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General Remarks

'H NMR spectra were recorded on AV-200 MHz, AV-400 MHz, and DRX-500 MHz
spectrometer using tetramethylsilane (TMS) as an internal standard. Chemical shifts
have been expressed in ppm units downfield from TMS.

13C NMR spectra were recorded on AV-50 MHz, AV-100 MHz, and DRX-125 MHz
spectrometer.

Mass spectra were recorded on Applied Biosystems APl QSTAR Pulsar Mass
Spectrometer (Electro spray ionization, direct infusion method, solvents used
acetonitrile/methanol). EI Mass spectra were recorded on Finngan MAT-1020
spectrometer at 70 eV using a direct inlet system. Mass spectra were recorded on
Waters LCMS-UPLC systems.

Elemental analysis was carried out on Thermo Finnigan Flash EA 1112 series
analyzer.

Infrared spectra were scanned on Shimadzu IR 470 and Perkin-Elmer 683 or 1310
spectrometers with sodium chloride optics and are measured in cm™.

Optical rotations were measured with a JASCO DIP 370 digital polarimeter.

All reactions are monitored by Thin Layer chromatography (TLC) carried out on 0.25
mm E-Merck silica gel plates (60F-254) with UV light, I, and anisaldehyde in
ethanol as developing agents.

All reactions were carried out under nitrogen or argon atmosphere with dry, freshly
distilled solvents under anhydrous conditions unless otherwise specified. Yields refer
to chromatographically and spectroscopically homogeneous materials unless
otherwise stated.

All evaporations were carried out under reduced pressure on Biichi rotary evaporator
below 45 °C unless otherwise specified.

Silica gel (60-120), (100-200), and (230-400) mesh were used for column
chromatography.

Scheme, Figure and Compound numbers in abstract and individual chapters are
different.



Abbreviations

Ac Acetyl/Acetate

Ac,0 Acetic anhydride

CAN Acetonitrile

All Allyl
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Abstract

Thesis Organization : The thesis entitled Alkyl Glycosides as Stable Glycosyl Donors
for Oligosaccharide Synthesis is organized into three chapters.

The first chapter highlights the utility of orthogonal activation strategy with
respect to propargyl and pentenyl glycosides for the synthesis of oligosaccharides,
whereas the second chapter describes the development of stable glycosyl donors, alkyl
glycosides as novel glycosyl donors using catalytic AuBr; for the synthesis of
glycosides, disaccharides, oligosaccharides and glycoconjugates. The third chapter
enables the exploitation of methyl glycosides for the synthesis of C-2 functionalized

glycosides, di-saccharides and interesting bi-cyclic lactones.

Chapter 1: Oligosaccharide synthesis using orthogonal activation strategy of

propargyl and n-pentenyl glycosides

Glycoconjugates and oligosaccharides are the most functionally and structurally
diverse molecules in nature and it is now well established that membrane bound
saccharides play essential roles in many biological processes namely fertilization,
embryogenesis, neuronal development, hormone activities, the proliferation of cells and
their organization into specific tissues etc impacting eukaryotic biology and disease. The
major drawbacks in the study of glycoconjugates are the low availability of pure samples
from nature, low concentrations and in micro heterogeneous forms, which complicates
their isolation and characterization. Therefore, the chemical synthesis of oligosaccharides

of biological importance is essential.

In our laboratory, propargyl glycosides as well as propargyl 1, 2-orthoesters
were identified as novel and stable glycosyl donors in the presence of catalytic AuBrs;
for the glycoconjugate synthesis. By considering biological significance of
oligosaccharides we got interested in synthesizing them using orthogonal activation
strategy as propargyl and n-pentenyl glycosides can be activated independently and the

strategy needs less number of steps to synthesize.



Scheme 1 Orthogonal Activation of Propargyl and n-Pentenyl Glycosides
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Accordingly, propargyl glycosyl donor 1 was reacted with n-pentenyl glucoside
as an aglycone 2a in the presence of 10 mol% of AuBrz in acetonitrile at 65°C for 12h
to obtain 20% vyield of the disaccharide 3a (Scheme 1) and the yield could be improved
to 65% by switching the protecting groups of the aglycone from armed benzyl ethers to
disarmed benzoyl esters as in 2b to get the corresponding disaccharide 3b.

Similarly, the n-pentenyl mannosyl donor 4 was reacted with propargyl
containing aglycones 5a and 5b to get the disaccharides 6a and 6b in 68 and 66% yield
respectively. The poor yield in the case of 1+2a to give 3a can be attributed to our
recent observations that AuBr; also activates n-pentenyl glycosides at higher

temperature.

Thus we studied the utility of orthogonal activation strategy using propargyl 1, 2-
orthoesters as glycosyl donors and n-pentenyl glycosides as aglycones since propargyl
1,2-ortho esters would act as glycosyl donors at the room temperature. Accordingly, a
gold catalyzed glycosylation reaction between propargyl orthoester 7a and aglycone 2a
was successfully carried out at room temperature in CH,CI; to obtain the disaccharide 8
as an n-pentenyl glycoside (Scheme 2).

In other way, the reaction between n-pentenyl orthoester 7b and the propargyl
glucoside 5a in the presence of NIS/Yb(OTf)s; in CH,Cl, showed the orthogonality to

result in the isolation of disaccharide 9 as a propargyl glycoside in 69% vyield. The



protocol was then extended to various other aglycones (10, 12) and glycosyl donors (14,

15, 16) to get corresponding propargyl and pentenyl oligosaccharides (17-28) (Scheme 2).

Scheme 2 Activation of Propargyl Orthoesters in the Presence of n-PentenylGlycosides
and Vice versa
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Then we studied the utility of orthogonal activation strategy for the synthesis of
higher oligosaccharides. Propargyl orthoester 7a was allowed to react with aglycone 29
to give disaccharide 30 with pentenyl group at the reducing end, which was activated in

the presence of propargyl glucoside 5b to give trisaccharide 31 (Scheme 3).

Scheme 3 Synthesis of Propargyl Tri-saccharide: general applicability
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Similarly, pentenyl orthoester 7b was allowed to react with aglycone 32 to give
disaccharide 33 with Propargyl group at the reducing end, which was activated in the
presence of pentenyl glycoside 34 to give tri saccharide 35 with pentenyl group at the
reducing end (Scheme 4).

Scheme 4 Synthesis of Pentenyl Tri-saccharide: general applicability
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Using the same orthogonal strategy, we synthesized tetra saccharides with
propargyl and pentenyl groups at the reducing end. The reaction between lactose
propargyl orthoester 15a and aglycone 29 resulted in the formation of trisaccharide 36
with pentenyl group at the reducing end which was further activated in the presence of

acceptor 5b to give propargyl tetra saccharide 37 (Scheme 5).

Scheme 5 Synthesis of Propargyl Tetra-saccharide: general applicability
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In contrast, the reaction between lactose pentenyl orthoester 15a and aglycone 32
resulted in the formation of tri- saccharide 38 with propargyl group at the reducing end
which was further activated in the presence of acceptor 2b to give pentenyl tetra

saccharide 39 (Scheme 6).

Vi



Scheme 6 Synthesis of Pentenyl Tetra-saccharide: general applicability
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In conclusion, we studied the orthogonal activation strategy using propargyl and
n-pentenyl glycosides. We observed that n-pentenyl glycosides can be activated to
become glycosyl donors in the presence of propargyl glycosides as aglycones. In
addition, propargyl 1,2-orthoesters were found to behave as glycosyl donors with n-
pentenyl glycosides as aglycones and vice versa. Synthesis of tetra saccharides
containing propargyl and n-pentenyl groups at the reducing end were achieved in good
yields.

Chapter 2: Alkyl glycosides as stable glycosyl donors for oligosaccharide synthesis.

The development of stable, efficient and stereoselective glycosylation
methodologies has attracted a great deal of attention in recent years due to the biological
significance of many complex oligosaccharides and glycoconjugates. To date, many
innovative glycosylation methodologies have been developed. However, most of these
address the preparation of pyranose glycosides. In contrast, studies on stereoselective
furanosylation have been more limited. So, there is a need for methods that enable the
preparation of furanosides in a stereoselective manner, given the critical role that
glycoconjugates containing these residues play in the life cycle of a number of

microorganisms.

As propargyl pyranosides were exploited for the synthesis of various glyco-
conjugates using catalytic gold salts in our laboratory, we target utilization of the method
for the synthesis of furanosyl glycosides which are xenobiotic in nature to humans. To

begin our investigation, propargyl 2,3,5-tri-O-benzyl-(a/B)-riboside (40a) and methyl 2,
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3, 4-Tri-O-benzoyl- a-D-glucopyranoside (41a) were treated with AuCls in acetonitrile
under argon to result the formation of 1,2- trans stereoselective disaccharide 42a (Table
1). But the reaction was not completed even after 48h. We screened various catalysts as
well as their combinations and the best results for the trans glycosylation was observed
with the combination of AuBr; and AgOTT. Latter we explored methodology by AuBrs,
AgOTf and RT as standard conditions with different aglycones (41a-41e) to get 1, 2-trans

glycosides as well as disaccharides (42a-42e) in a stereo selective manner.

Table 1 Optimization of catalyst

Oé\/le
Z
< o 5
BnO O e} . BnO o
R
/Q. " Bzo/% eaction OBz
O
BzOOoMe

B> Conditions OBz
BnO,0208" #a BnO  OBn 45,
Entries Reagents Temparature(°c) Time(h) % Yield

1 15mol% AuCl3,CH3CN RT 48 41
2 15 mol% AuBrz,CH3;CN RT 48 55
3 15 mol% AuCl3,AgBF,4,CH3;CN RT 24 54
4 15 mol% AuClz,AgOTf,CH;CN RT 2 60
5 15 mol% AuBr3,AgOTf,CH;CN RT 2 72
6 15 mol% AuBr3,AgOTf,CH3;CN 60 12 72

We extended the scope of the method to Lyxo- (40c), Arabino- (40e), Xylo- (40g),
and furanosides to get corresponding glycosides(43b-45b, 43c-45¢ ) and
disaccharides(43a-45a, 43d-45d, 443e) (Scheme 7). Interestingly, we observed single 1,
2-trans selectivity in case of lyxo- (40c) furanosides also, whereas (o/3) mixture in case

of xylo- (40g) and arabino- (40e) furanosides.

During the course of the synthesis of lyxo- furanosides, the serendipitous
observation of cleavage of methyl glycosides, followed by the attack of aglycone results
the formation of di-saccharide was observed, which is a ground breaking result because of

their quite stability and never acts as glycosyl donor before.



Scheme 7 Synthesis of furanosyl glycosides & Di-saccharides
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So we explored methyl furanosides as glycosyl donors for the synthesis of various
glycosides and di-saccharides. Methyl ribo-(40b), Lyxo-(40d), Arabinao-(40f) and Xylo-
(40h) furanosides were treated with various glycosyl acceptors(4la-4le) to get
corresponding glycosides(42b-45b, 42c-45c, ) and disaccharides(42a-45a, 42d-45d, 42e,
43e) (Scheme 7).

Scheme 8 Synthesis of disaccharide: way to novel glycosyl donor
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Similar kind of cleavage of methyl glycosides were observed with pyranosides as
well.  While glycoconjugate syntheses, we contemplated upon utilizing propargyl
mannopyranoside (1) as glycosyl donor and aglycone 46a to synthesize a disaccharide

47a in the presence of 5 mol% of AuCls in acetonitrile at 70°C.Gratifyingly, we observed

X



the formation of disaccharide 47a along with 20% of 1,6-anhydro sugar derivative 48a
(Scheme 8). Interestingly, 1,6-anhydro derivative 48a was not observed when the Au-
mediated reactions were conducted at 25°C indicating the strong temperature dependence.
Formation of 48a could be prevented by changing the protecting group from more
reactive benzyls to less reactive benzoates 41a to afford disaccharide 47b (Scheme 8).
which indicates activation of methyl glucoside of 46a leading to the oxocarbenium ion
which could have been trapped by the primary hydroxyl group in an intramolecular
fashion.

Thus methyl per-O-benzyl-a-D-mannopyranoside (49a) was allowed to react with
aglycone 41a in the presence of AuClz in acetonitrile at 70°C for 24h to afford the
disaccharide 47b in 47% yield (Entry 1, Table 2).

Table 2 Optimization of catalyst & alkyl glycosides
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OBn ( OBz
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Entry Ry Catalyst D};nory % Yield Entry R, Cataly st E{)no,y % Yield
1. -CHs AuCl; 49a 47 8. -CHjg BF3 Et,O 49a 47
2. -CHz AuBrs 49a 65 9 CH, Sc(OTf)s 49a 46
3. -CH; AuC 49a 32 10. -CH,CH;  AuBrs 49b 31
4. -CHz Auy03 49a O 11, _CH(CHs), AuBry 49c 45
5. -CH3 Au(PPh3)Cl 49a 0 42, -CH,Ph AuBr, 49d 10
6. -CHz HAuCl, 49a 55 13. -Cholesteryl AuBrs 49e 5
7. -CHy AuBrg,Et;N  49a 0 14 -Alyl AuBr 49of 15

Changing the catalyst to AuBr3 increased the yield to 65%, AuCl resulted in 32%
of the disaccharide 47b whereas Au,O3; and AuPPh3ClI did not show any disaccharide 47b
even after 36h (Entries 2-5). HAuCIl, promoted the glycosylation affording 47b in 55%
yield along with 15% of the unwanted lactol (Entry 6). Addition of organic bases such as

triethylamine was detrimental to the progress of the reaction (Entry 7). The efficacy of
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the reaction was also checked with other Lewis acids [BF3.Et,O and Sc(OTf);] and found

to give low yields (Entries 8,9).

