1.48689198 sec
D8           0.60000002 sec
D16          0.00020000 sec
IN0          0.00012760 sec
TDav                  1
SFO1        600.1330006 MHz
NUC1                 1H
P1                 9.25 usec
P2                18.50 usec
PLW1         6.35610008 W
GPNAM[1]     SMSQ10.100
GPZ1              40.00 %
P16             1000.00 usec

F1 - Acquisition parameters
TD                  512
SFO1            600.133 MHz
FIDRES        30.613245 Hz
SW               13.059 ppm
FnMODE      States-TPPI

F2 - Processing parameters
SI                 1024
SF          600.1300140 MHz
WDW               QSINE
SSB                   2
LB       0 Hz
GB       0
PC                 1.40

F1 - Processing parameters
SI                 1024
MC2         States-TPPI
SF          600.1300140 MHz
WDW               QSINE
SSB                   2
LB       0 Hz
GB       0
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1H NMR Overlay Comparing Pure 225 to Mixtures of a/b-216 and 255 Prepared as Detailed on Pages 149 and 151 (600 MHz, CDCl3) 
 Note: RI = relative integration. 
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RI = 80.1%
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1H NMR of Compound a/b-216 (ca. 9:1 a:b) (600 MHz, CDCl3)  
 Note 1: ca. 7:1 mixture of compound thioglycoside a/b-216 and glycal 225 prepared from acetate 227; see page 149 for procedure. 
 Note 2: Stars (*) denote peaks from b-216; hashes (#) denote peaks from 225. 
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EDH-e-0571_C1F44-55 (1H, 600 MHz, CDCl3, 3 mm, NS = 16 scans, DS = 4 scans, d1 = 10 sec)

Current Data Parameters
NAME         EDH-e-0571
EXPNO                 1
PROCNO                1

F2 - Acquisition Parameters
Date_          20181007
Time              14.09 h
INSTRUM           spect
PROBHD   Z44896_0077 (C
PULPROG            zg30
TD                32768
SOLVENT           CDCl3
NS                   16
DS                    4
SWH            7836.991 Hz
FIDRES         0.478332 Hz
AQ            2.0905983 sec
RG                    8
DW               63.800 usec
DE                10.00 usec
TE                298.0 K
D1          10.00000000 sec
TD0                   1
SFO1        600.1330006 MHz
NUC1                 1H
P1                 9.25 usec
PLW1         6.35610008 W

F2 - Processing parameters
SI                32768
SF          600.1300150 MHz
WDW                  EM
SSB                   0
LB                 0.30 Hz
GB                    0
PC                 1.00

b-SPh
(H1)

a-SPh
(H1)
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291 

1H NMR of Compound a/b-216 (> 20:1 a:b) (600 MHz, CDCl3)  
 Note 1: ca. 18:1 mixture of compound thioglycoside a/b-216 and glycal 225 prepared from acetate 227; see page 151 for procedure. 
 Note 2: Stars (*) denote peaks from b-216; hashes (#) denote peaks from 225. 
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EDH-e-0502_C1F1-10 (1H, 600 MHz, CDCl3, 5 mm, NS = 16 scans, DS = 4 scans, d1 = 10 sec)

Current Data Parameters
NAME         EDH-e-0502
EXPNO                 2
PROCNO                2

F2 - Acquisition Parameters
Date_          20180521
Time               7.33
INSTRUM           spect
PROBHD   5 mm CPTCI 1H-
PULPROG            zg30
TD                32768
SOLVENT           CDCl3
NS                   16
DS                    4
SWH            7836.991 Hz
FIDRES         0.239166 Hz
AQ            2.0905983 sec
RG                 6.35
DW               63.800 usec
DE                12.36 usec
TE                298.0 K
D1          10.00000000 sec
TD0                   1

======== CHANNEL f1 ========
SFO1        600.1330006 MHz
NUC1                 1H
P1                 9.25 usec
PLW1         6.35610008 W

F2 - Processing parameters
SI                32768
SF          600.1300150 MHz
WDW                  EM
SSB                   0
LB                 0.30 Hz
GB                    0
PC                 1.00
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1H NMR of Compound a/b-216 (ca. 9:1 a/b) (600 MHz, CDCl3) 
 Note: Prepared from O-TBS Glycoside 235; see page 157 for procedure. 
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EDH-e-0807_C1F8-15 (1H, 600 MHz, CDCl3, NS = 16 scans, DS = 4 scans, d1 = 10 sec)

Current Data Parameters
NAME         EDH-e-0807
EXPNO                22
PROCNO                1

F2 - Acquisition Parameters
Date_          20191212
Time              16.55 h
INSTRUM           spect
PROBHD   Z44896_0077 (C
PULPROG            zg30
TD                32768
SOLVENT           CDCl3
NS                   16
DS                    4
SWH            7836.991 Hz
FIDRES         0.478332 Hz
AQ            2.0905983 sec
RG                  5.6
DW               63.800 usec
DE                10.00 usec
TE                298.0 K
D1          10.00000000 sec
TD0                   1
SFO1        600.1330006 MHz
NUC1                 1H
P1                 9.25 usec
PLW1         6.35610008 W

F2 - Processing parameters
SI                32768
SF          600.1300141 MHz
WDW                  EM
SSB      0
LB                 0.30 Hz
GB       0
PC                 1.00
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13C{1H} NMR of Compound a/b-216 (ca. 9:1 a/b) (151 MHz, CDCl3)  
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EDH-e-0807_C1F8-15 (13C{1H}, 151 MHz, CDCl3, NS = 1024 scans)

Current Data Parameters
NAME         EDH-e-0807
EXPNO                27
PROCNO                1

F2 - Acquisition Parameters
Date_          20191212
Time              19.49 h
INSTRUM           spect
PROBHD   Z44896_0077 (C
PULPROG            zgpg
TD                32768
SOLVENT           CDCl3
NS                 1024
DS                    8
SWH           36231.883 Hz
FIDRES         2.211419 Hz
AQ            0.4521984 sec
RG                 1820
DW               13.800 usec
DE                10.00 usec
TE                298.0 K
D1           1.50000000 sec
D11          0.03000000 sec
TD0                   1
SFO1        150.9194080 MHz
NUC1                13C
P1                 5.00 usec
PLW1       178.91999817 W
SFO2        600.1330010 MHz
NUC2                 1H
CPDPRG[2        waltz16
PCPD2             70.00 usec
PLW2         6.35610008 W
PLW12        0.09372000 W
PLW13        0.04592300 W

F2 - Processing parameters
SI                32768
SF          150.9027907 MHz
WDW                  EM
SSB      0
LB                 1.50 Hz
GB       0
PC                 1.40
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1H-13C HSQC{1H}{13C} NMR of Compound a/b-216 (ca. 9:1 a/b) (1H-600 MHz, 13C-151 MHz, CDCl3)  
 Note: Blue = CH/CH3 | Red = CH2. 
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EDH-e-0807_C1F8-15 (HSQC{1H}{13C}, 600 MHz, CDCl3, NS = 2 scans, O2P = 80 ppm)

Current Data Parameters
NAME         EDH-e-0807
EXPNO                23
PROCNO                1

F2 - Acquisition Parameters
Date_          20191212
Time              16.56 h
INSTRUM           spect
PROBHD   Z44896_0077 (C
PULPROG  hsqcedetgpsisp.2
TD                 1024
SOLVENT           CDCl3
NS                    2
DS                   16
SWH            7836.991 Hz
FIDRES        15.306623 Hz
AQ            0.0653312 sec
RG                 1820
DW               63.800 usec
DE                10.00 usec
TE                298.0 K
CNST2       145.0000000
CNST17       -0.5000000
D0           0.00000300 sec
D1           1.50000000 sec
D4           0.00172414 sec
D11          0.03000000 sec
D16          0.00020000 sec
D21          0.00344828 sec
D24          0.00086207 sec
IN0          0.00001840 sec
TDav                  1
SFO1        600.1330006 MHz
NUC1                 1H
P1                 9.25 usec
P2                18.50 usec
P28      0 usec
PLW1         6.35610008 W
SFO2        150.9148812 MHz
NUC2                13C
CPDPRG[2          garp4
P3                15.00 usec
P14              500.00 usec
P24             2000.00 usec
PCPD2             60.00 usec
PLW0     0 W
PLW2       178.91999817 W
PLW12       11.18299961 W
SPNAM[3] Crp60,0.5,20.1
SPOAL3            0.500
SPOFFS3  0 Hz
SPW3        61.50899887 W
SPNAM[7]    Crp60comp.4
SPOAL7            0.500
SPOFFS7  0 Hz
SPW7        61.50899887 W
GPNAM[1]     SMSQ10.100
GPZ1              80.00 %
GPNAM[2]     SMSQ10.100
GPZ2              20.10 %
P16             1000.00 usec

F1 - Acquisition parameters
TD                  256
SFO1           150.9149 MHz
FIDRES       212.296188 Hz
SW              180.061 ppm
FnMODE    Echo-Antiecho

F2 - Processing parameters
SI                 1024
SF          600.1300141 MHz
WDW               QSINE
SSB                   2
LB       0 Hz
GB       0
PC                 1.40

F1 - Processing parameters
SI                 1024
MC2       echo-antiecho
SF          150.9027907 MHz
WDW               QSINE
SSB                   2
LB       0 Hz
GB       0
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Coupled 1H-13C HSQC NMR of Compound a/b-216 (ca. 9:1 a/b) (1H-600 MHz, 13C-151 MHz, CDCl3)  
 Note: Blue = CH/CH3 | Red = CH2. 
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EDH-e-0807_C1F8-15 ("Coupled" HSQC, 600 MHz, CDCl3, 5 mm)

Current Data Parameters
NAME         EDH-e-0807
EXPNO                13
PROCNO                1

F2 - Acquisition Parameters
Date_          20190906
Time               8.33 h
INSTRUM           spect
PROBHD   Z44896_0077 (C
PULPROG  hsqcedetgpsisp.2
TD                 4096
SOLVENT           CDCl3
NS                    2
DS                   16
SWH            1200.384 Hz
FIDRES         0.586125 Hz
AQ            1.7061205 sec
RG                 1820
DW              416.533 usec
DE                10.00 usec
TE                298.0 K
CNST2       145.0000000
CNST17       -0.5000000
D0           0.00000300 sec
D1           1.50000000 sec
D4           0.00172414 sec
D11          0.03000000 sec
D16          0.00020000 sec
D21          0.00344828 sec
D24          0.00086207 sec
IN0          0.00001840 sec
TDav                  1
SFO1        600.1330907 MHz
NUC1                 1H
P1                 9.25 usec
P2                18.50 usec
P28                   0 usec
PLW1         6.35610008 W
SFO2        150.9148812 MHz
NUC2                13C
CPDPRG[2          garp4
P3                15.00 usec
P14              500.00 usec
P24             2000.00 usec
PCPD2             60.00 usec
PLW0                  0 W
PLW2       178.91999817 W
PLW12                 0 W
SPNAM[3] Crp60,0.5,20.1
SPOAL3            0.500
SPOFFS3               0 Hz
SPW3        61.50899887 W
SPNAM[7]    Crp60comp.4
SPOAL7            0.500
SPOFFS7               0 Hz
SPW7        61.50899887 W
GPNAM[1]     SMSQ10.100
GPZ1              80.00 %
GPNAM[2]     SMSQ10.100
GPZ2              20.10 %
P16             1000.00 usec

F1 - Acquisition parameters
TD                  128
SFO1           150.9149 MHz
FIDRES       424.592377 Hz
SW              180.061 ppm
FnMODE    Echo-Antiecho

F2 - Processing parameters
SI                 1024
SF          600.1300141 MHz
WDW               QSINE
SSB                   2
LB                    0 Hz
GB                    0
PC                 1.40

F1 - Processing parameters
SI                 1024
MC2       echo-antiecho
SF          150.9027907 MHz
WDW               QSINE
SSB                   2
LB                    0 Hz
GB                    0 a-C1: 1JCH = 162 Hz

b-C1: 1JCH = 154 Hz
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1H-1H COSY NMR of Compound a/b-216 (ca. 9:1 a/b) (600 MHz, CDCl3)  
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EDH-e-0807_C1F8-15 (COSY, 600 MHz, CDCl3, NS = 1 scan)

Current Data Parameters
NAME         EDH-e-0807
EXPNO                24
PROCNO                1

F2 - Acquisition Parameters
Date_          20191212
Time              17.11 h
INSTRUM           spect
PROBHD   Z44896_0077 (C
PULPROG        cosygpqf
TD                 2048
SOLVENT           CDCl3
NS                    1
DS                    8
SWH            7836.991 Hz
FIDRES         7.653311 Hz
AQ            0.1306624 sec
RG                   64
DW               63.800 usec
DE                10.00 usec
TE                298.0 K
D0           0.00000300 sec
D1           1.48689198 sec
D13          0.00000400 sec
D16          0.00020000 sec
IN0          0.00012760 sec
TDav                  1
SFO1        600.1330006 MHz
NUC1                 1H
P0                 4.65 usec
P1                 9.30 usec
PLW1         6.35610008 W
GPNAM[1]     SMSQ10.100
GPZ1              10.00 %
P16             1000.00 usec

F1 - Acquisition parameters
TD                  512
SFO1            600.133 MHz
FIDRES        30.613245 Hz
SW               13.059 ppm
FnMODE               QF

F2 - Processing parameters
SI                 1024
SF          600.1300141 MHz
WDW               QSINE
SSB      0
LB       0 Hz
GB       0
PC                 1.40

F1 - Processing parameters
SI                 1024
MC2                  QF
SF          600.1300141 MHz
WDW               QSINE
SSB      0
LB       0 Hz
GB       0
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1H-13C HMBC NMR of Compound a/b-216 (ca. 9:1 a/b) (1H-600 MHz, 13C-151 MHz, CDCl3) 
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EDH-e-0807_C1F8-15 (HMBC, 600 MHz, CDCl3, NS = 4 scans)

Current Data Parameters
NAME         EDH-e-0807
EXPNO                25
PROCNO                1

F2 - Acquisition Parameters
Date_          20191212
Time              17.27 h
INSTRUM           spect
PROBHD   Z44896_0077 (C
PULPROG    hmbcgplpndqf
TD                 2048
SOLVENT           CDCl3
NS                    4
DS                   16
SWH            7836.991 Hz
FIDRES         7.653311 Hz
AQ            0.1306624 sec
RG                 1820
DW               63.800 usec
DE                10.00 usec
TE                298.0 K
CNST2       145.0000000
CNST13        9.0000000
D0           0.00000300 sec
D1           1.50000000 sec
D2           0.00344828 sec
D6           0.05555556 sec
D16          0.00020000 sec
IN0          0.00001440 sec
TDav                  1
SFO1        600.1330006 MHz
NUC1                 1H
P1                 9.25 usec
P2                18.50 usec
PLW1         6.35610008 W
SFO2        150.9194083 MHz
NUC2                13C
P3                15.00 usec
PLW2       178.91999817 W
GPNAM[1]     SMSQ10.100
GPZ1              50.00 %
GPNAM[2]     SMSQ10.100
GPZ2              30.00 %
GPNAM[3]     SMSQ10.100
GPZ3              40.10 %
P16             1000.00 usec

F1 - Acquisition parameters
TD                  256
SFO1           150.9194 MHz
FIDRES       271.267365 Hz
SW              230.071 ppm
FnMODE               QF

F2 - Processing parameters
SI                 1024
SF          600.1300141 MHz
WDW               QSINE
SSB      0
LB       0 Hz
GB       0
PC                 1.40

F1 - Processing parameters
SI                 1024
MC2                  QF
SF          150.9027907 MHz
WDW               QSINE
SSB      0
LB       0 Hz
GB       0
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1H-1H NOESY NMR of Compound a/b-216 (ca. 9:1 a/b) (600 MHz, CDCl3)  
 Note: Blue = diagonal/chemical exchange | Red = NOESY cross peaks. 
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EDH-e-0807_C1F8-15 (NOESY, 600 MHz, CDCl3, NS = 4 scans)

Current Data Parameters
NAME         EDH-e-0807
EXPNO                26
PROCNO                1

F2 - Acquisition Parameters
Date_          20191212
Time              17.57 h
INSTRUM           spect
PROBHD   Z44896_0077 (C
PULPROG       noesygpph
TD                 2048
SOLVENT           CDCl3
NS                    4
DS                   16
SWH            7836.991 Hz
FIDRES         7.653311 Hz
AQ            0.1306624 sec
RG                  128
DW               63.800 usec
DE                10.00 usec
TE                298.0 K
D0           0.00005202 sec
D1           1.48689198 sec
D8           0.60000002 sec
D16          0.00020000 sec
IN0          0.00012760 sec
TDav                  1
SFO1        600.1330006 MHz
NUC1                 1H
P1                 9.25 usec
P2                18.50 usec
PLW1         6.35610008 W
GPNAM[1]     SMSQ10.100
GPZ1              40.00 %
P16             1000.00 usec

F1 - Acquisition parameters
TD                  512
SFO1            600.133 MHz
FIDRES        30.613245 Hz
SW               13.059 ppm
FnMODE      States-TPPI

F2 - Processing parameters
SI                 1024
SF          600.1300141 MHz
WDW               QSINE
SSB                   2
LB       0 Hz
GB       0
PC                 1.40

F1 - Processing parameters
SI                 1024
MC2         States-TPPI
SF          600.1300141 MHz
WDW               QSINE
SSB                   2
LB       0 Hz
GB       0
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1H-1H NOESY NMR of Compound a/b-216 (ca. 9:1 a/b) (600 MHz, CDCl3)  
 Note 1: Blue = diagonal/chemical exchange | Red = NOESY cross peaks.  
 Note 2: Same spectrum with increased intensity as compared to NOESY on page S267. 
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EDH-e-0807_C1F8-15 (NOESY, 600 MHz, CDCl3, NS = 4 scans)

Current Data Parameters
NAME         EDH-e-0807
EXPNO                26
PROCNO                1

F2 - Acquisition Parameters
Date_          20191212
Time              17.57 h
INSTRUM           spect
PROBHD   Z44896_0077 (C
PULPROG       noesygpph
TD                 2048
SOLVENT           CDCl3
NS                    4
DS                   16
SWH            7836.991 Hz
FIDRES         7.653311 Hz
AQ            0.1306624 sec
RG                  128
DW               63.800 usec
DE                10.00 usec
TE                298.0 K
D0           0.00005202 sec
D1           1.48689198 sec
D8           0.60000002 sec
D16          0.00020000 sec
IN0          0.00012760 sec
TDav                  1
SFO1        600.1330006 MHz
NUC1                 1H
P1                 9.25 usec
P2                18.50 usec
PLW1         6.35610008 W
GPNAM[1]     SMSQ10.100
GPZ1              40.00 %
P16             1000.00 usec

F1 - Acquisition parameters
TD                  512
SFO1            600.133 MHz
FIDRES        30.613245 Hz
SW               13.059 ppm
FnMODE      States-TPPI

F2 - Processing parameters
SI                 1024
SF          600.1300141 MHz
WDW               QSINE
SSB                   2
LB       0 Hz
GB       0
PC                 1.40

F1 - Processing parameters
SI                 1024
MC2         States-TPPI
SF          600.1300141 MHz
WDW               QSINE
SSB                   2
LB       0 Hz
GB       0
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1H NMR of Compounds 215 and 243 (≥ 20:1 215:243) (600 MHz, CDCl3)  
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EDH-e-0812_C1F21-52 (1H, 600 MHz, CDCl3, 5 mm, DS = 4 scans, d1 = 10 sec)

Current Data Parameters
NAME         EDH-e-0812
EXPNO                22
PROCNO                1

F2 - Acquisition Parameters
Date_          20191212
Time               7.29 h
INSTRUM           spect
PROBHD   Z44896_0077 (C
PULPROG            zg30
TD                32768
SOLVENT           CDCl3
NS                   16
DS                    4
SWH            7836.991 Hz
FIDRES         0.478332 Hz
AQ            2.0905983 sec
RG                 7.12
DW               63.800 usec
DE                10.00 usec
TE                298.0 K
D1          10.00000000 sec
TD0                   1
SFO1        600.1330006 MHz
NUC1                 1H
P1                 9.25 usec
PLW1         6.35610008 W

F2 - Processing parameters
SI                32768
SF          600.1300140 MHz
WDW                  EM
SSB                   0
LB                 0.30 Hz
GB                    0
PC                 1.00
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13C NMR of Compounds 215 and 243 (≥ 20:1 215:243) (151 MHz, CDCl3)  
 Note: Only peaks from major a-linked product 215 are visible. 
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EDH-e-0574_C1F18-50 (13C, 151 MHz, CDCl3, 3 mm)

Current Data Parameters
NAME         EDH-e-0574
EXPNO                23
PROCNO                1

F2 - Acquisition Parameters
Date_          20181016
Time              19.48 h
INSTRUM           spect
PROBHD   Z44896_0077 (C
PULPROG            zgpg
TD                32768
SOLVENT           CDCl3
NS                 1024
DS                    8
SWH           36231.883 Hz
FIDRES         2.211419 Hz
AQ            0.4521984 sec
RG                 1820
DW               13.800 usec
DE                10.00 usec
TE                298.0 K
D1           1.50000000 sec
D11          0.03000000 sec
TD0                   1
SFO1        150.9194080 MHz
NUC1                13C
P1                 5.00 usec
PLW1       178.91999817 W
SFO2        600.1330010 MHz
NUC2                 1H
CPDPRG[2        waltz16
PCPD2             70.00 usec
PLW2         6.35610008 W
PLW12        0.09372000 W
PLW13        0.04592300 W

F2 - Processing parameters
SI                32768
SF          150.9027929 MHz
WDW                  EM
SSB      0
LB                 1.50 Hz
GB       0
PC                 1.40
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1H-13C HSQC{1H}{13C} NMR of Compounds 215 and 243 (≥ 20:1 215:243) (1H-600 MHz, 13C-151 MHz, CDCl3)  
 Note 1: Blue = CH/CH3 | Red = CH2. 
 Note 2: Only peaks from major a-linked product 20 are visible. 
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EDH-e-0574_C1F18-50 (HSQC{1H}{13C}, 600 MHz, CDCl3, 3 mm, NS = 2 scans, O2P = 80 ppm)

Current Data Parameters
NAME         EDH-e-0574
EXPNO                24
PROCNO                1

F2 - Acquisition Parameters
Date_          20181016
Time              19.49 h
INSTRUM           spect
PROBHD   Z44896_0077 (C
PULPROG  hsqcedetgpsisp.2
TD                 1024
SOLVENT           CDCl3
NS                    2
DS                   16
SWH            7836.991 Hz
FIDRES        15.306623 Hz
AQ            0.0653312 sec
RG                 1820
DW               63.800 usec
DE                10.00 usec
TE                298.0 K
CNST2       145.0000000
CNST17       -0.5000000
D0           0.00000300 sec
D1           1.50000000 sec
D4           0.00172414 sec
D11          0.03000000 sec
D16          0.00020000 sec
D21          0.00344828 sec
D24          0.00086207 sec
IN0          0.00001840 sec
TDav                  1
SFO1        600.1330006 MHz
NUC1                 1H
P1                 9.25 usec
P2                18.50 usec
P28                   0 usec
PLW1         6.35610008 W
SFO2        150.9148812 MHz
NUC2                13C
CPDPRG[2          garp4
P3                15.00 usec
P14              500.00 usec
P24             2000.00 usec
PCPD2             60.00 usec
PLW0                  0 W
PLW2       178.91999817 W
PLW12       11.18299961 W
SPNAM[3] Crp60,0.5,20.1
SPOAL3            0.500
SPOFFS3               0 Hz
SPW3        61.50899887 W
SPNAM[7]    Crp60comp.4
SPOAL7            0.500
SPOFFS7               0 Hz
SPW7        61.50899887 W
GPNAM[1]     SMSQ10.100
GPZ1              80.00 %
GPNAM[2]     SMSQ10.100
GPZ2              20.10 %
P16             1000.00 usec

F1 - Acquisition parameters
TD                  256
SFO1           150.9149 MHz
FIDRES       212.296188 Hz
SW              180.061 ppm
FnMODE    Echo-Antiecho

F2 - Processing parameters
SI                 1024
SF          600.1300148 MHz
WDW               QSINE
SSB                   2
LB                    0 Hz
GB                    0
PC                 1.40

F1 - Processing parameters
SI                 1024
MC2       echo-antiecho
SF          150.9027929 MHz
WDW               QSINE
SSB                   2
LB                    0 Hz
GB                    0
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1H-13C HSQC{1H}{13C} NMR of Compounds 215 and 243 (≥ 20:1 215:243) (1H-600 MHz, 13C-151 MHz, CDCl3) 
 Note 1: Blue = CH/CH3 | Red = CH2. 
 Note 2: Same spectrum with increased intensity increased (and smaller window) as compared to spectrum on page S302. 
 Note 3: Correlations for b-linked 243 denoted with asterisk (*). 
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EDH-e-0574_C1F18-50 (HSQC{1H}{13C}, 600 MHz, CDCl3, 3 mm, NS = 2 scans, O2P = 80 ppm)

Current Data Parameters
NAME         EDH-e-0574
EXPNO                24
PROCNO                1

F2 - Acquisition Parameters
Date_          20181016
Time              19.49 h
INSTRUM           spect
PROBHD   Z44896_0077 (C
PULPROG  hsqcedetgpsisp.2
TD                 1024
SOLVENT           CDCl3
NS                    2
DS                   16
SWH            7836.991 Hz
FIDRES        15.306623 Hz
AQ            0.0653312 sec
RG                 1820
DW               63.800 usec
DE                10.00 usec
TE                298.0 K
CNST2       145.0000000
CNST17       -0.5000000
D0           0.00000300 sec
D1           1.50000000 sec
D4           0.00172414 sec
D11          0.03000000 sec
D16          0.00020000 sec
D21          0.00344828 sec
D24          0.00086207 sec
IN0          0.00001840 sec
TDav                  1
SFO1        600.1330006 MHz
NUC1                 1H
P1                 9.25 usec
P2                18.50 usec
P28                   0 usec
PLW1         6.35610008 W
SFO2        150.9148812 MHz
NUC2                13C
CPDPRG[2          garp4
P3                15.00 usec
P14              500.00 usec
P24             2000.00 usec
PCPD2             60.00 usec
PLW0                  0 W
PLW2       178.91999817 W
PLW12       11.18299961 W
SPNAM[3] Crp60,0.5,20.1
SPOAL3            0.500
SPOFFS3               0 Hz
SPW3        61.50899887 W
SPNAM[7]    Crp60comp.4
SPOAL7            0.500
SPOFFS7               0 Hz
SPW7        61.50899887 W
GPNAM[1]     SMSQ10.100
GPZ1              80.00 %
GPNAM[2]     SMSQ10.100
GPZ2              20.10 %
P16             1000.00 usec

F1 - Acquisition parameters
TD                  256
SFO1           150.9149 MHz
FIDRES       212.296188 Hz
SW              180.061 ppm
FnMODE    Echo-Antiecho

F2 - Processing parameters
SI                 1024
SF          600.1300148 MHz
WDW               QSINE
SSB                   2
LB                    0 Hz
GB                    0
PC                 1.40

F1 - Processing parameters
SI                 1024
MC2       echo-antiecho
SF          150.9027929 MHz
WDW               QSINE
SSB                   2
LB                    0 Hz
GB                    0
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Coupled 1H-13C HSQC NMR of Compounds 215 and 243 (≥ 20:1 215:243) (1H-600 MHz, 13C-151 MHz, CDCl3) 
 Note: Blue = CH/CH3 | Red = CH2. 
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EDH-e-0812_C1F21-52 ("Coupled" HSQC, 600 MHz, CDCl3, 3 mm)

Current Data Parameters
NAME         EDH-e-0812
EXPNO                14
PROCNO                1

F2 - Acquisition Parameters
Date_          20190915
Time              17.51 h
INSTRUM           spect
PROBHD   Z44896_0077 (C
PULPROG  hsqcedetgpsisp.2
TD                 8192
SOLVENT           CDCl3
NS                    2
DS                   16
SWH            1798.561 Hz
FIDRES         0.439102 Hz
AQ            2.2773759 sec
RG                 1820
DW              278.000 usec
DE                10.00 usec
TE                298.0 K
CNST2       145.0000000
CNST17       -0.5000000
D0           0.00000300 sec
D1           1.50000000 sec
D4           0.00172414 sec
D11          0.03000000 sec
D16          0.00020000 sec
D21          0.00344828 sec
D24          0.00086207 sec
IN0          0.00001840 sec
TDav                  1
SFO1        600.1330006 MHz
NUC1                 1H
P1                 9.25 usec
P2                18.50 usec
P28                   0 usec
PLW1         6.35610008 W
SFO2        150.9171448 MHz
NUC2                13C
CPDPRG[2          garp4
P3                15.00 usec
P14              500.00 usec
P24             2000.00 usec
PCPD2             60.00 usec
PLW0                  0 W
PLW2       178.91999817 W
PLW12                 0 W
SPNAM[3] Crp60,0.5,20.1
SPOAL3            0.500
SPOFFS3               0 Hz
SPW3        61.50899887 W
SPNAM[7]    Crp60comp.4
SPOAL7            0.500
SPOFFS7               0 Hz
SPW7        61.50899887 W
GPNAM[1]     SMSQ10.100
GPZ1              80.00 %
GPNAM[2]     SMSQ10.100
GPZ2              20.10 %
P16             1000.00 usec

F1 - Acquisition parameters
TD                  128
SFO1           150.9171 MHz
FIDRES       424.592377 Hz
SW              180.058 ppm
FnMODE    Echo-Antiecho

F2 - Processing parameters
SI                 1024
SF          600.1300140 MHz
WDW               QSINE
SSB                   2
LB                    0 Hz
GB                    0
PC                 1.40

F1 - Processing parameters
SI                 1024
MC2       echo-antiecho
SF          150.9027929 MHz
WDW               QSINE
SSB                   2
LB                    0 Hz
GB                    0
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1H-1H COSY NMR of Compounds 215 and 243 (≥ 20:1 215:243) (600 MHz, CDCl3) 
 Note: Cross peaks for b-linked 243 denoted with asterisk (*). 
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EDH-e-0574_C1F18-50 (COSY, 600 MHz, CDCl3, 3 mm, NS = 1 scan)

Current Data Parameters
NAME         EDH-e-0574
EXPNO                25
PROCNO                1