The effect of AuBr3 in acetonitrile on selected panel of alkyl glycosides (49b-49f)
was then investigated. Interestingly, ethyl- (49b), isopropyl- (49c) mannosides gave
disaccharide 47b in average yields whereas benzyl- (49d), cholesteryl- (49e) and allyl-
(49f) glycosides resulted in poor yields of 47b (Entries 10-14).

Furthermore, the scope of the reaction was gauged by a panel of aglycones
comprising benzyl alcohol (41f), 4-penten-1-ol (41b), menthol (41c), cholesterol (41g),
and sugar aglycones (41h-41j) and found that the methyl mannoside (49a) behaves as a
glycosyl donor giving good yields of corresponding glycosides (50b, 50c, 50f) and
disaccharides (50h-50j) except with 41g which can be attributed to the poor solubility of

cholesterol d in acetonitrile(Scheme 9).

Scheme 9 Synthesis of glycoconjugates from methyl glycosides
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It is pertinent to declare that the current strategy has been successfully extended to
the methyl per-O-benzylated glucoside (49g) and galactoside (49h) to obtain
disaccharides (51h-51j, 53h-53j) as a, PB-mixtures (Scheme 9). In addition, we

Xii



synthesized tri- and tetra saccharides (54b, 56) using the similar protocol from the

corresponding di- and tri saccharides (53, 55) (Scheme 10).

Scheme 10 Synthesis of tri- and tetra- saccharides using methyl glycosides
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In conclusion, propargyl as well as methyl furanosides were developed as glycosyl
donors for the synthesis of glycosides and disaccharides. Methyl glycosides were
identified as novel and stable glycosyl donors. A diverse range of aglycones are shown to
react with methyl glycosides, resulting in the formation of corresponding glycosides and
disaccharides in good yields. Interesting to note that tri- and tetra- saccharides were
synthesized from respective di- and tri- saccharides exploiting salient features of this

novel glycosylation protocol.

Chapter 3: Synthesis of C-2 functionalized glycosides exploiting methyl glycosides

Synthesis of C-2 functionalized glycosides has got its importance because of their
promising biological activities. Glycosamine containing glycopeptides and glycolipids
play pivotal roles in a variety of cellular processes such as cell-cell adhesion, cell growth,
fertilization and infection. Artificial and unnatural N-functionalized glucosamines were
transferases.

studied as substrates for the inhibition of N-acetylglucosaminyl
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Additionally, glycosamine homologs are interesting as they modulate the cellular

molecular recognition events.

Since we identified the methyl glycosides acts as stable glycosyl donors and can
be activated by catalytic gold, we thought of using the methodology for the synthesis of
2-C-nitromethyl glycosides as well as disaccharides. Radical addition of nitromethane to
the tri-O-Bn Glucal(57) using ceric ammonium nitrate generalized by Prof. Torsten
Linker led to the formation of 2-C-nitromethyl glucoside (58), which upon reaction with
various aglycones (4la-41c, 41f, 419, 41i, 41k, 41l) using catalytic amount gold salts
resulted to corresponding glycosides (59b,59c¢, 59f, 59¢g) and disaccharides (59a, 59i, 59K,
591) (Scheme 11). Interestingly, in case of less hindered aglycones (41a, 41f) resulting
glycosides were o/ff mixtures where as sterically hindered acceptors resulted only as

o isomer. These results were extended to galacto-(60) as well as xylo-(62) pyranosides

Scheme 11 Synthesis of various 2-C-nitromethyl branched glycosides and disaccharides

OBn OBn OBn
o CAN o
B”Oﬁ \ — » BRO Q ocH, ROH,  Bro-
BnO /  CHgNo, BnO AuBr3, 70°C OR
57 CH3OH O,N” 58 CH3CN O,N
59a-59c, 59f, 59g, 59i, 59k, 59|
OBn ogn BnO OBn
O ocH, —ROH_ BION—Q_OCH; ROH ,_  BpooN—2
BnO AuBrj, 70°C oR BnO AuBrs, 70°C OR
O,N CH3CN CH3CN O,N
60 61a, 61c 61i, 61k 63i, 631

to give corresponding glycosides (61c) and disaccharides (61a, 61i, 61k, 62h, 63i, 63l).
More interestingly, in all reactions 10-15% of the anomerized product was observed
which was confirmed by 2D NMR. This mechanistic rationale is in accordance to our
observed o/B-selectivities. Thus, intermediate B is only formed if R is small (e.g. Me),

explaining why only methyl glycosides serve as donors in gold-catalyzed reactions
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(Figure 1). For other simple primary alcohols (41b, 41f) the transglycosidation is still

possible to some extent, and o/B-mixtures result. On the other hand, secondary alcohols

and disaccharides are sterically too demanding and only intermediate C can be formed

(Figure 1). Therefore, the exocyclic C-O bond cannot be cleaved anymore, then the

anomerization took place. The percentage of anomerization was minimized by using 3

Figure 1 Mechanism of glycoside activation with AuBr3
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Table 3 Gold-catalyzed anomerizations of various S-glycosides

R3 Re RRe
AuBr3 (10mol%) ) o
R2 O R —_— R
BnO CHsCN, 70°C BnO
R! R
1,2-trans or 1,2-cisor o
Time
Entry Substrate 1 2 3 4 Product
y R R R R R Yield (%)
1 58 -CH,NO, -OBn H -CH,OBn  -OCHs 64 S%QA)
2 60 CH,NO, H -OBn -CH,0Bn  -OCHj 65 0%
2h
3 62 -CH,NO, -OBn H H -OCHs 66 A
12h
4 67 -OBn -OBn H -CH,0Bn  -OCHs 49g Je
5 68 -OBn H -OBn -CH,0Bn  -OCHs 49h 7%'2/0
_ 12h
6 69 -OBn -OBn H -CH,OBn 0 ™ 70 o
7 71 -OBn -OBn H -CH,OBn Bé?oﬁﬁ 72 2120*/‘
BzO °
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equivalents of acceptor. In continuation we treated 2-C-nitromethyl glucoside 58 alone in
acetonitrile with catalytic gold to result the anomerized product 64 in good yield. Similar
results were obtained with 2-C-nitromethyl galacto- (60) and xylo-(62) glycosides to get
o glycosides (65, 66). Later, we checked the anomerization of different alkyl glycosides
(67, 68, 69) to get corresponding a-glycosides (49g, 49h, 70) (Table 3). More
interestingly, the interglycosidic bond having B-linkage of the disaccharide (71) also

underwent anomerization to get a—linked disaccharide (72) in moderate yield (Table 3).

Lactones represent an important class of organic compounds, are industrial
intermediates, and can be synthesized by various methods. y -Lactones, in particular, are
widespread in nature and possess promising pharmacological properties as enzyme
inhibitors, due to their common ring opening by nucleophiles. Interestingly, linking of
carbohydrates to the reactive heterocycle increases water solubility, which is

advantageous for the bioavailability.

Scheme 12 Synthesis of bi-cyclic lactones & C-2 functionalized glycosides
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We visualized that 2-C-branched monosaccharide 73 as a precursor for the
synthesis of bicyclic lactone. Accordingly, Radical addition of dimethyl melonate to the
tri-O-Bn glucal (57) using ceric ammonium nitrate led to the formation of 2-C-melonate
addition product 73, which upon treatment with AuCls, H,0, at 70°C for 12h, resulted in
the formation of lactol and subsequent cyclization in situ resulting bi-cyclic lactone 74
(Scheme 12). Similar protocol was used for the synthesis of various carbohydrate vy-

bicyclic lactones (77-80).

Later, we exploited the bi-cyclic lactone for the synthesis of various O-glycosides
(75f, 75m-75p) using TMSOTT at RT. On the other hand, we activated methyl glycosides
with AuCls in the presence of various alcohols to get different C-2 Functionalized O-
glycosides(76b, 76n, 76q, 81a, 81n, 82b, 82q, 83b) as well (Scheme 12).

In summary, gold-catalyzed transglycosidations were applied to 2-C-branched
methyl glycosides for the synthesis of various glycosides and disaccharides to obtain
functionalized carbohydrates. During the gold-catalysis we observed an interesting
anomerization and synthesis of various carbohydrate y-bicylic lactones implicating the

diversity of methyl glycosides under gold catalysis.

*kkhkkkikkkk

Note: Compound numbers in abstract are different from those in the thesis
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Chapter 1

Oligosaccharide synthesis using orthogonal activation
strategy of propargyl and n-pentenyl glycosides




Chapter 1: Introduction

Carbohydrates are the important biomolecules and are main source of energy,
provide the ideal fuel (glucose) for our body to function optimally, as well as many
essential vitamins and minerals. They are also the only form of energy used by the brain.
In addition to their well respected roles in supporting structural matrices, in energy
storage; and as biosynthetic starting materials, carbohydrates are cast in a variety of
interesting settings as glycoconjugates, for example as antibiotics, antitumor agents and
catiotonic glycosides. Cell surface carbohydrates are involved in various molecular
recognitions with virus, toxins, lectins, bacteria, harmones and antibodies, thereby
impacting the development of carbohydrate based vaccines, therapeutics.

However, the accesses of biologically important carbohydrates are limited because
of their low availability, low concentrations and their existence as micro-heterogeneous
forms. Hence chemical synthesis is the only alternative for accessing complex
carbohydrates. The majority of biologically important and therapeutically active
carbohydrates exist as polysaccharides or as complex glycoconjugates in which
oligosaccharides are connected to peptides, proteins, or fatty acids. The template-driven
nature of protein and nucleic acid biosynthesis and the redundancy of the linkages within
these linear polymers have facilitated the development of genetic and chemical methods,
now largely automated®. Whereas in case of oligosaccharides, automated synthesis is
rendered because of their staggering diversity of linkages. So the chemical synthesis of
even moderate complexity still represents a significant challenge (Figure 1).

The first attempts to address the challenge of oligosaccharide synthesis emerged in
the mid-1980s and 1990s, and resulted in development of a number of revolutionary
approaches. Nicolaou’s selective activation,® Fraser-Reid’s armed-disarmed approach,”
Danishefsky’s glycal assembly,”> Ogawa’s orthogonal technique,’® Boon’s active-latent
concept,” Wong’s and Ley’s programmable strategies® are few examples. These excellent
innovations allowed to synthesize complex oligosaccharides and glycoconjugates. For

example, the total synthesis of tumor antigens of Globo-H by Danishefsky®, Schmidt'?,



Boons', Wong', and Seeberger’® have become modern classics of synthetic

carbohydrate chemistry.
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In spite of significant progress in the glycoside syntheses, the necessity of forming
either a 1,2-cis or a 1,2-trans-glycosidic bond with high stereoselectivity and good yield
remains the main reason that chemical O-glycosylation is ranked among the most
challenging problems in modern synthetic carbohydrate chemistry. The achievement of
high yield and stereo control is difficult, because of the complexity of glycosylation
process, which often proceeds together with variety of side reactions.

Principles of chemical glycosylation

Chemical glycosylation is the nucleophillic displacement of a leaving group on
glycosyl donor by hydroxyl moiety of the glycosyl acceptor. The remaining hydroxyl
groups of the both components are temporarily masked with protecting groups. Although,
full detailed mechanism of the glycosylation reaction not yet known, the commonly

accepted prototype mechanism of glycosylation is explained. First, promoter assisted



departure of the leaving group, leads to the formation of flattened oxacarbenium ion
followed by the attack of nucleophile from the possible both sides results into two

products (1,2-cis and 1,2-trans).
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Figure 2

Various factors such as temperature, pressure, structure, conformation, solvent,
promoter, steric hindrance, or leaving group can affect the stereoselectivity of
glycosylation. Some of these factors influence the stereoselectivity dramatically, others
only to some extent. Neighbouring substituent at C-2 is one of the major factors that
influence the selectivity. 1,2-trans Glycosides can be prepared by the use of ester
protecting group at C-2 due neighbouring group participation.**

The development of efficient coupling reactions is largely responsible for the
progress that has been made in the area of oligosaccharide synthesis. Hence a number of
synthetic strategies that allow the convenient assembly of complex oligosaccharides from
properly protected building block units involving minimum number of steps are
developed which are described below.

Synthetic strategies for the oligosaccharide synthesis
1) Linear glycosylation strategy:®> A linear oligosaccharide synthesis consists of the
glycosylation of monosaccharide donor and monosaccharide acceptor, in the presence of



promoter, to give the desired disaccharide. Then the resulting disaccharide can be
converted into either glycosyl donor or glycosyl acceptor by protecting group
manipulations, followed by the addition of one more glycosyl unit to obtain a
trisaccharide and can be iterated until the required oligosaccharide of interest.