F2 - Acquisition Parameters
Date_          20181016
Time              20.04 h
INSTRUM           spect
PROBHD   Z44896_0077 (C
PULPROG        cosygpqf
TD                 2048
SOLVENT           CDCl3
NS                    1
DS                    8
SWH            7836.991 Hz
FIDRES         7.653311 Hz
AQ            0.1306624 sec
RG                 80.6
DW               63.800 usec
DE                10.00 usec
TE                297.9 K
D0           0.00000300 sec
D1           1.48689198 sec
D13          0.00000400 sec
D16          0.00020000 sec
IN0          0.00012760 sec
TDav                  1
SFO1        600.1330006 MHz
NUC1                 1H
P0                 4.65 usec
P1                 9.30 usec
PLW1         6.35610008 W
GPNAM[1]     SMSQ10.100
GPZ1              10.00 %
P16             1000.00 usec

F1 - Acquisition parameters
TD                  512
SFO1            600.133 MHz
FIDRES        30.613245 Hz
SW               13.059 ppm
FnMODE               QF

F2 - Processing parameters
SI                 1024
SF          600.1300148 MHz
WDW               QSINE
SSB                   0
LB                    0 Hz
GB                    0
PC                 1.40

F1 - Processing parameters
SI                 1024
MC2                  QF
SF          600.1300148 MHz
WDW               QSINE
SSB                   0
LB                    0 Hz
GB                    0
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1H-13C HMBC NMR of Compounds 215 and 243 (≥ 20:1 215:243) (1H-600 MHz, 13C-151 MHz, CDCl3)  
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EDH-e-0574_C1F18-50 (HMBC, 600 MHz, CDCl3, 3 mm, NS = 4 scans)

Current Data Parameters
NAME         EDH-e-0574
EXPNO                26
PROCNO                1

F2 - Acquisition Parameters
Date_          20181016
Time              20.19 h
INSTRUM           spect
PROBHD   Z44896_0077 (C
PULPROG    hmbcgplpndqf
TD                 2048
SOLVENT           CDCl3
NS                    4
DS                   16
SWH            7836.991 Hz
FIDRES         7.653311 Hz
AQ            0.1306624 sec
RG                 1820
DW               63.800 usec
DE                10.00 usec
TE                298.0 K
CNST2       145.0000000
CNST13        9.0000000
D0           0.00000300 sec
D1           1.50000000 sec
D2           0.00344828 sec
D6           0.05555556 sec
D16          0.00020000 sec
IN0          0.00001440 sec
TDav                  1
SFO1        600.1330006 MHz
NUC1                 1H
P1                 9.25 usec
P2                18.50 usec
PLW1         6.35610008 W
SFO2        150.9194083 MHz
NUC2                13C
P3                15.00 usec
PLW2       178.91999817 W
GPNAM[1]     SMSQ10.100
GPZ1              50.00 %
GPNAM[2]     SMSQ10.100
GPZ2              30.00 %
GPNAM[3]     SMSQ10.100
GPZ3              40.10 %
P16             1000.00 usec

F1 - Acquisition parameters
TD                  256
SFO1           150.9194 MHz
FIDRES       271.267365 Hz
SW              230.071 ppm
FnMODE               QF

F2 - Processing parameters
SI                 1024
SF          600.1300148 MHz
WDW               QSINE
SSB                   0
LB                    0 Hz
GB                    0
PC                 1.40

F1 - Processing parameters
SI                 1024
MC2                  QF
SF          150.9027929 MHz
WDW               QSINE
SSB                   0
LB                    0 Hz
GB                    0
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1H-13C HMBC NMR of Compounds 215 and 243 (≥ 20:1 215:243) (1H-600 MHz, 13C-151 MHz, CDCl3)  
 Note 1: Same spectrum with increased intensity increased as compared to spectrum on page S306. 
 Note 2: Correlations for b-linked 243 denoted with asterisk (*). 
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EDH-e-0574_C1F18-50 (HMBC, 600 MHz, CDCl3, 3 mm, NS = 4 scans)

Current Data Parameters
NAME         EDH-e-0574
EXPNO                26
PROCNO                1

F2 - Acquisition Parameters
Date_          20181016
Time              20.19 h
INSTRUM           spect
PROBHD   Z44896_0077 (C
PULPROG    hmbcgplpndqf
TD                 2048
SOLVENT           CDCl3
NS                    4
DS                   16
SWH            7836.991 Hz
FIDRES         7.653311 Hz
AQ            0.1306624 sec
RG                 1820
DW               63.800 usec
DE                10.00 usec
TE                298.0 K
CNST2       145.0000000
CNST13        9.0000000
D0           0.00000300 sec
D1           1.50000000 sec
D2           0.00344828 sec
D6           0.05555556 sec
D16          0.00020000 sec
IN0          0.00001440 sec
TDav                  1
SFO1        600.1330006 MHz
NUC1                 1H
P1                 9.25 usec
P2                18.50 usec
PLW1         6.35610008 W
SFO2        150.9194083 MHz
NUC2                13C
P3                15.00 usec
PLW2       178.91999817 W
GPNAM[1]     SMSQ10.100
GPZ1              50.00 %
GPNAM[2]     SMSQ10.100
GPZ2              30.00 %
GPNAM[3]     SMSQ10.100
GPZ3              40.10 %
P16             1000.00 usec

F1 - Acquisition parameters
TD                  256
SFO1           150.9194 MHz
FIDRES       271.267365 Hz
SW              230.071 ppm
FnMODE               QF

F2 - Processing parameters
SI                 1024
SF          600.1300148 MHz
WDW               QSINE
SSB                   0
LB                    0 Hz
GB                    0
PC                 1.40

F1 - Processing parameters
SI                 1024
MC2                  QF
SF          150.9027929 MHz
WDW               QSINE
SSB                   0
LB                    0 Hz
GB                    0
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1H-1H NOESY NMR of Compounds 215 and 243 (≥ 20:1 215:243) (600 MHz, CDCl3)  
 Note: Blue = diagonal/chemical exchange | Red = NOESY cross peaks. 
 

 
8.0 7.5 7.0 6.5 6.0 5.5 5.0 4.5 4.0 3.5 3.0 2.5 2.0 1.5 1.0 0.5 ppm

8.0

7.5

7.0

6.5

6.0

5.5

5.0

4.5

4.0

3.5

3.0

2.5

2.0

1.5

1.0

0.5

0.0

ppm

EDH-e-0574_C1F18-50 (NOESY, 600 MHz, CDCl3, 3 mm, NS = 4 scans)

Current Data Parameters
NAME         EDH-e-0574
EXPNO                27
PROCNO                1

F2 - Acquisition Parameters
Date_          20181016
Time              20.50 h
INSTRUM           spect
PROBHD   Z44896_0077 (C
PULPROG       noesygpph
TD                 2048
SOLVENT           CDCl3
NS                    4
DS                   16
SWH            7836.991 Hz
FIDRES         7.653311 Hz
AQ            0.1306624 sec
RG                  128
DW               63.800 usec
DE                10.00 usec
TE                297.9 K
D0           0.00005202 sec
D1           1.48689198 sec
D8           0.60000002 sec
D16          0.00020000 sec
IN0          0.00012760 sec
TDav                  1
SFO1        600.1330006 MHz
NUC1                 1H
P1                 9.25 usec
P2                18.50 usec
PLW1         6.35610008 W
GPNAM[1]     SMSQ10.100
GPZ1              40.00 %
P16             1000.00 usec

F1 - Acquisition parameters
TD                  512
SFO1            600.133 MHz
FIDRES        30.613245 Hz
SW               13.059 ppm
FnMODE      States-TPPI

F2 - Processing parameters
SI                 1024
SF          600.1300148 MHz
WDW               QSINE
SSB                   2
LB                    0 Hz
GB                    0
PC                 1.40

F1 - Processing parameters
SI                 1024
MC2         States-TPPI
SF          600.1300148 MHz
WDW               QSINE
SSB                   2
LB                    0 Hz
GB                    0
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1H-1H NOESY NMR of Compounds 215 and 243 (≥ 20:1 215:243) (600 MHz, CDCl3)  
 Note 1: Blue = diagonal/chemical exchange | Red = NOESY cross peaks. 
 Note 2: Same spectrum with increased intensity increased as compared to spectrum on page S308. 
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EDH-e-0574_C1F18-50 (NOESY, 600 MHz, CDCl3, 3 mm)

Current Data Parameters
NAME         EDH-e-0574
EXPNO                27
PROCNO                1

F2 - Acquisition Parameters
Date_          20181016
Time              20.50 h
INSTRUM           spect
PROBHD   Z44896_0077 (C
PULPROG       noesygpph
TD                 2048
SOLVENT           CDCl3
NS                    4
DS                   16
SWH            7836.991 Hz
FIDRES         7.653311 Hz
AQ            0.1306624 sec
RG                  128
DW               63.800 usec
DE                10.00 usec
TE                297.9 K
D0           0.00005202 sec
D1           1.48689198 sec
D8           0.60000002 sec
D16          0.00020000 sec
IN0          0.00012760 sec
TDav                  1
SFO1        600.1330006 MHz
NUC1                 1H
P1                 9.25 usec
P2                18.50 usec
PLW1         6.35610008 W
GPNAM[1]     SMSQ10.100
GPZ1              40.00 %
P16             1000.00 usec

F1 - Acquisition parameters
TD                  512
SFO1            600.133 MHz
FIDRES        30.613245 Hz
SW               13.059 ppm
FnMODE      States-TPPI

F2 - Processing parameters
SI                 1024
SF          600.1300236 MHz
WDW               QSINE
SSB                   2
LB                    0 Hz
GB                    0
PC                 1.40

F1 - Processing parameters
SI                 1024
MC2         States-TPPI
SF          600.1300236 MHz
WDW               QSINE
SSB                   2
LB                    0 Hz
GB                    0
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1H NMR of Compound 244 (600 MHz, CDCl3) 
 Note 1: ca. 1:1 mixture of compound 244 and tentatively assigned impurity 376. 
 Note 2: Peaks corresponding to tentatively assigned impurity 376 denoted with asterisk (*). 
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EDH-e-0823_C1F21-25_Crystals Post-XRD Analysis
(1H, 600 MHz, CDCl3, 5 mm, NS = 16 scans, DS = 4 scans, D1 = 10 sec)
*After supernatant removed using pipet, crystals dried overnight under high vacuum (<1 of whatever unit the manometer is in), added CDCl3 (sonicator used to help solubilize crystals**), filteration through Kimwipe/pipet filter into 5 mm NMR tube, storage in SDT fridge #8 overnight, and filtration through second Kimwipe/pipet filter into fresh 5 mm NMR tube, in that order.
**Pretty sure that vortexer was not used in addition to sonicator.

Current Data Parameters
NAME         EDH-e-0823
EXPNO                22
PROCNO                1

F2 - Acquisition Parameters
Date_          20200925
Time              13.50 h
INSTRUM           spect
PROBHD   Z44896_0077 (C
PULPROG            zg30
TD                32768
SOLVENT           CDCl3
NS                   16
DS                    4
SWH            7836.991 Hz
FIDRES         0.478332 Hz
AQ            2.0905983 sec
RG                 6.35
DW               63.800 usec
DE                10.00 usec
TE                298.0 K
D1          10.00000000 sec
TD0                   1
SFO1        600.1330006 MHz
NUC1                 1H
P1                 9.25 usec
PLW1         6.35610008 W

F2 - Processing parameters
SI                32768
SF          600.1300137 MHz
WDW                  EM
SSB                   0
LB                 0.30 Hz
GB                    0
PC                 1.00

7.507.55 ppm
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13C NMR of Compound 244 (151 MHz, CDCl3)  
 Note 1: ca. 1:1 mixture of compound 244 and tentatively assigned impurity 376. 
 Note 2: Peaks corresponding to tentatively assigned impurity 376 denoted with asterisk (*). 
 Note 3: 2 of 3 peaks denoted with double asterisk (**) belong to 244; the other belongs to 376. 
 Note 4: 1 of 2 peaks denoted with triple asterisk (***) belong 244; the other belongs to 376. 
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EDH-e-0823_C1F21-25_Crystals Post-XRD Analysis
(13C{1H}, 151 MHz, CDCl3, 5 mm, NS = 1024 scans)

Current Data Parameters
NAME         EDH-e-0823
EXPNO                23
PROCNO                1

F2 - Acquisition Parameters
Date_          20200925
Time              14.25 h
INSTRUM           spect
PROBHD   Z44896_0077 (C
PULPROG            zgpg
TD                32768
SOLVENT           CDCl3
NS                 1024
DS                    8
SWH           36231.883 Hz
FIDRES         2.211419 Hz
AQ            0.4521984 sec
RG                 1820
DW               13.800 usec
DE                10.00 usec
TE                298.0 K
D1           1.50000000 sec
D11          0.03000000 sec
TD0                   1
SFO1        150.9194080 MHz
NUC1                13C
P1                 5.00 usec
PLW1       178.91999817 W
SFO2        600.1330010 MHz
NUC2                 1H
CPDPRG[2        waltz16
PCPD2             70.00 usec
PLW2         6.35610008 W
PLW12        0.09372000 W
PLW13        0.04592300 W

F2 - Processing parameters
SI                32768
SF          150.9027884 MHz
WDW                  EM
SSB                   0
LB                 1.50 Hz
GB                    0
PC                 1.40

68.568.6 ppm
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1H-13C HSQC{1H}{13C} NMR of Compound 244 (1H-600 MHz, 13C-151 MHz, CDCl3) 
 Note 1: Blue = CH/CH3 | Red = CH2. 
 Note 2: ca. 1:1 mixture of compound 244 and tentatively assigned impurity 376. 
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EDH-e-0823_C1F21-25_Crystals Post-XRD Analysis
(HSQC{1H}{13C}, 600 MHz, CDCl3, 5 mm, NS = 1 scan, O2P = 80 ppm)

Current Data Parameters
NAME         EDH-e-0823
EXPNO                24
PROCNO                1

F2 - Acquisition Parameters
Date_          20200925
Time              14.27 h
INSTRUM           spect
PROBHD   Z44896_0077 (C
PULPROG  hsqcedetgpsisp.2
TD                 1024
SOLVENT           CDCl3
NS                    1
DS                   16
SWH            7836.991 Hz
FIDRES        15.306623 Hz
AQ            0.0653312 sec
RG                 1820
DW               63.800 usec
DE                10.00 usec
TE                298.0 K
CNST2       145.0000000
CNST17       -0.5000000
D0           0.00000300 sec
D1           1.50000000 sec
D4           0.00172414 sec
D11          0.03000000 sec
D16          0.00020000 sec
D21          0.00344828 sec
D24          0.00086207 sec
IN0          0.00001840 sec
TDav                  1
SFO1        600.1330006 MHz
NUC1                 1H
P1                 9.25 usec
P2                18.50 usec
P28                   0 usec
PLW1         6.35610008 W
SFO2        150.9148812 MHz
NUC2                13C
CPDPRG[2          garp4
P3                15.00 usec
P14              500.00 usec
P24             2000.00 usec
PCPD2             60.00 usec
PLW0                  0 W
PLW2       178.91999817 W
PLW12       11.18299961 W
SPNAM[3] Crp60,0.5,20.1
SPOAL3            0.500
SPOFFS3               0 Hz
SPW3        61.50899887 W
SPNAM[7]    Crp60comp.4
SPOAL7            0.500
SPOFFS7               0 Hz
SPW7        61.50899887 W
GPNAM[1]     SMSQ10.100
GPZ1              80.00 %
GPNAM[2]     SMSQ10.100
GPZ2              20.10 %
P16             1000.00 usec

F1 - Acquisition parameters
TD                  256
SFO1           150.9149 MHz
FIDRES       212.296188 Hz
SW              180.061 ppm
FnMODE    Echo-Antiecho

F2 - Processing parameters
SI                 1024
SF          600.1300137 MHz
WDW               QSINE
SSB                   2
LB                    0 Hz
GB                    0
PC                 1.40

F1 - Processing parameters
SI                 1024
MC2       echo-antiecho
SF          150.9027884 MHz
WDW               QSINE
SSB                   2
LB                    0 Hz
GB                    0

impurity

C1

C1’

CH3OH

impurity

“grease”
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Coupled 1H-13C HSQC NMR of Compound 244 (1H-600 MHz, 13C-151 MHz, CDCl3) 
 Note 1: Blue = CH/CH3 | Red = CH2. 
 Note 2: ca. 1:1 mixture of compound 244 and tentatively assigned impurity 376. 
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EDH-e-0823_C1F21-25_Crystals Post-XRD Analysis
(Coupled HSQC, 600 MHz, CDCl3, 5 mm, NS = 2 scans)

Current Data Parameters
NAME         EDH-e-0823
EXPNO                25
PROCNO                1

F2 - Acquisition Parameters
Date_          20200925
Time              14.35 h
INSTRUM           spect
PROBHD   Z44896_0077 (C
PULPROG  hsqcedetgpsisp.2
TD                 4096
SOLVENT           CDCl3
NS                    2
DS                   16
SWH            1200.384 Hz
FIDRES         0.586125 Hz
AQ            1.7061205 sec
RG                 1820
DW              416.533 usec
DE                10.00 usec
TE                298.0 K
CNST2       145.0000000
CNST17       -0.5000000
D0           0.00000300 sec
D1           1.50000000 sec
D4           0.00172414 sec
D11          0.03000000 sec
D16          0.00020000 sec
D21          0.00344828 sec
D24          0.00086207 sec
IN0          0.00001840 sec
TDav                  1
SFO1        600.1328986 MHz
NUC1                 1H
P1                 9.25 usec
P2                18.50 usec
P28                   0 usec
PLW1         6.35610008 W
SFO2        150.9173259 MHz
NUC2                13C
CPDPRG[2          garp4
P3                15.00 usec
P14              500.00 usec
P24             2000.00 usec
PCPD2             60.00 usec
PLW0                  0 W
PLW2       178.91999817 W
PLW12                 0 W
SPNAM[3] Crp60,0.5,20.1
SPOAL3            0.500
SPOFFS3               0 Hz
SPW3        61.50899887 W
SPNAM[7]    Crp60comp.4
SPOAL7            0.500
SPOFFS7               0 Hz
SPW7        61.50899887 W
GPNAM[1]     SMSQ10.100
GPZ1              80.00 %
GPNAM[2]     SMSQ10.100
GPZ2              20.10 %
P16             1000.00 usec

F1 - Acquisition parameters
TD                  128
SFO1           150.9173 MHz
FIDRES       424.592377 Hz
SW              180.058 ppm
FnMODE    Echo-Antiecho

F2 - Processing parameters
SI                 1024
SF          600.1300137 MHz
WDW               QSINE
SSB                   2
LB                    0 Hz
GB                    0
PC                 1.40

F1 - Processing parameters
SI                 1024
MC2       echo-antiecho
SF          150.9027884 MHz
WDW               QSINE
SSB                   2
LB                    0 Hz
GB                    0

C1’: 1JCH = 164 Hz

C1: 1JCH = 156 Hz

impurity
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1H-1H COSY NMR of Compound 244 (600 MHz, CDCl3) 
 Note: ca. 1:1 mixture of compound 244 and tentatively assigned impurity 376. 
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EDH-e-0823_C1F21-25_Crystals Post-XRD Analysis
(COSY, 600 MHz, CDCl3, 5 mm, NS = 1 scan)

Current Data Parameters
NAME         EDH-e-0823
EXPNO                26
PROCNO                1

F2 - Acquisition Parameters
Date_          20200925
Time              14.50 h
INSTRUM           spect
PROBHD   Z44896_0077 (C
PULPROG        cosygpqf
TD                 2048
SOLVENT           CDCl3
NS                    1
DS                    8
SWH            7836.991 Hz
FIDRES         7.653311 Hz
AQ            0.1306624 sec
RG                  203
DW               63.800 usec
DE                10.00 usec
TE                298.0 K
D0           0.00000300 sec
D1           1.48689198 sec
D13          0.00000400 sec
D16          0.00020000 sec
IN0          0.00012760 sec
TDav                  1
SFO1        600.1330006 MHz
NUC1                 1H
P0                 4.65 usec
P1                 9.30 usec
PLW1         6.35610008 W
GPNAM[1]     SMSQ10.100
GPZ1              10.00 %
P16             1000.00 usec

F1 - Acquisition parameters
TD                  512
SFO1            600.133 MHz
FIDRES        30.613245 Hz
SW               13.059 ppm
FnMODE               QF

F2 - Processing parameters
SI                 1024
SF          600.1300137 MHz
WDW               QSINE
SSB                   0
LB                    0 Hz
GB                    0
PC                 1.40

F1 - Processing parameters
SI                 1024
MC2                  QF
SF          600.1300137 MHz
WDW               QSINE
SSB                   0
LB                    0 Hz
GB                    0

ppm

5.0

ppm

Expanded
Region

Full Spectrum

Expansion
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1H-13C HMBC NMR of Compound 244 (1H-600 MHz, 13C-151 MHz, CDCl3) 
 Note: ca. 1:1 mixture of compound 244 and tentatively assigned impurity 376. 
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EDH-e-0823_C1F21-25_Crystals Post-XRD Analysis
(HMBC, 600 MHz, CDCl3, 5 mm, NS = 4 scans)

Current Data Parameters
NAME         EDH-e-0823
EXPNO                27
PROCNO                1

F2 - Acquisition Parameters
Date_          20200925
Time              15.06 h
INSTRUM           spect
PROBHD   Z44896_0077 (C
PULPROG    hmbcgplpndqf
TD                 2048
SOLVENT           CDCl3
NS                    4
DS                   16
SWH            7836.991 Hz
FIDRES         7.653311 Hz
AQ            0.1306624 sec
RG                 1820
DW               63.800 usec
DE                10.00 usec
TE                298.0 K
CNST2       145.0000000
CNST13        9.0000000
D0           0.00000300 sec
D1           1.50000000 sec
D2           0.00344828 sec
D6           0.05555556 sec
D16          0.00020000 sec
IN0          0.00001440 sec
TDav                  1
SFO1        600.1330006 MHz
NUC1                 1H
P1                 9.25 usec
P2                18.50 usec
PLW1         6.35610008 W
SFO2        150.9194083 MHz
NUC2                13C
P3                15.00 usec
PLW2       178.91999817 W
GPNAM[1]     SMSQ10.100
GPZ1              50.00 %
GPNAM[2]     SMSQ10.100
GPZ2              30.00 %
GPNAM[3]     SMSQ10.100
GPZ3              40.10 %
P16             1000.00 usec

F1 - Acquisition parameters
TD                  256
SFO1           150.9194 MHz
FIDRES       271.267365 Hz
SW              230.071 ppm
FnMODE               QF

F2 - Processing parameters
SI                 1024
SF          600.1300137 MHz
WDW               QSINE
SSB                   0
LB                    0 Hz
GB                    0
PC                 1.40

F1 - Processing parameters
SI                 1024
MC2                  QF
SF          150.9027884 MHz
WDW               QSINE
SSB                   0
LB                    0 Hz
GB                    0

3.84.04.24.44.64.85.05.25.4 ppm
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1H-1H ROESY NMR of Compound 244 (600 MHz, CDCl3) 
 Note 1: Blue = diagonal/chemical exchange | Red = ROESY cross peaks.  
 Note 2: ca. 1:1 mixture of compound 244 and tentatively assigned impurity 376.  
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EDH-e-0823_C1F21-25_Crystals Post-XRD Analysis
(ROESY, 600 MHz, CDCl3, 5 mm, NS = 8 scans)

Current Data Parameters
NAME         EDH-e-0823
EXPNO                28
PROCNO                1

F2 - Acquisition Parameters
Date_          20200925
Time              15.36 h
INSTRUM           spect
PROBHD   Z44896_0077 (C
PULPROG     roesyetgp.2
TD                 2048
SOLVENT           CDCl3
NS                    8
DS                    4
SWH            7836.991 Hz
FIDRES         7.653311 Hz
AQ            0.1306624 sec
RG                  203
DW               63.800 usec
DE                10.00 usec
TE                298.0 K
D0           0.00000300 sec
D1           1.48689198 sec
D11          0.03000000 sec
D16          0.00020000 sec
IN0          0.00012760 sec
L4                 1190
P15           200000.00 usec
TDav                  1
SFO1        600.1330006 MHz
NUC1                 1H
P1                10.38 usec
P2                20.75 usec
P25               84.00 usec
PLW1         6.35610008 W
PLW27        0.30829999 W
GPNAM[1]     SMSQ10.100
GPZ1              30.00 %
GPNAM[2]     SMSQ10.100
GPZ2              30.00 %
P16             1000.00 usec

F1 - Acquisition parameters
TD                  512
SFO1            600.133 MHz
FIDRES        30.613245 Hz
SW               13.059 ppm
FnMODE    Echo-Antiecho

F2 - Processing parameters
SI                 2048
SF          600.1300137 MHz
WDW               QSINE
SSB                   2
LB                    0 Hz
GB                    0
PC                 1.40

F1 - Processing parameters
SI                 2048
MC2       echo-antiecho
SF          600.1300137 MHz
WDW               QSINE
SSB                   2
LB                    0 Hz
GB                    0

1.21.3 ppm

4.85

4.90

ppm

Expanded
Region

Expansion

Full Spectrum

Compound 23: Conformational Analysis of the Non-Reducing Sugar 
 

 ROESY correlations (as well as the slightly 
anomalous 3JH1’-H2’ coupling constants of 
6.5 and 3.5 Hz) indicate that the reducing 
sugar does not solely occupy the canonical 
1C4 conformation; rather, as indicated by 
the ROESY correlations highlighted to the 
right (Ar = 4-NO2Ph), the non-reducing 
sugar exists in conformational equilibrium 
and/or an intermediate conformation not 
pictured here.  
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1H NMR of 3rd Generation Disaccharide Donor (246) (600 MHz, CDCl3) 
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EDH-e-0794_C1F24-32 (1H, 600 MHz, CDCl3, 5 mm, NS = 1 scan)

Current Data Parameters
NAME         EDH-e-0794
EXPNO                 2
PROCNO                1

F2 - Acquisition Parameters
Date_          20190806
Time               4.54 h
INSTRUM           spect
PROBHD   Z44896_0077 (C
PULPROG            zg30
TD                32768
SOLVENT           CDCl3
NS                    1
DS                    0
SWH            7836.991 Hz
FIDRES         0.478332 Hz
AQ            2.0905983 sec
RG                    5
DW               63.800 usec
DE                10.00 usec
TE                298.0 K
D1           2.00000000 sec
TD0                   1
SFO1        600.1330006 MHz
NUC1                 1H
P1                 9.25 usec
PLW1         6.35610008 W

F2 - Processing parameters
SI                32768
SF          600.1300139 MHz
WDW                  EM
SSB      0
LB                 0.30 Hz
GB       0
PC                 1.00

1.21.41.6 ppm
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13C{1H} NMR of 3rd Generation Disaccharide Donor (246) (151 MHz, CDCl3) 
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EDH-e-0794_C1F24-32 (13C{H}, 151 MHz, CDCl3, 5 mm, NS = 512 scans)

Current Data Parameters
NAME         EDH-e-0794
EXPNO                 3
PROCNO                1

F2 - Acquisition Parameters
Date_          20190806
Time               5.12 h
INSTRUM           spect
PROBHD   Z44896_0077 (C
PULPROG            zgpg
TD                32768
SOLVENT           CDCl3
NS                  512
DS                    8
SWH           36231.883 Hz
FIDRES         2.211419 Hz
AQ            0.4521984 sec
RG                 1820
DW               13.800 usec
DE                10.00 usec
TE                298.0 K
D1           1.50000000 sec
D11          0.03000000 sec
TD0                   1
SFO1        150.9194080 MHz
NUC1                13C
P1                 5.00 usec
PLW1       178.91999817 W
SFO2        600.1330010 MHz
NUC2                 1H
CPDPRG[2        waltz16
PCPD2             70.00 usec
PLW2         6.35610008 W
PLW12        0.09372000 W
PLW13        0.04592300 W

F2 - Processing parameters
SI                32768
SF          150.9027892 MHz
WDW                  EM
SSB      0
LB                 1.50 Hz
GB       0
PC                 1.40
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1H-13C HSQC{1H}{13C} NMR of 3rd Generation Disaccharide Donor (246) (1H-600 MHz, 13C-151 MHz, CDCl3) 
 Note: Blue = CH/CH3 | Red = CH2. 
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EDH-e-0794_C1F24-32 (HSQC{1H}{13C}, 600 MHz, CDCl3, 5 mm, O2P = 80 ppm)

Current Data Parameters
NAME         EDH-e-0794
EXPNO                 4
PROCNO                1

F2 - Acquisition Parameters
Date_          20190806
Time               5.14 h
INSTRUM           spect
PROBHD   Z44896_0077 (C
PULPROG  hsqcedetgpsisp.2
TD                 1024
SOLVENT           CDCl3
NS                    2
DS                   16
SWH            7836.991 Hz
FIDRES        15.306623 Hz
AQ            0.0653312 sec
RG                 1820
DW               63.800 usec
DE                10.00 usec
TE                298.0 K
CNST2       145.0000000
CNST17       -0.5000000
D0           0.00000300 sec
D1           1.50000000 sec
D4           0.00172414 sec
D11          0.03000000 sec
D16          0.00020000 sec
D21          0.00344828 sec
D24          0.00086207 sec
IN0          0.00001840 sec
TDav                  1
SFO1        600.1330006 MHz
NUC1                 1H
P1                 9.25 usec
P2                18.50 usec
P28      0 usec
PLW1         6.35610008 W
SFO2        150.9148812 MHz
NUC2                13C
CPDPRG[2          garp4
P3                15.00 usec
P14              500.00 usec
P24             2000.00 usec
PCPD2             60.00 usec
PLW0     0 W
PLW2       178.91999817 W
PLW12       11.18299961 W
SPNAM[3] Crp60,0.5,20.1
SPOAL3            0.500
SPOFFS3  0 Hz
SPW3        61.50899887 W
SPNAM[7]    Crp60comp.4
SPOAL7            0.500
SPOFFS7  0 Hz
SPW7        61.50899887 W
GPNAM[1]     SMSQ10.100
GPZ1              80.00 %
GPNAM[2]     SMSQ10.100
GPZ2              20.10 %
P16             1000.00 usec

F1 - Acquisition parameters
TD                  256
SFO1           150.9149 MHz
FIDRES       212.296188 Hz
SW              180.061 ppm
FnMODE    Echo-Antiecho

F2 - Processing parameters
SI                 1024
SF          600.1300139 MHz
WDW               QSINE
SSB                   2
LB       0 Hz
GB       0
PC                 1.40