For example, thio- glycosyl donor was found to react with the rhamnose acceptor in the
presence of methyl triflate (MeOTf) to form the disaccharide in 61% yield. The resulting
disaccharide was then deallylated over two steps to give glycosyl acceptor which was
glycosylated with galactosyl donor in the presence of MeOTf to give trisaccharide
(Scheme 1).%°
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In this strategy, each step requires manipulation of protecting and leaving groups
which increases the number of reaction steps considerably. This fact, together with its
low convergence, makes this strategy the least efficient for the synthesis of complex
oligosaccharides.

2) Convergent block synthesis:*’ The challenges associated with linear glycosylation
strategy were overcome through convergent block approach, developed by Zen, Paulsen,
and Ogawa. In this strategy, oligosaccharide building blocks are obtained separately and
then coupled together (converged) by means of glycosylation reactions. As shown in
figure 3, first two disaccharides are constructed individually, the first disaccharide is then



converted into glycosyl donor whereas second disaccharide is deprotected to get free -OH
group as glycosyl acceptor, followed by coupling of the two by glycosylation to get the
corresponding tetrasaccharide.
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Glycosylation of trichloroacetimidate donor and rhamnosyl diol resulted in a
disaccharide, which serves as glycosyl acceptor for the reaction with xylosyl donor to
give trisaccharide. The trisaccharide was further converted into glycosyl donor by
protecting group manipulations followed by the glycosylation reaction with disaccharide-
acceptor to get the corresponding pentasaccharide of Spergularia ramnose®® (scheme 2).
3) Selective and Two-Stage Activation:'**® Though the convergent block synthesis is
advantageous, the conversion of common building blocks into a glycosyl donors often
require several manipulations at the anomeric center. The selective and two stage
activation strategy solves this problem in an elegant manner. The schematic outline

shown in figure 4.

o
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Glycosyl donor Disaccharide as donor Trisaccharide as donor
Figure 4

Glycosyl donor bearing a reactive leaving group (LG,) is coupled with glycosyl
acceptor, bearing a relatively stable LGy, to get disaccharide. The activation sequence can
be continued provided there is an LG, that would withstand reaction conditions for the
LGy, activation ( Scheme 3 & figure 4).
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In two stage activation strategy, two types of anomeric leaving groups one

obtained from the other, and one type of activation is used as shown in figure 4. First the



potential glycosyl donor (LG,) converted into an LGy, which then selectively activated

over LG, of the glycosyl acceptor to get disaccharide and so on to get higher saccharides.
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This concept was discovered by Zen for S-ethyl (LG,) and bromo- (LGp) groups
and further developed by Nicolaou for S-phenyl (LG,) and fluoro (LGp) groups®:. This
strategy utilizes the epoxidation of glucal using DMDO to get the 1,2-anhydro
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derivatives, which was employed as glycosyl donor to get 1,2-trans disaccharide. Similar
sequence of steps such as epoxidation and glycosylation led to the formation of required
trisaccharides (Scheme 4).%?

4) Orthogonal activation strategy:>®> The combination of two chemically distinct
glycosylation reactions, in which one of the leaving groups is activated while the other
remains intact, and vice versa, led to the discovery of orthogonal activation strategy for
oligosaccharide synthesis.
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This is one of the most conceptually attractive technique for oligosaccharide synthesis,
requires two orthogonal classes of glycosyl donors. In 1994, Ogawa and co-workers



proposed this strategy that reduces the manipulation at the oligosaccharide stage.
Schematic representation of orthogonal activation strategy had shown in figure 6
wherein glycosyl donor LG, is activated over the glycosyl acceptor bearing LGy, to get a
disaccharide. Then, LG, of disaccharide is selectively activated over LG, to get
trisaccharide and can be elaborated further to get required oligosaccharide.

Ogawa et al showed that the phenyl thioglycoside can be selectively activated
in the presence of glycosyl fluoride using NIS/AgOTf to afford disaccharide. The
fluoro- group at the reducing end of disaccharide can be activated over -SPh to afford
trisaccharide.?*

5) Armed-Disarmed chemoselective glycosylation®: When two glycosyl building
blocks possess different reactivities at the anomeric centre due to the substituents
present in C-2, the more reactive building block enhances glycosylation in the presence
of promoter as compared to a less reactive building block as shown in scheme 7. The
more reactive building block is known as an armed donor and the less reactive one is a

disarmed donor.
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Fraser-Reid et al. demonstrated the utility of armed-disarmed effect®® for the
synthesis of trisaccharide in which n-pentenyl glucoside containing benzyl ether
substituents is activated chemoselectively with iodinium dicollidine perchlorate (IDCP) in

the presence of n-pentenyl glucoside containing acetate substituents. The resulting



disaccharide is converted into an armed substrate in a two step process which in turn is
activated in the presence of acceptor derived from galactose with IDCP (Scheme 8).
Similarly, thioglycosides, glycal, selenoglycosides based glycosyl donors are utilized for
the synthesis of oligosaccharides via an armed-disarmed strategy.

6) One-pot multistep synthesis:?” One-pot synthesis of oligosaccharide is often referred
as a reactivity-based one pot method in which glycosyl donors with decreasing anomeric
reactivities are allowed to react sequentially in the same flask.
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Although, this procedure is highly convenient because it reduces the number of steps
considerably; however, it has the inconvenience of finding correct reactivities for all the
partners and thus has to be carefully tuned which implies extensive protecting group
manipulations.

Synthesis of Ciclamycin trisaccharide in a stereoselective manner from the
monosaccharide components represents one-pot synthesis (Scheme 7).%2 Glycosylation
takes place in a sequential manner, para-methoxy phenyl sulfoxide is activated faster than
phenyl sulfoxide reacts preferentially with thiophenyl glycoside to give required

trisaccharide in a single step.

*kkkkikk
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Chapter 1: Present Work

Glycoconjugates and oligosaccharides play significant roles in various
extracellular and intracellular molecular recognition events. Lack of sufficient quantity of
the glycoconjugates is one of the drawbacks in unraveling the importance of these
glycoconjugates in the cellular context. = Chemical or enzymatic synthesis of
oligosaccharides either in solution or on solid phase is a popular method to access
sufficient quantity of glycoconjugates as material amplification techniques such as
Polymerase Chain Reaction (PCR) are not yet available for oligosaccharides.”
Glycoconjugates are often present as oligosaccharides coupled to an aglycone (lipid,
protein, steroid etc.) and the process of oligosaccharide synthesis breaks down to the
systematic addition of sugar residues either in a convergent or a linear fashion by means

of glycosylation reactions. In this context, several glycosyl donors that were developed

|130a thio_,30b-d I_,309

over the past century can be classified into stable (e.g. n-penteny
30f

viny
2-carboxybenzyl-* etc.) and unstable (e.g. imidate-*% halo-**" etc.) glycosyl donors
depending on the shelf life of the actual glycosyl donor.

In our laboratory, serendipitous observation of the deprotection of propargyl ether
in the presence of catalytic amount of gold(I11) chloride in acetonitrile while performing
diversity oriented synthesis (DOS) of natural product-like and oxygen-rich small
molecule libraries, led to the development of propargyl glycosides as novel and stable
glycosyl donors.® Propargyl glycosides are found to act as glycosyl donors with catalytic

gold(111) chloride to result in various glycosides and disaccharides (Scheme 8).%
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Propargyl 2,3,4,6 tetra-O-benzyl-B-D-mannopyranoside (1) was treated with n-
pentenol (2) and methyl 2,3,4 tri-O-benzyl-o-D-glucopyanoside (3) in the presence of 5
mol% of AuCls in acetonitrile at 60°C to get corresponding n-pentenyl mannoside (4) and
disaccharide (5) in good yields. These stable propargyl glycosides are advantageous as
they serve the dual role of a robust protecting group initially and later become a glycosyl
donor upon activation by AuCls. In continuation to this programme on the development
of glycoconjugate synthesis, we have chosen the orthogonal activation strategy as it
provides required oligosaccharide in less number of steps. Since propargyl glycosides
were transglycosylated into n-pentenyl glycosides and also n-pentenyl glycosides were
used extensively for the synthesis of complex oligosaccharides, we thought of selective
activation of propargyl glycosides in the presence of n-pentenyl glycosides and vice-versa
to facilitate oligosaccharide synthesis in an easier way.

For an initial attempt to study the orthogonal activation, propargyl 2,3,4,6-tetra-O-
benzyl mannopyranoside (1) and n-pentenyl 2,3,4,6-tetra-O-benzyl mannopyranoside (4)
were chosen as glycosyl donors mainly because of the possibility of expected 1,2-trans
stereoselectivity in the products. Accordingly, propargyl mannopyranosyl donor (1) was
reacted with n-pentenyl glucoside as the glycosyl acceptor (6a) in the presence of 5 mol%
of AuBr3 in acetonitrile at 65 °C for 12 h to obtain 20% vyield of the disaccharide 7a and
the yield could be improved to 65% by switching the protecting groups of the aglycon
from armed benzyl ethers to disarmed benzoyl esters as in 6b to obtain the corresponding
disaccharide 7b (Scheme 9).

Scheme 9
OBn

OBn
OBn OH BnO 0
OBn AWBr, CH.CN OO
BnO 0 + RO 0 o(\K By S 0
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Bz 6b Bz 7b (65%)

The structure of n-Pentenyl disaccharide 7a was confirmed thoroughly using

various spectroscopic techniques. In the *H NMR spectrum of compound 7a, resonances
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at 8 1.72, 2.75, and 5.81 ppm as multiplets corresponding to n-pentenyl group and in the
3C NMR spectrum, characteristic signals due to a- and 8- anomeric carbons at & 98.2 and
103.6 ppm, n-Pentenyl terminal olefin (=CH,) at & 115.0 ppm confirmed the assigned
structure 7a. Further DEPT NMR spectrum showed thirteen negatively phased resonances
for the presence of 13 —CHys in the assigned disaccharide 7a, and the HRMS (MALDI-
ToF) showed a molecular weight peak at 1063.4981 calculated for CgsH72,011Na.
Similarly, the n-pentenyl mannosyl donor 4 was reacted with propargyl-containing
aglycons 8a and 8b to obtain the disaccharides 6a and 6b in 68% and 66% Yyield,
respectively. The structure of propargyl disaccharide 9a was confirmed from the
spectroscopic experiments and mass spectral analysis.
Scheme 10

O(E)Bn
OBn | OH Bl
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BnO RO 259G 2h
1 ,

RO . o
o 7 Rgoﬁﬁ

4 R=Bn 8a R =Bn 9a (68%)
Bz 8b Bz 9b (66%)

In the *H NMR spectrum of compound 9a, resonances at & 2.43 ppm as triplet
were attributed to the methine proton and in the *C NMR spectrum, characteristic signals
due to two a-anomeric carbons at 6 94.7 and 98.2 ppm were noticed; in addition, DEPT
NMR spectrum showed the presence of ten methylene groups further confirming the
disaccharide 9a. HRMS (MALDI-ToF) showed a molecular weight peak at 1033.4430
calculated for CgsHgsO1:Na. The poor yield in the case of 1 + 6a to give 7a can be
attributed to our recent observations that AuBr; also activates n-pentenyl glycosides at
higher temperature (explained later).*®

So we thought that bringing reaction temperature to rt would improve the yield as
well as the overall elegancy. Moreover, the glycosylation reactions (other than manp-)
with glup- , galp-, and lactosyl- donors result in the transglycosylated products as o/3
mixtures which would further complicate their further synthesis. Owing to the above

reasons, we changed our strategy from propargyl glycosides to propargyl 1,2-orthoesters,
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which were also found to act as glycosyl donors in the presence of catalytic amount of
AuBr; at room temperature to get 1,2-trans glycosides in stereoselective fashion.
Scheme 11

OBz q OBz 50 OBz
O z
BBZZOO/§ . BZO% Bzoéﬂ [
2,6-lutidine, CH,Cl,, BzO 2,6-lutidine, CH,Cl,,

\5 n-BuyNlI, 65 °C, 87% Br n-BuyNI, 65 °C, 85%
11b O 10 11a

To commence our investigation, 3,4,6-tri-O-benzoyl-a-D-glucopyranose-1,2-

(propargyl orthobenzoate) 11a was chosen as a model substrate that can be prepared from
glucose via the treatment of glucose penta-O-benzoate with HBr in AcOH to form
2,3,4,6-tetra-O-benzoyl-a-D-glucopyranosyl bromide 10 which reacted with a propargyl
alcohol, 2,6-lutidine in dichloromethane at 65 °C for 2 days to give propargyl 1,2-
orthoester 11a (Scheme 11). Under similar conditions, use of n-pentenyl alcohol instead
of propargyl alcohol resulted in the corresponding n-pentenyl orthoester (11b).

Having prepared both glycosyl donors 1la and 11b, the utility of orthogonal
activation strategy using propargyl 1,2-orthoesters as glycosyl donors and n-pentenyl
glycosides as aglycons was studied.®* Accordingly, a gold-catalyzed glycosylation
reaction between propargyl orthoester 11a and aglycon 6a was successfully carried out
at room temperature in CH,CI, to obtain the disaccharide 12 as an n-pentenyl glycoside
(Scheme 12). The structure of n-pentenyl disaccharide 12 was confirmed by means of

Scheme 12
OBz OBz
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OBn RT, 1h, 67% BooJ 0 N

6a 12 OBn

various spectroscopic techniques. For example, in the *H NMR spectrum of compound
12, characteristic resonances at & 1.63, 2.08 ppm as quartets, and 6 5.81 ppm as a
multiplet for the pentenyl group were found; further, the **C NMR spectrum pointed out

characteristic signals due to two B-anomeric carbons at 6 101.3 and 103.5 ppm, olefin
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Tablel

Donor Acceptor Product Time (h) %Yield
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*Reagents & Conditions : 10mol% AuBr3ICH2CIZIrt/4A° M.S.powder

carbon at & 115.0 ppm thereby confirming the assigned structure 12. DEPT NMR

spectrum specified nine methylene groups as in the assigned disaccharide 12, and the

15



HRMS (MALDI-ToF) showed a molecular weight peak at 1119.4146 calculated for
CesHe4O15Na.

The protocol was then extended to various other aglycons (13, 15) and glycosyl
donors such as mannose (17), galactose (19), and lactose (22) propargyl orthoester as
well. Disaccharides (14 and 16) with an n-pentenyl group at the reducing end were
obtained in good yields (Table 1).* Similarly, propargyl orthoesters 17, 19, and 22 also
resulted in the formation of corresponding n-pentenyl disaccharides (18, 20, 21) and
trisaccharides (23, 24) respectively (Table 1).

In continuation, activation of n-pentenyl 1,2-orthoesters in the presence of
propargyl group containing aglycons was studied.* Accordingly, the reaction between n-
pentenyl orthoester 11b and the propargyl glucoside 8a in the presence of NIS/Yb(OTf)3
in CH,Cl, showed the orthogonality to result in the isolation of disaccharide 25 as a

propargyl glycoside in 69% yield (Scheme 13).

Scheme 13
OBz
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In the *H NMR spectrum of compound 25, resonances due to the propargylic
methine were noticed at & 2.38 ppm as triplet, the *C NMR spectrum revealed two
anomeric carbons with 1,2-cis and 1,2-trans linkages at ¢ 95.0 and 101.3 ppm
respectively; DEPT NMR spectrum indicated the presence of six methylene groups of
disaccharide 25, and the and the HRMS (MALDI-ToF) showed a molecular weight
peak at 1089.3605 calculated for Cg4Hss015Na.

Subsequently, the orthogonal activation condition was tested with other mannose (28),
galactose (31), lactose (34) orthoesters and aglycons (8a, 26). Glycosyl orthoesters (12,
28, 31, 34) reacted with propargyl glycosides 8a and 26 to give corresponding 1, 2-trans
disaccharides (27, 29, 30, 32, 33) and trisaccharides (35, 36) as propargyl glycosides
(Table 2).%

16



Table 2

Donor Acceptor Product Time (h) %Yield
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*Reagents & Conditions : NIS/Yb(OTf)3;/CH,Cl,/rt/4A M.S.powder

All the products were characterized thoroughly by *H, *C, DEPT NMR and mass

spectral analysis. Then we studied the utility of orthogonal activation strategy using
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propargyl 1,2-orthoesters as glycosyl donors and n-pentenyl glycosides as aglycons vice
versa for the synthesis of higher oligosaccharides. Glucose propargyl orthoester (11a) was
allowed to react with aglycone (37) under 10mol% AuBrs/CH,Cly/rt/4AA MS powder
under argon atmosphere to give disaccharide (38) with n-pentenyl group at the reducing
end, which was activated in the presence of propargyl glycoside (8b) using NIS/TfOH/
CH,Cl,/rt to give trisaccharide (39) in good yield (Scheme 14).

Scheme 14

OgB OBz OBz
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In the *H NMR spectrum of propargyl trisaccharide 39, resonances due to the
methine proton of propargyl group noticed at 6 2.60 ppm (t, 1H, J = 2.3Hz). Further, the
13C NMR spectrum showed three anomeric carbons (two o and one B) at & 96.3, 98.0 and
101.5 ppm with rest of the spectral values in agreement with the assigned structure
trisaccharide 39. The structure was further confirmed from the DEPT NMR spectrum
wherein seven CH,-s (6 55.3, 63.3, 65.9, 69.1, 71.8, 72.5 and 74.7 ppm) of trisaccharide
and the LC-MS showed a molecular weight peak at 1564.43 calculated for Cg;HgoO23Na.

Scheme 15
OH OBz OBz
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In other way, n-pentenyl orthoester (11b) was allowed to react with aglycone (40)

under NIS/Yb(OTf)s/CH,Cl,/rt to give disaccharide (41) with propargyl group at the
reducing end, which was activated in the presence of n-pentenyl glycoside (42) using
AuBrs/AgOTf/CH3CN/55°C to give trisaccharide (43) in good yield (Scheme 15).
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Addition of AgOTf to the reaction facilitated the formation of required trisaccharide
under low reaction temperature. The structure of the pentenyl trisaccharides (43) was
confirmed by *H, **C, DEPT NMR and mass spectral analysis.

Using the same orthogonal strategy tetrasaccharides were synthesized with
propargyl and n-pentenyl groups at the reducing end. The glycosylation reaction
between lactose n-pentenyl orthoester (34) and aglycone 40 under
NIS/Yb(OTT)3/CH,Cly/rt resulted in the propargyl trisaccharide (44) which was further
activated in the presence of pentenyl mannoside using AuBrs/AgOTf/CH3CN/55°C to
give tetrasaccharide (45) in good yield (Scheme 16). The 'H NMR spectrum of
tetrasaccharide 45 revealed the presence of n-pentenyl moiety by showing multiplets at
§ 1.60 and 1.97 ppm whereas the *C NMR spectrum pointed

Scheme 16
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34 + 40 ——— o) O — 0
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44  "BnO _ BnO
o_#

P \
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45

out the characteristic signals due to four anomeric carbons (two o and two ) at 6 98.0,
101.0, 101.2, and 101.5 ppm, olefin (=CH,) at & 115.0 ppm with the rest of the
spectrum in agreement with the assigned structure 45. Further in the DEPT NMR
spectrum, eleven negatively phased resonances were observed at & 28.6, 29.9, 61.2,
62.4, 65.4, 68.9, 69.4, 72.0, 72.4, 74.8 and 115.0 ppm signals for eleven methylene
groups of the tetrasaccharide 45, and the LC-MS showed a molecular ion peak at
2069.12 calculated for C10H108031Na.

Similarly, the glycosylation reaction between lactose propargyl orthoester (22)
and aglycone 37 under 10mol% AuBrs/CH,Cly/rt/4A M.S.powder resulted in the
formation of trisaccharide (46) with n-pentenyl group at the reducing end which was
further activated in the presence of acceptor 8b using NIS/TfOH/CH,Cl,/rt to give
propargyl tetrasaccharide (47) (Scheme 17). In the *H NMR spectrum of propargyl

tetrasaccharide 47, resonances due to methine were noticed at 6 2.56 ppm (t, 1H, J =
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2.3Hz). Further, the *C NMR spectrum showed four peaks (two a and two P)
corresponding to four anomeric carbons at 6 96.3, 98.0, 101.0 and 101.5 ppm and rest of
the spectrum in complete agreement with the assigned structure 47. The structure was
further confirmed from the DEPT NMR spectrum wherein the resonances at 6 55.3, 61.1,
62.4, 66.0, 69.0, 71.7, 72.4 and 74.8 ppm were of negative intensity for the eight
methylene groups of tetrasaccharide and the LC-MS showed a molecular ion peak at
2039.12 calculated for C118H102031Na.

Scheme 17
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In conclusion, the orthogonal activation strategy using propargyl and n-pentenyl
glycosides was studied. It has been noticed that n-Pentenyl glycosides can be activated to
become glycosyl donors in the presence of propargyl glycosides as aglycons. In addition,
propargyl 1,2-orthoesters were found to behave as glycosyl donors with n-pentenyl
glycosides as aglycons. Similarly, n-pentenyl 1, 2-orthoesters behaved as glycosyl donors
with propargyl glycosides as aglycons. Furthermore, tri- and tetra- saccharides containing
propargyl and n-pentenyl groups at the reducing end were synthesized using the strategy
which can be used further for chemical ligation by click chemistry or for the synthesis of
higher oligosaccharides.

*kkkkkk

Note: Characterization data and full spectral charts for all compounds can also be found
in J. Org. Chem. 2009, 74, 9233-9236.
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Chapter 1: Experimental section

General Procedure for Glycosylations using Propargyl Glycosides as Glycosyl
Donor: To a solution of glycosyl donor (0.1 mmol) and aglycone (0.12 mmol) in
anhydrous acetonitrile (5 ml) was added a solution of 5 mol% of AuBr3 in anhydrous
acetonitrile (2 ml) under argon atmosphere at room temperature. The resulting mixture
was heated to 65 °C and stirred till the completion of the reaction as judged by TLC
analysis. The reaction mixture was concentrated in vacuo to obtain a crude residue which
was purified by conventional silica gel column chromatography using ethyl acetate-
petroleum ether as mobile phase.

General Procedure for Glycosylations using n-Pentenyl Glycosides as Glycosyl
Donor: To a solution of glycosyl acceptor (0.1mmol) in CH,CI, (5mL), NIS (0.13mmol)
and TMSOTf (0.03mmol) were added under Argon atmosphere. The glycosyl donor
(0.13mmol) in 5mL of CH,Cl, was added at 0°C and brought to room temperature, stirred
under argon atmosphere for specified time. The reaction mixture was diluted with 15mL
of CH,CI, and washed with 10% aqueous sodium thiosulfate solution and saturated
NaHCOj3. The Organic layer was washed with brine solution and dried over anhydrous
sodium sulphate. Dried CH,ClI, solution was concentrated in vacuo and purified by silica
gel column chromatography using ethyl acetate-petroleum ether as mobile phase.

General Procedure for Glycosylations using n-Pentenyl 1,2-Orthoesters as Glycosyl
Donor: To a CH,CI, solution of glycosyl donor (0.3mmol) and glycosyl acceptor
(0.1mmol) at 0°C was added N-iodosuccinimide (0.4mmol) under argon atmosphere.
After 5 minutes of stirring at 0°C, catalytic amount of Yb(OTf); (0.033mmol) was added
and stirred at room temperature for specified time. The reaction was quenched with 10%
aqueous sodium thiosuphate and saturated aqueous sodium bicarbonate, extracted with
CH.Cl,, and purified by silica gel column chromatography using ethyl acetate-petroleum
ether as mobile phase.

General Procedure for Glycosylations using Propargyl 1,2-Orthoesters as Glycosyl
Donor: To a solution of glycosyl donor (0.1 mmol), glycosyl acceptor (0.11 mmol) and
4A molecular sieves powder (50 mg) in anhydrous CH,Cl, (5 mL) was added AuBr; (10

mol%) under argon atmosphere at room temperature. The reaction mixture was stirred at
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room temperature for the specified time and the reaction mixture was filtered and the
filtrate was concentrated in vacuo. The resulting residue was purified by silica gel column
chromatography using ethyl acetate-petroleum ether as the mobile phase.

Prop-2-ynyl 2,3,4,6-tetra-O-benzyl-a-D-mannopyranoside (1) : [a]p (CHCIs, ¢ 1.02) =
+29.1; 'H NMR (200.13 MHz, CDCl3): & 2.39 (t, 1H, J = oBn

2.4Hz), 3.70-3.88 (m, 4H), 3.95-4.04 (m, 2H), 4.19 (d, 2H, J = Bno/ﬁog;

2.5Hz), 4.60 (bs, 2H), 4.61 (ABq, 2H, J = 12.2Hz), 4.69(ABg, | ~"° o _FZ

2H, J = 10.8Hz), 4.74 (bs, 2H), 5.08 (d, 1H, J = 1.8Hz), 7.10-
7.42 (m, 20H); °C NMR (50.32 MHz, CDCls): & 54.2, 69.2, 72.1, 72.3, 72.7, 73.5, 74.4,
747, 748, 752, 789, 80.1, 96.5, 127.5-128.4, 138.2, 138.4, 1385, 138.6;
HRMS(MALDI-TOF) calculated for C3;H330gNa: 601.2566, Found: 601.2539.
Pent-4-enyl 2,3,4,6-tetra-O-benzyl-a-D-mannopyranoside (4) : [a]o (CHCIs, ¢ 1.00) =
+26.49; '"H NMR (200.13 MHz, CDCl3): & 1.63((q, 2H, J = 6.6, oBn
14.1Hz), 2.06(q, 2H, J = 7.1, 14.3Hz), 3.35(dt, 1H, J = 6.4, BnOﬁi |
12.9Hz), 3.58-3.84(m, 5H), 3.85-4.08(m, 2H), 4.61(ABq, 2H, J = | BnO 05
12.2Hz), 4.63(bs, 2H), 4.69(ABq, 2H, J = 10.8Hz), 4.73(bs, 2H),
4.85(bs, 1H), 4.90-5.04(m, 2H), 5.75(m, 1H), 7.08-7.42(m, 20H); *C NMR (50.32 MHz,
CDCly): § 28.7, 30.4, 67.0, 69.4, 71.9, 72.3, 72.7, 73.4, 74.9, 75.1, 75.2, 80.4, 98.0, 115.0,

127.4-128.4, 138.1, 138.5, 138.5, 138.6, 138.7; HRMS(MALDI-TOF) calculated for
CsgH1406Na: 631.3036, Found: 631.3034.