F1 - Processing parameters
SI                 1024
MC2       echo-antiecho
SF          150.9027892 MHz
WDW               QSINE
SSB                   2
LB       0 Hz
GB       0
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1H-1H COSY NMR of 3rd Generation Disaccharide Donor (246) (600 MHz, CDCl3) 
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EDH-e-0794_C1F24-32 (COSY, 600 MHz, CDCl3, 5 mm)

Current Data Parameters
NAME         EDH-e-0794
EXPNO                 5
PROCNO                1

F2 - Acquisition Parameters
Date_          20190806
Time               5.28 h
INSTRUM           spect
PROBHD   Z44896_0077 (C
PULPROG        cosygpqf
TD                 2048
SOLVENT           CDCl3
NS                    1
DS                    8
SWH            7836.991 Hz
FIDRES         7.653311 Hz
AQ            0.1306624 sec
RG                 45.2
DW               63.800 usec
DE                10.00 usec
TE                298.0 K
D0           0.00000300 sec
D1           1.48689198 sec
D13          0.00000400 sec
D16          0.00020000 sec
IN0          0.00012760 sec
TDav                  1
SFO1        600.1330006 MHz
NUC1                 1H
P0                 4.65 usec
P1                 9.30 usec
PLW1         6.35610008 W
GPNAM[1]     SMSQ10.100
GPZ1              10.00 %
P16             1000.00 usec

F1 - Acquisition parameters
TD                  512
SFO1            600.133 MHz
FIDRES        30.613245 Hz
SW               13.059 ppm
FnMODE               QF

F2 - Processing parameters
SI                 1024
SF          600.1300139 MHz
WDW               QSINE
SSB      0
LB       0 Hz
GB       0
PC                 1.40

F1 - Processing parameters
SI                 1024
MC2                  QF
SF          600.1300139 MHz
WDW               QSINE
SSB      0
LB       0 Hz
GB       0
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1H-13C HMBC NMR of 3rd Generation Disaccharide Donor (246) (1H-600 MHz, 13C-151 MHz, CDCl3)  
 

 
7 6 5 4 3 2 1 ppm

160

140

120

100

80

60

40

20

0

ppm

EDH-e-0794_C1F24-32 (HMBC, 600 MHz, CDCl3, 5 mm, NS = 4 scans)

Current Data Parameters
NAME         EDH-e-0794
EXPNO                 6
PROCNO                1

F2 - Acquisition Parameters
Date_          20190806
Time               5.44 h
INSTRUM           spect
PROBHD   Z44896_0077 (C
PULPROG    hmbcgplpndqf
TD                 2048
SOLVENT           CDCl3
NS                    4
DS                   16
SWH            7836.991 Hz
FIDRES         7.653311 Hz
AQ            0.1306624 sec
RG                 1820
DW               63.800 usec
DE                10.00 usec
TE                298.0 K
CNST2       145.0000000
CNST13        9.0000000
D0           0.00000300 sec
D1           1.50000000 sec
D2           0.00344828 sec
D6           0.05555556 sec
D16          0.00020000 sec
IN0          0.00001440 sec
TDav                  1
SFO1        600.1330006 MHz
NUC1                 1H
P1                 9.25 usec
P2                18.50 usec
PLW1         6.35610008 W
SFO2        150.9194083 MHz
NUC2                13C
P3                15.00 usec
PLW2       178.91999817 W
GPNAM[1]     SMSQ10.100
GPZ1              50.00 %
GPNAM[2]     SMSQ10.100
GPZ2              30.00 %
GPNAM[3]     SMSQ10.100
GPZ3              40.10 %
P16             1000.00 usec

F1 - Acquisition parameters
TD                  256
SFO1           150.9194 MHz
FIDRES       271.267365 Hz
SW              230.071 ppm
FnMODE               QF

F2 - Processing parameters
SI                 1024
SF          600.1300139 MHz
WDW               QSINE
SSB      0
LB       0 Hz
GB       0
PC                 1.40

F1 - Processing parameters
SI                 1024
MC2                  QF
SF          150.9027892 MHz
WDW               QSINE
SSB      0
LB       0 Hz
GB       0
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1H-1H NOESY NMR of 3rd Generation Disaccharide Donor (246) (1H-600 MHz, CDCl3) 
 Note: Blue = diagonal/chemical exchange | Red = NOESY cross peaks. 
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EDH-e-0794_C1F24-32 (NOESY, 600 MHz, CDCl3, 5 mm, NS = 4 scans)

Current Data Parameters
NAME         EDH-e-0794
EXPNO                 7
PROCNO                1

F2 - Acquisition Parameters
Date_          20190806
Time               6.14 h
INSTRUM           spect
PROBHD   Z44896_0077 (C
PULPROG       noesygpph
TD                 2048
SOLVENT           CDCl3
NS                    4
DS                   16
SWH            7836.991 Hz
FIDRES         7.653311 Hz
AQ            0.1306624 sec
RG                  128
DW               63.800 usec
DE                10.00 usec
TE                298.0 K
D0           0.00005202 sec
D1           1.48689198 sec
D8           0.60000002 sec
D16          0.00020000 sec
IN0          0.00012760 sec
TDav                  1
SFO1        600.1330006 MHz
NUC1                 1H
P1                 9.25 usec
P2                18.50 usec
PLW1         6.35610008 W
GPNAM[1]     SMSQ10.100
GPZ1              40.00 %
P16             1000.00 usec

F1 - Acquisition parameters
TD                  512
SFO1            600.133 MHz
FIDRES        30.613245 Hz
SW               13.059 ppm
FnMODE      States-TPPI

F2 - Processing parameters
SI                 1024
SF          600.1300139 MHz
WDW               QSINE
SSB                   2
LB       0 Hz
GB       0
PC                 1.40

F1 - Processing parameters
SI                 1024
MC2         States-TPPI
SF          600.1300139 MHz
WDW               QSINE
SSB                   2
LB       0 Hz
GB       0
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1H NMR of Compound 249 (ca. 1:1.4 a:b) (600 MHz, CDCl3) 
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EDH-e-0724_C1F24-35 (1H, 600 MHz, CDCl3, NS = 16 scans, DS = 4 scans, d1 = 10 sec)

Current Data Parameters
NAME         EDH-e-0724
EXPNO                12
PROCNO                1

F2 - Acquisition Parameters
Date_          20191221
Time              10.27 h
INSTRUM           spect
PROBHD   Z44896_0077 (C
PULPROG            zg30
TD                32768
SOLVENT           CDCl3
NS                   16
DS                    4
SWH            7836.991 Hz
FIDRES         0.478332 Hz
AQ            2.0905983 sec
RG                 6.35
DW               63.800 usec
DE                10.00 usec
TE                298.0 K
D1          10.00000000 sec
TD0                   1
SFO1        600.1330006 MHz
NUC1                 1H
P1                 9.25 usec
PLW1         6.35610008 W

F2 - Processing parameters
SI                32768
SF          600.1300141 MHz
WDW                  EM
SSB      0
LB                 0.30 Hz
GB       0
PC                 1.00
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13C{1H} NMR of Compound 249 (ca. 1:1.4 a:b) (151 MHz, CDCl3) 
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EDH-e-0724_C1F24-35 (13C{1H}, 151 MHz, CDCl3, NS = 1024 scans)

Current Data Parameters
NAME         EDH-e-0724
EXPNO                13
PROCNO                1

F2 - Acquisition Parameters
Date_          20191221
Time              11.02 h
INSTRUM           spect
PROBHD   Z44896_0077 (C
PULPROG            zgpg
TD                32768
SOLVENT           CDCl3
NS                 1024
DS                    8
SWH           36231.883 Hz
FIDRES         2.211419 Hz
AQ            0.4521984 sec
RG                 1820
DW               13.800 usec
DE                10.00 usec
TE                298.0 K
D1           1.50000000 sec
D11          0.03000000 sec
TD0                   1
SFO1        150.9194080 MHz
NUC1                13C
P1                 5.00 usec
PLW1       178.91999817 W
SFO2        600.1330010 MHz
NUC2                 1H
CPDPRG[2        waltz16
PCPD2             70.00 usec
PLW2         6.35610008 W
PLW12        0.09372000 W
PLW13        0.04592300 W

F2 - Processing parameters
SI                32768
SF          150.9027893 MHz
WDW                  EM
SSB      0
LB                 1.50 Hz
GB       0
PC                 1.40

9293 ppm
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325 

1H-13C HSQC{1H}{13C} NMR of Compound 249 (ca. 1:1.4 a:b) (1H-600 MHz, 13C-151 MHz, CDCl3) 
 Note: Blue = CH/CH3 | Red = CH2. 
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EDH-e-0724_C1F24-35 (HSQC{1H}{13C}, 600 MHz, CDCl3, NS = 1 scan)

Current Data Parameters
NAME         EDH-e-0724
EXPNO                14
PROCNO                1

F2 - Acquisition Parameters
Date_          20191221
Time              11.04 h
INSTRUM           spect
PROBHD   Z44896_0077 (C
PULPROG  hsqcedetgpsisp.2
TD                 1024
SOLVENT           CDCl3
NS                    1
DS                   16
SWH            7836.991 Hz
FIDRES        15.306623 Hz
AQ            0.0653312 sec
RG                 1820
DW               63.800 usec
DE                10.00 usec
TE                298.0 K
CNST2       145.0000000
CNST17       -0.5000000
D0           0.00000300 sec
D1           1.50000000 sec
D4           0.00172414 sec
D11          0.03000000 sec
D16          0.00020000 sec
D21          0.00344828 sec
D24          0.00086207 sec
IN0          0.00001840 sec
TDav                  1
SFO1        600.1330006 MHz
NUC1                 1H
P1                 9.25 usec
P2                18.50 usec
P28      0 usec
PLW1         6.35610008 W
SFO2        150.9163903 MHz
NUC2                13C
CPDPRG[2          garp4
P3                15.00 usec
P14              500.00 usec
P24             2000.00 usec
PCPD2             60.00 usec
PLW0     0 W
PLW2       178.91999817 W
PLW12       11.18299961 W
SPNAM[3] Crp60,0.5,20.1
SPOAL3            0.500
SPOFFS3  0 Hz
SPW3        61.50899887 W
SPNAM[7]    Crp60comp.4
SPOAL7            0.500
SPOFFS7  0 Hz
SPW7        61.50899887 W
GPNAM[1]     SMSQ10.100
GPZ1              80.00 %
GPNAM[2]     SMSQ10.100
GPZ2              20.10 %
P16             1000.00 usec

F1 - Acquisition parameters
TD                  256
SFO1           150.9164 MHz
FIDRES       212.296188 Hz
SW              180.059 ppm
FnMODE    Echo-Antiecho

F2 - Processing parameters
SI                 1024
SF          600.1300141 MHz
WDW               QSINE
SSB                   2
LB       0 Hz
GB       0
PC                 1.40

F1 - Processing parameters
SI                 1024
MC2       echo-antiecho
SF          150.9027893 MHz
WDW               QSINE
SSB                   2
LB       0 Hz
GB       0
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Coupled 1H-13C HSQC NMR of Compound 249 (ca. 1:1.4 a:b) (1H-600 MHz, 13C-151 MHz, CDCl3) 
 Note: Blue = CH/CH3 | Red = CH2. 
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EDH-e-0724_C1F24-35 ("Coupled" HSQC, 600 MHz, CDCl3, NS = 2 scans)

Current Data Parameters
NAME         EDH-e-0724
EXPNO                17
PROCNO                1

F2 - Acquisition Parameters
Date_          20191221
Time              11.58 h
INSTRUM           spect
PROBHD   Z44896_0077 (C
PULPROG  hsqcedetgpsisp.2
TD                 4096
SOLVENT           CDCl3
NS                    2
DS                   16
SWH            1200.384 Hz
FIDRES         0.586125 Hz
AQ            1.7061205 sec
RG                 1820
DW              416.533 usec
DE                10.00 usec
TE                298.0 K
CNST2       145.0000000
CNST17       -0.5000000
D0           0.00000300 sec
D1           1.50000000 sec
D4           0.00172414 sec
D11          0.03000000 sec
D16          0.00020000 sec
D21          0.00344828 sec
D24          0.00086207 sec
IN0          0.00001840 sec
TDav                  1
SFO1        600.1330487 MHz
NUC1                 1H
P1                 9.25 usec
P2                18.50 usec
P28                   0 usec
PLW1         6.35610008 W
SFO2        150.9173711 MHz
NUC2                13C
CPDPRG[2          garp4
P3                15.00 usec
P14              500.00 usec
P24             2000.00 usec
PCPD2             60.00 usec
PLW0                  0 W
PLW2       178.91999817 W
PLW12                 0 W
SPNAM[3] Crp60,0.5,20.1
SPOAL3            0.500
SPOFFS3               0 Hz
SPW3        61.50899887 W
SPNAM[7]    Crp60comp.4
SPOAL7            0.500
SPOFFS7               0 Hz
SPW7        61.50899887 W
GPNAM[1]     SMSQ10.100
GPZ1              80.00 %
GPNAM[2]     SMSQ10.100
GPZ2              20.10 %
P16             1000.00 usec

F1 - Acquisition parameters
TD                  128
SFO1           150.9174 MHz
FIDRES       424.592377 Hz
SW              180.058 ppm
FnMODE    Echo-Antiecho

F2 - Processing parameters
SI                 1024
SF          600.1300141 MHz
WDW               QSINE
SSB                   2
LB                    0 Hz
GB                    0
PC                 1.40

F1 - Processing parameters
SI                 1024
MC2       echo-antiecho
SF          150.9027893 MHz
WDW               QSINE
SSB                   2
LB                    0 Hz
GB                    0

b-C1: 1JCH = 159 Hz
a-C1: 1JCH = 168 Hz
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1H-1H COSY NMR of Compound 249 (ca. 1:1.4 a:b) (600 MHz, CDCl3) 
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EDH-e-0724_C1F24-35 (COSY, 600 MHz, CDCl3, NS = 1 scan)

Current Data Parameters
NAME         EDH-e-0724
EXPNO                15
PROCNO                1

F2 - Acquisition Parameters
Date_          20191221
Time              11.12 h
INSTRUM           spect
PROBHD   Z44896_0077 (C
PULPROG        cosygpqf
TD                 2048
SOLVENT           CDCl3
NS                    1
DS                    8
SWH            7836.991 Hz
FIDRES         7.653311 Hz
AQ            0.1306624 sec
RG                 90.5
DW               63.800 usec
DE                10.00 usec
TE                298.0 K
D0           0.00000300 sec
D1           1.48689198 sec
D13          0.00000400 sec
D16          0.00020000 sec
IN0          0.00012760 sec
TDav                  1
SFO1        600.1330006 MHz
NUC1                 1H
P0                 4.65 usec
P1                 9.30 usec
PLW1         6.35610008 W
GPNAM[1]     SMSQ10.100
GPZ1              10.00 %
P16             1000.00 usec

F1 - Acquisition parameters
TD                  512
SFO1            600.133 MHz
FIDRES        30.613245 Hz
SW               13.059 ppm
FnMODE               QF

F2 - Processing parameters
SI                 1024
SF          600.1300141 MHz
WDW               QSINE
SSB      0
LB       0 Hz
GB       0
PC                 1.40

F1 - Processing parameters
SI                 1024
MC2                  QF
SF          600.1300141 MHz
WDW               QSINE
SSB      0
LB       0 Hz
GB       0
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1H-13C HMBC NMR of Compound 249 (ca. 1:1.4 a:b) (1H-600 MHz, 13C-151 MHz, CDCl3)  
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EDH-e-0724_C1F24-35 (HMBC, 600 MHz, CDCl3, NS = 4 scans)

Current Data Parameters
NAME         EDH-e-0724
EXPNO                16
PROCNO                1

F2 - Acquisition Parameters
Date_          20191221
Time              11.27 h
INSTRUM           spect
PROBHD   Z44896_0077 (C
PULPROG    hmbcgplpndqf
TD                 2048
SOLVENT           CDCl3
NS                    4
DS                   16
SWH            7836.991 Hz
FIDRES         7.653311 Hz
AQ            0.1306624 sec
RG                 1820
DW               63.800 usec
DE                10.00 usec
TE                298.0 K
CNST2       145.0000000
CNST13        9.0000000
D0           0.00000300 sec
D1           1.50000000 sec
D2           0.00344828 sec
D6           0.05555556 sec
D16          0.00020000 sec
IN0          0.00001440 sec
TDav                  1
SFO1        600.1330006 MHz
NUC1                 1H
P1                 9.25 usec
P2                18.50 usec
PLW1         6.35610008 W
SFO2        150.9194083 MHz
NUC2                13C
P3                15.00 usec
PLW2       178.91999817 W
GPNAM[1]     SMSQ10.100
GPZ1              50.00 %
GPNAM[2]     SMSQ10.100
GPZ2              30.00 %
GPNAM[3]     SMSQ10.100
GPZ3              40.10 %
P16             1000.00 usec

F1 - Acquisition parameters
TD                  256
SFO1           150.9194 MHz
FIDRES       271.267365 Hz
SW              230.071 ppm
FnMODE               QF

F2 - Processing parameters
SI                 1024
SF          600.1300141 MHz
WDW               QSINE
SSB      0
LB       0 Hz
GB       0
PC                 1.40

F1 - Processing parameters
SI                 1024
MC2                  QF
SF          150.9027893 MHz
WDW               QSINE
SSB      0
LB       0 Hz
GB       0
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1H-1H NOESY NMR of Compound 249 (ca. 1:1.4 a:b) (1H-600 MHz, CDCl3) 
 Note: Blue = diagonal/chemical exchange | Red = NOESY cross peaks. 
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EDH-e-0724_C1F24-35 (NOESY, 600 MHz, CDCl3, NS = 4 scans)
Note: Sample was NOT degassed for this experiment.

Current Data Parameters
NAME         EDH-e-0724
EXPNO                18
PROCNO                1

F2 - Acquisition Parameters
Date_          20191221
Time              12.13 h
INSTRUM           spect
PROBHD   Z44896_0077 (C
PULPROG       noesygpph
TD                 2048
SOLVENT           CDCl3
NS                    4
DS                   16
SWH            7836.991 Hz
FIDRES         7.653311 Hz
AQ            0.1306624 sec
RG                  128
DW               63.800 usec
DE                10.00 usec
TE                298.0 K
D0           0.00005202 sec
D1           1.48689198 sec
D8           0.60000002 sec
D16          0.00020000 sec
IN0          0.00012760 sec
TDav                  1
SFO1        600.1330006 MHz
NUC1                 1H
P1                 9.25 usec
P2                18.50 usec
PLW1         6.35610008 W
GPNAM[1]     SMSQ10.100
GPZ1              40.00 %
P16             1000.00 usec

F1 - Acquisition parameters
TD                  512
SFO1            600.133 MHz
FIDRES        30.613245 Hz
SW               13.059 ppm
FnMODE      States-TPPI

F2 - Processing parameters
SI                 1024
SF          600.1300141 MHz
WDW               QSINE
SSB                   2
LB       0 Hz
GB       0
PC                 1.40

F1 - Processing parameters
SI                 1024
MC2         States-TPPI
SF          600.1300141 MHz
WDW               QSINE
SSB                   2
LB       0 Hz
GB       0

1.51.61.7 ppm
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1H NMR of Compound 254 (ca. 1:1.7 a:b) (600 MHz, CDCl3) 
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EDH-e-0865_C1F5-12 (1H, 600 MHz, CDCl3, 3 mm, NS = 16 scans)

Current Data Parameters
NAME         EDH-e-0865
EXPNO                 4
PROCNO                1

F2 - Acquisition Parameters
Date_          20191116
Time              11.11 h
INSTRUM           spect
PROBHD   Z44896_0077 (C
PULPROG            zg30
TD                32768
SOLVENT           CDCl3
NS                   16
DS                    0
SWH            7836.991 Hz
FIDRES         0.478332 Hz
AQ            2.0905983 sec
RG                 6.35
DW               63.800 usec
DE                10.00 usec
TE                298.0 K
D1           2.00000000 sec
TD0                   1
SFO1        600.1330006 MHz
NUC1                 1H
P1                 9.25 usec
PLW1         6.35610008 W

F2 - Processing parameters
SI                32768
SF          600.1300144 MHz
WDW                  EM
SSB      0
LB                 0.30 Hz
GB       0
PC                 1.00
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13C{1H} NMR of Compound 254 (ca. 1:1.7 a:b) (151 MHz, CDCl3) 
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EDH-e-0865_C1F5-12 (13C{1H}, 151 MHz, CDCl3, 3 mm, NS = 2048 scans)

Current Data Parameters
NAME         EDH-e-0865
EXPNO                 5
PROCNO                1

F2 - Acquisition Parameters
Date_          20191116
Time              12.21 h
INSTRUM           spect
PROBHD   Z44896_0077 (C
PULPROG            zgpg
TD                32768
SOLVENT           CDCl3
NS                 2048
DS                    8
SWH           36231.883 Hz
FIDRES         2.211419 Hz
AQ            0.4521984 sec
RG                 1820
DW               13.800 usec
DE                10.00 usec
TE                298.0 K
D1           1.50000000 sec
D11          0.03000000 sec
TD0                   1
SFO1        150.9194080 MHz
NUC1                13C
P1                 5.00 usec
PLW1       178.91999817 W
SFO2        600.1330010 MHz
NUC2                 1H
CPDPRG[2        waltz16
PCPD2             70.00 usec
PLW2         6.35610008 W
PLW12        0.09372000 W
PLW13        0.04592300 W

F2 - Processing parameters
SI                32768
SF          150.9027934 MHz
WDW                  EM
SSB      0
LB                 1.50 Hz
GB       0
PC                 1.40
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1H-13C HSQC{1H}{13C} NMR of Compound 254 (ca. 1:1.7 a:b) (1H-600 MHz, 13C-151 MHz, CDCl3) 
 Note: Blue = CH/CH3 | Red = CH2. 
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EDH-e-0865_C1F5-12 (HSQC, 600 MHz, CDCl3, 3 mm)

Current Data Parameters
NAME         EDH-e-0865
EXPNO                 6
PROCNO                1

F2 - Acquisition Parameters
Date_          20191116
Time              12.23 h
INSTRUM           spect
PROBHD   Z44896_0077 (C
PULPROG  hsqcedetgpsisp.2
TD                 1024
SOLVENT           CDCl3
NS                    2
DS                   16
SWH            7836.991 Hz
FIDRES        15.306623 Hz
AQ            0.0653312 sec
RG                 1820
DW               63.800 usec
DE                10.00 usec
TE                298.0 K
CNST2       145.0000000
CNST17       -0.5000000
D0           0.00000300 sec
D1           1.50000000 sec
D4           0.00172414 sec
D11          0.03000000 sec
D16          0.00020000 sec
D21          0.00344828 sec
D24          0.00086207 sec
IN0          0.00001840 sec
TDav                  1
SFO1        600.1330006 MHz
NUC1                 1H
P1                 9.25 usec
P2                18.50 usec
P28      0 usec
PLW1         6.35610008 W
SFO2        150.9163903 MHz
NUC2                13C
CPDPRG[2          garp4
P3                15.00 usec
P14              500.00 usec
P24             2000.00 usec
PCPD2             60.00 usec
PLW0     0 W
PLW2       178.91999817 W
PLW12       11.18299961 W
SPNAM[3] Crp60,0.5,20.1
SPOAL3            0.500
SPOFFS3  0 Hz
SPW3        61.50899887 W
SPNAM[7]    Crp60comp.4
SPOAL7            0.500
SPOFFS7  0 Hz
SPW7        61.50899887 W
GPNAM[1]     SMSQ10.100
GPZ1              80.00 %
GPNAM[2]     SMSQ10.100
GPZ2              20.10 %
P16             1000.00 usec

F1 - Acquisition parameters
TD                  256
SFO1           150.9164 MHz
FIDRES       212.296188 Hz
SW              180.059 ppm
FnMODE    Echo-Antiecho

F2 - Processing parameters
SI                 1024
SF          600.1300144 MHz
WDW               QSINE
SSB                   2
LB       0 Hz
GB       0
PC                 1.40

F1 - Processing parameters
SI                 1024
MC2       echo-antiecho
SF          150.9027934 MHz
WDW               QSINE
SSB                   2
LB       0 Hz
GB       0
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Coupled 1H-13C HSQC NMR of Compound 254 (ca. 1:1.7 a:b) (1H-600 MHz, 13C-151 MHz, CDCl3) 
 Note: Blue = CH/CH3 | Red = CH2. 
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EDH-e-0865_C1F5-12 ("Coupled" HSQC, 600 MHz, CDCl3, 3 mm)

Current Data Parameters
NAME         EDH-e-0865
EXPNO                 7
PROCNO                1

F2 - Acquisition Parameters
Date_          20191116
Time              12.38 h
INSTRUM           spect
PROBHD   Z44896_0077 (C
PULPROG  hsqcedetgpsisp.2
TD                 4096
SOLVENT           CDCl3
NS                    2
DS                   16
SWH            1200.384 Hz
FIDRES         0.586125 Hz
AQ            1.7061205 sec
RG                 1820
DW              416.533 usec
DE                10.00 usec
TE                298.0 K
CNST2       145.0000000
CNST17       -0.5000000
D0           0.00000300 sec
D1           1.50000000 sec
D4           0.00172414 sec
D11          0.03000000 sec
D16          0.00020000 sec
D21          0.00344828 sec
D24          0.00086207 sec
IN0          0.00001840 sec
TDav                  1
SFO1        600.1335828 MHz
NUC1                 1H
P1                 9.25 usec
P2                18.50 usec
P28      0 usec
PLW1         6.35610008 W
SFO2        150.9165412 MHz
NUC2                13C
CPDPRG[2          garp4
P3                15.00 usec
P14              500.00 usec
P24             2000.00 usec
PCPD2             60.00 usec
PLW0     0 W
PLW2       178.91999817 W
PLW12    0 W
SPNAM[3] Crp60,0.5,20.1
SPOAL3            0.500
SPOFFS3  0 Hz
SPW3        61.50899887 W
SPNAM[7]    Crp60comp.4
SPOAL7            0.500
SPOFFS7  0 Hz
SPW7        61.50899887 W
GPNAM[1]     SMSQ10.100
GPZ1              80.00 %
GPNAM[2]     SMSQ10.100
GPZ2              20.10 %
P16             1000.00 usec

F1 - Acquisition parameters
TD                  128
SFO1           150.9165 MHz
FIDRES       424.592377 Hz
SW              180.059 ppm
FnMODE    Echo-Antiecho

F2 - Processing parameters
SI                 1024
SF          600.1300144 MHz
WDW               QSINE
SSB                   2
LB       0 Hz
GB       0
PC                 1.40

F1 - Processing parameters
SI                 1024
MC2       echo-antiecho
SF          150.9027934 MHz
WDW               QSINE
SSB                   2
LB       0 Hz
GB       0
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1H-1H COSY NMR of Compound 254 (ca. 1:1.7 a:b) (600 MHz, CDCl3) 
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EDH-e-0865_C1F5-12 (COSY, 600 MHz, CDCl3, 3 mm)

Current Data Parameters
NAME         EDH-e-0865
EXPNO                 8
PROCNO                1

F2 - Acquisition Parameters
Date_          20191116
Time              12.53 h
INSTRUM           spect
PROBHD   Z44896_0077 (C
PULPROG        cosygpqf
TD                 2048
SOLVENT           CDCl3
NS                    1
DS                    8
SWH            7836.991 Hz
FIDRES         7.653311 Hz
AQ            0.1306624 sec
RG                  161
DW               63.800 usec
DE                10.00 usec
TE                298.0 K
D0           0.00000300 sec
D1           1.48689198 sec
D13          0.00000400 sec
D16          0.00020000 sec
IN0          0.00012760 sec
TDav                  1
SFO1        600.1330006 MHz
NUC1                 1H
P0                 4.65 usec
P1                 9.30 usec
PLW1         6.35610008 W
GPNAM[1]     SMSQ10.100
GPZ1              10.00 %
P16             1000.00 usec

F1 - Acquisition parameters
TD                  512
SFO1            600.133 MHz
FIDRES        30.613245 Hz
SW               13.059 ppm
FnMODE               QF

F2 - Processing parameters
SI                 1024
SF          600.1300144 MHz
WDW               QSINE
SSB      0
LB       0 Hz
GB       0
PC                 1.40

F1 - Processing parameters
SI                 1024
MC2                  QF
SF          600.1300144 MHz
WDW               QSINE
SSB      0
LB       0 Hz
GB       0
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1H-13C HMBC NMR of Compound 254 (ca. 1:1.7 a:b) (1H-600 MHz, 13C-151 MHz, CDCl3)  
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EDH-e-0865_C1F5-12 (HMBC, 600 MHz, CDCl3, 3 mm, NS = 4 scans)

Current Data Parameters
NAME         EDH-e-0865
EXPNO                 9
PROCNO                1

F2 - Acquisition Parameters
Date_          20191116
Time              13.09 h
INSTRUM           spect
PROBHD   Z44896_0077 (C
PULPROG    hmbcgplpndqf
TD                 2048
SOLVENT           CDCl3
NS                    4
DS                   16
SWH            7836.991 Hz
FIDRES         7.653311 Hz
AQ            0.1306624 sec
RG                 1820
DW               63.800 usec
DE                10.00 usec
TE                298.0 K
CNST2       145.0000000
CNST13        9.0000000
D0           0.00000300 sec
D1           1.50000000 sec
D2           0.00344828 sec
D6           0.05555556 sec
D16          0.00020000 sec
IN0          0.00001440 sec
TDav                  1
SFO1        600.1330006 MHz
NUC1                 1H
P1                 9.25 usec
P2                18.50 usec
PLW1         6.35610008 W
SFO2        150.9194083 MHz
NUC2                13C
P3                15.00 usec
PLW2       178.91999817 W
GPNAM[1]     SMSQ10.100
GPZ1              50.00 %
GPNAM[2]     SMSQ10.100
GPZ2              30.00 %
GPNAM[3]     SMSQ10.100
GPZ3              40.10 %
P16             1000.00 usec

F1 - Acquisition parameters
TD                  256
SFO1           150.9194 MHz
FIDRES       271.267365 Hz
SW              230.071 ppm
FnMODE               QF

F2 - Processing parameters
SI                 1024
SF          600.1300144 MHz
WDW               QSINE
SSB      0
LB       0 Hz
GB       0
PC                 1.40

F1 - Processing parameters
SI                 1024
MC2                  QF
SF          150.9027934 MHz
WDW               QSINE
SSB      0
LB       0 Hz
GB       0
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1H-1H NOESY NMR of Compound 254 (1H-600 MHz, CDCl3) 
 Note: Blue = diagonal/chemical exchange | Red = NOESY cross peaks. 
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EDH-e-0865_C1F5-12 (NOESY, 600 MHz, CDCl3, 3 mm, NS = 4 scans)

Current Data Parameters
NAME         EDH-e-0865
EXPNO                10
PROCNO                1

F2 - Acquisition Parameters
Date_          20191116
Time              13.39 h
INSTRUM           spect
PROBHD   Z44896_0077 (C
PULPROG       noesygpph
TD                 2048
SOLVENT           CDCl3
NS                    4
DS                   16
SWH            7836.991 Hz
FIDRES         7.653311 Hz
AQ            0.1306624 sec
RG                  128
DW               63.800 usec
DE                10.00 usec
TE                298.0 K
D0           0.00005202 sec
D1           1.48689198 sec
D8           0.60000002 sec
D16          0.00020000 sec
IN0          0.00012760 sec
TDav                  1
SFO1        600.1330006 MHz
NUC1                 1H
P1                 9.25 usec
P2                18.50 usec
PLW1         6.35610008 W
GPNAM[1]     SMSQ10.100
GPZ1              40.00 %
P16             1000.00 usec

F1 - Acquisition parameters
TD                  512
SFO1            600.133 MHz
FIDRES        30.613245 Hz
SW               13.059 ppm
FnMODE      States-TPPI

F2 - Processing parameters
SI                 1024
SF          600.1300144 MHz
WDW               QSINE
SSB                   2
LB       0 Hz
GB       0
PC                 1.40

F1 - Processing parameters
SI                 1024
MC2         States-TPPI
SF          600.1300144 MHz
WDW               QSINE
SSB                   2
LB       0 Hz
GB       0
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1H NMR of Compound 288 (ca. 2:3 a/b) (600 MHz, CDCl3) 
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EDH-e-0908_C1F8-18 (1H, 600 MHz, CDCl3, 3 mm, NS = 16 scans)

Current Data Parameters
NAME         EDH-e-0908
EXPNO                 1
PROCNO                2

F2 - Acquisition Parameters
Date_          20200204
Time               9.01 h
INSTRUM           spect
PROBHD   Z44896_0077 (C
PULPROG            zg30
TD                32768
SOLVENT           CDCl3
NS                   16
DS                    0
SWH            7836.991 Hz
FIDRES         0.478332 Hz
AQ            2.0905983 sec
RG                 80.6
DW               63.800 usec
DE                10.00 usec
TE                298.0 K
D1           2.00000000 sec
TD0                   1
SFO1        600.1330006 MHz
NUC1                 1H
P1                 9.25 usec
PLW1         6.35610008 W

F2 - Processing parameters
SI                32768
SF          600.1300144 MHz
WDW                  EM
SSB      0
LB                 0.30 Hz
GB       0
PC                 1.00
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13C{1H} NMR of Compound 288 (ca. 2:3 a/b) (151 MHz, CDCl3) 
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EDH-e-0908_C1F8-18 (13C{1H}, 600 MHz, CDCl3, 3 mm, NS = 1024 scans)

Current Data Parameters
NAME         EDH-e-0908
EXPNO                 3
PROCNO                1

F2 - Acquisition Parameters
Date_          20200204
Time              19.30 h
INSTRUM           spect
PROBHD   Z44896_0077 (C
PULPROG            zgpg
TD                32768
SOLVENT           CDCl3
NS                 1024
DS                    8
SWH           36231.883 Hz
FIDRES         2.211419 Hz
AQ            0.4521984 sec
RG                 1820
DW               13.800 usec
DE                10.00 usec
TE                298.0 K
D1           1.50000000 sec
D11          0.03000000 sec
TD0                   1
SFO1        150.9194080 MHz
NUC1                13C
P1                 5.00 usec
PLW1       178.91999817 W
SFO2        600.1330010 MHz
NUC2                 1H
CPDPRG[2        waltz16
PCPD2             70.00 usec
PLW2         6.35610008 W
PLW12        0.09372000 W
PLW13        0.04592300 W

F2 - Processing parameters
SI                32768
SF          150.9027929 MHz
WDW                  EM
SSB      0
LB                 1.50 Hz
GB       0
PC                 1.40
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1H-13C HSQC{1H}{13C} NMR of Compound 288 (ca. 2:3 a/b) (1H-600 MHz, 13C-151 MHz, CDCl3) 
 Note: Blue = CH/CH3 | Red = CH2. 
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EDH-e-0908_C1F8-18 (HSQC 600 MHz, CDCl3, 3 mm, NS = 1 scan, O2P = 80 ppm)

Current Data Parameters
NAME         EDH-e-0908
EXPNO                 4
PROCNO                1

F2 - Acquisition Parameters
Date_          20200204
Time              19.32 h
INSTRUM           spect
PROBHD   Z44896_0077 (C
PULPROG  hsqcedetgpsisp.2
TD                 1024
SOLVENT           CDCl3
NS                    1
DS                   16
SWH            7836.991 Hz
FIDRES        15.306623 Hz
AQ            0.0653312 sec
RG                 1820
DW               63.800 usec
DE                10.00 usec
TE                298.0 K
CNST2       145.0000000
CNST17       -0.5000000
D0           0.00000300 sec
D1           1.50000000 sec
D4           0.00172414 sec
D11          0.03000000 sec
D16          0.00020000 sec
D21          0.00344828 sec
D24          0.00086207 sec
IN0          0.00001840 sec
TDav                  1
SFO1        600.1330006 MHz
NUC1                 1H
P1                 9.25 usec
P2                18.50 usec
P28      0 usec
PLW1         6.35610008 W
SFO2        150.9148812 MHz
NUC2                13C
CPDPRG[2          garp4
P3                15.00 usec
P14              500.00 usec
P24             2000.00 usec
PCPD2             60.00 usec
PLW0     0 W
PLW2       178.91999817 W
PLW12       11.18299961 W
SPNAM[3] Crp60,0.5,20.1
SPOAL3            0.500
SPOFFS3  0 Hz
SPW3        61.50899887 W
SPNAM[7]    Crp60comp.4
SPOAL7            0.500
SPOFFS7  0 Hz
SPW7        61.50899887 W
GPNAM[1]     SMSQ10.100
GPZ1              80.00 %
GPNAM[2]     SMSQ10.100
GPZ2              20.10 %
P16             1000.00 usec

F1 - Acquisition parameters
TD                  256
SFO1           150.9149 MHz
FIDRES       212.296188 Hz
SW              180.061 ppm
FnMODE    Echo-Antiecho

F2 - Processing parameters
SI                 1024
SF          600.1300095 MHz
WDW               QSINE
SSB                   2
LB       0 Hz
GB       0
PC                 1.40

F1 - Processing parameters
SI                 1024
MC2       echo-antiecho
SF          150.9027929 MHz
WDW               QSINE
SSB                   2
LB       0 Hz
GB       0

a-C1’& b-C1’

b-C1a-C1
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Coupled 1H-13C HSQC NMR of Compound 288 (ca. 2:3 a/b) (1H-600 MHz, 13C-151 MHz, CDCl3) 
 Note: Blue = CH/CH3 | Red = CH2. 
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EDH-e-0908_C1F8-18 ("Coupled" HSQC, 600 MHz, CDCl3, 3 mm)

Current Data Parameters
NAME         EDH-e-0908
EXPNO                 6
PROCNO                1

F2 - Acquisition Parameters
Date_          20200204
Time              19.56 h
INSTRUM           spect
PROBHD   Z44896_0077 (C
PULPROG  hsqcedetgpsisp.2
TD                 4096
SOLVENT           CDCl3
NS                    2
DS                   16
SWH            1200.384 Hz
FIDRES         0.586125 Hz
AQ            1.7061205 sec
RG                 1820
DW              416.533 usec
DE                10.00 usec
TE                298.0 K
CNST2       145.0000000
CNST17       -0.5000000
D0           0.00000300 sec
D1           1.50000000 sec
D4           0.00172414 sec
D11          0.03000000 sec
D16          0.00020000 sec
D21          0.00344828 sec
D24          0.00086207 sec
IN0          0.00001840 sec
TDav                  1
SFO1        600.1330367 MHz
NUC1                 1H
P1                 9.25 usec
P2                18.50 usec
P28      0 usec
PLW1         6.35610008 W
SFO2        150.9173862 MHz
NUC2                13C
CPDPRG[2          garp4
P3                15.00 usec
P14              500.00 usec
P24             2000.00 usec
PCPD2             60.00 usec
PLW0     0 W
PLW2       178.91999817 W
PLW12    0 W
SPNAM[3] Crp60,0.5,20.1
SPOAL3            0.500
SPOFFS3  0 Hz
SPW3        61.50899887 W
SPNAM[7]    Crp60comp.4
SPOAL7            0.500
SPOFFS7  0 Hz
SPW7        61.50899887 W
GPNAM[1]     SMSQ10.100
GPZ1              80.00 %
GPNAM[2]     SMSQ10.100
GPZ2              20.10 %
P16             1000.00 usec

F1 - Acquisition parameters
TD                  128
SFO1           150.9174 MHz
FIDRES       424.592377 Hz
SW              180.058 ppm
FnMODE    Echo-Antiecho

F2 - Processing parameters
SI                 1024
SF          600.1300144 MHz
WDW               QSINE
SSB                   2
LB       0 Hz
GB       0
PC                 1.40

F1 - Processing parameters
SI                 1024
MC2       echo-antiecho
SF          150.9027929 MHz
WDW               QSINE
SSB                   2
LB       0 Hz
GB       0
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1H-1H COSY NMR of Compound 288 (ca. 2:3 a/b) (600 MHz, CDCl3) 
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EDH-e-0908_C1F8-18 (COSY, 600 MHz, CDCl3, 3 mm, NS = 1 scan)

Current Data Parameters
NAME         EDH-e-0908
EXPNO                 5
PROCNO                1

F2 - Acquisition Parameters
Date_          20200204
Time              19.40 h
INSTRUM           spect
PROBHD   Z44896_0077 (C
PULPROG        cosygpqf
TD                 2048
SOLVENT           CDCl3
NS                    1
DS                    8
SWH            7836.991 Hz
FIDRES         7.653311 Hz
AQ            0.1306624 sec
RG                  161
DW               63.800 usec
DE                10.00 usec
TE                298.0 K
D0           0.00000300 sec
D1           1.48689198 sec
D13          0.00000400 sec
D16          0.00020000 sec
IN0          0.00012760 sec
TDav                  1
SFO1        600.1330006 MHz
NUC1                 1H
P0                 4.65 usec
P1                 9.30 usec
PLW1         6.35610008 W
GPNAM[1]     SMSQ10.100
GPZ1              10.00 %
P16             1000.00 usec

F1 - Acquisition parameters
TD                  512
SFO1            600.133 MHz
FIDRES        30.613245 Hz
SW               13.059 ppm
FnMODE               QF

F2 - Processing parameters
SI                 1024
SF          600.1300095 MHz
WDW               QSINE
SSB      0
LB       0 Hz
GB       0
PC                 1.40

F1 - Processing parameters
SI                 1024
MC2                  QF
SF          600.1300095 MHz
WDW               QSINE
SSB      0
LB       0 Hz
GB       0
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1H-13C HMBC NMR of Compound 288 (ca. 2:3 a/b) (1H-600 MHz, 13C-151 MHz, CDCl3) 
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EDH-e-0908_C1F8-18 (HMBC, 600 MHz, CDCl3, 3 mm, NS = 4 scans)

Current Data Parameters
NAME         EDH-e-0908
EXPNO                 7
PROCNO                1

F2 - Acquisition Parameters
Date_          20200204
Time              20.11 h
INSTRUM           spect
PROBHD   Z44896_0077 (C
PULPROG    hmbcgplpndqf
TD                 2048
SOLVENT           CDCl3
NS                    4
DS                   16
SWH            7836.991 Hz
FIDRES         7.653311 Hz
AQ            0.1306624 sec
RG                 1820
DW               63.800 usec
DE                10.00 usec
TE                298.0 K
CNST2       145.0000000
CNST13        9.0000000
D0           0.00000300 sec
D1           1.50000000 sec
D2           0.00344828 sec
D6           0.05555556 sec
D16          0.00020000 sec
IN0          0.00001440 sec
TDav                  1
SFO1        600.1330006 MHz
NUC1                 1H
P1                 9.25 usec
P2                18.50 usec
PLW1         6.35610008 W
SFO2        150.9194083 MHz
NUC2                13C
P3                15.00 usec
PLW2       178.91999817 W
GPNAM[1]     SMSQ10.100
GPZ1              50.00 %
GPNAM[2]     SMSQ10.100
GPZ2              30.00 %
GPNAM[3]     SMSQ10.100
GPZ3              40.10 %
P16             1000.00 usec

F1 - Acquisition parameters
TD                  256
SFO1           150.9194 MHz
FIDRES       271.267365 Hz
SW              230.071 ppm
FnMODE               QF

F2 - Processing parameters
SI                 1024
SF          600.1300095 MHz
WDW               QSINE
SSB      0
LB       0 Hz
GB       0
PC                 1.40

F1 - Processing parameters
SI                 1024
MC2                  QF
SF          150.9027929 MHz
WDW               QSINE
SSB      0
LB       0 Hz
GB       0
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1H-1H NOESY NMR of Compound 288 (ca. 2:3 a/b) (600 MHz, CDCl3) 
 Note: Blue = diagonal/chemical exchange | Red = NOESY cross peaks. 
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EDH-e-0908_C1F8-18 (NOESY, 600 MHz, CDCl3, 3 mm, NS = 4 scans)

Current Data Parameters
NAME         EDH-e-0908
EXPNO                 8
PROCNO                1

F2 - Acquisition Parameters
Date_          20200204
Time              20.41 h
INSTRUM           spect
PROBHD   Z44896_0077 (C
PULPROG       noesygpph
TD                 2048
SOLVENT           CDCl3
NS                    4
DS                   16
SWH            7836.991 Hz
FIDRES         7.653311 Hz
AQ            0.1306624 sec
RG                  128
DW               63.800 usec
DE                10.00 usec
TE                298.0 K
D0           0.00005202 sec
D1           1.48689198 sec
D8           0.60000002 sec
D16          0.00020000 sec
IN0          0.00012760 sec
TDav                  1
SFO1        600.1330006 MHz
NUC1                 1H
P1                 9.25 usec
P2                18.50 usec
PLW1         6.35610008 W
GPNAM[1]     SMSQ10.100
GPZ1              40.00 %
P16             1000.00 usec

F1 - Acquisition parameters
TD                  512
SFO1            600.133 MHz
FIDRES        30.613245 Hz
SW               13.059 ppm
FnMODE      States-TPPI

F2 - Processing parameters
SI                 1024
SF          600.1300144 MHz
WDW               QSINE
SSB                   2
LB       0 Hz
GB       0
PC                 1.40

F1 - Processing parameters
SI                 1024
MC2         States-TPPI
SF          600.1300144 MHz
WDW               QSINE
SSB                   2
LB       0 Hz
GB       0
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1H NMR of Compound 289 (ca. 1:9 a/b) (600 MHz, CDCl3) 
 Note: Spectrum of compound 289 from experimental procedure. 
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EDH-e-0911_C1F9-24 (1H, 600 MHz, CDCl3, 5 mm, NS = 16 scans, DS = 4 scans, d1 = 10 sec)

Current Data Parameters
NAME         EDH-e-0911
EXPNO                 2
PROCNO                1

F2 - Acquisition Parameters
Date_          20200210
Time               7.55 h
INSTRUM           spect
PROBHD   Z44896_0077 (C
PULPROG            zg30
TD                32768
SOLVENT           CDCl3
NS                   16
DS                    4
SWH            7836.991 Hz
FIDRES         0.478332 Hz
AQ            2.0905983 sec
RG                 7.12
DW               63.800 usec
DE                10.00 usec
TE                298.0 K
D1          10.00000000 sec
TD0                   1
SFO1        600.1330006 MHz
NUC1                 1H
P1                 9.25 usec
PLW1         6.35610008 W

F2 - Processing parameters
SI                32768
SF          600.1300143 MHz
WDW                  EM
SSB                   0
LB                 0.30 Hz
GB                    0
PC                 1.00 4.90 ppm
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345 

1H NMR of Compound 289 (≥ 10:1 b/a) (600 MHz, CDCl3) 
 Note: Spectrum of compound 289 used for 1H NMR line listing and full NMR characterization. 
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EDH-e-0875_C1F11-24 (1H, 600 MHz, CDCl3, 5 mm, NS = 4 scans, DS = 4 scans, d1 = 10 sec)
Note: Sample (15-20 mg) prepared for characterization on 20-Dec-2019.

Current Data Parameters
NAME         EDH-e-0875
EXPNO                13
PROCNO                1

F2 - Acquisition Parameters
Date_          20191220
Time              18.24 h
INSTRUM           spect
PROBHD   Z44896_0077 (C
PULPROG            zg30
TD                32768
SOLVENT           CDCl3
NS                    4
DS                    4
SWH            7836.991 Hz
FIDRES         0.478332 Hz
AQ            2.0905983 sec
RG                  5.6
DW               63.800 usec
DE                10.00 usec
TE                298.0 K
D1          10.00000000 sec
TD0                   1
SFO1        600.1330006 MHz
NUC1                 1H
P1                 9.25 usec
PLW1         6.35610008 W

F2 - Processing parameters
SI                32768
SF          600.1300140 MHz
WDW                  EM
SSB                   0
LB                 0.30 Hz
GB                    0
PC                 1.00
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13C{1H} NMR of Compound 289 (≥ 10:1 b/a) (151 MHz, CDCl3) 
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EDH-e-0875_C1F11-24 (13C{1H}, 151 MHz, CDCl3, 5 mm, NS = 1024 scans)

Current Data Parameters
NAME         EDH-e-0875
EXPNO                14
PROCNO                1

F2 - Acquisition Parameters
Date_          20191220
Time              19.00 h
INSTRUM           spect
PROBHD   Z44896_0077 (C
PULPROG            zgpg
TD                32768
SOLVENT           CDCl3
NS                 1024
DS                    8
SWH           36231.883 Hz
FIDRES         2.211419 Hz
AQ            0.4521984 sec
RG                 1820
DW               13.800 usec
DE                10.00 usec
TE                298.0 K
D1           1.50000000 sec
D11          0.03000000 sec
TD0                   1
SFO1        150.9194080 MHz
NUC1                13C
P1                 5.00 usec
PLW1       178.91999817 W
SFO2        600.1330010 MHz
NUC2                 1H
CPDPRG[2        waltz16
PCPD2             70.00 usec
PLW2         6.35610008 W
PLW12        0.09372000 W
PLW13        0.04592300 W

F2 - Processing parameters
SI                32768
SF          150.9027901 MHz
WDW                  EM
SSB      0
LB                 1.50 Hz
GB       0
PC                 1.40
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1H-13C HSQC{1H}{13C} NMR of Compound 289 (≥ 10:1 b/a) (1H-600 MHz, 13C-151 MHz, CDCl3) 
 Note: Blue = CH/CH3 | Red = CH2. 
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EDH-e-0875_C1F11-24 (HSQC{1H}{13C}, 600 MHz, CDCl3, 5 mm, NS = 1 scan, O2P = 80 ppm)

Current Data Parameters
NAME         EDH-e-0875
EXPNO                12
PROCNO                1

F2 - Acquisition Parameters
Date_          20191220
Time              15.34 h
INSTRUM           spect
PROBHD   Z44896_0077 (C
PULPROG  hsqcedetgpsisp.2
TD                 1024
SOLVENT           CDCl3
NS                    1
DS                   16
SWH            7836.991 Hz
FIDRES        15.306623 Hz
AQ            0.0653312 sec
RG                 1820
DW               63.800 usec
DE                10.00 usec
TE                298.0 K
CNST2       145.0000000
CNST17       -0.5000000
D0           0.00000300 sec
D1           1.50000000 sec
D4           0.00172414 sec
D11          0.03000000 sec
D16          0.00020000 sec
D21          0.00344828 sec
D24          0.00086207 sec
IN0          0.00001840 sec
TDav                  1
SFO1        600.1330006 MHz
NUC1                 1H
P1                 9.25 usec
P2                18.50 usec
P28      0 usec
PLW1         6.35610008 W
SFO2        150.9148812 MHz
NUC2                13C
CPDPRG[2          garp4
P3                15.00 usec
P14              500.00 usec
P24             2000.00 usec
PCPD2             60.00 usec
PLW0     0 W
PLW2       178.91999817 W
PLW12       11.18299961 W
SPNAM[3] Crp60,0.5,20.1
SPOAL3            0.500
SPOFFS3  0 Hz
SPW3        61.50899887 W
SPNAM[7]    Crp60comp.4
SPOAL7            0.500
SPOFFS7  0 Hz
SPW7        61.50899887 W
GPNAM[1]     SMSQ10.100
GPZ1              80.00 %
GPNAM[2]     SMSQ10.100
GPZ2              20.10 %
P16             1000.00 usec

F1 - Acquisition parameters
TD                  256
SFO1           150.9149 MHz
FIDRES       212.296188 Hz
SW              180.061 ppm
FnMODE    Echo-Antiecho

F2 - Processing parameters
SI                 1024
SF          600.1300140 MHz
WDW               QSINE
SSB                   2
LB       0 Hz
GB       0
PC                 1.40

F1 - Processing parameters
SI                 1024
MC2       echo-antiecho
SF          150.9027901 MHz
WDW               QSINE
SSB                   2
LB       0 Hz
GB       0
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Coupled 1H-13C HSQC NMR of Compound 289 (≥ 10:1 b/a) (1H-600 MHz, 13C-151 MHz, CDCl3) 
 Note: Blue = CH/CH3 | Red = CH2. 
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EDH-e-0875_C1F11-24 ("Coupled" HSQC, 600 MHz, CDCl3, 5 mm)

Current Data Parameters
NAME         EDH-e-0875
EXPNO                17
PROCNO                1

F2 - Acquisition Parameters
Date_          20191220
Time              19.48 h
INSTRUM           spect
PROBHD   Z44896_0077 (C
PULPROG  hsqcedetgpsisp.2
TD                 4096
SOLVENT           CDCl3
NS                    2
DS                   16
SWH            1200.384 Hz
FIDRES         0.586125 Hz
AQ            1.7061205 sec
RG                 1820
DW              416.533 usec
DE                10.00 usec
TE                298.0 K
CNST2       145.0000000
CNST17       -0.5000000
D0           0.00000300 sec
D1           1.50000000 sec
D4           0.00172414 sec
D11          0.03000000 sec
D16          0.00020000 sec
D21          0.00344828 sec
D24          0.00086207 sec
IN0          0.00001840 sec
TDav                  1
SFO1        600.1330127 MHz
NUC1                 1H
P1                 9.25 usec
P2                18.50 usec
P28                   0 usec
PLW1         6.35610008 W
SFO2        150.9174315 MHz
NUC2                13C
CPDPRG[2          garp4
P3                15.00 usec
P14              500.00 usec
P24             2000.00 usec
PCPD2             60.00 usec
PLW0                  0 W
PLW2       178.91999817 W
PLW12                 0 W
SPNAM[3] Crp60,0.5,20.1
SPOAL3            0.500
SPOFFS3               0 Hz
SPW3        61.50899887 W
SPNAM[7]    Crp60comp.4
SPOAL7            0.500
SPOFFS7               0 Hz
SPW7        61.50899887 W
GPNAM[1]     SMSQ10.100
GPZ1              80.00 %
GPNAM[2]     SMSQ10.100
GPZ2              20.10 %
P16             1000.00 usec

F1 - Acquisition parameters
TD                  128
SFO1           150.9174 MHz
FIDRES       424.592377 Hz
SW              180.058 ppm
FnMODE    Echo-Antiecho

F2 - Processing parameters
SI                 1024
SF          600.1300140 MHz
WDW               QSINE
SSB                   2
LB                    0 Hz
GB                    0
PC                 1.40

F1 - Processing parameters
SI                 1024
MC2       echo-antiecho
SF          150.9027901 MHz
WDW               QSINE
SSB                   2
LB                    0 Hz
GB                    0
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1H-1H COSY NMR of Compound 289 (≥ 10:1 b/a) (600 MHz, CDCl3) 
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EDH-e-0875_C1F11-24 (COSY, 600 MHz, CDCl3, 5 mm, NS = 1 scan)

Current Data Parameters
NAME         EDH-e-0875
EXPNO                15
PROCNO                1

F2 - Acquisition Parameters
Date_          20191220
Time              19.01 h
INSTRUM           spect
PROBHD   Z44896_0077 (C
PULPROG        cosygpqf
TD                 2048
SOLVENT           CDCl3
NS                    1
DS                    8
SWH            7836.991 Hz
FIDRES         7.653311 Hz
AQ            0.1306624 sec
RG                 71.8
DW               63.800 usec
DE                10.00 usec
TE                298.0 K
D0           0.00000300 sec
D1           1.48689198 sec
D13          0.00000400 sec
D16          0.00020000 sec
IN0          0.00012760 sec
TDav                  1
SFO1        600.1330006 MHz
NUC1                 1H
P0                 4.65 usec
P1                 9.30 usec
PLW1         6.35610008 W
GPNAM[1]     SMSQ10.100
GPZ1              10.00 %
P16             1000.00 usec

F1 - Acquisition parameters
TD                  512
SFO1            600.133 MHz
FIDRES        30.613245 Hz
SW               13.059 ppm
FnMODE               QF

F2 - Processing parameters
SI                 1024
SF          600.1300140 MHz
WDW               QSINE
SSB      0
LB       0 Hz
GB       0
PC                 1.40

F1 - Processing parameters
SI                 1024
MC2                  QF
SF          600.1300140 MHz
WDW               QSINE
SSB      0
LB       0 Hz
GB       0
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1H-13C HMBC NMR of Compound 289 (≥ 10:1 b/a) (1H-600 MHz, 13C-151 MHz, CDCl3) 
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EDH-e-0875_C1F11-24 (HMBC, 600 MHz, CDCl3, 5 mm, NS = 4 scans)

Current Data Parameters
NAME         EDH-e-0875
EXPNO                16
PROCNO                1

F2 - Acquisition Parameters
Date_          20191220
Time              19.17 h
INSTRUM           spect
PROBHD   Z44896_0077 (C
PULPROG    hmbcgplpndqf
TD                 2048
SOLVENT           CDCl3
NS                    4
DS                   16
SWH            7836.991 Hz
FIDRES         7.653311 Hz
AQ            0.1306624 sec
RG                 1820
DW               63.800 usec
DE                10.00 usec
TE                298.0 K
CNST2       145.0000000
CNST13        9.0000000
D0           0.00000300 sec
D1           1.50000000 sec
D2           0.00344828 sec
D6           0.05555556 sec
D16          0.00020000 sec
IN0          0.00001440 sec
TDav                  1
SFO1        600.1330006 MHz
NUC1                 1H
P1                 9.25 usec
P2                18.50 usec
PLW1         6.35610008 W
SFO2        150.9194083 MHz
NUC2                13C
P3                15.00 usec
PLW2       178.91999817 W
GPNAM[1]     SMSQ10.100
GPZ1              50.00 %
GPNAM[2]     SMSQ10.100
GPZ2              30.00 %
GPNAM[3]     SMSQ10.100
GPZ3              40.10 %
P16             1000.00 usec

F1 - Acquisition parameters
TD                  256
SFO1           150.9194 MHz
FIDRES       271.267365 Hz
SW              230.071 ppm
FnMODE               QF

F2 - Processing parameters
SI                 1024
SF          600.1300140 MHz
WDW               QSINE
SSB      0
LB       0 Hz
GB       0
PC                 1.40

F1 - Processing parameters
SI                 1024
MC2                  QF
SF          150.9027901 MHz
WDW               QSINE
SSB      0
LB       0 Hz
GB       0
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351 

1H-1H NOESY NMR of Compound 289 (≥ 10:1 b/a) (600 MHz, CDCl3)  
 Note: Blue = diagonal/chemical exchange | Red = NOESY cross peaks. 
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EDH-e-0875_C1F11-24 (NOESY, 600 MHz, CDCl3, 5 mm, NS = 4 scans)

Current Data Parameters
NAME         EDH-e-0875
EXPNO                18
PROCNO                1

F2 - Acquisition Parameters
Date_          20191220
Time              20.03 h
INSTRUM           spect
PROBHD   Z44896_0077 (C
PULPROG       noesygpph
TD                 2048
SOLVENT           CDCl3
NS                    4
DS                   16
SWH            7836.991 Hz
FIDRES         7.653311 Hz
AQ            0.1306624 sec
RG                  128
DW               63.800 usec
DE                10.00 usec
TE                298.0 K
D0           0.00005202 sec
D1           1.48689198 sec
D8           0.60000002 sec
D16          0.00020000 sec
IN0          0.00012760 sec
TDav                  1
SFO1        600.1330006 MHz
NUC1                 1H
P1                 9.25 usec
P2                18.50 usec
PLW1         6.35610008 W
GPNAM[1]     SMSQ10.100
GPZ1              40.00 %
P16             1000.00 usec

F1 - Acquisition parameters
TD                  512
SFO1            600.133 MHz
FIDRES        30.613245 Hz
SW               13.059 ppm
FnMODE      States-TPPI

F2 - Processing parameters
SI                 1024
SF          600.1300140 MHz
WDW               QSINE
SSB                   2
LB                    0 Hz
GB                    0
PC                 1.40

F1 - Processing parameters
SI                 1024
MC2         States-TPPI
SF          600.1300140 MHz
WDW               QSINE
SSB                   2
LB                    0 Hz
GB                    0
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1H-1H NOESY NMR of Compound 289 (≥ 10:1 b/a) (600 MHz, CDCl3)  
 Note 1: Blue = diagonal/chemical exchange | Red = NOESY cross peaks. 
 Note 2: Same spectrum with increased intensity as compared to NOESY on page S351. 
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EDH-e-0875_C1F11-24 (NOESY, 600 MHz, CDCl3, 5 mm, NS = 4 scans)

Current Data Parameters
NAME         EDH-e-0875
EXPNO                18
PROCNO                1