Pent-4-enyl 2,3,4-tri-O-benzyl-6-0-(2,3,4,6-tetra-O-benzyl-a-D-mannopyranosyl)-p-

D-glucopyranoside (7a) : [o]p (CHCI3, ¢ 1.45) = +14.4; OBn

'H NMR (400.13 MHz, CDCls): & 1.72(m, 2H), 2.15(q, Bnoﬁi

2H, J = 7.3, 14.4Hz), 3.35-3.56(m, 4H), 3.65-4.06(m, | °"° )

10H), 4.39(d, 1H, J = 8.1Hz), 4.45-4.86(m, 11H), 4.90- 50 o OK\K
5.12(m, 6H), 5.81(m, 1H), 7.12-7.50(m, 35H); *C NMR B

(100.61 MHz, CDCl3): 6 29.0, 30.2, 65.7, 69.1, 69.4, 71.7,
71.8, 72.1, 73.3, 74.0, 74.4, 74.8, 74.9, 75.0, 75.1, 75.8, 77.6, 79.5, 82.3, 84.7, 98.2,
103.6, 115.0, 127.3-129.8, 137.9, 138.0, 138.3, 138.4, 138.4, 138.4, 138.5, 138.7, ;
HRMS(MALDI-TOF) calculated for CggH72011Na: 1063.4972, Found: 1063.4981.
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Pent-4-enyl 2,3,4-tri-O-benzoyl-6-0-(2,3,4,6-tetra-O-benzyl-a-D-mannopyranosyl)-p-

D-glucopyranoside (7b) : [a]p (CHCI3, ¢ 1.85) = +17.8;

OB
'"H NMR (200.13 MHz, CDCls): § 1.55(q, 2H, J = 6.4, Bnoﬁ%n

BnO
13.2Hz), 1.93(q, 2H, J = 6.4, 13.6Hz), 3.36-3.98(m, |

10H), 4.35-4.96(m, 7H), 4.39(bs, 2H), 4.51(ABq, 2H, J
= 12.0Hz), 4.67(bs, 2H), 5.53(m, 3H), 5.84(t, 1H, J =

O (I
BzO
Bz(;éﬁ/o X
OBz

OBn

O

9.7Hz), 7.08-7.53(m, 29H), 7.75-8.03(m, 6H); *C NMR (50.32

MHz, CDCls): 6 28.5,

29.8, 66.5, 69.1, 69.4, 70.3, 71.8, 72.0, 72.1, 72.5, 72.9, 73.0, 73.3, 74.4, 74.7, 75.0, 80.0,
98.2, 101.2, 114.9, 127.4-130.0, 133.2, 133.2, 133.2, 133.3, 137.8, 138.4, 138.6, 138.7,
165.1, 165.2, 165.9; HRMS(MALDI-TOF) calculated for CgsHssO14Na: 1105.4350,

Found: 1105.4356.

Prop-2-ynyl  2,3,4-tri-O-benzyl-6-0-(2,3,4,6-tetra-O-benzyl-a-D-mannopyranosyl)-

a-D-glucopyranoside (9a) [a]p (CHCI3, ¢ 1.00) = +48.0;

'H NMR (500.13 MHz, CDCls): § 2.43(t, 1H, J = 2.3Hz),
3.41(t, 1H, J = 9.8Hz), 3.49(dd, 1H, J =4.0, 9.6Hz), 3.51(t,
1H, J = 9.0Hz), 3.60(d, 1H, J = 9.4Hz), 3.60-3.74(m, 3H),
3.77(t, 1H, J = 2.3Hz), 3.81-3.89(m, 2H), 3.98(dd, 2H, J =
9.3, 18.7Hz), 4.20(t, 2H, J = 2.8Hz), 4.42-4.55(m, 4H),

4.55-5.05(m, 12H), 7.10-7.44(m, 35H); **C NMR (125.76 MHz

, CDCls3): 6 54.3, 65.5,

69.0, 70.4, 71.8, 72.0, 72.4, 72.8, 73.2, 74.5, 74.8, 74.9, 75.0, 75.0, 75.8, 77.3, 78.8, 79.4,
79.5, 81.9, 94.7, 98.2, 127.2-128.5, 137.9, 138.1, 138.3, 138.3, 138.4, 138.6, 138.6;
HRMS(MALDI-TOF) calculated for Cg4HgsO1:Na: 1033.4503, Found: 1033.4430.

Prop-2-ynyl 2,3,4-tri-O-benzoyl-6-0-(2,3,4,6-tetra-O-benzyl-a-D-mannopyranosyl)-

a-D-glucopyranoside (9b) : [a]o (CHCIs, ¢ 1.00) = 68.6; *H
NMR (200.13 MHz, CDCls): 6 2.36(t, 1H, J = 2.3Hz), 3.50-
3.78(m, 4H), 3.82-3.90(m, 3H), 4.27(d, 2H, J = 2.3Hz), 4.32-
4.95(m, 11H), 5.28(dd, 1H, J = 3.8, 10.2Hz), 5.48(d, 1H, J =
3.6Hz), 5.60(t, 1H, J = 9.8Hz), 6.12(t, 1H, J = 9.8Hz), 7.12-

OBn

OBn
BnO O
BnO
o)
BzO O
BzO

BZOO \///

7.58(m,29H), 7.82-8.02(m, 6H): °C NMR (125.76 MHz, CDCls): & 55.5, 65.9, 68.7,
68.9, 69.6, 70.3, 71.6, 71.8, 72.1, 72.5, 73.1, 74.7, 74.7, 74.9, 75.4, 78.2, 79.8, 94.9, 98.2,
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127.3-129.9, 133.1, 133.2, 133.3, 138.3, 138.4, 138.5, 138.6, 165.0, 165.7, 165.8;
HRMS(MALDI-TOF) calculated for Cg4HgoO14Na: 1075.3881, Found: 1075.3817.
Pent-4-enyl  2,3,4-tri-O-benzyl-6-0-(2,3,4,6-tetra-O-benzoyl-B-D-glucopyranosyl)-p-
D-glucopyranoside (12) : [a]o (CHCIs, ¢ 0.9) = +9.5; *H NMR (200.13 MHz, CDCls): &
1.63(q, 2H, J = 6.9, 14.5Hz), 2.08(q, 2H, J = 6.9, 14.5Hz), 3.34(m, 4H), 3.53(dd, 1H, J =
8.9, 17.3Hz), 3.64-3.88(m, 2H), 4.03-4.33(m, 3H), 4.35-4.75(m, 6H), 4.76-5.10(m, 5H),
5.46-5.96(m, 4H), 7.10-7.58(m, 27H), 7.75-8.08(m,
8H); °C NMR (50.32 MHz, CDCly): § 289, 303, | _ &&/0

63.2, 68.5, 69.2, 69.7, 71.9, 72.2, 73.0, 74.6, 74.9, | BZOT \ o

749, 75.6, 77.8, 82.1, 84.6, 101.3, 103.5, 115.0, Bgﬁoé&&
127.6-129.9, 133.2, 133.2, 133.3, 133.5, 137.9, 138.2,

138.5, 138.6, 165.1, 165.2, 165.9, 166.2; HRMS(MALDI-TOF) calculated for
CesHeaO15Na: 1119.4143, Found: 1119.4149.

Pent-4-enyl  2,3,6-tri-O-benzyl-4-O-(2,3,4,6-tetra-O-benzoyl-B-D-glucopyranosyl)-p-
D-glucopyranoside ( 14) : [a]p (CHCI3, ¢1.9) = - OBz oBn
1.8; 'H NMR (200.13 MHz, CDCly): & 1.71(m, Bzoﬁ/oﬂq
OH), 2.11(m, 2H), 3.21(d, 1H, J = 9.1Hz), 3.31- | -0 \opB"° OBnO S
3.78(m, 6H), 3.88(dt, 1H, J = 6.5, 12.7Hz), 4.03(t,

1H, J = 9.3Hz), 4.15-4.44(m, 4H), 4.68(dd, 2H, J = 10.6, 12.0Hz), 4.82(t, 2H, J =
10.9Hz), 4.89-5.10(m, 4H), 5.41-5.90(m, 4H), 7.10-7.56(m, 27H), 7.76-7.99(m, 8H); **C
NMR (50.32 MHz, CDClg): & 28.9, 30.2, 63.1, 67.9, 69.3, 69.7, 72.0, 72.3, 73.2, 73.5,
74.3, 74.9, 75.3, 77.4, 81.7, 82.6, 100.4, 103.5, 115.0, 127.2-129.9, 133.1, 133.3, 133.4,
133.4, 138.1, 138.2, 138.5, 139.1, 164.9, 165.1, 165.8, 166.1; HRMS(MALDI-TOF)
calculated for CgsHgaO15Na: 1119.4143, Found: 1119.4146.

Pent-4-enyl 2,3,6-tri-O-benzyl-4-0-(2,3,4,6-tetra-O-benzoyl-B-D-glucopyranosyl)-a.-
D-glucopyranoside (16) : [o]o (CHCIs, ¢ 1.7) = +7.9; *H NMR (200.13 MHz, CDCls): §
1.65(m, 2H), 2.01(m, 2H), 3.29-3,55(m, 5H), 3.68(dd,
2H, J = 2.4, 10.2Hz), 3.92(quintet, 2H, J = 8.8, B20 o o o |
17.9Hz), 4.32(ddd, 2H, J = 3.6, 12.0, 17.3Hz), BzO oB"© BnOob
4.68(ABq, 2H, J = 12.4Hz), 4.69(dd, 2H, J = 3.7,

OBz OBn
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10.6Hz), 4.71(s, 1H), 4.77(s, 1H), 4.82-4.95(m, 2H), 4.91(ABq, 2H, J = 11.0Hz), 5.40-
5.82(m, 4H), 7.05-7.63(m, 27H), 7.73-8.05(m, 8H); **C NMR (50.32 MHz, CDCls): &
28.3, 30.1, 63.1, 67.4, 67.6, 69.5, 69.8, 71.8, 72.2, 73.1, 73.3, 73.5, 75.2, 77.3, 79.1, 79.9,
97.1, 100.4, 114.8, 127.0-129.7, 132.9, 133.1, 133.2, 133.3, 137.9, 137.9, 138.5, 139.3,
164.8, 165.0, 165.7, 166.0; HRMS(MALDI-TOF) calculated for CgsHssOss5Na:
1119.4143, Found: 1119.4146.

Pent-4-enyl 2,3,4-tri-O-benzyl-6-0-(2,3,4,6-tetra-O-benzoyl-a-D-mannopyranosyl)-p-

D-glucopyranoside (18) : [o]o (CHCls, ¢ 1.3) = -14.7; 'H d

082
3.38-3.95(m, 7H), 3.95-4.09(m, 1H), 4.30-4.58(m, 3H), 4.59- |BzO7

O

3.0Hz), 5.91(dd, 1H, J = 3.3, 10.0Hz), 6.11(t, 1H, J = OBn
10.0Hz), 7.15-7.68(m, 27H), 7.78-8.18(m, 8H); **C NMR (50.32 MHz, CDCls): & 29.0,
103.5, 114.9, 127.6-129.9, 133.0, 133.1, 133.4, 133.4, 137.8, 137.9, 138.3, 138.5, 165.2,
165.4, 165.4, 166.1 ; HRMS(MALDI-TOF) calculated for CesHssO15Na: 1119.4341,

/
NMR (200.13 MHz, CDCls): § 1.73(m, 2H), 2.12(m, 2H), %8z Lo
O L OBn
5.05(m, 9H), 5.13(d, 1H, J = 1.5Hz), 5.76(dd, 2H, J = 1.8,
OBn
30.1, 62.5, 66.7, 66.9, 68.8, 69.3, 70.0, 70.2, 73.9, 74.9, 75.0, 75.7, 77.9, 82.2, 84.7, 97.5,
Found: 1119.4171.

Pent-4-enyl  2,3,4-tri-O-benzyl-6-0-(2,3,4,6-tetra-O-benzoyl-B-D-galactopyranosyl)-

B-D-glucopyranoside (20) : [a]p (CHCI;, ¢ 1.6) = BzO OBz

+46.6; 'H NMR (200.13 MHz, CDCls): & 1.61(m, 2H), 50 o 5

2.07(q, 2H, J = 6.9H2z), 3.26-3.43(m, 3H), 3.44-3.63(m, Bng%&o(\&
2H), 3.65-3.85(m, 2H), 4.15-4.50(m, 5H), 4.58-4.78(m, BnO——

4H), 4.80-5.06(m, 5H), 5.59(dd, 1H, J = 3.4, 10.4Hz), 5.65-5.90(m, 2H), 5.99(d, 1H, J =
3.0Hz), 7.10-7.68(m, 27H), 7.73-8.15(m, 8H); *C NMR (50.32 MHz, CDCl5): & 28.8,
30.1, 61.9, 68.0, 68.4, 69.1, 69.7, 71.2, 71.6, 74.5, 74.8, 74.8, 75.6, 77.7, 82.0, 84.5,
101.5, 103.4, 114.9, 127.5-130.0, 133.1, 133.2, 133.2, 133.5, 137.8, 138.0, 138.3, 138.4,
165.1, 165.5, 165.5, 166.0; HRMS(MALDI-TOF) calculated for CgsHgsO15Na:
1119.4143, Found: 1119.4142.

Pent-4-enyl  2,3,6-tri-O-benzyl-4-O-(2,3,4,6-tetra-O-benzoyl-B-D-galactopyranosyl)-
a-D-glucopyranoside (21) : [a]o (CHCls, ¢ 1.2) = +24.8; 'H NMR (200.13 MHz,
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CDCl): & 1.65(m, 2H), 2.04(q, 2H, J = 9.9Hz), 3.28-3.62(m, 5H), 3.68(dd, 1H, J = 2.7,
10.7Hz), 3.80-4.09(m, 3H), 4.10-4.52(m, 3H), 4.55-

BzO OBz OBn
5.05(m, 7H), 5.04(ABq, 2H,J = ll.OHZ), 5.28(dd, 1H, 0]

J = 3.4, 10.4Hz), 5.60-5.88(m, 3H), 7.10-7.64(m, 27H), |P%° g0 80 X 5
7.70-8.05(m, 8H); *C NMR (50.32 MHz, CDCls): &
28.3, 30.1, 61.3, 67.3, 67.5, 67.8, 69.5, 70.3, 70.9, 71.8, 73.3, 73.6, 75.2, 76.8, 78.9, 79.8,
97.1, 100.4, 114.8, 127.1-129.9, 133.1, 133.2, 133.3, 133.4, 137.8, 137.9, 138.4, 139.4,
164.9, 165.4, 165.4, 165.8, .; HRMS(MALDI-TOF) calculated for CgsHgsO15Na:
1119.4143, Found: 1119.4136.
3,6-di-O-benzoyl-4-0-(2,3,4,6-tetra-O-benzoyl-p-D-galactopyranosyl)-a-D-gluco-

pyranose-1,2-(prop-2-ynyl orthoacetate) (22) : [o]o

BzO OBz
(CHCI3, ¢ 1.3) = +79.6; *H NMR (20013 MHz, CDCl): | | { o 0Bz
o
§ 2.40(t, 1H, J = 2.4Hz), 3.84(dt, 1H, J = 2.6, 5.1Hz), [BzO OBB(QS% |
z 00
3.99(ddd, 2H, J = 2.5, 15.4, 17.8, Hz), 4.10-4.20(m, J
Ph O

3H), 4.43-4.55(m, 2H), 4.65-4.78(m, 2H), 5.19(d, 1H, J
= 8.0Hz), 5.66(dd, 1H, J = 5.7, 10.6Hz), 5.95(dd, 1H, J = 8.2, 10.1Hz), 6.02(d, 1H, J =
5.6Hz), 6.05(d, 1H, J = 3.3Hz), 6.11(d, 1H, J = 2.4Hz), 7.05-7.65(m, 23H), 7.68-8.19(m,
12H); **C NMR (50.32 MHz, CDCls): & 52.4, 62.1, 63.0, 67.5, 68.1, 69.5, 69.5, 71.6,
71.6, 71.8, 73.9, 76.8, 79.2, 97.8, 103.0, 121.2, 126.7, 128.0-130.0, 132.8, 132.9, 133.2,
133.3, 133.5, 133.5, 133.6, 164.6, 165.0, 165.4, 165.5, 165.5, 165.7; HRMS(MALDI-
TOF) calculated for Cg4Hs,01gNa: 1131.3051, Found: 1131.3036.

Pent-4-enyl 2,3,4-tri-O-benzyl-6-0-(2,3,6-tri-O-benzoyl)-4-0-(2,3,4,6-tetra-O-
benzoyl-B-D-galactopyranosyl)-p-D-glucopyranosyl)-B-glucopyranoside (23) : [a]o
(CHCI3, ¢ 1.7) = +35.3; 'H NMR (500.13 ——r -

MHz, CDCls): § 1.58(m, 2H), 2.07(m, 2H), 0 O&O&

3.30(m, 2H), 3.39(ddd, 1H, J = 1.1, 4.9, BzO osBZ0 OBZO .

5.9Hz), 3.52(t, 1H, J = 8.9Hz), 3.60- BEQ&O{\K
3.80(m, 4H), 3.88(t, 1H, J = 6.3H2),
4.08(dd, 1H, J = 1.3, 11.0Hz), 4.21(d, 1H, J = 7.8Hz), 4.27(dd, 1H, J = 9.4, 18.6Hz),
4.36(d, 1H, J = 11.0Hz), 4.45-4.73(m, 5H), 4.75-4.90(m, 4H), 4.93-5.05(m, 2H), 5.32-
5.40(m, 1H), 5.53(m, 1H), 5.68-5.83(m, 4H), 7.05-7.78(m, 36H), 7.85-8.10(m, 14H); **C
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NMR (125.76 MHz, CDCl3): & 28.8, 30.1, 61.0, 62.3, 67.5, 68.3, 69.1, 69.8, 71.3, 71.7,
71.7,72.8,72.9, 745, 74.7, 74.8, 75.5, 75.9, 77.7, 82.0, 84.4, 101.0, 101.1, 102.3, 114.9,
127.5-130.0, 133.1, 133.1, 133.2, 133.3, 133.4, 133.5, 137.8, 138.0, 138.0, 138.3, 138.4,
164.7, 165.0, 165.2, 165.4, 165.4, 165.5, 165.8; HRMS(MALDI-TOF) calculated for
Co3HgsO23Na: 1594.5491, Found: 1594.54609.

Pent-4-enyl 2,3,6-tri-O-benzyl-4-O-(2,3,6-tri-O-benzoyl)-4-0-(2,3,4,6-tetra-O-
benzoyl-B-D-galactopyranosyl)-pB-D-glucopyranosyl)-B-glucopyranoside (24) : [a]p
(CHCls, ¢ 1.5) = +20.0; *H NMR (500.13 5,0 OBz o —
MHz, CDCl3): & 1.72(m, 2H), 2.14(m, % o o . O?
2H), 3.25(dq, 2H, J = 1.7, 35, 9.8Hz), (P27 “5Bz0 T BnO OBnO
3.36(dd, 1H, J = 8.0, 9.0Hz), 3.43-3.75(m,

6H), 3.80(t, 1H, J = 6.7Hz), 3.85-3.98(m, 3H), 1.48(t, 1H, J = 9.7Hz), 4.23-4.38(m, 4H),
4.60-4.86(m, 6H), 4.95-5.05(m, 2H), 5.32(dd, 1H, J = 3.4, 10.4z), 5.45(dd, 1H, J = 8.1,
9.9Hz), 5.59(t, 1H, J = 9.4Hz), 5.70-5.85(m, 3H), 7.01-7.65(m, 36H), 7.91-8.12(m, 14H);
3C NMR (125.76 MHz, CDCls): & 28.8, 30.1, 60.9, 62.4, 67.4, 67.8, 69.2, 69.7, 71.2,
71.8,72.2,72.6, 72.9, 73.3, 74.1, 74.7, 74.8, 75.4, 77.3, 81.5, 83.5, 100.1, 100.7, 103.4,
114.8, 126.9-129.4, 133.0, 133.2, 133.3, 133.4, 133.5, 133.5, 137.9, 138.0, 138.0, 138,.4,
138.9, 164.7, 164.9, 165.2, 165.3, 165.3, 165.5, 165.7; HRMS(MALDI-TOF) calculated
for Mol. WHt. calculated for CgzHgsO23Na: 1594.5491, Found: 1594.5412.

Prop-2-ynyl 2,3,4-tri-O-benzyl-6-0-(2,3,4,6-tetra-O-benzoyl-B-D-glucopyranosyl)-a.-

D-glucopyranoside (25) : [a]p (CHCI3, ¢ 1.0) = +30.5; OBz
'H NMR (200.13 MHz, CDCls): § 2.38 (t, 1 H, J = 2.3 Béoo/ég/ o
Z
Hz), 3.21-3.52 (m, 2 H), 3.89 (t, 1 H, J = 9.2 Hz), 3.72- BnC?BZ o
3.92 (m, 2 H), 4.10-4.32 (m, 5 H), 4.45-5.02 (m, 9 H), BnO
BnOO/

5.58 (dd, 1 H, J = 8.0, 9.6 Hz), 5.67 (t, 1 H, J = 9.6 Hz),
5.90 (t, 1 H, J = 9.5 Hz), 7.00-7.57 (m, 27 H), 7.78-8.02 (m, 8 H); *C NMR (100.61
MHz, CDCls): 6 54.3, 63.2, 68.1, 69.8, 70.1, 71.8, 72.2, 72.9, 72.9, 74.6, 74.7, 75.5, 77.2,
79.0, 79.3, 81.7, 95.0, 101.3, 127.4-129.7, 133.1, 133.1, 133.2, 133.4, 138.0, 138.2, 138.8,
165.0, 165.1, 165.2, 165.8; HRMS(MALDI-TOF) calculated for CgsHssO15Na:
1089.3673, Found: 1089.3605.
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Prop-2-ynyl 2,3,6-tri-O-benzyl-4-O-(2,3,4,6-tetra-O-benzoyl-B-D-glucopyranosyl)-a.-

D-glucopyranoside (27) : [o]p (CHCI3, ¢ 1.0) = OBz OBn
+15.36; '"H NMR (200.13 MHz, CDCl3): § 2.27 (t, |g,0 o 4 o

BzO
1 H,J=22Hz), 341 (dd, 1 H, J = 1.5, 10.8 Hz), - osE"° Bnoo/

3.50 (dd, 1 H,J=3.7,9.3Hz),356 (d,1H,J=9.8

Hz), 3.62-3.78 (m, 2 H), 3.93 (d, 1 H, J = 2.5 Hz), 3.94 (ABq, 1 H, J = 8.8 Hz), 4.15 (d, 2
H, J = 2.2 Hz), 4.21-4.46 (m, 3 H), 4.55-5.10 (m, 7 H), 5.40-5.68 (m, 3 H), 7.12-7.58 (m,
27 H), 7.75-8.05 (m, 8 H); *C NMR (100.61 MHz, CDCl5): § 54.7, 63.1, 67.3, 69.8, 70.1,
71.8, 72.2, 73.0, 73.2, 73.6, 74.7, 75.3, 77.1, 78.3, 78.8, 79.7, 95.6, 100.3, 127.1-129.7,
132.9, 133.1, 133.2, 133.3, 137.8, 138.2, 139.2, 164.7, 1650, 165.7, 166.0;
HRMS(MALDI-TOF) calculated for Cg4Hsg015Na: 1089.3673, Found: 1089.3686.

Prop-2-ynyl 2,3,4-tri-O-benzyl-6-0-(2,3,4,6-tetra-O-benzoyl-a-D-mannopyranosyl)-

a-D-glucopyranoside ( 29) : [o]p (CHCI3, ¢ 1.0) = +18.5; N
'H NMR (200.13 MHz, CDCly): & 2.47(t, 1H, J = 2.3Hz), 083 \
3.55(t, 1H, J = 9.1Hz), 3.63(dd, 1H, J = 3.7, 9.7Hz), 3.75- Bé(z)oﬁ% o 5en
3.95(m, 3H), 4.05(t, 1H, J = 9.2Hz), 4.25-4.51(m, 2H), O

4.38(s, 2H), 4.58-4.89(m, 3H), 4.75(s, 2H), 4.95-5.16(m, oBR”

4H), 5.73(dd, 1H, J = 1.7, 3.1Hz), 5.87(dd, 1H, J = 3.1, 10.0Hz), 6.09(t, 1H, J = 10.0Hz),
7.20-7.65(m, 27H), 7.76-8.15(m, 8H); *C NMR (50.32 MHz, CDCls): § 54.6, 62.6, 66.6,
66.7, 68.8, 69.9, 70.1, 70.5, 73.0, 75.0, 75.0, 75.7, 77.5, 78.8, 79.6, 81.9, 94.9, 97.7,
127.6-129.8, 133.0, 133.1, 133.4, 133.4, 137.9, 138.1, 138.6, 165.2, 165.4, 165.4, 166.1;
HRMS(MALDI-TOF) calculated for Cg4HsgO15Na: 1089.3673, Found: 1089.3613.

Prop-2-ynyl 2,3,6-tri-O-benzyl-4-0O-(2,3,4,6-tetra-O-benzoyl-a-D-mannopyranosyl)-

a-D-glucopyranoside (30) : [o]o (CHCI3, ¢ 1.0) = - OBz

15.2; *H NMR (200.13 MHz, CDCls): & 2.49(t, 1H, J = Bzo/g%z

2.3Hz), 3.63(dd, 1H, J = 3.6, 9.2Hz), 3.74-4.03(m, 4H), | °°° OBg
4.09(dd, 1H, J = 7.3, 15.5Hz), 4.24(dd, 1H, J = 3.2, BhO Bnoo/
12.1Hz), 4.34(d, 2H, J = 2.3Hz), 4.47(td, 2H, J = 2.3,
12.0Hz), 4.58-4.75(m, 4H), 4.99(ABq, 2H, J = 10.8Hz), 5.09(d, 1H, J = 3.2Hz), 5.61-
5.78(m, 2H), 5.89(dd, 1H, J = 3.1, 10.0Hz), 6.07(t, 1H, J = 10.0Hz), 6.91-7.65(m, 27H),
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7.78-8.13(m, 8H); *C NMR (50.32 MHz, CDCls): & 54.5, 62.5, 66.5, 68.8, 69.5, 69.8,
70.1, 70.3, 72.8, 73.4, 75.0, 75.3, 75.7, 78.7, 79.5, 81.1, 94.8, 98.8, 127.1-129.8, 132.9,
133.0, 133.2, 133.3, 137.5, 137.6, 138.0, 164.8, 165.2, 165.4, 165.9 ; HRMS(MALDI-
TOF) calculated for Cg4Hsg015Na: 1089.3673, Found: 1089.3609.