F2 - Acquisition Parameters
Date_          20191220
Time              20.03 h
INSTRUM           spect
PROBHD   Z44896_0077 (C
PULPROG       noesygpph
TD                 2048
SOLVENT           CDCl3
NS                    4
DS                   16
SWH            7836.991 Hz
FIDRES         7.653311 Hz
AQ            0.1306624 sec
RG                  128
DW               63.800 usec
DE                10.00 usec
TE                298.0 K
D0           0.00005202 sec
D1           1.48689198 sec
D8           0.60000002 sec
D16          0.00020000 sec
IN0          0.00012760 sec
TDav                  1
SFO1        600.1330006 MHz
NUC1                 1H
P1                 9.25 usec
P2                18.50 usec
PLW1         6.35610008 W
GPNAM[1]     SMSQ10.100
GPZ1              40.00 %
P16             1000.00 usec

F1 - Acquisition parameters
TD                  512
SFO1            600.133 MHz
FIDRES        30.613245 Hz
SW               13.059 ppm
FnMODE      States-TPPI

F2 - Processing parameters
SI                 1024
SF          600.1300140 MHz
WDW               QSINE
SSB                   2
LB                    0 Hz
GB                    0
PC                 1.40

F1 - Processing parameters
SI                 1024
MC2         States-TPPI
SF          600.1300140 MHz
WDW               QSINE
SSB                   2
LB                    0 Hz
GB                    0
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1H NMR of Compound b-287•2TFA (≥ 10:1) (600 MHz, 4:1 CD3OD/CDCl3 w/w + CF3CO2H) 
 Note: dA and dB are two unassigned disaccharides with structures similar to b-287 present in the following ratio: ca. 91:6:3 b-287:dA:dB. 
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EDH-e-0907_C1F4-14_NMR Aliquot for Characterization (6.0 mg) + 3 Equivalents of CF3CO2H
(1H, 600 MHz, 82:18 CD3OD/CDCl3 w/w, 3 mm, NS = 16 scans, DS = 4 scans, D1 = 10 sec)

Current Data Parameters
NAME         EDH-e-0907
EXPNO                12
PROCNO                1

F2 - Acquisition Parameters
Date_          20201002
Time               9.02 h
INSTRUM           spect
PROBHD   Z44896_0077 (C
PULPROG            zg30
TD                32768
SOLVENT            MeOD
NS                   16
DS                    4
SWH            7836.991 Hz
FIDRES         0.478332 Hz
AQ            2.0905983 sec
RG                    9
DW               63.800 usec
DE                10.00 usec
TE                298.0 K
D1          10.00000000 sec
TD0                   1
SFO1        600.1330006 MHz
NUC1                 1H
P1                 9.25 usec
PLW1         6.35610008 W

F2 - Processing parameters
SI                32768
SF          600.1300115 MHz
WDW                  EM
SSB                   0
LB                 0.30 Hz
GB                    0
PC                 1.00
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13C{1H} NMR of Compound b-287•2TFA (≥ 10:1) (151 MHz, 4:1 CD3OD/CDCl3 w/w + CF3CO2H) 
 Note: dA and dB are two unassigned disaccharides with structures similar to b-287 present in the following ratio: ca. 91:6:3 b-287:dA:dB. 
 Note 2: Only peaks from b-287 are visible. 
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EDH-e-0907_C1F4-14*_NMR Aliquot for Characterization (6.0 mg) + 3 Equivalents of CF3CO2H
(13C{1H}, 151 MHz, 82:18 CD3OD/CDCl3 w/w, 3 mm, NS = 1024 scans)
*C1F4-14 = C1AF4-14 + C1BF4-14

Current Data Parameters
NAME         EDH-e-0907
EXPNO                14
PROCNO                1

F2 - Acquisition Parameters
Date_          20201002
Time               9.52 h
INSTRUM           spect
PROBHD   Z44896_0077 (C
PULPROG            zgpg
TD                32768
SOLVENT            MeOD
NS                 1024
DS                    8
SWH           36231.883 Hz
FIDRES         2.211419 Hz
AQ            0.4521984 sec
RG                 1820
DW               13.800 usec
DE                10.00 usec
TE                298.0 K
D1           1.50000000 sec
D11          0.03000000 sec
TD0                   1
SFO1        150.9194080 MHz
NUC1                13C
P1                 5.00 usec
PLW1       178.91999817 W
SFO2        600.1330010 MHz
NUC2                 1H
CPDPRG[2        waltz16
PCPD2             70.00 usec
PLW2         6.35610008 W
PLW12        0.09372000 W
PLW13        0.04592300 W

F2 - Processing parameters
SI                32768
SF          150.9026223 MHz
WDW                  EM
SSB                   0
LB                 1.50 Hz
GB                    0
PC                 1.40
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1H-13C HSQC{1H}{13C} NMR of Compound b-287•2TFA (≥ 10:1) (1H-600 MHz, 13C-151 MHz, 4:1 CD3OD/CDCl3 w/w +  CF3CO2H) 
 Note 1: dA and dB are two unassigned disaccharides with structures similar to b-287 present in the following ratio: ca. 91:6:3 b-287:dA:dB. 
 Note 2: Blue = CH/CH3 | Red = CH2. 
 Note 3: Only correlations from b-287 are visible. 
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EDH-e-0907_C1F4-14_NMR Aliquot for Characterization (6.0 mg) + 3 Equivalents of CF3CO2H
(HSQC{1H}{13C}, 600 MHz, 82:18 CD3OD/CDCl3 w/w, 3 mm, NS = 2 scans, O2P = 80 ppm)

Current Data Parameters
NAME         EDH-e-0907
EXPNO                13
PROCNO                1

F2 - Acquisition Parameters
Date_          20201002
Time               9.03 h
INSTRUM           spect
PROBHD   Z44896_0077 (C
PULPROG  hsqcedetgpsisp.2
TD                 1024
SOLVENT            MeOD
NS                    2
DS                   16
SWH            7836.991 Hz
FIDRES        15.306623 Hz
AQ            0.0653312 sec
RG                 1820
DW               63.800 usec
DE                10.00 usec
TE                298.0 K
CNST2       145.0000000
CNST17       -0.5000000
D0           0.00000300 sec
D1           1.50000000 sec
D4           0.00172414 sec
D11          0.03000000 sec
D16          0.00020000 sec
D21          0.00344828 sec
D24          0.00086207 sec
IN0          0.00001840 sec
TDav                  1
SFO1        600.1330006 MHz
NUC1                 1H
P1                 9.25 usec
P2                18.50 usec
P28                   0 usec
PLW1         6.35610008 W
SFO2        150.9148812 MHz
NUC2                13C
CPDPRG[2          garp4
P3                15.00 usec
P14              500.00 usec
P24             2000.00 usec
PCPD2             60.00 usec
PLW0                  0 W
PLW2       178.91999817 W
PLW12       11.18299961 W
SPNAM[3] Crp60,0.5,20.1
SPOAL3            0.500
SPOFFS3               0 Hz
SPW3        61.50899887 W
SPNAM[7]    Crp60comp.4
SPOAL7            0.500
SPOFFS7               0 Hz
SPW7        61.50899887 W
GPNAM[1]     SMSQ10.100
GPZ1              80.00 %
GPNAM[2]     SMSQ10.100
GPZ2              20.10 %
P16             1000.00 usec

F1 - Acquisition parameters
TD                  256
SFO1           150.9149 MHz
FIDRES       212.296188 Hz
SW              180.061 ppm
FnMODE    Echo-Antiecho

F2 - Processing parameters
SI                 1024
SF          600.1300115 MHz
WDW               QSINE
SSB                   2
LB                    0 Hz
GB                    0
PC                 1.40

F1 - Processing parameters
SI                 1024
MC2       echo-antiecho
SF          150.9026223 MHz
WDW               QSINE
SSB                   2
LB                    0 Hz
GB                    0
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Coupled 1H-13C HSQC NMR of Compound b-287•2TFA (≥ 10:1) (1H-600 MHz, 13C-151 MHz, 4:1 CD3OD/CDCl3 w/w +  CF3CO2H) 
 Note 1: dA and dB are two unassigned disaccharides with structures similar to b-287 present in the following ratio: ca. 91:6:3 b-287:dA:dB. 
 Note 2: Blue = CH/CH3 | Red = CH2. 
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EDH-e-0907_C1F4-14_NMR Aliquot for Characterization (6.0 mg) + 3 Equivalents of CF3CO2H
("Coupled" HSQC, 600 MHz, 82:18 CD3OD/CDCl3 w/w, 3 mm, NS = 4 scans)

Current Data Parameters
NAME         EDH-e-0907
EXPNO                18
PROCNO                1

F2 - Acquisition Parameters
Date_          20201002
Time              11.58 h
INSTRUM           spect
PROBHD   Z44896_0077 (C
PULPROG  hsqcedetgpsisp.2
TD                 4096
SOLVENT            MeOD
NS                    4
DS                   16
SWH            1200.384 Hz
FIDRES         0.586125 Hz
AQ            1.7061205 sec
RG                 1820
DW              416.533 usec
DE                10.00 usec
TE                298.0 K
CNST2       145.0000000
CNST17       -0.5000000
D0           0.00000300 sec
D1           1.50000000 sec
D4           0.00172414 sec
D11          0.03000000 sec
D16          0.00020000 sec
D21          0.00344828 sec
D24          0.00086207 sec
IN0          0.00001840 sec
TDav                  1
SFO1        600.1330877 MHz
NUC1                 1H
P1                 9.25 usec
P2                18.50 usec
P28                   0 usec
PLW1         6.35610008 W
SFO2        150.9174013 MHz
NUC2                13C
CPDPRG[2          garp4
P3                15.00 usec
P14              500.00 usec
P24             2000.00 usec
PCPD2             60.00 usec
PLW0                  0 W
PLW2       178.91999817 W
PLW12                 0 W
SPNAM[3] Crp60,0.5,20.1
SPOAL3            0.500
SPOFFS3               0 Hz
SPW3        61.50899887 W
SPNAM[7]    Crp60comp.4
SPOAL7            0.500
SPOFFS7               0 Hz
SPW7        61.50899887 W
GPNAM[1]     SMSQ10.100
GPZ1              80.00 %
GPNAM[2]     SMSQ10.100
GPZ2              20.10 %
P16             1000.00 usec

F1 - Acquisition parameters
TD                  128
SFO1           150.9174 MHz
FIDRES       424.592377 Hz
SW              180.058 ppm
FnMODE    Echo-Antiecho

F2 - Processing parameters
SI                 1024
SF          600.1300115 MHz
WDW               QSINE
SSB                   2
LB                    0 Hz
GB                    0
PC                 1.40

F1 - Processing parameters
SI                 1024
MC2       echo-antiecho
SF          150.9026223 MHz
WDW               QSINE
SSB                   2
LB                    0 Hz
GB                    0
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1H-1H COSY NMR of Compound b-287•2TFA (≥ 10:1) (600 MHz, 4:1 CD3OD/CDCl3 w/w + CF3CO2H) 
 Note: dA and dB are two unassigned disaccharides with structures similar to b-287 present in the following ratio: ca. 91:6:3 b-287:dA:dB. 
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EDH-e-0907_C1F4-14_NMR Aliquot for Characterization (6.0 mg) + 3 Equivalents of CF3CO2H
(COSY, 600 MHz, 82:18 CD3OD/CDCl3 w/w, 3 mm, NS = 1 scan)

Current Data Parameters
NAME         EDH-e-0907
EXPNO                15
PROCNO                1

F2 - Acquisition Parameters
Date_          20201002
Time               9.53 h
INSTRUM           spect
PROBHD   Z44896_0077 (C
PULPROG        cosygpqf
TD                 2048
SOLVENT            MeOD
NS                    1
DS                    8
SWH            7836.991 Hz
FIDRES         7.653311 Hz
AQ            0.1306624 sec
RG                  287
DW               63.800 usec
DE                10.00 usec
TE                298.0 K
D0           0.00000300 sec
D1           1.48689198 sec
D13          0.00000400 sec
D16          0.00020000 sec
IN0          0.00012760 sec
TDav                  1
SFO1        600.1330006 MHz
NUC1                 1H
P0                 4.65 usec
P1                 9.30 usec
PLW1         6.35610008 W
GPNAM[1]     SMSQ10.100
GPZ1              10.00 %
P16             1000.00 usec

F1 - Acquisition parameters
TD                  512
SFO1            600.133 MHz
FIDRES        30.613245 Hz
SW               13.059 ppm
FnMODE               QF

F2 - Processing parameters
SI                 1024
SF          600.1300115 MHz
WDW               QSINE
SSB                   0
LB                    0 Hz
GB                    0
PC                 1.40

F1 - Processing parameters
SI                 1024
MC2                  QF
SF          600.1300115 MHz
WDW               QSINE
SSB                   0
LB                    0 Hz
GB                    0
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1H-1H COSY NMR of Compound b-287•2TFA (≥ 10:1) (600 MHz, 4:1 CD3OD/CDCl3 w/w + CF3CO2H) 
 Note 1: dA and dB are two unassigned disaccharides with structures similar to b-287 present in the following ratio: ca. 91:6:3 b-287:dA:dB. 
 Note 2:  Same spectrum with increased intensity and smaller spectral window as compared to COSY on page S357. 

 
1.52.02.53.03.54.04.55.05.56.0 ppm

1.5

2.0

2.5

3.0

3.5

4.0

4.5

5.0

5.5

6.0

ppm

EDH-e-0907_C1F4-14_NMR Aliquot for Characterization (6.0 mg) + 3 Equivalents of CF3CO2H
(COSY, 600 MHz, 82:18 CD3OD/CDCl3 w/w, 3 mm, NS = 1 scan)

Current Data Parameters
NAME         EDH-e-0907
EXPNO                15
PROCNO                1

F2 - Acquisition Parameters
Date_          20201002
Time               9.53 h
INSTRUM           spect
PROBHD   Z44896_0077 (C
PULPROG        cosygpqf
TD                 2048
SOLVENT            MeOD
NS                    1
DS                    8
SWH            7836.991 Hz
FIDRES         7.653311 Hz
AQ            0.1306624 sec
RG                  287
DW               63.800 usec
DE                10.00 usec
TE                298.0 K
D0           0.00000300 sec
D1           1.48689198 sec
D13          0.00000400 sec
D16          0.00020000 sec
IN0          0.00012760 sec
TDav                  1
SFO1        600.1330006 MHz
NUC1                 1H
P0                 4.65 usec
P1                 9.30 usec
PLW1         6.35610008 W
GPNAM[1]     SMSQ10.100
GPZ1              10.00 %
P16             1000.00 usec

F1 - Acquisition parameters
TD                  512
SFO1            600.133 MHz
FIDRES        30.613245 Hz
SW               13.059 ppm
FnMODE               QF

F2 - Processing parameters
SI                 1024
SF          600.1300115 MHz
WDW               QSINE
SSB                   0
LB                    0 Hz
GB                    0
PC                 1.40

F1 - Processing parameters
SI                 1024
MC2                  QF
SF          600.1300115 MHz
WDW               QSINE
SSB                   0
LB                    0 Hz
GB                    0

= dA and/or dB
= dA
= dB
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(ca. 91:6:3 b-287:dA:dB) 
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1H-13C HMBC NMR of Compound b-287•2TFA (≥ 10:1)   (1H-600 MHz, 13C-151 MHz, 4:1 CD3OD/CDCl3 w/w + CF3CO2H) 
 Note: dA and dB are two unassigned disaccharides with structures similar to b-287 present in the following ratio: ca. 91:6:3 b-287:dA:dB. 
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EDH-e-0907_C1F4-14_NMR Aliquot for Characterization (6.0 mg) + 3 Equivalents of CF3CO2H
(HMBC, 600 MHz, 82:18 CD3OD/CDCl3 w/w, 3 mm, NS = 4 scans)

Current Data Parameters
NAME         EDH-e-0907
EXPNO                16
PROCNO                1

F2 - Acquisition Parameters
Date_          20201002
Time              10.09 h
INSTRUM           spect
PROBHD   Z44896_0077 (C
PULPROG    hmbcgplpndqf
TD                 2048
SOLVENT            MeOD
NS                    4
DS                   16
SWH            7836.991 Hz
FIDRES         7.653311 Hz
AQ            0.1306624 sec
RG                 1820
DW               63.800 usec
DE                10.00 usec
TE                298.0 K
CNST2       145.0000000
CNST13        9.0000000
D0           0.00000300 sec
D1           1.50000000 sec
D2           0.00344828 sec
D6           0.05555556 sec
D16          0.00020000 sec
IN0          0.00001440 sec
TDav                  1
SFO1        600.1330006 MHz
NUC1                 1H
P1                 9.25 usec
P2                18.50 usec
PLW1         6.35610008 W
SFO2        150.9194083 MHz
NUC2                13C
P3                15.00 usec
PLW2       178.91999817 W
GPNAM[1]     SMSQ10.100
GPZ1              50.00 %
GPNAM[2]     SMSQ10.100
GPZ2              30.00 %
GPNAM[3]     SMSQ10.100
GPZ3              40.10 %
P16             1000.00 usec

F1 - Acquisition parameters
TD                  256
SFO1           150.9194 MHz
FIDRES       271.267365 Hz
SW              230.071 ppm
FnMODE               QF

F2 - Processing parameters
SI                 1024
SF          600.1300115 MHz
WDW               QSINE
SSB                   0
LB                    0 Hz
GB                    0
PC                 1.40

F1 - Processing parameters
SI                 1024
MC2                  QF
SF          150.9026223 MHz
WDW               QSINE
SSB                   0
LB                    0 Hz
GB                    0

3.94.0 ppm
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Expansion
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Full Spectrum
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1H-1H NOESY NMR of Compound b-287•2TFA (≥ 10:1) (600 MHz, 4:1 CD3OD/CDCl3 w/w + CF3CO2H) 
 Note 1: dA and dB are two unassigned disaccharides with structures similar to b-287 present in the following ratio: ca. 91:6:3 b-287:dA:dB. 
 Note 2: Blue = diagonal/chemical exchange | Red = NOESY cross peaks. 
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EDH-e-0907_C1F4-14_NMR Aliquot for Characterization (6.0 mg) + 3 Equivalents of CF3CO2H
(NOESY, 600 MHz, 82:18 CD3OD/CDCl3 w/w, 3 mm, NS = 4 scans)

Current Data Parameters
NAME         EDH-e-0907
EXPNO                17
PROCNO                1

F2 - Acquisition Parameters
Date_          20201002
Time              10.39 h
INSTRUM           spect
PROBHD   Z44896_0077 (C
PULPROG       noesygpph
TD                 2048
SOLVENT            MeOD
NS                    4
DS                   16
SWH            7836.991 Hz
FIDRES         7.653311 Hz
AQ            0.1306624 sec
RG                  128
DW               63.800 usec
DE                10.00 usec
TE                298.0 K
D0           0.00005202 sec
D1           1.48689198 sec
D8           0.60000002 sec
D16          0.00020000 sec
IN0          0.00012760 sec
TDav                  1
SFO1        600.1330006 MHz
NUC1                 1H
P1                 9.25 usec
P2                18.50 usec
PLW1         6.35610008 W
GPNAM[1]     SMSQ10.100
GPZ1              40.00 %
P16             1000.00 usec

F1 - Acquisition parameters
TD                  512
SFO1            600.133 MHz
FIDRES        30.613245 Hz
SW               13.059 ppm
FnMODE      States-TPPI

F2 - Processing parameters
SI                 1024
SF          600.1300115 MHz
WDW               QSINE
SSB                   2
LB                    0 Hz
GB                    0
PC                 1.40

F1 - Processing parameters
SI                 1024
MC2         States-TPPI
SF          600.1300115 MHz
WDW               QSINE
SSB                   2
LB                    0 Hz
GB                    0

6.0 5.5 5.0 4.5 4.0 3.5 3.0 2.5 2.0 1.5 1.0 0.5 0.0 ppm

2.2
2.2
2.3

ppm

Full Spectrum

Expansion of b-H2’ Region (↓ intensity)

b-H2’S b-H2’R

b-H2’S

Compound b-287•2TFA: Conformational Analysis of the Non-Reducing Sugar[a] 
 
 

O
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H
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(H3C)2N
HO CH3

2’
O

HS
HR

•2TFA

= NOESY

NOESY correlations (as well as the anomalous 3JH1’-H2’ coupling constants of 7.2 and 
5.5 Hz) indicate that the reducing sugar does not solely occupy the canonical 1C4 
conformation; rather, as indicated by the NOESY correlations highlighted to the right, 
the non-reducing sugar exists in conformational equilibrium and/or an intermediate 
conformation not pictured here. 
 
[a]For simplicity, the C4’ nitrogen atom is not depicted in the cationic deuterated state  
 that it likely assumed during the acquisition of this NOESY spectrum. 



361 

1H NMR of Compound 303 (600 MHz, CDCl3) 
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EDH-e-0922_C1F10-17 (1H, 600 MHz, CDCl3, 5 mm, NS = 16 scans)
Contains some toluene from co-evaporations (to remove AcOH).

Current Data Parameters
NAME         EDH-e-0922
EXPNO                 1
PROCNO                1

F2 - Acquisition Parameters
Date_          20200225
Time               7.00 h
INSTRUM           spect
PROBHD   Z44896_0077 (C
PULPROG            zg30
TD                32768
SOLVENT           CDCl3
NS                   16
DS                    0
SWH            7836.991 Hz
FIDRES         0.478332 Hz
AQ            2.0905983 sec
RG                  4.5
DW               63.800 usec
DE                10.00 usec
TE                298.0 K
D1           2.00000000 sec
TD0                   1
SFO1        600.1330006 MHz
NUC1                 1H
P1                 9.25 usec
PLW1         6.35610008 W

F2 - Processing parameters
SI                32768
SF          600.1300136 MHz
WDW                  EM
SSB                   0
LB                 0.30 Hz
GB                    0
PC                 1.00
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13C NMR of Compound 303 (151 MHz, CDCl3)  
 

 

120125130135 ppm

1
1
9
.
9
1

1
2
5
.
4
4
 
P
h
C
H
3

1
2
5
.
7
4

1
2
7
.
9
1

1
2
8
.
3
7
 
P
h
C
H
3

1
2
9
.
1
7
 
P
h
C
H
3

1
3
0
.
0
4

1
3
0
.
3
0

1
3
2
.
9
8

1
3
5
.
6
4

1
3
8
.
0
0
 
P
h
C
H
3

200 180 160 140 120 100 80 60 40 20 ppm

1
9
.
5
8

2
1
.
6
0
 
P
h
C
H
3

2
6
.
6
4

2
9
.
8
5
 
"
G
r
e
a
s
e
"

4
0
.
3
4

5
3
.
5
5
 
C
H
2
C
l
2

7
6
.
9
5
 
C
D
C
l
3

7
7
.
1
6
 
C
D
C
l
3

7
7
.
3
7
 
C
D
C
l
3

1
1
9
.
9
1

1
2
5
.
4
4
 
P
h
C
H
3

1
2
5
.
7
4

1
2
7
.
9
1

1
2
8
.
3
7
 
P
h
C
H
3

1
2
9
.
1
7
 
P
h
C
H
3

1
3
0
.
0
4

1
3
0
.
3
0

1
3
2
.
9
8

1
3
5
.
6
4

1
3
8
.
0
0
 
P
h
C
H
3

1
5
4
.
9
8

1
7
8
.
4
1

EDH-e-0922_C1F10-17 (13C{1H}, 151 MHz, CDCl3, 5 mm, NS = 256 scans)
Contains some toluene from co-evaporations (to remove AcOH).

Current Data Parameters
NAME         EDH-e-0922
EXPNO                 3
PROCNO                1

F2 - Acquisition Parameters
Date_          20200225
Time               7.18 h
INSTRUM           spect
PROBHD   Z44896_0077 (C
PULPROG            zgpg
TD                32768
SOLVENT           CDCl3
NS                  256
DS                    8
SWH           36231.883 Hz
FIDRES         2.211419 Hz
AQ            0.4521984 sec
RG                 1820
DW               13.800 usec
DE                10.00 usec
TE                298.0 K
D1           1.50000000 sec
D11          0.03000000 sec
TD0                   1
SFO1        150.9194080 MHz
NUC1                13C
P1                 5.00 usec
PLW1       178.91999817 W
SFO2        600.1330010 MHz
NUC2                 1H
CPDPRG[2        waltz16
PCPD2             70.00 usec
PLW2         6.35610008 W
PLW12        0.09372000 W
PLW13        0.04592300 W

F2 - Processing parameters
SI                32768
SF          150.9027953 MHz
WDW                  EM
SSB                   0
LB                 1.50 Hz
GB                    0
PC                 1.40
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1H-13C HSQC{1H}{13C} NMR of Compound 303 (1H-600 MHz, 13C-151 MHz, CDCl3) 
 Note 1: Blue = CH/CH3 | Red = CH2.  
 Note 2: Only correlations from 303 are visible. 
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EDH-e-0922_C1F10-17 (HSQC, 600 MHz, CDCl3, 5 mm, NS = 1 scan, O2P = 110 ppm, SW2 = 240 ppm)
Contains some toluene from co-evaporations (to remove AcOH).

Current Data Parameters
NAME         EDH-e-0922
EXPNO                 2
PROCNO                1

F2 - Acquisition Parameters
Date_          20200225
Time               7.02 h
INSTRUM           spect
PROBHD   Z44896_0077 (C
PULPROG  hsqcedetgpsisp.2
TD                 1024
SOLVENT           CDCl3
NS                    1
DS                   16
SWH            7836.991 Hz
FIDRES        15.306623 Hz
AQ            0.0653312 sec
RG                 1820
DW               63.800 usec
DE                10.00 usec
TE                298.0 K
CNST2       145.0000000
CNST17       -0.5000000
D0           0.00000300 sec
D1           1.50000000 sec
D4           0.00172414 sec
D11          0.03000000 sec
D16          0.00020000 sec
D21          0.00344828 sec
D24          0.00086207 sec
IN0          0.00001380 sec
TDav                  1
SFO1        600.1330006 MHz
NUC1                 1H
P1                 9.25 usec
P2                18.50 usec
P28                   0 usec
PLW1         6.35610008 W
SFO2        150.9194083 MHz
NUC2                13C
CPDPRG[2          garp4
P3                15.00 usec
P14              500.00 usec
P24             2000.00 usec
PCPD2             60.00 usec
PLW0                  0 W
PLW2       178.91999817 W
PLW12       11.18299961 W
SPNAM[3] Crp60,0.5,20.1
SPOAL3            0.500
SPOFFS3               0 Hz
SPW3        61.50899887 W
SPNAM[7]    Crp60comp.4
SPOAL7            0.500
SPOFFS7               0 Hz
SPW7        61.50899887 W
GPNAM[1]     SMSQ10.100
GPZ1              80.00 %
GPNAM[2]     SMSQ10.100
GPZ2              20.10 %
P16             1000.00 usec

F1 - Acquisition parameters
TD                  256
SFO1           150.9194 MHz
FIDRES       283.061584 Hz
SW              240.074 ppm
FnMODE    Echo-Antiecho

F2 - Processing parameters
SI                 1024
SF          600.1300136 MHz
WDW               QSINE
SSB                   2
LB                    0 Hz
GB                    0
PC                 1.40

F1 - Processing parameters
SI                 1024
MC2       echo-antiecho
SF          150.9027953 MHz
WDW               QSINE
SSB                   2
LB                    0 Hz
GB                    0
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1H NMR of Compound b-304 (≥ 20:1 b/a) (600 MHz, CDCl3) 
 Note: This is the 1H NMR spectrum of b-304 used to verify the purity of the 245.4 mg of b-304 obtained in the experimental procedure detailed above. 
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EDH-e-0972_C1F37-57 (1H, 600 MHz, CDCl3, 3 mm, NS = 16 scans, DS = 4 scans, d1 = 10 sec)

Current Data Parameters
NAME         EDH-e-0972
EXPNO                 1
PROCNO                1

F2 - Acquisition Parameters
Date_          20200805
Time              18.13 h
INSTRUM           spect
PROBHD   Z44896_0077 (C
PULPROG            zg30
TD                32768
SOLVENT           CDCl3
NS                   16
DS                    4
SWH            7836.991 Hz
FIDRES         0.478332 Hz
AQ            2.0905983 sec
RG                 7.12
DW               63.800 usec
DE                10.00 usec
TE                298.0 K
D1          10.00000000 sec
TD0                   1
SFO1        600.1330006 MHz
NUC1                 1H
P1                 9.25 usec
PLW1         6.35610008 W

F2 - Processing parameters
SI                32768
SF          600.1300139 MHz
WDW                  EM
SSB                   0
LB                 0.30 Hz
GB                    0
PC                 1.00

b-H4

a-H4
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1H NMR of Compound a/b-304 (≥ 10:1 b/a) (600 MHz, CDCl3) 
 Note: The is the 1H NMR of a/b-304 used for the line listing and peak assignment. 
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EDH-e-0930_C1F22,28-45
(1H, 600 MHz, CDCl3, 3 mm, DS = 4 scans, NS = 16 scans, d1 = 10 sec)

Current Data Parameters
NAME         EDH-e-0930
EXPNO                51
PROCNO                1

F2 - Acquisition Parameters
Date_          20200521
Time               8.03 h
INSTRUM           spect
PROBHD   Z44896_0077 (C
PULPROG            zg30
TD                32768
SOLVENT           CDCl3
NS                   16
DS                    4
SWH            7836.991 Hz
FIDRES         0.478332 Hz
AQ            2.0905983 sec
RG                 6.35
DW               63.800 usec
DE                10.00 usec
TE                298.0 K
D1          10.00000000 sec
TD0                   1
SFO1        600.1330006 MHz
NUC1                 1H
P1                 9.25 usec
PLW1         6.35610008 W

F2 - Processing parameters
SI                32768
SF          600.1300140 MHz
WDW                  EM
SSB      0
LB                 0.30 Hz
GB       0
PC                 1.00
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13C NMR of Compound a/b-304 (≥ 10:1 b/a) (151 MHz, CDCl3) 
 Note: Only peaks from major b-304 are visible. 
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EDH-e-0930_C1F22,28-45 (13C{1H}, 151 MHz, CDCl3, 3 mm, NS = 1024 scans)

Current Data Parameters
NAME         EDH-e-0930
EXPNO                54
PROCNO                1

F2 - Acquisition Parameters
Date_          20200521
Time              12.42 h
INSTRUM           spect
PROBHD   Z44896_0077 (C
PULPROG            zgpg
TD                32768
SOLVENT           CDCl3
NS                 1024
DS                    8
SWH           36231.883 Hz
FIDRES         2.211419 Hz
AQ            0.4521984 sec
RG                 1820
DW               13.800 usec
DE                10.00 usec
TE                298.0 K
D1           1.50000000 sec
D11          0.03000000 sec
TD0                   1
SFO1        150.9194080 MHz
NUC1                13C
P1                 5.00 usec
PLW1       178.91999817 W
SFO2        600.1330010 MHz
NUC2                 1H
CPDPRG[2        waltz16
PCPD2             70.00 usec
PLW2         6.35610008 W
PLW12        0.09372000 W
PLW13        0.04592300 W