Prop-2-ynyl 2,3,4-tri-O-benzyl-6-0-(2,3,4,6-tetra-O-benzoyl-B-D-galactopyranosyl)-

a-D-glucopyranoside (32) : [o]o (CHCIs, ¢ 1.0) = +84.4; (5 5 0Bz

'H NMR (200.13 MHz, CDCl5): & 2.30 (t, 1 H, J = 2.1 % 5

Hz), 3.35 (d, 1 H, J = 10.3 Hz), 3.45 (dd, 1 H, J = 3.6, 9.9 520 Bn(g)gé%‘

Hz), 3.67-3.98 (m, 3 H) 4.09-5.03 (m, 14 H), 5.61 (dd, 1 H, BnO g
J=13.32,10.4 Hz), 5.84 (dd, 1 H, J = 8.1, 10.4 Hz), 5.97 (d,
1 H, J = 2.5 Hz), 7.05-7.68 (m, 27 H), 7.72-8.18 (m, 8 H); *C NMR (125.76 MHz,
CDCIy): 6 54.3, 61.9, 68.0, 68.3, 69.7, 70.2, 71.3, 71.5, 72.9, 74.7, 74.7, 75.5, 77.2, 78.9,
79.3, 81.7, 94.9, 101.9, 127.4-130.0, 133.1, 133.3, 133.3, 133.6, 137.9, 138.1, 138.7,

165.1, 165.5, 165.6, 166.0; HRMS(MALDI-TOF) calculated for Cg4Hss015Na:
1089.3673, Found: 1089.3645.

Prop-2-ynyl 2,3,6-tri-O-benzyl-4-0-(2,3,4,6-tetra-O-benzoyl-B-D-galactopyranosyl)-
a-D-glucopyranoside (33) : [a]p (CHCI3, ¢ 1.0) =
+33.3; '"H NMR (200.13 MHz, CDCls): & 2.30 (t, 1 . 0 Oﬁ%

H, J = 2.3 Hz), 3.51 (ABq, 2 H, J = 10.6 Hz), 3.55 20 Bzo BnO Bnoo/
(dd,1H,J=3.9,9.5Hz),3.69 (dd, 1L H,J=2.7,10.4

Hz), 3.85-4.10 (m, 3 H), 4.17 (d, 2 H, J = 2.3 Hz), 4.23-4.48 (m, 3 H), 4.61-4.84 (m, 4 H),
4.98 (ABqg, 2 H,J=11.2 Hz),5.01 (d, 1 H, J =3.6 Hz), 5.30 (dd, 1 H, J = 3.4, 10.4 Hz),
5.69 (dd, 1 H, J=8.0, 10.4 Hz), 5.85 (d, 1 H, J = 3.0 Hz), 7.12-7.61 (m, 27 H), 7.70-8.08
(m, 8 H); *C NMR (50.32 MHz, CDCl,): & 54.7, 61.3, 67.3, 67.7, 70.1, 70.2, 70.9, 71.8,
73.2, 73.6, 74.7, 75.3, 76.5, 78.2, 78.8, 79.6, 95.7, 100.4, 127.1-129.8, 133.1, 133.2,
133.3, 133.4, 137.7, 138.1, 139.3, 164.8, 165.3, 165.3, 165.8; HRMS(MALDI-TOF)
calculated for Cg4Hs5015Na: 1089.3673, Found: 1089.3626.

Prop-2-ynyl 2,3,4-tri-0O-benzyl-6-0-(2,3,6-tri-O-benzoyl)-4-0-(2,3,4,6-tetra-O-
benzoyl-B-D-galactopyranosyl)-B-D-glucopyranosyl)-a-glucopyranoside (35) : [a]p
(CHCls, ¢ 1.0) = +35.7; *H NMR (200.13 MHz, CDCls): 6 2.35(t, 1H, J = 2.3Hz), 3.25-
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3.46(m, 2H), 3.60-3.91(m, 6H), 4.01-4.32(m, 5H), 4.36-4.76(m, 8H), 4.81-4.98(m, 3H),
5.37(dd, 1H, J = 3.4, 10.4Hz), 5.53(dd, 1H, J = 8.1, 9.8Hz), 5.67-5.85(m, 3H), 6.98-
7.68(m, 36H), 7.87-8.03(m, 14H); °C NMR (" g,o OBz

(125.76 MHz, CDCl3): 6 54.2, 61.1, 62.3, 500 o] Oﬁ&o

67.5, 68.0, 70.0, 70.1, 71.3, 71.5, 71.7, 72.8, 082" el

72.9, 73.0, 74.7, 74.7, 75.5, 75.9, 77.1, 78.8, ng% P
79.2, 81.6, 94.8, 100.9, 101.2, 127.4-130.0, O\//
133.1, 133.2, 133.2, 133.3, 133.4, 133.4, 133.5, 137.8, 138.0, 138.7, 164.7, 165.0, 165.1,
165.4, 165.4, 165.5, 165.8; HRMS(MALDI-TOF) calculated for Cg;HgyO23Na:
1564.5022, Found: 1564.5029.

Prop-2-ynyl 2,3,6-tri-O-benzyl-4-0-(2,3,6-tri-O-benzoyl)-4-0-(2,3,4,6-tetra-O-
benzoyl-B-D-galactopyranosyl)-B-D-glucopyranosyl)-a-glucopyranoside (36) : [a]p
(CHCIs, ¢ 1.0) = +455; 'H NMR

BzO OBz OBz

OBn
(200.13 MHz, CDCly): & 2.25(t, 1H, J = % & o S
23Hz),  3.15-3.90(m,10H), 4.05- | P07 \ 5Bz0 OBZB?o w

BnOO =

4.36(m,6H), 4.45-4.78(m, 6H), 4.95(t,
1H, J = 3.8Hz), 5.02(t,1H, J = 5.8Hz), 5.29(dd, 1H, J = 3.2, 10.2Hz), 5.44(quintet, 2H, J
= 8.1,10.0Hz), 5.70(m, 2H), 6.90-7.68(m, 36H), 7.70-8.11(m, 14H); *C NMR (125.76
MHz, CDCls): 6 54.6, 60.9, 62.4, 67.2, 67.4, 69.7, 70.0, 71.2, 71.7, 72.0, 72.5, 72.9, 73.1,
73.5, 74.6, 75.1, 75.3, 77.0, 78.1, 78.7, 79.7, 95.6, 100.2, 100.6, 126.8-130.0, 133.0,
133.2, 133.2, 133.3, 133.4, 133.5, 133.5, 137.5, 138.0, 139.0, 164.8, 164.8, 165.2, 165.3,
165.3, 165.5, 165.7; HRMS(MALDI-TOF) calculated for Cg;HgoO23Na: 1564.5022,
Found: 1564.5021.

Pent-4-enyl 2,3,4-tri-O-benzyl-6-0-(2,3,4,6-tetra-O-benzoyl-B-D-glucopyranosyl)-a.-

D-mannopyranoside (38) : [a]p (CHCI3, ¢ 3.0) = +27.3; OBz

H NMR (200.13 MHz, CDCly): & 1.32(m, 2H), 1.89(m, BZO&@/

2H), 2.95(m, 1H), 3.38(m, 1H), 3.52-3.80(m, 5H), 4.10- 520 OBz Oogn |
4.28(m, 2H), 4.35-4.78(m, 9H), 4.84-5.00(m, 3H), 5.50- Bgﬁcﬁﬁo 5

5.98(m, 4H), 7.12-7.58(m, 27H), 7.75-8.09(m, 8H); *°C
NMR (50.32 MHz, CDCls): § 28.3, 30.2, 63.1, 66.4, 69.4, 69.7, 71.1, 71.8, 72.0, 72.0,
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725, 729, 74.4, 74.9, 75.0, 80.2, 97.5, 101.6, 114.6, 127.4-129.8, 132.9, 133.0, 133.1,
133.3, 138.1, 138.2, 138.3, 138.4, 164.9, 165.1, 165.8, 166.1; HRMS(MALDI-TOF)
calculated for CgsHgsO15Na: 1119.4143, Found: 1119.4164.

Prop-2-ynyl 2,3,4-tri-O-benzoyl-6-0-(2,3,4-tri-O-benzyl)-6-0-(2,3,4,6-tetra-O-
benzoyl-B-D-glucopyranosyl)-a-D-mannopyranosyl)-a-glucopyranoside (39) : [a]p
(CHCl5, ¢ 1.7) = -11.0; 'H NMR (200.13 MHz,
CDCly): & 260(t, 1H, J = 23Hz), 3.33(dd, |g,0 o o
J=3.3,11.0Hz, 1H),3.57-3.73(m, 4H), 3.76(dd, J=3.2, | °*° O%O%Bn

11.1Hz, 1H), 3.83(dd, J=2.4, 8.5Hz, 1H), 4.06- BnO
4.12(m, 3H), 4.31-4.41(m, 5H), 4.51(dd, J= 5.2, OO
BzO
12.7Hz, 1H), 4.59(s, 2H), 4.61(dd(, J= 3.4, 12.7Hz, BzO
), 4.59(s, 2H), 4.61(dd( AN 2

1H), 4.67(d, J= 10.9Hz, 1H), 4.76(s, 1H), 4.84(d, J =
7.7, 1H), 5.26(s, 1H), 5.47(dd, J= 7.8, 9.8Hz, 1H), 5.66(t, J= 9.2Hz, 1H), 5.70(d, J=
3.4Hz, 1H), 5.83(dd, J= 3.4, 10.1Hz, 1H), 5.89(t, J= 9.6Hz, 1H), 6.00(t, J = 10.2Hz, 1H),
7.19-7.54(m, 36H), 7.86-8.14(m, 14H); *C NMR (55.32 MHz, CDCls): & 55.2, 63.3,
65.9, 67.2, 69.1, 69.7, 69.8, 70.0, 70.5, 71.2, 71.8, 71.9, 72.0, 72.5, 73.0, 74.7, 74.7, 74.7,
75.8, 78.3, 80.3, 96.3, 98.0, 101.5, 127.5-130.0, 133.1, 133.1, 133.1, 133.3, 133.3, 133.5,
133.6, 138.4, 138.5, 138.5, 165.0, 165.2, 165.3, 165.4, 165.5, 165.9, 166.2; Mol. Wh.
calculated for Cg1HgoO23Na: 1564.5022, Found: 1564.43 (M*+23 for Na).

Prop-2-ynyl 2,3,4-tri-O-benzyl-6-0-(2,3,4,6-tetra-O-benzoyl-B-D-glucopyranosyl)-a.-

D-mannopyranoside (41) : [a]p (CHCI3, ¢ 1.0) = +32.5; OBz

'H NMR (200.13 MHz, CDCls): & 2.33(t, 1H, J = 2.4Hz), BZQ%

3.76(m, 4H), 3.91(d, 2H, J = 2.3Hz), 4.20(m, 2H), 4.50(s, B20 OBz OOBn

2H), 4.58(m, 2H), 4.67(s, 2H), 4.73(ABq, 2H, J = Bgcr?oﬁ%
o_Z

11.1Hz), 4.90(s, 1H), 4.96(d, 1H, J = 7.7Hz), 5.60(d, 1H,
J = 9.6Hz), 5.68(dd, 2H, J = 10.0, 19.4Hz), 5.94(t, 1H, J = 9.6Hz), 7.12-7.52(m, 27H),
7.80-8.05(m, 8H); *C NMR (50.32 MHz, CDCls): & 53.6, 63.0, 69.2, 69.6, 71.7, 71.8,
71.8,72.0, 72,5, 72.8, 74.0, 74.6, 74.6, 74.8, 78.7, 79.8, 95.8, 101.5, 127.3-129.7, 133.0,
133.0, 133.1, 133.3, 137.9, 138.1, 138.2, 164.9, 165.0, 165.7, 166.0; HRMS(MALDI-
TOF) calculated for Cg4Hs5015Na: 1089.3673, Found: 1089.3613.
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Pent-4-enyl 2,3,4-tri-O-benzoyl-6-0-(2,3,4-tri-O-benzyl)-6-0-(2,3,4,6-tetra-O-

benzoyl-B-D-glucopyranosyl)-a-D-mannopyranosyl)-a-glucopyranoside (43) :

[a]o (CHCIs, ¢ 1.6) = -13.5; "H NMR (200.13 MHz, OB2

CDCly): § 1.80(m, 2H), 2.21(m, 2H), 3.28(dd, J = 3.3, Bzo/ﬁ/o

11.0Hz, 1H), 3.32(dd, J= 3.0, 6.4 Hz, 1H), 356 (d, = | °°°7 ‘omz OBn

6.6, 1H), 3.64-3.81(m, 6H), 4.01-4.09(m, 3H), 4.28(s, Bgﬁ)oﬁﬁ

1H), 4.32(d, J = 5.3Hz, 1H), 4.47-4.63(m, 5H), 4.72(d, ° |

J = 1.4Hz,2H), 4.76(d, J = 7.8Hz, 1H), 5.00(d, J = Bé?c%%() 5

0.8Hz, 1H), 5.04(dd, J = 1.4, 3.1 Hz, 1H), 5.13(q, J
1.6, 3.4, 1H), 5.41(dd, J = 7.7, 9.6Hz, 1H), 5.58(t, J = 9.7Hz, 1H), 5.61(dd, J = 1.7, 3.4Hz,
1H), 5.76-6.00(m, 4H), 7.12-7.54(m, 36H), 7.80-8.10(m, 14H); *C NMR (100.61 MHz,
CDCly): 6 28.5, 30.2, 63.2, 66.1, 67.4, 68.0, 69.0, 69.1, 69.8, 70.2, 70.8, 71.0, 71.7, 71.8,
71.9,72.4,72.9, 745, 74.6, 74.6, 77.2, 80.3, 97.4, 98.0, 101.5, 115.2, 127.3-130.0, 132.9,
133.0, 133.0, 133.2, 133.2, 133.4, 133.4, 137.8, 138.4, 138.5, 164.8, 165.2, 165.3, 165.5,
165.5, 165.8, 166.1; Mol. Wt. calculated for Cg1HgoO23Na: 1594.5491, Found: 1594.54

(M*+23 for Na).
Prop-2-ynyl 2,3,4-tri-O-benzyl-6-0-(2,3,6-tri-O-benzoyl)-4-0-(2,3,4,6-tetra-O-
benzoyl-B-D-galactopyranosyl)-p-D-
glucopyranosyl)-a-mannopyranoside (44) : | g,o OBz OBz
[a]o (CHCIs, ¢ 1.0) = +51.1; *H NMR (200.13 0 % o ° o
MHz, CDCly): & 2.35(t, 1H, J = 2.3Hz), 3.60- o£Z° _ore OB
3.98(m, 10H), 4.10-4.52(m, 7H), 4.53-4.78(m, BnO
o_?