F2 - Processing parameters
SI                32768
SF          150.9027937 MHz
WDW                  EM
SSB      0
LB                 1.50 Hz
GB       0
PC                 1.40
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367 

1H-13C HSQC{1H}{13C} NMR of Compound a/b-304 (≥ 10:1 b/a) (1H-600 MHz, 13C-151 MHz, CDCl3) 
 Note 1: Blue = CH/CH3 | Red = CH2. 
 Note 2: Only correlations from major b-304 are visible in full spectrum; a-304 only visible in expansion with increased intensity. 
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EDH-e-0930_C1F22,28-45 ({1H}(13C}HSQC, 600 MHz, CDCl3, 3 mm, NS = 4 scans, O2p = 80 ppm)

Current Data Parameters
NAME         EDH-e-0930
EXPNO                52
PROCNO                1

F2 - Acquisition Parameters
Date_          20200521
Time               8.11 h
INSTRUM           spect
PROBHD   Z44896_0077 (C
PULPROG  hsqcedetgpsisp.2
TD                 1024
SOLVENT           CDCl3
NS                    4
DS                   16
SWH            7836.991 Hz
FIDRES        15.306623 Hz
AQ            0.0653312 sec
RG                 1820
DW               63.800 usec
DE                10.00 usec
TE                298.0 K
CNST2       145.0000000
CNST17       -0.5000000
D0           0.00000300 sec
D1           1.50000000 sec
D4           0.00172414 sec
D11          0.03000000 sec
D16          0.00020000 sec
D21          0.00344828 sec
D24          0.00086207 sec
IN0          0.00001840 sec
TDav                  1
SFO1        600.1330006 MHz
NUC1                 1H
P1                 9.25 usec
P2                18.50 usec
P28      0 usec
PLW1         6.35610008 W
SFO2        150.9148812 MHz
NUC2                13C
CPDPRG[2          garp4
P3                15.00 usec
P14              500.00 usec
P24             2000.00 usec
PCPD2             60.00 usec
PLW0     0 W
PLW2       178.91999817 W
PLW12       11.18299961 W
SPNAM[3] Crp60,0.5,20.1
SPOAL3            0.500
SPOFFS3  0 Hz
SPW3        61.50899887 W
SPNAM[7]    Crp60comp.4
SPOAL7            0.500
SPOFFS7  0 Hz
SPW7        61.50899887 W
GPNAM[1]     SMSQ10.100
GPZ1              80.00 %
GPNAM[2]     SMSQ10.100
GPZ2              20.10 %
P16             1000.00 usec

F1 - Acquisition parameters
TD                  256
SFO1           150.9149 MHz
FIDRES       212.296188 Hz
SW              180.061 ppm
FnMODE    Echo-Antiecho

F2 - Processing parameters
SI                 1024
SF          600.1300140 MHz
WDW               QSINE
SSB                   2
LB       0 Hz
GB       0
PC                 1.40

F1 - Processing parameters
SI                 1024
MC2       echo-antiecho
SF          150.9027937 MHz
WDW               QSINE
SSB                   2
LB       0 Hz
GB       0
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Coupled 1H-13C HSQC NMR of Compound a/b-304 (≥ 10:1 b/a) (1H-600 MHz, 13C-151 MHz, CDCl3) 
 Note: Blue = CH/CH3 | Red = CH2. 
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EDH-e-0930_C1F22,28-45 ("Coupled" HSQC, 600 MHz, CDCl3, 3 mm, NS = 4 scans)

Current Data Parameters
NAME         EDH-e-0930
EXPNO                56
PROCNO                1

F2 - Acquisition Parameters
Date_          20200521
Time              13.13 h
INSTRUM           spect
PROBHD   Z44896_0077 (C
PULPROG  hsqcedetgpsisp.2
TD                 4096
SOLVENT           CDCl3
NS                    4
DS                   16
SWH            1500.600 Hz
FIDRES         0.732715 Hz
AQ            1.3647872 sec
RG                 1820
DW              333.200 usec
DE                10.00 usec
TE                298.0 K
CNST2       145.0000000
CNST17       -0.5000000
D0           0.00000300 sec
D1           1.50000000 sec
D4           0.00172414 sec
D11          0.03000000 sec
D16          0.00020000 sec
D21          0.00344828 sec
D24          0.00086207 sec
IN0          0.00001840 sec
TDav                  1
SFO1        600.1332947 MHz
NUC1                 1H
P1                 9.25 usec
P2                18.50 usec
P28      0 usec
PLW1         6.35610008 W
SFO2        150.9173862 MHz
NUC2                13C
CPDPRG[2          garp4
P3                15.00 usec
P14              500.00 usec
P24             2000.00 usec
PCPD2             60.00 usec
PLW0     0 W
PLW2       178.91999817 W
PLW12    0 W
SPNAM[3] Crp60,0.5,20.1
SPOAL3            0.500
SPOFFS3  0 Hz
SPW3        61.50899887 W
SPNAM[7]    Crp60comp.4
SPOAL7            0.500
SPOFFS7  0 Hz
SPW7        61.50899887 W
GPNAM[1]     SMSQ10.100
GPZ1              80.00 %
GPNAM[2]     SMSQ10.100
GPZ2              20.10 %
P16             1000.00 usec

F1 - Acquisition parameters
TD                  128
SFO1           150.9174 MHz
FIDRES       424.592377 Hz
SW              180.058 ppm
FnMODE    Echo-Antiecho

F2 - Processing parameters
SI                 1024
SF          600.1300140 MHz
WDW               QSINE
SSB                   2
LB       0 Hz
GB       0
PC                 1.40

F1 - Processing parameters
SI                 1024
MC2       echo-antiecho
SF          150.9027937 MHz
WDW               QSINE
SSB                   2
LB       0 Hz
GB       0
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369 

1H-1H COSY NMR of Compound a/b-304 (≥ 10:1 b/a) (600 MHz, CDCl3) 
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EDH-e-0930_C1F22,28-45 (COSY, 600 MHz, CDCl3, 3 mm, NS = 2 scans)

Current Data Parameters
NAME         EDH-e-0930
EXPNO                55
PROCNO                1

F2 - Acquisition Parameters
Date_          20200521
Time              12.43 h
INSTRUM           spect
PROBHD   Z44896_0077 (C
PULPROG        cosygpqf
TD                 2048
SOLVENT           CDCl3
NS                    2
DS                    8
SWH            7836.991 Hz
FIDRES         7.653311 Hz
AQ            0.1306624 sec
RG                  203
DW               63.800 usec
DE                10.00 usec
TE                298.0 K
D0           0.00000300 sec
D1           1.48689198 sec
D13          0.00000400 sec
D16          0.00020000 sec
IN0          0.00012760 sec
TDav                  1
SFO1        600.1330006 MHz
NUC1                 1H
P0                 4.65 usec
P1                 9.30 usec
PLW1         6.35610008 W
GPNAM[1]     SMSQ10.100
GPZ1              10.00 %
P16             1000.00 usec

F1 - Acquisition parameters
TD                  512
SFO1            600.133 MHz
FIDRES        30.613245 Hz
SW               13.059 ppm
FnMODE               QF

F2 - Processing parameters
SI                 1024
SF          600.1300140 MHz
WDW               QSINE
SSB      0
LB       0 Hz
GB       0
PC                 1.40

F1 - Processing parameters
SI                 1024
MC2                  QF
SF          600.1300140 MHz
WDW               QSINE
SSB      0
LB       0 Hz
GB       0
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1H-13C HMBC NMR of Compound a/b-304 (≥ 10:1 b/a) (1H-600 MHz, 13C-151 MHz, CDCl3) 
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EDH-e-0930_C1F22,28-45 (HMBC, 600 MHz, CDCl3, 3 mm, NS = 4 scans)

Current Data Parameters
NAME         EDH-e-0930
EXPNO                57
PROCNO                1

F2 - Acquisition Parameters
Date_          20200521
Time              13.39 h
INSTRUM           spect
PROBHD   Z44896_0077 (C
PULPROG    hmbcgplpndqf
TD                 2048
SOLVENT           CDCl3
NS                    4
DS                   16
SWH            7836.991 Hz
FIDRES         7.653311 Hz
AQ            0.1306624 sec
RG                 1820
DW               63.800 usec
DE                10.00 usec
TE                298.0 K
CNST2       145.0000000
CNST13        9.0000000
D0           0.00000300 sec
D1           1.50000000 sec
D2           0.00344828 sec
D6           0.05555556 sec
D16          0.00020000 sec
IN0          0.00001440 sec
TDav                  1
SFO1        600.1330006 MHz
NUC1                 1H
P1                 9.25 usec
P2                18.50 usec
PLW1         6.35610008 W
SFO2        150.9194083 MHz
NUC2                13C
P3                15.00 usec
PLW2       178.91999817 W
GPNAM[1]     SMSQ10.100
GPZ1              50.00 %
GPNAM[2]     SMSQ10.100
GPZ2              30.00 %
GPNAM[3]     SMSQ10.100
GPZ3              40.10 %
P16             1000.00 usec

F1 - Acquisition parameters
TD                  256
SFO1           150.9194 MHz
FIDRES       271.267365 Hz
SW              230.071 ppm
FnMODE               QF

F2 - Processing parameters
SI                 1024
SF          600.1300140 MHz
WDW               QSINE
SSB      0
LB       0 Hz
GB       0
PC                 1.40

F1 - Processing parameters
SI                 1024
MC2                  QF
SF          150.9027937 MHz
WDW               QSINE
SSB      0
LB       0 Hz
GB       0
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1H-1H ROESY NMR of Compound a/b-304 (≥ 10:1 b/a) (600 MHz, CDCl3) 
 Note: Blue = diagonal/chemical exchange | Red = ROESY cross peaks. 
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EDH-e-0930_C1F22,28-45 (ROESY, 600 MHz, CDCl3, 3 mm, NS = 8 scans)

Current Data Parameters
NAME         EDH-e-0930
EXPNO                58
PROCNO                1

F2 - Acquisition Parameters
Date_          20200521
Time              14.09 h
INSTRUM           spect
PROBHD   Z44896_0077 (C
PULPROG     roesyetgp.2
TD                 2048
SOLVENT           CDCl3
NS                    8
DS                    4
SWH            7836.991 Hz
FIDRES         7.653311 Hz
AQ            0.1306624 sec
RG                  203
DW               63.800 usec
DE                10.00 usec
TE                298.0 K
D0           0.00000300 sec
D1           1.48689198 sec
D11          0.03000000 sec
D16          0.00020000 sec
IN0          0.00012760 sec
L4                 1190
P15           200000.00 usec
TDav                  1
SFO1        600.1330006 MHz
NUC1                 1H
P1                10.38 usec
P2                20.75 usec
P25               84.00 usec
PLW1         6.35610008 W
PLW27        0.30829999 W
GPNAM[1]     SMSQ10.100
GPZ1              30.00 %
GPNAM[2]     SMSQ10.100
GPZ2              30.00 %
P16             1000.00 usec

F1 - Acquisition parameters
TD                  512
SFO1            600.133 MHz
FIDRES        30.613245 Hz
SW               13.059 ppm
FnMODE    Echo-Antiecho

F2 - Processing parameters
SI                 2048
SF          600.1300140 MHz
WDW               QSINE
SSB                   2
LB       0 Hz
GB       0
PC                 1.40

F1 - Processing parameters
SI                 2048
MC2       echo-antiecho
SF          600.1300140 MHz
WDW               QSINE
SSB                   2
LB       0 Hz
GB       0
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1H NMR of Compound b-300 (≥ 20:1 b/a) (600 MHz, CDCl3)  
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EDH-e-0978_C1P1_After extracting from aq. NaHCO3
(1H, 600 MHz, CDCl3, 3 mm, NS = 16 scans, DS = 4 scans, D1 = 10 sec)

Current Data Parameters
NAME         EDH-e-0978
EXPNO                 2
PROCNO                1

F2 - Acquisition Parameters
Date_          20200813
Time              15.08 h
INSTRUM           spect
PROBHD   Z44896_0077 (C
PULPROG            zg30
TD                32768
SOLVENT           CDCl3
NS                   16
DS                    4
SWH            7836.991 Hz
FIDRES         0.478332 Hz
AQ            2.0905983 sec
RG                    8
DW               63.800 usec
DE                10.00 usec
TE                298.0 K
D1          10.00000000 sec
TD0                   1
SFO1        600.1330006 MHz
NUC1                 1H
P1                 9.25 usec
PLW1         6.35610008 W

F2 - Processing parameters
SI                32768
SF          600.1300139 MHz
WDW                  EM
SSB                   0
LB                 0.30 Hz
GB                    0
PC                 1.00
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13C NMR of Compound b-300 (≥ 20:1 b/a) (151 MHz, CDCl3) 
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EDH-e-0978_C1P1_After extracting from aq. NaHCO3
(13C{1H}, 151 MHz, CDCl3, 3 mm, NS = 2048 )

Current Data Parameters
NAME         EDH-e-0978
EXPNO                 4
PROCNO                1

F2 - Acquisition Parameters
Date_          20200813
Time              16.44 h
INSTRUM           spect
PROBHD   Z44896_0077 (C
PULPROG            zgpg
TD                32768
SOLVENT           CDCl3
NS                 2048
DS                    8
SWH           36231.883 Hz
FIDRES         2.211419 Hz
AQ            0.4521984 sec
RG                 1820
DW               13.800 usec
DE                10.00 usec
TE                298.0 K
D1           1.50000000 sec
D11          0.03000000 sec
TD0                   1
SFO1        150.9194080 MHz
NUC1                13C
P1                 5.00 usec
PLW1       178.91999817 W
SFO2        600.1330010 MHz
NUC2                 1H
CPDPRG[2        waltz16
PCPD2             70.00 usec
PLW2         6.35610008 W
PLW12        0.09372000 W
PLW13        0.04592300 W

F2 - Processing parameters
SI                32768
SF          150.9027893 MHz
WDW                  EM
SSB      0
LB                 1.50 Hz
GB       0
PC                 1.40

b-C1
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1H-13C HSQC{1H}{13C} NMR of Compound b-300 (≥ 20:1 b/a)  (1H-600 MHz, 13C-151 MHz, CDCl3) 
 Note: Blue = CH/CH3 | Red = CH2. 
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EDH-e-0942_C1F25-28_After extracting from aq. NaHCO3
(HSQC{1H}{13C}, 600 MHz, CDCl3, 3 mm, NS = 1 scan, O2P = 80 ppm)

Current Data Parameters
NAME         EDH-e-0942
EXPNO                 2
PROCNO                1

F2 - Acquisition Parameters
Date_          20200619
Time              18.37 h
INSTRUM           spect
PROBHD   Z44896_0077 (C
PULPROG  hsqcedetgpsisp.2
TD                 1024
SOLVENT           CDCl3
NS                    1
DS                   16
SWH            7836.991 Hz
FIDRES        15.306623 Hz
AQ            0.0653312 sec
RG                 1820
DW               63.800 usec
DE                10.00 usec
TE                298.0 K
CNST2       145.0000000
CNST17       -0.5000000
D0           0.00000300 sec
D1           1.50000000 sec
D4           0.00172414 sec
D11          0.03000000 sec
D16          0.00020000 sec
D21          0.00344828 sec
D24          0.00086207 sec
IN0          0.00001840 sec
TDav                  1
SFO1        600.1330006 MHz
NUC1                 1H
P1                 9.25 usec
P2                18.50 usec
P28                   0 usec
PLW1         6.35610008 W
SFO2        150.9148812 MHz
NUC2                13C
CPDPRG[2          garp4
P3                15.00 usec
P14              500.00 usec
P24             2000.00 usec
PCPD2             60.00 usec
PLW0                  0 W
PLW2       178.91999817 W
PLW12       11.18299961 W
SPNAM[3] Crp60,0.5,20.1
SPOAL3            0.500
SPOFFS3               0 Hz
SPW3        61.50899887 W
SPNAM[7]    Crp60comp.4
SPOAL7            0.500
SPOFFS7               0 Hz
SPW7        61.50899887 W
GPNAM[1]     SMSQ10.100
GPZ1              80.00 %
GPNAM[2]     SMSQ10.100
GPZ2              20.10 %
P16             1000.00 usec

F1 - Acquisition parameters
TD                  256
SFO1           150.9149 MHz
FIDRES       212.296188 Hz
SW              180.061 ppm
FnMODE    Echo-Antiecho

F2 - Processing parameters
SI                 1024
SF          600.1300140 MHz
WDW               QSINE
SSB                   2
LB                    0 Hz
GB                    0
PC                 1.40

F1 - Processing parameters
SI                 1024
MC2       echo-antiecho
SF          150.9027890 MHz
WDW               QSINE
SSB                   2
LB                    0 Hz
GB                    0
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Coupled 1H-13C HSQC NMR of Compound b-300 (≥ 20:1 b/a)  (1H-600 MHz, 13C-151 MHz, CDCl3) 
 Note: Blue = CH/CH3 | Red = CH2. 
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EDH-e-0942_C1F25-28_After extracting from aq. NaHCO3
("Coupled"-HSQC, 600 MHz, CDCl3, 3 mm, NS = 2 scans)

Current Data Parameters
NAME         EDH-e-0942
EXPNO                 6
PROCNO                1

F2 - Acquisition Parameters
Date_          20200620
Time               0.16 h
INSTRUM           spect
PROBHD   Z44896_0077 (C
PULPROG  hsqcedetgpsisp.2
TD                 4096
SOLVENT           CDCl3
NS                    2
DS                   16
SWH            1500.600 Hz
FIDRES         0.732715 Hz
AQ            1.3647872 sec
RG                 1820
DW              333.200 usec
DE                10.00 usec
TE                298.0 K
CNST2       145.0000000
CNST17       -0.5000000
D0           0.00000300 sec
D1           1.50000000 sec
D4           0.00172414 sec
D11          0.03000000 sec
D16          0.00020000 sec
D21          0.00344828 sec
D24          0.00086207 sec
IN0          0.00001840 sec
TDav                  1
SFO1        600.1333607 MHz
NUC1                 1H
P1                 9.25 usec
P2                18.50 usec
P28      0 usec
PLW1         6.35610008 W
SFO2        150.9173108 MHz
NUC2                13C
CPDPRG[2          garp4
P3                15.00 usec
P14              500.00 usec
P24             2000.00 usec
PCPD2             60.00 usec
PLW0     0 W
PLW2       178.91999817 W
PLW12    0 W
SPNAM[3] Crp60,0.5,20.1
SPOAL3            0.500
SPOFFS3  0 Hz
SPW3        61.50899887 W
SPNAM[7]    Crp60comp.4
SPOAL7            0.500
SPOFFS7  0 Hz
SPW7        61.50899887 W
GPNAM[1]     SMSQ10.100
GPZ1              80.00 %
GPNAM[2]     SMSQ10.100
GPZ2              20.10 %
P16             1000.00 usec

F1 - Acquisition parameters
TD                  128
SFO1           150.9173 MHz
FIDRES       424.592377 Hz
SW              180.058 ppm
FnMODE    Echo-Antiecho

F2 - Processing parameters
SI                 1024
SF          600.1300140 MHz
WDW               QSINE
SSB                   2
LB       0 Hz
GB       0
PC                 1.40

F1 - Processing parameters
SI                 1024
MC2       echo-antiecho
SF          150.9027890 MHz
WDW               QSINE
SSB                   2
LB       0 Hz
GB       0

b-C1: 1JCH = 164 Hz
b-C1’: 1JCH = 164 Hz
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1H-1H COSY NMR of Compound b-300 (≥ 20:1 b/a) (600 MHz, CDCl3) 
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EDH-e-0942_C1F25-28_After extracting from aq. NaHCO3
(COSY, 600 MHz, CDCl3, 3 mm, NS = 1 scan)

Current Data Parameters
NAME         EDH-e-0942
EXPNO                 5
PROCNO                1

F2 - Acquisition Parameters
Date_          20200620
Time     0 h
INSTRUM           spect
PROBHD   Z44896_0077 (C
PULPROG        cosygpqf
TD                 2048
SOLVENT           CDCl3
NS                    1
DS                    8
SWH            7836.991 Hz
FIDRES         7.653311 Hz
AQ            0.1306624 sec
RG                  228
DW               63.800 usec
DE                10.00 usec
TE                298.0 K
D0           0.00000300 sec
D1           1.48689198 sec
D13          0.00000400 sec
D16          0.00020000 sec
IN0          0.00012760 sec
TDav                  1
SFO1        600.1330006 MHz
NUC1                 1H
P0                 4.65 usec
P1                 9.30 usec
PLW1         6.35610008 W
GPNAM[1]     SMSQ10.100
GPZ1              10.00 %
P16             1000.00 usec

F1 - Acquisition parameters
TD                  512
SFO1            600.133 MHz
FIDRES        30.613245 Hz
SW               13.059 ppm
FnMODE               QF

F2 - Processing parameters
SI                 1024
SF          600.1300140 MHz
WDW               QSINE
SSB      0
LB       0 Hz
GB       0
PC                 1.40

F1 - Processing parameters
SI                 1024
MC2                  QF
SF          600.1300140 MHz
WDW               QSINE
SSB      0
LB       0 Hz
GB       0
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1H-13C HMBC NMR of Compound b-300 (≥ 20:1 b/a) (1H-600 MHz, 13C-151 MHz, CDCl3) 
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EDH-e-0942_C1F25-28_After extracting from aq. NaHCO3
(HMBC, 600 MHz, CDCl3, 3 mm, NS = 4 scans)

Current Data Parameters
NAME         EDH-e-0942
EXPNO                 7
PROCNO                1

F2 - Acquisition Parameters
Date_          20200620
Time               0.30 h
INSTRUM           spect
PROBHD   Z44896_0077 (C
PULPROG    hmbcgplpndqf
TD                 2048
SOLVENT           CDCl3
NS                    4
DS                   16
SWH            7836.991 Hz
FIDRES         7.653311 Hz
AQ            0.1306624 sec
RG                 1820
DW               63.800 usec
DE                10.00 usec
TE                298.0 K
CNST2       145.0000000
CNST13        9.0000000
D0           0.00000300 sec
D1           1.50000000 sec
D2           0.00344828 sec
D6           0.05555556 sec
D16          0.00020000 sec
IN0          0.00001440 sec
TDav                  1
SFO1        600.1330006 MHz
NUC1                 1H
P1                 9.25 usec
P2                18.50 usec
PLW1         6.35610008 W
SFO2        150.9194083 MHz
NUC2                13C
P3                15.00 usec
PLW2       178.91999817 W
GPNAM[1]     SMSQ10.100
GPZ1              50.00 %
GPNAM[2]     SMSQ10.100
GPZ2              30.00 %
GPNAM[3]     SMSQ10.100
GPZ3              40.10 %
P16             1000.00 usec

F1 - Acquisition parameters
TD                  256
SFO1           150.9194 MHz
FIDRES       271.267365 Hz
SW              230.071 ppm
FnMODE               QF

F2 - Processing parameters
SI                 1024
SF          600.1300140 MHz
WDW               QSINE
SSB      0
LB       0 Hz
GB       0
PC                 1.40

F1 - Processing parameters
SI                 1024
MC2                  QF
SF          150.9027890 MHz
WDW               QSINE
SSB      0
LB       0 Hz
GB       0
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1H-1H NOESY NMR of Compound b-300 (≥ 20:1 b/a) (600 MHz, CDCl3) 
 Note: Blue = diagonal/chemical exchange | Red = NOESY cross peaks. 
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EDH-e-0942_C1F25-28_After extracting from aq. NaHCO3
(NOESY, 600 MHz, CDCl3, 3 mm, NS = 4 scans)
Note: Sample NOT degassed for this experiment.

Current Data Parameters
NAME         EDH-e-0942
EXPNO                 8
PROCNO                1

F2 - Acquisition Parameters
Date_          20200620
Time               1.00 h
INSTRUM           spect
PROBHD   Z44896_0077 (C
PULPROG       noesygpph
TD                 2048
SOLVENT           CDCl3
NS                    4
DS                   16
SWH            7836.991 Hz
FIDRES         7.653311 Hz
AQ            0.1306624 sec
RG                  128
DW               63.800 usec
DE                10.00 usec
TE                298.0 K
D0           0.00005202 sec
D1           1.48689198 sec
D8           0.60000002 sec
D16          0.00020000 sec
IN0          0.00012760 sec
TDav                  1
SFO1        600.1330006 MHz
NUC1                 1H
P1                 9.25 usec
P2                18.50 usec
PLW1         6.35610008 W
GPNAM[1]     SMSQ10.100
GPZ1              40.00 %
P16             1000.00 usec

F1 - Acquisition parameters
TD                  512
SFO1            600.133 MHz
FIDRES        30.613245 Hz
SW               13.059 ppm
FnMODE      States-TPPI

F2 - Processing parameters
SI                 1024
SF          600.1300140 MHz
WDW               QSINE
SSB                   2
LB       0 Hz
GB       0
PC                 1.40

F1 - Processing parameters
SI                 1024
MC2         States-TPPI
SF          600.1300140 MHz
WDW               QSINE
SSB                   2
LB       0 Hz
GB       0
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1H NMR of Daunorubicinone (28) (600 MHz, CDCl3) 
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EDH-e-0934_Solid from Recrystallization #1
(1H, 600 MHz, CDCl3, 3 mm, NS = 16 scans, DS = 4 scans, d1 = 10 sec)

Current Data Parameters
NAME         EDH-e-0934
EXPNO                 2
PROCNO                1

F2 - Acquisition Parameters
Date_          20200528
Time              11.39 h
INSTRUM           spect
PROBHD   Z44896_0077 (C
PULPROG            zg30
TD                32768
SOLVENT           CDCl3
NS                   16
DS                    4
SWH            9615.385 Hz
FIDRES         0.586877 Hz
AQ            1.7039360 sec
RG                    8
DW               52.000 usec
DE                10.00 usec
TE                298.0 K
D1          10.00000000 sec
TD0                   1
SFO1        600.1345010 MHz
NUC1                 1H
P1                 9.25 usec
PLW1         6.35610008 W

F2 - Processing parameters
SI                32768
SF          600.1300141 MHz
WDW                  EM
SSB      0
LB                 0.30 Hz
GB       0
PC                 1.00
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13C NMR of Daunorubicinone (28) (151 MHz, CDCl3) 
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EDH-e-0934_Solid from Recrystallization #1 (13C{1H}, 151 MHz, CDCl3, 3 mm, NS = 1024 scans)

Current Data Parameters
NAME         EDH-e-0934
EXPNO                 3
PROCNO                1

F2 - Acquisition Parameters
Date_          20200528
Time              12.15 h
INSTRUM           spect
PROBHD   Z44896_0077 (C
PULPROG            zgpg
TD                32768
SOLVENT           CDCl3
NS                 1024
DS                    8
SWH           36231.883 Hz
FIDRES         2.211419 Hz
AQ            0.4521984 sec
RG                 1820
DW               13.800 usec
DE                10.00 usec
TE                298.0 K
D1           1.50000000 sec
D11          0.03000000 sec
TD0                   1
SFO1        150.9194080 MHz
NUC1                13C
P1                 5.00 usec
PLW1       178.91999817 W
SFO2        600.1330010 MHz
NUC2                 1H
CPDPRG[2        waltz16
PCPD2             70.00 usec
PLW2         6.35610008 W
PLW12        0.09372000 W
PLW13        0.04592300 W

F2 - Processing parameters
SI                32768
SF          150.9027888 MHz
WDW                  EM
SSB      0
LB                 1.50 Hz
GB       0
PC                 1.40
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1H-13C HSQC{1H}{13C} NMR of Daunorubicinone (28) (1H-600 MHz, 13C-151 MHz, CDCl3)  

 Note 1: Blue = CH/CH3 | Red = CH2. 
 Note 2: Unaltered 1H spectral window (-1.5 to 11.5 ppm). 
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EDH-e-0934_Solid from Recrystallization #1 (HSQC(13C), 600 MHz, CDCl3, 3 mm)
NS = 1 scan, O2P = 80 ppm, Normal Sweep Width

Current Data Parameters
NAME         EDH-e-0934
EXPNO                 9
PROCNO                1

F2 - Acquisition Parameters
Date_          20200529
Time               7.24 h
INSTRUM           spect
PROBHD   Z44896_0077 (C
PULPROG  hsqcedetgpsisp.2
TD                 1024
SOLVENT           CDCl3
NS                    2
DS                   16
SWH            7836.991 Hz
FIDRES        15.306623 Hz
AQ            0.0653312 sec
RG                 1820
DW               63.800 usec
DE                10.00 usec
TE                298.0 K
CNST2       145.0000000
CNST17       -0.5000000
D0           0.00000300 sec
D1           1.50000000 sec
D4           0.00172414 sec
D11          0.03000000 sec
D16          0.00020000 sec
D21          0.00344828 sec
D24          0.00086207 sec
IN0          0.00001840 sec
TDav                  1
SFO1        600.1330006 MHz
NUC1                 1H
P1                 9.25 usec
P2                18.50 usec
P28      0 usec
PLW1         6.35610008 W
SFO2        150.9148812 MHz
NUC2                13C
CPDPRG[2          garp4
P3                15.00 usec
P14              500.00 usec
P24             2000.00 usec
PCPD2             60.00 usec
PLW0     0 W
PLW2       178.91999817 W
PLW12       11.18299961 W
SPNAM[3] Crp60,0.5,20.1
SPOAL3            0.500
SPOFFS3  0 Hz
SPW3        61.50899887 W
SPNAM[7]    Crp60comp.4
SPOAL7            0.500
SPOFFS7  0 Hz
SPW7        61.50899887 W
GPNAM[1]     SMSQ10.100
GPZ1              80.00 %
GPNAM[2]     SMSQ10.100
GPZ2              20.10 %
P16             1000.00 usec

F1 - Acquisition parameters
TD                  256
SFO1           150.9149 MHz
FIDRES       212.296188 Hz
SW              180.061 ppm
FnMODE    Echo-Antiecho

F2 - Processing parameters
SI                 1024
SF          600.1300141 MHz
WDW               QSINE
SSB                   2
LB       0 Hz
GB       0
PC                 1.40

F1 - Processing parameters
SI                 1024
MC2       echo-antiecho
SF          150.9027888 MHz
WDW               QSINE
SSB                   2
LB       0 Hz
GB       0

silicon
grease
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1H-13C HSQC{1H}{13C} NMR of Daunorubicinone (28) (1H-600 MHz, 13C-151 MHz, CDCl3)  
 Note 1: Blue = CH/CH3 | Red = CH2. 
 Note 2: Extended 1H spectral window (-0.5 to 15.5 ppm). 
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EDH-e-0934_Solid from Recrystallization #1 (HSQC{1H}{13C}, 600 MHz, CDCl3, 3 mm)
NS = 1 scan, SW2 = 240 ppm, Sw1 = 16 ppm, O1P = 7.5 ppm, TD2 = 2048

Current Data Parameters
NAME         EDH-e-0934
EXPNO                 4
PROCNO                1

F2 - Acquisition Parameters
Date_          20200528
Time              12.16 h
INSTRUM           spect
PROBHD   Z44896_0077 (C
PULPROG  hsqcedetgpsisp.2
TD                 2048
SOLVENT           CDCl3
NS                    1
DS                   16
SWH            9615.385 Hz
FIDRES         9.390024 Hz
AQ            0.1064960 sec
RG                 1820
DW               52.000 usec
DE                10.00 usec
TE                298.0 K
CNST2       145.0000000
CNST17       -0.5000000
D0           0.00000300 sec
D1           1.50000000 sec
D4           0.00172414 sec
D11          0.03000000 sec
D16          0.00020000 sec
D21          0.00344828 sec
D24          0.00086207 sec
IN0          0.00001380 sec
TDav                  1
SFO1        600.1345010 MHz
NUC1                 1H
P1                 9.25 usec
P2                18.50 usec
P28      0 usec
PLW1         6.35610008 W
SFO2        150.9194083 MHz
NUC2                13C
CPDPRG[2          garp4
P3                15.00 usec
P14              500.00 usec
P24             2000.00 usec
PCPD2             60.00 usec
PLW0     0 W
PLW2       178.91999817 W
PLW12       11.18299961 W
SPNAM[3] Crp60,0.5,20.1
SPOAL3            0.500
SPOFFS3  0 Hz
SPW3        61.50899887 W
SPNAM[7]    Crp60comp.4
SPOAL7            0.500
SPOFFS7  0 Hz
SPW7        61.50899887 W
GPNAM[1]     SMSQ10.100
GPZ1              80.00 %
GPNAM[2]     SMSQ10.100
GPZ2              20.10 %
P16             1000.00 usec

F1 - Acquisition parameters
TD                  256
SFO1           150.9194 MHz
FIDRES       283.061584 Hz
SW              240.074 ppm
FnMODE    Echo-Antiecho

F2 - Processing parameters
SI                 1024
SF          600.1300141 MHz
WDW               QSINE
SSB                   2
LB       0 Hz
GB       0
PC                 1.40

F1 - Processing parameters
SI                 1024
MC2       echo-antiecho
SF          150.9027888 MHz
WDW               QSINE
SSB                   2
LB       0 Hz
GB       0
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1H-1H COSY NMR of Daunorubicinone (28) (600 MHz, CDCl3)  
 Note: Unaltered 1H spectral window (-1.5 to 11.5 ppm). 
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EDH-e-0934_Solid from Recrystallization #1 (COSY, 600 MHz, CDCl3, 3 mm)
NS = 1 scan, Normal Sweep Width

Current Data Parameters
NAME         EDH-e-0934
EXPNO                10
PROCNO                1

F2 - Acquisition Parameters
Date_          20200529
Time               7.39 h
INSTRUM           spect
PROBHD   Z44896_0077 (C
PULPROG        cosygpqf
TD                 2048
SOLVENT           CDCl3
NS                    1
DS                    8
SWH            7836.991 Hz
FIDRES         7.653311 Hz
AQ            0.1306624 sec
RG                 1150
DW               63.800 usec
DE                10.00 usec
TE                298.0 K
D0           0.00000300 sec
D1           1.48689198 sec
D13          0.00000400 sec
D16          0.00020000 sec
IN0          0.00012760 sec
TDav                  1
SFO1        600.1330006 MHz
NUC1                 1H
P0                 4.65 usec
P1                 9.30 usec
PLW1         6.35610008 W
GPNAM[1]     SMSQ10.100
GPZ1              10.00 %
P16             1000.00 usec

F1 - Acquisition parameters
TD                  512
SFO1            600.133 MHz
FIDRES        30.613245 Hz
SW               13.059 ppm
FnMODE               QF

F2 - Processing parameters
SI                 1024
SF          600.1300141 MHz
WDW               QSINE
SSB      0
LB       0 Hz
GB       0
PC                 1.40

F1 - Processing parameters
SI                 1024
MC2                  QF
SF          600.1300141 MHz
WDW               QSINE
SSB      0
LB       0 Hz
GB       0
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1H-1H COSY NMR of Daunorubicinone (28) (600 MHz, CDCl3)  
 Note: Extended 1H spectral window (-0.5 to 15.5 ppm). 
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EDH-e-0934_Solid from Recrystallization #1 (COSY, 600 MHz, CDCl3, 3 mm)
NS = 1 scan, O1P = O2P = 7.5 ppm, SW1 = SW2 = 16 ppm

Current Data Parameters
NAME         EDH-e-0934
EXPNO                 5
PROCNO                1

F2 - Acquisition Parameters
Date_          20200528
Time              12.24 h
INSTRUM           spect
PROBHD   Z44896_0077 (C
PULPROG        cosygpqf
TD                 2048
SOLVENT           CDCl3
NS                    1
DS                    8
SWH            9615.385 Hz
FIDRES         9.390024 Hz
AQ            0.1064960 sec
RG                 1290
DW               52.000 usec
DE                10.00 usec
TE                298.0 K
D0           0.00000300 sec
D1           1.48689198 sec
D13          0.00000400 sec
D16          0.00020000 sec
IN0          0.00012760 sec
TDav                  1
SFO1        600.1345010 MHz
NUC1                 1H
P0                 4.65 usec
P1                 9.30 usec
PLW1         6.35610008 W
GPNAM[1]     SMSQ10.100
GPZ1              10.00 %
P16             1000.00 usec

F1 - Acquisition parameters
TD                  512
SFO1           600.1345 MHz
FIDRES        30.613245 Hz
SW               13.059 ppm
FnMODE               QF

F2 - Processing parameters
SI                 1024
SF          600.1300141 MHz
WDW               QSINE
SSB      0
LB       0 Hz
GB       0
PC                 1.40

F1 - Processing parameters
SI                 1024
MC2                  QF
SF          600.1300141 MHz
WDW               QSINE
SSB      0
LB       0 Hz
GB       0
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1H-13C HMBC NMR of Daunorubicinone (28) (1H-600 MHz, 13C-151 MHz, CDCl3)  
 Note: Unaltered 1H spectral window (-1.5 to 11.5 ppm). 
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EDH-e-0934_Solid from Recrystallization #1 (HMBC, 600 MHz, CDCl3, 3 mm)
NS = 4 scans, Normal Sweep Width

Current Data Parameters
NAME         EDH-e-0934
EXPNO                11
PROCNO                1

F2 - Acquisition Parameters
Date_          20200529
Time               7.54 h
INSTRUM           spect
PROBHD   Z44896_0077 (C
PULPROG    hmbcgplpndqf
TD                 2048
SOLVENT           CDCl3
NS                    4
DS                   16
SWH            7836.991 Hz
FIDRES         7.653311 Hz
AQ            0.1306624 sec
RG                 1820
DW               63.800 usec
DE                10.00 usec
TE                298.0 K
CNST2       145.0000000
CNST13        9.0000000
D0           0.00000300 sec
D1           1.50000000 sec
D2           0.00344828 sec
D6           0.05555556 sec
D16          0.00020000 sec
IN0          0.00001440 sec
TDav                  1
SFO1        600.1330006 MHz
NUC1                 1H
P1                 9.25 usec
P2                18.50 usec
PLW1         6.35610008 W
SFO2        150.9194083 MHz
NUC2                13C
P3                15.00 usec
PLW2       178.91999817 W
GPNAM[1]     SMSQ10.100
GPZ1              50.00 %
GPNAM[2]     SMSQ10.100
GPZ2              30.00 %
GPNAM[3]     SMSQ10.100
GPZ3              40.10 %
P16             1000.00 usec

F1 - Acquisition parameters
TD                  256
SFO1           150.9194 MHz
FIDRES       271.267365 Hz
SW              230.071 ppm
FnMODE               QF

F2 - Processing parameters
SI                 1024
SF          600.1300141 MHz
WDW               QSINE
SSB      0
LB       0 Hz
GB       0
PC                 1.40

F1 - Processing parameters
SI                 1024
MC2                  QF
SF          150.9027888 MHz
WDW               QSINE
SSB      0
LB       0 Hz
GB       0
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1H-13C HMBC NMR of Daunorubicinone (28) (1H-600 MHz, 13C-151 MHz, CDCl3)  
 Note: Extended 1H spectral window (-0.5 to 15.5 ppm). 
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EDH-e-0934_Solid from Recrystallization #1 (HMBC, 600 MHz, CDCl3, 3 mm)
NS = 4 scans, O1P = 7.5 ppm, SW1 = 16 ppm, TD2 = 4096

Current Data Parameters
NAME         EDH-e-0934
EXPNO                 6
PROCNO                1

F2 - Acquisition Parameters
Date_          20200528
Time              12.40 h
INSTRUM           spect
PROBHD   Z44896_0077 (C
PULPROG    hmbcgplpndqf
TD                 4096
SOLVENT           CDCl3
NS                    4
DS                   16
SWH            9615.385 Hz
FIDRES         4.695012 Hz
AQ            0.2129920 sec
RG                 1820
DW               52.000 usec
DE                10.00 usec
TE                298.0 K
CNST2       145.0000000
CNST13        9.0000000
D0           0.00000300 sec
D1           1.50000000 sec
D2           0.00344828 sec
D6           0.05555556 sec
D16          0.00020000 sec
IN0          0.00001440 sec
TDav                  1
SFO1        600.1345010 MHz
NUC1                 1H
P1                 9.25 usec
P2                18.50 usec
PLW1         6.35610008 W
SFO2        150.9194083 MHz
NUC2                13C
P3                15.00 usec
PLW2       178.91999817 W
GPNAM[1]     SMSQ10.100
GPZ1              50.00 %
GPNAM[2]     SMSQ10.100
GPZ2              30.00 %
GPNAM[3]     SMSQ10.100
GPZ3              40.10 %
P16             1000.00 usec

F1 - Acquisition parameters
TD                  256
SFO1           150.9194 MHz
FIDRES       271.267365 Hz
SW              230.071 ppm
FnMODE               QF

F2 - Processing parameters
SI                 1024
SF          600.1300141 MHz
WDW               QSINE
SSB      0
LB       0 Hz
GB       0
PC                 1.40

F1 - Processing parameters
SI                 1024
MC2                  QF
SF          150.9027888 MHz
WDW               QSINE
SSB      0
LB       0 Hz
GB       0
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1H NMR of Compound 14-O-TBS-Doxorubicinone (29) (600 MHz, CDCl3) 
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EDH-e-0997_SRC #1 from C1F11-20
(1H, 600 MHz, CDCl3, NS = 16 scans, DS = 4 scans, O1P = 7 ppm, SW = 16 ppm, D1 = 10 sec)

Current Data Parameters
NAME         EDH-e-0997
EXPNO                 2
PROCNO                1

F2 - Acquisition Parameters
Date_          20210315
Time              12.37 h
INSTRUM           spect
PROBHD   Z44896_0077 (C
PULPROG            zg30
TD                32768
SOLVENT           CDCl3
NS                   16
DS                    4
SWH            9014.423 Hz
FIDRES         0.550197 Hz
AQ            1.8175317 sec
RG                 6.35
DW               55.467 usec
DE                10.00 usec
TE                298.0 K
D1          10.00000000 sec
TD0                   1
SFO1        600.1342009 MHz
NUC1                 1H
P1                 9.25 usec
PLW1         6.35610008 W

F2 - Processing parameters
SI                32768
SF          600.1300139 MHz
WDW                  EM
SSB                   0
LB                 0.30 Hz
GB                    0
PC                 1.00
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13C{1H} NMR of 14-O-TBS-Doxorubicinone (29) (151 MHz, CDCl3) 
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EDH-e-0997_SRC #1 from C1F11-20
(13C{1H}, 151 MHz, CDCl3, NS = 1024 scans)

Current Data Parameters
NAME         EDH-e-0997
EXPNO                 3
PROCNO                1

F2 - Acquisition Parameters
Date_          20210315
Time              13.13 h
INSTRUM           spect
PROBHD   Z44896_0077 (C
PULPROG            zgpg
TD                32768
SOLVENT           CDCl3
NS                 1024
DS                    8
SWH           36231.883 Hz
FIDRES         2.211419 Hz
AQ            0.4521984 sec
RG                 1820
DW               13.800 usec
DE                10.00 usec
TE                298.0 K
D1           1.50000000 sec
D11          0.03000000 sec
TD0                   1
SFO1        150.9194080 MHz
NUC1                13C
P1                 5.00 usec
PLW1       178.91999817 W
SFO2        600.1330010 MHz
NUC2                 1H
CPDPRG[2        waltz16
PCPD2             70.00 usec
PLW2         6.35610008 W
PLW12        0.09372000 W
PLW13        0.04592300 W

F2 - Processing parameters
SI                32768
SF          150.9027890 MHz
WDW                  EM
SSB                   0
LB                 1.50 Hz
GB                    0
PC                 1.40
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1H-13C HSQC{1H}{13C} NMR of 14-O-TBS-Doxorubicinone (29) (1H-600 MHz, 13C-151 MHz, CDCl3) 
 Note: Blue = CH/CH3 | Red = CH2. 
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EDH-e-0997_SRC #1 from C1F11-20
(HSQC{1H}{13C}, 600 MHz, CDCl3, 3 mm, NS = 2 scans, O1P = 7 ppm, SW1 = 16 ppm, O2P = 80 ppm)

Current Data Parameters
NAME         EDH-e-0997
EXPNO                 4
PROCNO                1

F2 - Acquisition Parameters
Date_          20210315
Time              13.14 h
INSTRUM           spect
PROBHD   Z44896_0077 (C
PULPROG  hsqcedetgpsisp.2
TD                 1024
SOLVENT           CDCl3
NS                    2
DS                   16
SWH            9014.423 Hz
FIDRES        17.606295 Hz
AQ            0.0567979 sec
RG                 1820
DW               55.467 usec
DE                10.00 usec
TE                298.0 K
CNST2       145.0000000
CNST17       -0.5000000
D0           0.00000300 sec
D1           1.50000000 sec
D4           0.00172414 sec
D11          0.03000000 sec
D16          0.00020000 sec
D21          0.00344828 sec
D24          0.00086207 sec
IN0          0.00001840 sec
TDav                  1
SFO1        600.1342009 MHz
NUC1                 1H
P1                 9.25 usec
P2                18.50 usec
P28                   0 usec
PLW1         6.35610008 W
SFO2        150.9148812 MHz
NUC2                13C
CPDPRG[2          garp4
P3                15.00 usec
P14              500.00 usec
P24             2000.00 usec
PCPD2             60.00 usec
PLW0                  0 W
PLW2       178.91999817 W
PLW12       11.18299961 W
SPNAM[3] Crp60,0.5,20.1
SPOAL3            0.500
SPOFFS3               0 Hz
SPW3        61.50899887 W
SPNAM[7]    Crp60comp.4
SPOAL7            0.500
SPOFFS7               0 Hz
SPW7        61.50899887 W
GPNAM[1]     SMSQ10.100
GPZ1              80.00 %
GPNAM[2]     SMSQ10.100
GPZ2              20.10 %
P16             1000.00 usec

F1 - Acquisition parameters
TD                  256
SFO1           150.9149 MHz
FIDRES       212.296188 Hz
SW              180.061 ppm
FnMODE    Echo-Antiecho

F2 - Processing parameters
SI                 1024
SF          600.1300139 MHz
WDW               QSINE
SSB                   2
LB                    0 Hz
GB                    0
PC                 1.40

F1 - Processing parameters
SI                 1024
MC2       echo-antiecho
SF          150.9027890 MHz
WDW               QSINE
SSB                   2
LB                    0 Hz
GB                    0
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1H NMR of Compound 4′-O-Cbz-Epipodophyllotoxin (30) (600 MHz, CDCl3) 
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EDH-e-0999_C1F50-63
(1H, 600 MHz, CDCl3, 5 mm, NS = 16 scans, DS = 4 scans, D1 = 10 sec)

Current Data Parameters
NAME         EDH-e-0999
EXPNO                 2
PROCNO                1

F2 - Acquisition Parameters
Date_          20210315
Time              14.23 h
INSTRUM           spect
PROBHD   Z44896_0077 (C
PULPROG            zg30
TD                32768
SOLVENT           CDCl3
NS                   16
DS                    4
SWH            7836.991 Hz
FIDRES         0.478332 Hz
AQ            2.0905983 sec
RG                  5.6
DW               63.800 usec
DE                10.00 usec
TE                298.0 K
D1          10.00000000 sec
TD0                   1
SFO1        600.1330006 MHz
NUC1                 1H
P1                 9.25 usec
PLW1         6.35610008 W

F2 - Processing parameters
SI                32768
SF          600.1300137 MHz
WDW                  EM
SSB                   0
LB                 0.30 Hz
GB                    0
PC                 1.00
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13C{1H} NMR of 4′-O-Cbz-Epipodophyllotoxin (30) (151 MHz, CDCl3) 
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EDH-e-0999_C1F50-63
(13C{1H}, 151 MHz, CDCl3, 5 mm, NS = 1024 scans)

Current Data Parameters
NAME         EDH-e-0999
EXPNO                 3
PROCNO                1

F2 - Acquisition Parameters
Date_          20210315
Time              14.59 h
INSTRUM           spect
PROBHD   Z44896_0077 (C
PULPROG            zgpg
TD                32768
SOLVENT           CDCl3
NS                 1024
DS                    8
SWH           36231.883 Hz
FIDRES         2.211419 Hz
AQ            0.4521984 sec
RG                 1820
DW               13.800 usec
DE                10.00 usec
TE                298.0 K
D1           1.50000000 sec
D11          0.03000000 sec
TD0                   1
SFO1        150.9194080 MHz
NUC1                13C
P1                 5.00 usec
PLW1       178.91999817 W
SFO2        600.1330010 MHz
NUC2                 1H
CPDPRG[2        waltz16
PCPD2             70.00 usec
PLW2         6.35610008 W
PLW12        0.09372000 W
PLW13        0.04592300 W

F2 - Processing parameters
SI                32768
SF          150.9027909 MHz
WDW                  EM
SSB                   0
LB                 1.50 Hz
GB                    0
PC                 1.40
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1H-13C HSQC{1H}{13C} NMR of 4′-O-Cbz-Epipodophyllotoxin (30) (1H-600 MHz, 13C-151 MHz, CDCl3) 
 Note: Blue = CH/CH3 | Red = CH2. 
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EDH-e-0999_C1F50-63
(HSQC{1H}{13C}, 600 MHz, CDCl3, 5 mm, NS = 2 scans)

Current Data Parameters
NAME         EDH-e-0999
EXPNO                 4
PROCNO                1

F2 - Acquisition Parameters
Date_          20210315
Time              15.00 h
INSTRUM           spect
PROBHD   Z44896_0077 (C
PULPROG  hsqcedetgpsisp.2
TD                 1024
SOLVENT           CDCl3
NS                    2
DS                   16
SWH            7836.991 Hz
FIDRES        15.306623 Hz
AQ            0.0653312 sec
RG                 1820
DW               63.800 usec
DE                10.00 usec
TE                298.0 K
CNST2       145.0000000
CNST17       -0.5000000
D0           0.00000300 sec
D1           1.50000000 sec
D4           0.00172414 sec
D11          0.03000000 sec
D16          0.00020000 sec
D21          0.00344828 sec
D24          0.00086207 sec
IN0          0.00001840 sec
TDav                  1
SFO1        600.1330006 MHz
NUC1                 1H
P1                 9.25 usec
P2                18.50 usec
P28                   0 usec
PLW1         6.35610008 W
SFO2        150.9163903 MHz
NUC2                13C
CPDPRG[2          garp4
P3                15.00 usec
P14              500.00 usec
P24             2000.00 usec
PCPD2             60.00 usec
PLW0                  0 W
PLW2       178.91999817 W
PLW12       11.18299961 W
SPNAM[3] Crp60,0.5,20.1
SPOAL3            0.500
SPOFFS3               0 Hz
SPW3        61.50899887 W
SPNAM[7]    Crp60comp.4
SPOAL7            0.500
SPOFFS7               0 Hz
SPW7        61.50899887 W
GPNAM[1]     SMSQ10.100
GPZ1              80.00 %
GPNAM[2]     SMSQ10.100
GPZ2              20.10 %
P16             1000.00 usec

F1 - Acquisition parameters
TD                  256
SFO1           150.9164 MHz
FIDRES       212.296188 Hz
SW              180.059 ppm
FnMODE    Echo-Antiecho

F2 - Processing parameters
SI                 1024
SF          600.1300137 MHz
WDW               QSINE
SSB                   2
LB                    0 Hz
GB                    0
PC                 1.40

F1 - Processing parameters
SI                 1024
MC2       echo-antiecho
SF          150.9027909 MHz
WDW               QSINE
SSB                   2
LB                    0 Hz
GB                    0
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1H-1H COSY NMR of 4′-O-Cbz-Epipodophyllotoxin (30) (600 MHz, CDCl3) 
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EDH-e-0999_C1F50-63
(COSY, 600 MHz, CDCl3, 5 mm, NS = 1 scan)

Current Data Parameters
NAME         EDH-e-0999
EXPNO                 5
PROCNO                1

F2 - Acquisition Parameters
Date_          20210315
Time              15.15 h
INSTRUM           spect
PROBHD   Z44896_0077 (C
PULPROG        cosygpqf
TD                 2048
SOLVENT           CDCl3
NS                    1
DS                    8
SWH            7836.991 Hz
FIDRES         7.653311 Hz
AQ            0.1306624 sec
RG                  203
DW               63.800 usec
DE                10.00 usec
TE                298.0 K
D0           0.00000300 sec
D1           1.48689198 sec
D13          0.00000400 sec
D16          0.00020000 sec
IN0          0.00012760 sec
TDav                  1
SFO1        600.1330006 MHz
NUC1                 1H
P0                 4.65 usec
P1                 9.30 usec
PLW1         6.35610008 W
GPNAM[1]     SMSQ10.100
GPZ1              10.00 %
P16             1000.00 usec

F1 - Acquisition parameters
TD                  512
SFO1            600.133 MHz
FIDRES        30.613245 Hz
SW               13.059 ppm
FnMODE               QF

F2 - Processing parameters
SI                 1024
SF          600.1300137 MHz
WDW               QSINE
SSB                   0
LB                    0 Hz
GB                    0
PC                 1.40

F1 - Processing parameters
SI                 1024
MC2                  QF
SF          600.1300137 MHz
WDW               QSINE
SSB                   0
LB                    0 Hz
GB                    0
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1H-1H COSY NMR of 4′-O-Cbz-Epipodophyllotoxin (30) (600 MHz, CDCl3)  
 Note: Same spectrum with increased intensity as compared to COSY on page 259. 
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EDH-e-0999_C1F50-63
(COSY, 600 MHz, CDCl3, 5 mm, NS = 1 scan)

Current Data Parameters
NAME         EDH-e-0999
EXPNO                 5
PROCNO                1

F2 - Acquisition Parameters
Date_          20210315
Time              15.15 h
INSTRUM           spect
PROBHD   Z44896_0077 (C
PULPROG        cosygpqf
TD                 2048
SOLVENT           CDCl3
NS                    1
DS                    8
SWH            7836.991 Hz
FIDRES         7.653311 Hz
AQ            0.1306624 sec
RG                  203
DW               63.800 usec
DE                10.00 usec
TE                298.0 K
D0           0.00000300 sec
D1           1.48689198 sec
D13          0.00000400 sec
D16          0.00020000 sec
IN0          0.00012760 sec
TDav                  1
SFO1        600.1330006 MHz
NUC1                 1H
P0                 4.65 usec
P1                 9.30 usec
PLW1         6.35610008 W
GPNAM[1]     SMSQ10.100
GPZ1              10.00 %
P16             1000.00 usec

F1 - Acquisition parameters
TD                  512
SFO1            600.133 MHz
FIDRES        30.613245 Hz
SW               13.059 ppm
FnMODE               QF

F2 - Processing parameters
SI                 1024
SF          600.1300137 MHz
WDW               QSINE
SSB                   0
LB                    0 Hz
GB                    0
PC                 1.40

F1 - Processing parameters
SI                 1024
MC2                  QF
SF          600.1300137 MHz
WDW               QSINE
SSB                   0
LB                    0 Hz
GB                    0
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1 H-13C HMBC NMR of 4′-O-Cbz-Epipodophyllotoxin (30) (1H-600 MHz, 13C-151 MHz, CDCl3)  
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EDH-e-0999_C1F50-63
(HMBC, 600 MHz, CDCl3, 5 mm, NS = 4 scans)

Current Data Parameters
NAME         EDH-e-0999
EXPNO                 6
PROCNO                1

F2 - Acquisition Parameters
Date_          20210315
Time              15.31 h
INSTRUM           spect
PROBHD   Z44896_0077 (C
PULPROG    hmbcgplpndqf
TD                 2048
SOLVENT           CDCl3
NS                    4
DS                   16
SWH            7836.991 Hz
FIDRES         7.653311 Hz
AQ            0.1306624 sec
RG                 1820
DW               63.800 usec
DE                10.00 usec
TE                298.0 K
CNST2       145.0000000
CNST13        9.0000000
D0           0.00000300 sec
D1           1.50000000 sec
D2           0.00344828 sec
D6           0.05555556 sec
D16          0.00020000 sec
IN0          0.00001440 sec
TDav                  1
SFO1        600.1330006 MHz
NUC1                 1H
P1                 9.25 usec
P2                18.50 usec
PLW1         6.35610008 W
SFO2        150.9194083 MHz
NUC2                13C
P3                15.00 usec
PLW2       178.91999817 W
GPNAM[1]     SMSQ10.100
GPZ1              50.00 %
GPNAM[2]     SMSQ10.100
GPZ2              30.00 %
GPNAM[3]     SMSQ10.100
GPZ3              40.10 %
P16             1000.00 usec

F1 - Acquisition parameters
TD                  256
SFO1           150.9194 MHz
FIDRES       271.267365 Hz
SW              230.071 ppm
FnMODE               QF

F2 - Processing parameters
SI                 1024
SF          600.1300137 MHz
WDW               QSINE
SSB                   0
LB                    0 Hz
GB                    0
PC                 1.40

F1 - Processing parameters
SI                 1024
MC2                  QF
SF          150.9027909 MHz
WDW               QSINE
SSB                   0
LB                    0 Hz
GB                    0

 
4′-O-Cbz-

epipodophyllotoxin (30) 
 

O

O

H3CO
OCbz

OCH3

O

O

HO

H

H



396 

1H NMR of Compound 275 (600 MHz, CDCl3) 
 

 
  

2.53.03.54.04.55.05.56.0 ppm

1
.
9
0
2
4

1
.
9
1
1
6

1
.
9
2
7
8

1
.
9
3
4
6

2
.
0
6
7
4

2
.
0
7
2
8

2
.
0
9
5
6

2
.
1
0
1
6

2
.
1
1
9
6

2
.
1
2
6
4

2
.
2
6
5
3

2
.
2
8
9
7

2
.
3
9
1
3

2
.
8
4
5
7

2
.
8
7
6
7

3
.
1
6
8
7

3
.
1
9
6
7

3
.
6
5
6
2

3
.
6
6
3
1

3
.
6
7
2
8

3
.
6
7
9
6

4
.
0
5
7
9

4
.
2
6
0
9

4
.
2
7
1
6

4
.
2
9
3
9

4
.
3
0
4
2

4
.
3
1
2
0

4
.
4
2
4
7

4
.
4
4
1
5

4
.
5
5
8
7

4
.
5
6
7
8

4
.
8
5
7
3

4
.
8
6
4
0

4
.
8
7
3
0

4
.
9
2
3
6

4
.
9
4
0
2

5
.
1
3
1
7

5
.
1
4
9
1

5
.
1
9
4
7

5
.
2
1
2
2

5
.
2
4
0
3

5
.
2
8
1
0

5
.
3
0
9
7

5
.
4
9
7
0

5
.
5
0
5
0

5
.
8
9
2
4

5
.
9
1
0
0

5
.
9
2
0
7

6
.
2
6
7
7

2
.
2
0

2
.
1
3

1
.
0
5

3
.
0
4

0
.
9
2

0
.
9
6

1
.
8
8

1
.
0
1

3
.
0
0

2
.
2
5

1
.
4
4

2
.
2
0

0
.
9
8

1
.
0
3

5
.
7
5

0
.
9
5

2
.
2
7

0
.
8
0

15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0 ppm

0
.
1
4
2
5

0
.
8
7
7
2

1
.
2
4
2
7
 
"
G
r
e
a
s
e
"

1
.
2
5
6
7

1
.
2
6
7
5

1
.
2
8
1
4

1
.
2
9
2
1

1
.
4
6
4
1

1
.
5
2
8
8

1
.
9
0
2
4

1
.
9
1
1
6

1
.
9
2
7
8

1
.
9
3
4
6

2
.
0
6
7
4

2
.
0
7
2
8

2
.
0
9
5
6

2
.
1
0
1
6

2
.
1
1
9
6

2
.
1
2
6
4

2
.
2
6
5
3

2
.
2
8
9
7

2
.
3
9
1
3

2
.
4
2
7
3

2
.
4
5
0
4

2
.
8
4
5
7

2
.
8
7
6
7

3
.
1
6
8
7

3
.
1
9
6
7

3
.
6
5
6
2

3
.
6
6
3
1

3
.
6
7
2
8

3
.
6
7
9
6

4
.
0
5
7
9

4
.
2
5
0
6

4
.
2
6
0
9

4
.
2
7
1
6

4
.
2
8
2
4

4
.
2
9
3
9

4
.
3
0
4
2

4
.
3
1
2
0

4
.
4
2
4
7

4
.
4
4
1
5

4
.
4
8
7
8

4
.
5
5
8
7

4
.
5
6
7
8

4
.
8
5
7
3

4
.
8
6
4
0

4
.
8
7
3
0

4
.
9
2
3
6

4
.
9
4
0
2

5
.
1
3
1
7

5
.
1
4
9
1

5
.
1
9
4
7

5
.
2
1
2
2

5
.
2
4
0
3

5
.
2
8
1
0

5
.
3
0
9
7

5
.
4
9
7
0

5
.
5
0
5
0

5
.
8
3
9
7

5
.
8
4
8
6

5
.
8
5
7
5

5
.
8
6
8
0

5
.
8
7
7
5

5
.
8
8
5
3

5
.
8
9
2
4

5
.
9
0
1
0

5
.
9
1
0
0

5
.
9
2
0
7

5
.
9
2
9
8

5
.
9
3
8
5

5
.
9
4
7
8

6
.
2
6
7
7

7
.
2
6
0
0
 
C
H
C
l
3

7
.
3
5
3
0

7
.
3
6
7
0

7
.
7
2
0
1

7
.
7
3
3
5

7
.
7
4
6
9

7
.
9
6
7
6

7
.
9
8
0
2

1
3
.
2
1
7
5

1
3
.
9
0
4
2

5
.
3
1

9
.
1
2

4
.
8
0

4
.
1
7

3
.
1
8

2
.
9
8

2
.
2
0

2
.
1
3

1
.
0
5

3
.
0
4

0
.
9
2

0
.
9
6

1
.
8
8

1
.
0
1

3
.
0
0

2
.
2
5

1
.
4
4

2
.
2
0

0
.
9
8

1
.
0
3

5
.
7
5

0
.
9
5

2
.
2
7

0
.
8
0

1
.
0
1

0
.
9
8

0
.
9
5

0
.
9
5

0
.
9
5

EDH-e-0784_C1F43-61 (1H, 600 MHz, CDCl3, 3 mm, NS = 16 scans, O1P  = 7.5 ppm, SW = 17 ppm)

Current Data Parameters
NAME         EDH-e-0784
EXPNO                22
PROCNO                1

F2 - Acquisition Parameters
Date_          20190723
Time               7.15 h
INSTRUM           spect
PROBHD   Z44896_0077 (C
PULPROG            zg30
TD                32768
SOLVENT           CDCl3
NS                   16
DS                    0
SWH           10204.082 Hz
FIDRES         0.622808 Hz
AQ            1.6056319 sec
RG                 7.12
DW               49.000 usec
DE                10.00 usec
TE                298.0 K
D1           2.00000000 sec
TD0                   1
SFO1        600.1345010 MHz
NUC1                 1H
P1                 9.25 usec
PLW1         6.35610008 W

F2 - Processing parameters
SI                32768
SF          600.1300140 MHz
WDW                  EM
SSB                   0
LB                 0.30 Hz
GB                    0
PC                 1.00
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13C{1H} NMR of Compound 275 (151 MHz, CDCl3) 
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EDH-e-0784_C1F43-61 (13C,{1H} 151 MHz, CDCl3, 3 mm, NS = 1024 scans)

Current Data Parameters
NAME         EDH-e-0784
EXPNO                24
PROCNO                1

F2 - Acquisition Parameters
Date_          20190723
Time               8.06 h
INSTRUM           spect
PROBHD   Z44896_0077 (C
PULPROG            zgpg
TD                32768
SOLVENT           CDCl3
NS                 1024
DS                    8
SWH           36231.883 Hz
FIDRES         2.211419 Hz
AQ            0.4521984 sec
RG                 1820
DW               13.800 usec
DE                10.00 usec
TE                298.0 K
D1           1.50000000 sec
D11          0.03000000 sec
TD0                   1
SFO1        150.9194080 MHz
NUC1                13C
P1                 5.00 usec
PLW1       178.91999817 W
SFO2        600.1330010 MHz
NUC2                 1H
CPDPRG[2        waltz16
PCPD2             70.00 usec
PLW2         6.35610008 W
PLW12        0.09372000 W
PLW13        0.04592300 W

F2 - Processing parameters
SI                32768
SF          150.9027915 MHz
WDW                  EM
SSB                   0
LB                 1.50 Hz
GB                    0
PC                 1.40
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1H-13C HSQC{1H}{13C} NMR of Compound 275 (1H-600 MHz, 13C-151 MHz, CDCl3) 
 Note: Blue = CH/CH3 | Red = CH2. 
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EDH-e-0784_C1F43-61 (HSQC{1H}{13C}, 600 MHz, CDCl3, 3 mm, O2P = 80 ppm)

Current Data Parameters
NAME         EDH-e-0784
EXPNO                23
PROCNO                1

F2 - Acquisition Parameters
Date_          20190723
Time               7.16 h
INSTRUM           spect
PROBHD   Z44896_0077 (C
PULPROG  hsqcedetgpsisp.2
TD                 1024
SOLVENT           CDCl3
NS                    2
DS                   16
SWH            7836.991 Hz
FIDRES        15.306623 Hz
AQ            0.0653312 sec
RG                 1820
DW               63.800 usec
DE                10.00 usec
TE                298.0 K
CNST2       145.0000000
CNST17       -0.5000000
D0           0.00000300 sec
D1           1.50000000 sec
D4           0.00172414 sec
D11          0.03000000 sec
D16          0.00020000 sec
D21          0.00344828 sec
D24          0.00086207 sec
IN0          0.00001840 sec
TDav                  1
SFO1        600.1330006 MHz
NUC1                 1H
P1                 9.25 usec
P2                18.50 usec
P28                   0 usec
PLW1         6.35610008 W
SFO2        150.9148812 MHz
NUC2                13C
CPDPRG[2          garp4
P3                15.00 usec
P14              500.00 usec
P24             2000.00 usec
PCPD2             60.00 usec
PLW0                  0 W
PLW2       178.91999817 W
PLW12       11.18299961 W
SPNAM[3] Crp60,0.5,20.1
SPOAL3            0.500
SPOFFS3               0 Hz
SPW3        61.50899887 W
SPNAM[7]    Crp60comp.4
SPOAL7            0.500
SPOFFS7               0 Hz
SPW7        61.50899887 W
GPNAM[1]     SMSQ10.100
GPZ1              80.00 %
GPNAM[2]     SMSQ10.100
GPZ2              20.10 %
P16             1000.00 usec

F1 - Acquisition parameters
TD                  256
SFO1           150.9149 MHz
FIDRES       212.296188 Hz
SW              180.061 ppm
FnMODE    Echo-Antiecho

F2 - Processing parameters
SI                 1024
SF          600.1300140 MHz
WDW               QSINE
SSB                   2
LB                    0 Hz
GB                    0
PC                 1.40

F1 - Processing parameters
SI                 1024
MC2       echo-antiecho
SF          150.9027915 MHz
WDW               QSINE
SSB                   2
LB                    0 Hz
GB                    0
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1H-1H COSY NMR of Compound 275 (600 MHz, CDCl3) 
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EDH-e-0781_C1F49-78 (COSY, 600 MHz, CDCl3, 3 mm, NS = 2 scans)

Current Data Parameters
NAME         EDH-e-0781
EXPNO                14
PROCNO                1

F2 - Acquisition Parameters
Date_          20190713
Time              22.32 h
INSTRUM           spect
PROBHD   Z44896_0077 (C
PULPROG        cosygpqf
TD                 2048
SOLVENT           CDCl3
NS                    2
DS                    8
SWH            7836.991 Hz
FIDRES         7.653311 Hz
AQ            0.1306624 sec
RG                  114
DW               63.800 usec
DE                10.00 usec
TE                298.0 K
D0           0.00000300 sec
D1           1.48689198 sec
D13          0.00000400 sec
D16          0.00020000 sec
IN0          0.00012760 sec
TDav                  1
SFO1        600.1330006 MHz
NUC1                 1H
P0                 4.65 usec
P1                 9.30 usec
PLW1         6.35610008 W
GPNAM[1]     SMSQ10.100
GPZ1              10.00 %
P16             1000.00 usec

F1 - Acquisition parameters
TD                  512
SFO1            600.133 MHz
FIDRES        30.613245 Hz
SW               13.059 ppm
FnMODE               QF

F2 - Processing parameters
SI                 1024
SF          600.1300143 MHz
WDW               QSINE
SSB                   0
LB                    0 Hz
GB                    0
PC                 1.40

F1 - Processing parameters
SI                 1024
MC2                  QF
SF          600.1300143 MHz
WDW               QSINE
SSB                   0
LB                    0 Hz
GB                    0
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1H-13C HMBC NMR of Compound 275 (1H-600 MHz, 13C-151 MHz, CDCl3)  
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EDH-e-0781_C1F49-78 (HMBC, 600 MHz, CDCl3, 3 mm, NS = 16 scans)

Current Data Parameters
NAME         EDH-e-0781
EXPNO                15
PROCNO                1

F2 - Acquisition Parameters
Date_          20190713
Time              23.02 h
INSTRUM           spect
PROBHD   Z44896_0077 (C
PULPROG    hmbcgplpndqf
TD                 2048
SOLVENT           CDCl3
NS                   16
DS                   16
SWH            7836.991 Hz
FIDRES         7.653311 Hz
AQ            0.1306624 sec
RG                 1820
DW               63.800 usec
DE                10.00 usec
TE                298.0 K
CNST2       145.0000000
CNST13        9.0000000
D0           0.00000300 sec
D1           1.50000000 sec
D2           0.00344828 sec
D6           0.05555556 sec
D16          0.00020000 sec
IN0          0.00001440 sec
TDav                  1
SFO1        600.1330006 MHz
NUC1                 1H
P1                 9.25 usec
P2                18.50 usec
PLW1         6.35610008 W
SFO2        150.9194083 MHz
NUC2                13C
P3                15.00 usec
PLW2       178.91999817 W
GPNAM[1]     SMSQ10.100
GPZ1              50.00 %
GPNAM[2]     SMSQ10.100
GPZ2              30.00 %
GPNAM[3]     SMSQ10.100
GPZ3              40.10 %
P16             1000.00 usec

F1 - Acquisition parameters
TD                  256
SFO1           150.9194 MHz
FIDRES       271.267365 Hz
SW              230.071 ppm
FnMODE               QF

F2 - Processing parameters
SI                 1024
SF          600.1300143 MHz
WDW               QSINE
SSB                   0
LB                    0 Hz
GB                    0
PC                 1.40

F1 - Processing parameters
SI                 1024
MC2                  QF
SF          150.9027915 MHz
WDW               QSINE
SSB                   0
LB                    0 Hz
GB                    0
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1H-1H ROESY NMR of Compound 275 (1H-600 MHz, CDCl3) 
 Note: Blue = diagonal/chemical exchange | Red = ROESY cross peaks. 
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EDH-e-0781_C1F49-78 (ROESY, 600 MHz, CDCl3, 3 mm)

Current Data Parameters
NAME         EDH-e-0781
EXPNO                17
PROCNO                1

F2 - Acquisition Parameters
Date_          20190715
Time              15.49 h
INSTRUM           spect
PROBHD   Z44896_0077 (C
PULPROG     roesyetgp.2
TD                 2048
SOLVENT           CDCl3
NS                    8
DS                    4
SWH            7836.991 Hz
FIDRES         7.653311 Hz
AQ            0.1306624 sec
RG                  203
DW               63.800 usec
DE                10.00 usec
TE                298.0 K
D0           0.00000300 sec
D1           1.48689198 sec
D11          0.03000000 sec
D16          0.00020000 sec
IN0          0.00012760 sec
L4                 1190
P15           200000.00 usec
TDav                  1
SFO1        600.1330006 MHz
NUC1                 1H
P1                10.38 usec
P2                20.75 usec
P25               84.00 usec
PLW1         6.35610008 W
PLW27        0.30829999 W
GPNAM[1]     SMSQ10.100
GPZ1              30.00 %
GPNAM[2]     SMSQ10.100
GPZ2              30.00 %
P16             1000.00 usec

F1 - Acquisition parameters
TD                  512
SFO1            600.133 MHz
FIDRES        30.613245 Hz
SW               13.059 ppm
FnMODE    Echo-Antiecho

F2 - Processing parameters
SI                 2048
SF          600.1300143 MHz
WDW               QSINE
SSB                   2
LB                    0 Hz
GB                    0
PC                 1.40

F1 - Processing parameters
SI                 2048
MC2       echo-antiecho
SF          600.1300143 MHz
WDW               QSINE
SSB                   2
LB                    0 Hz
GB                    0
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1H NMR of DNR-AMA Hybrid (24•2TFA) (600 MHz, CD3OD) 
 Note: Unassigned impurity(ies) indicated with asterisk (*). 
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EDH-e-0913_C3F15-After Lyophilization
(1H, 600 MHz, CD3OD, 3 mm, NS = 16 scans, O1P = 7.5 ppm, SW = 17 ppm, DS = 4 scans, d1 = 10 sec)

Current Data Parameters
NAME         EDH-e-0913
EXPNO                22
PROCNO                3

F2 - Acquisition Parameters
Date_          20200217
Time              14.43 h
INSTRUM           spect
PROBHD   Z44896_0077 (C
PULPROG            zg30
TD                32768
SOLVENT            MeOD
NS                   16
DS                    4
SWH           10204.082 Hz
FIDRES         0.622808 Hz
AQ            1.6056319 sec
RG                    8
DW               49.000 usec
DE                10.00 usec
TE                298.0 K
D1          10.00000000 sec
TD0                   1
SFO1        600.1345010 MHz
NUC1                 1H
P1                 9.25 usec
PLW1         6.35610008 W

F2 - Processing parameters
SI                32768
SF          600.1300114 MHz
WDW                  EM
SSB                   0
LB                 0.30 Hz
GB                    0
PC                 1.00

 
DNR-AMA Hybrid (24•2TFA) 

•2TFA

OH3C

HO CH3
(H3C)2N

OH3C
CH3

O

O

OH

OH

O

CH3

H3CO

OH

N(CH3)2

O

O



403 

1H NMR of DNR-AMA Hybrid (24•2TFA) (600 MHz, CD3OD) 
 Note 1: Selected expansions of spectrum on page S396. 
 Note 2: Unassigned impurity(ies) indicated with asterisk (*). 
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EDH-e-0913_C3F15-After Lyophilization
(1H, 600 MHz, CD3OD, 3 mm, NS = 16 scans, O1P = 7.5 ppm, SW = 17 ppm, DS = 4 scans, d1 = 10 sec)

Current Data Parameters
NAME         EDH-e-0913
EXPNO                22
PROCNO                3

F2 - Acquisition Parameters
Date_          20200217
Time              14.43 h
INSTRUM           spect
PROBHD   Z44896_0077 (C
PULPROG            zg30
TD                32768
SOLVENT            MeOD
NS                   16
DS                    4
SWH           10204.082 Hz
FIDRES         0.622808 Hz
AQ            1.6056319 sec
RG                    8
DW               49.000 usec
DE                10.00 usec
TE                298.0 K
D1          10.00000000 sec
TD0                   1
SFO1        600.1345010 MHz
NUC1                 1H
P1                 9.25 usec
PLW1         6.35610008 W

F2 - Processing parameters
SI                32768
SF          600.1300114 MHz
WDW                  EM
SSB                   0
LB                 0.30 Hz
GB                    0
PC                 1.00
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13C NMR of DNR-AMA Hybrid (24•2TFA) (151 MHz, CD3OD) 
 Note: Unassigned impurity(ies) indicated with asterisk (*). 
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EDH-e-0913_C3F15-After Lyophilization (13C, 151 MHz, CD3OD, 3 mm, NS = 16384 scans)

Current Data Parameters
NAME         EDH-e-0913
EXPNO                27
PROCNO                1

F2 - Acquisition Parameters
Date_          20200218
Time               8.44 h
INSTRUM           spect
PROBHD   Z44896_0077 (C
PULPROG            zgpg
TD                32768
SOLVENT            MeOD
NS                16384
DS                    8
SWH           36231.883 Hz
FIDRES         2.211419 Hz
AQ            0.4521984 sec
RG                 1820
DW               13.800 usec
DE                10.00 usec
TE                298.0 K
D1           1.50000000 sec
D11          0.03000000 sec
TD0                   1
SFO1        150.9194080 MHz
NUC1                13C
P1                 5.00 usec
PLW1       178.91999817 W
SFO2        600.1330010 MHz
NUC2                 1H
CPDPRG[2        waltz16
PCPD2             70.00 usec
PLW2         6.35610008 W
PLW12        0.09372000 W
PLW13        0.04592300 W

F2 - Processing parameters
SI                32768
SF          150.9025961 MHz
WDW                  EM
SSB      0
LB                 1.50 Hz
GB       0
PC                 1.40

444546 ppm
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1H-13C HSQC{1H}{13C} NMR of DNR-AMA Hybrid (24•2TFA) (1H-600 MHz, 13C-151 MHz, CD3OD) 

 Note 1: Blue = CH/CH3 | Red = CH2. 
 Note 2: Unassigned impurity(ies) indicated with asterisk (*). 
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EDH-e-0913_C3F15-After Lyophilization (HSQC{1H}{13C}, 600 MHz, CD3OD, 3 mm, NS = 16 scans, O2P  = 80 ppm)

Current Data Parameters
NAME         EDH-e-0913
EXPNO                23
PROCNO                1

F2 - Acquisition Parameters
Date_          20200217
Time              14.44 h
INSTRUM           spect
PROBHD   Z44896_0077 (C
PULPROG  hsqcedetgpsisp.2
TD                 1024
SOLVENT            MeOD
NS                   16
DS                   16
SWH            7836.991 Hz
FIDRES        15.306623 Hz
AQ            0.0653312 sec
RG                 1820
DW               63.800 usec
DE                10.00 usec
TE                298.0 K
CNST2       145.0000000
CNST17       -0.5000000
D0           0.00000300 sec
D1           1.50000000 sec
D4           0.00172414 sec
D11          0.03000000 sec
D16          0.00020000 sec
D21          0.00344828 sec
D24          0.00086207 sec
IN0          0.00001840 sec
TDav                  1
SFO1        600.1330006 MHz
NUC1                 1H
P1                 9.25 usec
P2                18.50 usec
P28      0 usec
PLW1         6.35610008 W
SFO2        150.9148812 MHz
NUC2                13C
CPDPRG[2          garp4
P3                15.00 usec
P14              500.00 usec
P24             2000.00 usec
PCPD2             60.00 usec
PLW0     0 W
PLW2       178.91999817 W
PLW12       11.18299961 W
SPNAM[3] Crp60,0.5,20.1
SPOAL3            0.500
SPOFFS3  0 Hz
SPW3        61.50899887 W
SPNAM[7]    Crp60comp.4
SPOAL7            0.500
SPOFFS7  0 Hz
SPW7        61.50899887 W
GPNAM[1]     SMSQ10.100
GPZ1              80.00 %
GPNAM[2]     SMSQ10.100
GPZ2              20.10 %
P16             1000.00 usec

F1 - Acquisition parameters
TD                  256
SFO1           150.9149 MHz
FIDRES       212.296188 Hz
SW              180.061 ppm
FnMODE    Echo-Antiecho

F2 - Processing parameters
SI                 1024
SF          600.1300114 MHz
WDW               QSINE
SSB                   2
LB       0 Hz
GB       0
PC                 1.40

F1 - Processing parameters
SI                 1024
MC2       echo-antiecho
SF          150.9025961 MHz
WDW               QSINE
SSB                   2
LB       0 Hz
GB       0
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Coupled 1H-13C HSQC NMR of DNR-AMA Hybrid (24•2TFA) (1H-600 MHz, 13C-151 MHz, CD3OD) 

 Note: Blue = CH/CH3 | Red = CH2. 
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EDH-e-0913_C1F15-After Lyophilization ("Coupled" HSQC, 600 MHz, CD3OD, 3 mm, NS = 32 scans)

Current Data Parameters
NAME         EDH-e-0913
EXPNO                29
PROCNO                1

F2 - Acquisition Parameters
Date_          20200219
Time               9.11 h
INSTRUM           spect
PROBHD   Z44896_0077 (C
PULPROG  hsqcedetgpsisp.2
TD                 1024
SOLVENT            MeOD
NS                   32
DS                   16
SWH            1200.384 Hz
FIDRES         2.344500 Hz
AQ            0.4265301 sec
RG                 1820
DW              416.533 usec
DE                10.00 usec
TE                298.0 K
CNST2       145.0000000
CNST17       -0.5000000
D0           0.00000300 sec
D1           1.50000000 sec
D4           0.00172414 sec
D11          0.03000000 sec
D16          0.00020000 sec
D21          0.00344828 sec
D24          0.00086207 sec
IN0          0.00001840 sec
TDav                  1
SFO1        600.1331507 MHz
NUC1                 1H
P1                 9.25 usec
P2                18.50 usec
P28      0 usec
PLW1         6.35610008 W
SFO2        150.9158168 MHz
NUC2                13C
CPDPRG[2          garp4
P3                15.00 usec
P14              500.00 usec
P24             2000.00 usec
PCPD2             60.00 usec
PLW0     0 W
PLW2       178.91999817 W
PLW12    0 W
SPNAM[3] Crp60,0.5,20.1
SPOAL3            0.500
SPOFFS3  0 Hz
SPW3        61.50899887 W
SPNAM[7]    Crp60comp.4
SPOAL7            0.500
SPOFFS7  0 Hz
SPW7        61.50899887 W
GPNAM[1]     SMSQ10.100
GPZ1              80.00 %
GPNAM[2]     SMSQ10.100
GPZ2              20.10 %
P16             1000.00 usec

F1 - Acquisition parameters
TD                  128
SFO1           150.9158 MHz
FIDRES       424.592377 Hz
SW              180.060 ppm
FnMODE    Echo-Antiecho

F2 - Processing parameters
SI                 1024
SF          600.1300114 MHz
WDW               QSINE
SSB                   2
LB       0 Hz
GB       0
PC                 1.40

F1 - Processing parameters
SI                 1024
MC2       echo-antiecho
SF          150.9025961 MHz
WDW               QSINE
SSB                   2
LB       0 Hz
GB       0

C7: 1JCH = 145 Hz

C1’: 1JCH = 171 Hz

C1’’: 1JCH = 170 Hz
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1H-1H COSY NMR DNR-AMA Hybrid (24•2TFA) (600 MHz, CD3OD) 
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EDH-e-0913_C3F15-After Lyophilization (COSY, 600 MHz, CD3OD, 3 mm, NS = 4 scans)

Current Data Parameters
NAME         EDH-e-0913
EXPNO                24
PROCNO                1

F2 - Acquisition Parameters
Date_          20200217
Time              16.34 h
INSTRUM           spect
PROBHD   Z44896_0077 (C
PULPROG        cosygpqf
TD                 2048
SOLVENT            MeOD
NS                    4
DS                    8
SWH            7836.991 Hz
FIDRES         7.653311 Hz
AQ            0.1306624 sec
RG                 1820
DW               63.800 usec
DE                10.00 usec
TE                298.0 K
D0           0.00000300 sec
D1           1.48689198 sec
D13          0.00000400 sec
D16          0.00020000 sec
IN0          0.00012760 sec
TDav                  1
SFO1        600.1330006 MHz
NUC1                 1H
P0                 4.65 usec
P1                 9.30 usec
PLW1         6.35610008 W
GPNAM[1]     SMSQ10.100
GPZ1              10.00 %
P16             1000.00 usec

F1 - Acquisition parameters
TD                  512
SFO1            600.133 MHz
FIDRES        30.613245 Hz
SW               13.059 ppm
FnMODE               QF

F2 - Processing parameters
SI                 1024
SF          600.1300114 MHz
WDW               QSINE
SSB      0
LB       0 Hz
GB       0
PC                 1.40

F1 - Processing parameters
SI                 1024
MC2                  QF
SF          600.1300114 MHz
WDW               QSINE
SSB      0
LB       0 Hz
GB       0
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1H-13C HMBC NMR DNR-AMA Hybrid (24•2TFA) (1H-600 MHz, 13C-151 MHz, CD3OD) 
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EDH-e-0913_C3F15-After Lyophilization (HMBC, 600 MHz, CD3OD, 3 mm, NS = 32 scans)

Current Data Parameters
NAME         EDH-e-0913
EXPNO                25
PROCNO                1

F2 - Acquisition Parameters
Date_          20200217
Time              17.33 h
INSTRUM           spect
PROBHD   Z44896_0077 (C
PULPROG    hmbcgplpndqf
TD                 2048
SOLVENT            MeOD
NS                   32
DS                   16
SWH            7836.991 Hz
FIDRES         7.653311 Hz
AQ            0.1306624 sec
RG                 1820
DW               63.800 usec
DE                10.00 usec
TE                298.0 K
CNST2       145.0000000
CNST13        9.0000000
D0           0.00000300 sec
D1           1.50000000 sec
D2           0.00344828 sec
D6           0.05555556 sec
D16          0.00020000 sec
IN0          0.00001440 sec
TDav                  1
SFO1        600.1330006 MHz
NUC1                 1H
P1                 9.25 usec
P2                18.50 usec
PLW1         6.35610008 W
SFO2        150.9194083 MHz
NUC2                13C
P3                15.00 usec
PLW2       178.91999817 W
GPNAM[1]     SMSQ10.100
GPZ1              50.00 %
GPNAM[2]     SMSQ10.100
GPZ2              30.00 %
GPNAM[3]     SMSQ10.100
GPZ3              40.10 %
P16             1000.00 usec

F1 - Acquisition parameters
TD                  256
SFO1           150.9194 MHz
FIDRES       271.267365 Hz
SW              230.071 ppm
FnMODE               QF

F2 - Processing parameters
SI                 1024
SF          600.1300114 MHz
WDW               QSINE
SSB                   0
LB                    0 Hz
GB                    0
PC                 1.40

F1 - Processing parameters
SI                 1024
MC2                  QF
SF          150.9025961 MHz
WDW               QSINE
SSB                   0
LB                    0 Hz
GB                    0
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1H-1H ROESY NMR DNR-AMA Hybrid (24•2TFA) (600 MHz, CD3OD)  

 Note: Blue = diagonal/chemical exchange | Red = ROESY cross peaks. 
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EDH-e-0913_C3F15-After Lyophilization (ROESY, 600 MHz, CD3OD, 3 mm, NS = 8 scans)

Current Data Parameters
NAME         EDH-e-0913
EXPNO                26
PROCNO                1

F2 - Acquisition Parameters
Date_          20200217
Time              21.25 h
INSTRUM           spect
PROBHD   Z44896_0077 (C
PULPROG     roesyetgp.2
TD                 2048
SOLVENT            MeOD
NS                    8
DS                    4
SWH            7836.991 Hz
FIDRES         7.653311 Hz
AQ            0.1306624 sec
RG                  203
DW               63.800 usec
DE                10.00 usec
TE                298.0 K
D0           0.00000300 sec
D1           1.48689198 sec
D11          0.03000000 sec
D16          0.00020000 sec
IN0          0.00012760 sec
L4                 1190
P15           200000.00 usec
TDav                  1
SFO1        600.1330006 MHz
NUC1                 1H
P1                10.38 usec
P2                20.75 usec
P25               84.00 usec
PLW1         6.35610008 W
PLW27        0.30829999 W
GPNAM[1]     SMSQ10.100
GPZ1              30.00 %
GPNAM[2]     SMSQ10.100
GPZ2              30.00 %
P16             1000.00 usec

F1 - Acquisition parameters
TD                  512
SFO1            600.133 MHz
FIDRES        30.613245 Hz
SW               13.059 ppm
FnMODE    Echo-Antiecho

F2 - Processing parameters
SI                 2048
SF          600.1300114 MHz
WDW               QSINE
SSB                   2
LB                    0 Hz
GB                    0
PC                 1.40

F1 - Processing parameters
SI                 2048
MC2       echo-antiecho
SF          600.1300114 MHz
WDW               QSINE
SSB                   2
LB                    0 Hz
GB                    0
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1H-1H ROESY NMR DNR-AMA Hybrid (24•2TFA) (600 MHz, CD3OD)  

 Note 1: Blue = diagonal/chemical exchange | Red = ROESY cross peaks. 
 Note 2: Same spectrum with increased intensity and smaller spectral window as compared to ROESY on page S409. 
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EDH-e-0913_C3F15-After Lyophilization (ROESY, 600 MHz, CD3OD, 3 mm, NS = 8 scans)
Note: Sample was NOT degassed for this experiment.

Current Data Parameters
NAME         EDH-e-0913
EXPNO                26
PROCNO                1

F2 - Acquisition Parameters
Date_          20200217
Time              21.25 h
INSTRUM           spect
PROBHD   Z44896_0077 (C
PULPROG     roesyetgp.2
TD                 2048
SOLVENT            MeOD
NS                    8
DS                    4
SWH            7836.991 Hz
FIDRES         7.653311 Hz
AQ            0.1306624 sec
RG                  203
DW               63.800 usec
DE                10.00 usec
TE                298.0 K
D0           0.00000300 sec
D1           1.48689198 sec
D11          0.03000000 sec
D16          0.00020000 sec
IN0          0.00012760 sec
L4                 1190
P15           200000.00 usec
TDav                  1
SFO1        600.1330006 MHz
NUC1                 1H
P1                10.38 usec
P2                20.75 usec
P25               84.00 usec
PLW1         6.35610008 W
PLW27        0.30829999 W
GPNAM[1]     SMSQ10.100
GPZ1              30.00 %
GPNAM[2]     SMSQ10.100
GPZ2              30.00 %
P16             1000.00 usec

F1 - Acquisition parameters
TD                  512
SFO1            600.133 MHz
FIDRES        30.613245 Hz
SW               13.059 ppm
FnMODE    Echo-Antiecho

F2 - Processing parameters
SI                 2048
SF          600.1300114 MHz
WDW               QSINE
SSB                   2
LB                    0 Hz
GB                    0
PC                 1.40

F1 - Processing parameters
SI                 2048
MC2       echo-antiecho
SF          600.1300114 MHz
WDW               QSINE
SSB                   2
LB                    0 Hz
GB                    0
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DNR-AMA Hybrid (24•2TFA) 
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Lemonose

24•2TFA: Conformational Analysis of the Lemonose Sugar[a] 
 

 
ROESY correlations (as well as the anomalous 3JH1’’-H2’’ coupling constants of 8.0 and 
4.0 Hz) indicate that the reducing sugar does not solely occupy the canonical 1C4 
conformation; rather, as indicated by the ROESY correlations highlighted to the right, 
the non-reducing sugar exists in conformational equilibrium and/or an intermediate 
conformation not pictured here. 
 
[a] Full deuterium exchange (alcohol and protonated amine) was assumed. 
[b] Tentative ROESY correlation defined as a correlation in which only 1 of the 2 possible cross 
peaks are easily discernible.  
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