4H), 4.80-4.97(m, 3H), 5.43(dd, 1H, J = 3.2,
10.3Hz), 5.59(dd, 1H, J = 7.9, 10.0Hz), 5.70-5.95(m, 3H), 7.01-7.65(m, 36H), 7.70-
8.04(m, 14H); *C NMR (50.32 MHz, CDCly): § 53.5, 60.9, 62.2, 67.3, 69.0, 69.7, 71.2,
71.6, 71.6, 71.6, 72.4, 72.7, 72.7, 73.8, 74.5, 74.6, 74.6, 74.7, 75.8, 78.5, 79.7, 95.6,
100.7, 101.3, 127.1-129.8, 132.8, 132.9, 133.1, 133.1, 133.2, 133.2, 133.3, 137.8, 138.0,
138.1, 164.6, 164.9, 165.0, 165.2, 165.2, 165.3, 165.6; HRMS(MALDI-TOF) calculated
for CorHgoO23Na: 1564.5022, Found: 1564.5022.
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Pent-4-enyl 2,3,4-tri-O-benzoyl-6-0-(2,3,4-tri-O-benzyl)-6-0-(2,3,6-tetra-O-benzoyl)-
4-0-(2,3,4,6-tetra-O-benzoyl-B-D-galactopyranosyl)--D-glucopyranosyl)-a-manno-

pyranosyl)-a-glucopyranoside (45) : [alo (g,0 OBz

(CHCI, ¢ 1.6) = +38.6; 'H NMR (200.13 0 OBCZ)

MHz, CDCly):  1.60(m, 2H), 1.97(m, 2H), |°-C B2 20 o Poen
3.26(dd, 1H, J = 2.5, 11.5Hz), 3.35-3.60(m, Bgﬁoﬁ%

6H), 3.63-3.75(m, 4H), 3.85-3.90(m, 3H), O
4.22(d, 2H, J = 10.0Hz), 4.36(ABg, 2H, J = Bg@&% 5
115Hz), 4.47(dd, 1H, J = 4.0, 12.3H2), Bz0O

4.54-4.62(m, 6H), 4.70(d, 2H, J = 8.6Hz), 4.80(dd, 1H, J = 1.5, 15.3Hz), 4.84(t, 1H, J =
8.0Hz), 5.35-5.51(m, 5H), 5.58-5.80(m, 5H), 7.06-7.63(m, 45H), 7.72-8.02(m, 20H); **C
NMR (100.61 MHz, CDCls): 6 28.5, 29.8, 61.1, 62.4, 65.3, 67.5, 68.8, 69.3, 69.4, 69.9,
71.4,71.8,71.8,71.9,72.0,72.4,72.7,72.8, 73.0, 73.2, 74.2, 74.6, 74.8, 76.0, 77.3, 80.0,
98.0, 101.0, 101.2, 101.5, 115.0, 127.5-130.0, 133.1, 133.2, 133.2, 133.2, 133.2, 133.3,
133.5, 133.5, 133.5, 133.6, 138.0, 138.4, 138.5, 138.6, 164.9, 164.9, 165.0, 165.2, 165.3,
165.5, 165.5, 165.6, 165.9, 165.9; Mol. Wt. calculated for Ci18H10,03:Na: 2069.1127,
Found: 2069.12(M*+23 for Na).

Pent-4-enyl 2,3,4-tri-O-benzyl-6-0-(2,3,6-tri-O-benzoyl)-4-0-(2,3,4,6-tetra-O-
benzoyl-B-D-galactopyranosyl)-pB-D-glucopyranosyl)-a-mannopyranoside (46) : [a]o
(CHClIs, ¢ 2.5) = +42.2; *H NMR (200.13 MHz, T -~
CDCls): & 1.29(m, 2H), 1.89(m, 2H), 2.94(m, o &O&

1H), 3.32(m, 1H), 3.55-3.93(m, 9H), 4.05- |BZ° OBZBCQO g PoBn
4.42(m, 3H), 4.45-4.75(m, 8H), 4.78-4.99(m, Bgﬁoﬁ%ﬁ
4H), 5.30-5.88(m, 6H), 7.05-7.83(m, 36H), °
7.81-8.15(m, 14H); 3¢ NMR (50.32 MHz, CDCly): 6 28.2, 30.2, 61.0, 62.3, 66.3, 67.5,
69.2,69.8, 71.2, 71.3, 71.7,71.9,71.9, 72.4, 72.8, 72.9, 74.3, 74.9, 75.9, 77.2, 80.1, 97.4,
100.9, 101.4, 114.6, 127.3-129.9, 132.9, 133.0, 133.2, 133.3, 133.4, 133.5, 133.5, 138.1,

138.2, 138.2, 138.3, 164.7, 165.0, 165.1, 165.3, 165.4, 165.5, 165.8; HRMS(MALDI-
TOF) calculated for Co3HgeO23Na: 1594.5491, Found: 1594.5451.
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Prop-2-ynyl 2,3,4-tri-O-benzoyl-6-0-(2,3,4-tri-O-benzyl)-6-0-(2,3,6-tetra-O-benzoyl)-

4-0-(2,3,4,6-tetra-O-benzoyl-B-D-galactopyranosyl)--D-glucopyranosyl)-a-manno-

pyranosyl)-a-glucopyranoside (47) : [a]o
(CHCIs, ¢ 1.6) = +10.3; *H NMR (200.13
MHz, CDCls): § 2.56(t, J = 2.3Hz, 1H),
3.34(dd, J = 3.6, 10.9Hz, 1H), 3.49-3.57(m,
2H), 3.61(t, J = 9.3Hz, 2H), 3.65-3.75(m,
5H), 3.87(t, J = 6.5Hz, 1H), 3.93(d, J = 9.1,
1H), 3.98(dd, J = 3.6, 13.3Hz, 1H), 4.21-

BzO OBz
o
BzO
BzO

BzO &
BzO
BzOo _#Z#

4.32(m, 6H), 4.45(dd, J = 3.7, 12.0Hz, 1H), 4.51(d, J = 2.0Hz, 2H), 4.56(d, J = 11.0Hz,
2H), 4.66(d, J = 7.7Hz, 1H), 4.74(d, J = 1.2Hz, 1H), 4.84(d, J = 8.0Hz, 1H), 5.19(d, J =
1.4Hz, 1H), 5.35(dd, J = 3.3, 10.3Hz, 1H), 5.45(dd, J = 8.0, 9.9, 1H), 5.63(dd, J = 1.7,
3.1Hz, 1H), 5.70-5.75(m, 2H), 5.76(dd, J = 2.9, 10.2Hz, 2H), 5.92(t, J = 10.2, 1H), 7.08-
7.64(m, 45H), 7.72-8.07(m, 20H); *C NMR (100.61 MHz, CDCls): 855.3, 61.1, 62.4,
66.0, 67.3, 67.5, 69.0, 69.7, 69.9, 70.0, 70.5, 71.2, 71.4, 71.7, 71.8, 72.4, 72.9, 73.0, 74.5,
74.6, 74.8, 76.0, 76.0, 78.3, 80.1, 96.3, 98.0, 101.0, 101.5, 127.4-130.0, 133.0, 133.2,
133.2, 133.2, 133.3, 133.4, 133.5, 133.5, 133.6, 133.6, 138.5, 138.5, 138.5, 164.9, 165.0,
165.2, 165.3, 165.4, 165.5, 165.5, 165.5, 165.6, 165.9; Mol. Wt. calculated for
Ci1gH10203:Na: 2039.0436, Found: 2039.12 (M*+23 for Na).

*kkkkikk
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Chapter 1: Spectral charts

(For full characterization data and spectral charts, see reference: J. Org. Chem. 2009, 9233-9236)
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'H NMR Spectrum (500.13 MHz, CDCls) of Compound 9a
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Chlorgform-d

'H NMR Spectrum (200.13 MHz, CDCls) of Compound 9b
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'"H NMR Spectrum (200.13 MHz, CDCls) of Compound 16
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'"H NMR Spectrum (200.13 MHz, CDCls) of Compound 18
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'"H NMR Spectrum (200.13 MHz, CDCls) of Compound 21
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'H NMR Spectrum (400.13MHz, CDCls) of Compound 22
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'H NMR Spectrum (500.13 MHz, CDCls) of Compound 23
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'"H NMR Spectrum (500.13 MHz, CDCls) of Compound 24
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'"H NMR Spectrum (200.13 MHz, CDCls) of Compound 25
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'H NMR Spectrum (200.13 MHz, CDCls) of Compound 27
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'H NMR Spectrum (200.13 MHz, CDCls) of Compound 29
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'"H NMR Spectrum (200.13 MHz, CDCls) of Compound 30
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'H NMR Spectrum (200.13 MHz, CDCls) of Compound 33
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'"H NMR Spectrum (200.13 MHz, CDCls) of Compound 35
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'H NMR Spectrum (200.13 MHz, CDCls) of Compound 36
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'H NMR Spectrum (200.13 MHz, CDCls) of Compound 38
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'"H NMR Spectrum (400.13 MHz, CDCls) of Compound 39
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'H NMR Spectrum (200.13 MHz, CDCls) of Compound 41
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'H NMR Spectrum (200.13 MHz, CDCls) of Compound 43
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'"H NMR Spectrum (400.13 MHz, CDCls) of Compound 45
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'"H NMR Spectrum (200.13 MHz, CDCls) of Compound 46
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'"H NMR Spectrum (400.13 MHz, CDCls) of Compound 47
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Chapter 2

Alkyl glycosides as stable glycosyl donors for
oligosaccharide synthesis




Chapter 2: Introduction

Glycoconjugates are the biopolymers formed by an oligosaccharide moiety joined
to a protein (glycoprotein) or to a lipid moiety (glycolipids). These biopolymers together
with proteins and nucleic acids are mainly responsible of information transfer between
cells, cell growth, motility and morphology and differentiation which are the fundamental
processes of life and central to all cellular systems." Enormous number of biological
studies on naturally products such as membranes, cell walls, and antibiotics and the
mechanisms of these substances showed the biological significance of the glycons of
glycoconjugates.’

Complex oligosaccharides in the form of glycolipids and glycoproteins present in
the cell membranes can mediate diverse biological functions such as inflammation,
immune response, metastasis, fertilization and many other important biomedical
processes.®> Compared with other biopolymers such as nucleic acids, proteins and
peptides, in which their biological activity depends on their sequence of nucleotides or
amino acids, in the case of oligosaccharides, the situation is more complex. For
oligosaccharides, besides the sequence of monomeric structures, other aspects such as the
functional groups and their stereochemistry, the conformation of sugars, selective
formation of glycosidic linkages etc must be considered. Moreover the availability of
these oligosaccharides for the study is very low as they are present in very less
concentrations in nature and in micro-heterogeneous forms which complicate their
isolation and characterization.

All these facts have made the area of oligosaccharide synthesis most challenging
for the chemical synthesis. The chemical synthesis of oligosaccharides often involves a
glycosylation reaction between a glycosyl donor and an aglycon. The glycosyl donor (A),
a fully protected saccharide unit that possesses an appendage which can be activated to
become a leaving group (L) at the anomeric position where as the aglycon (ROH)
frequently bears only one hydroxyl group (Figure 1). Activators promote the easy
formation of an oxocarbenium ion intermediate (B) which will then be attacked by the

aglycon to afford glycosides (C) (Figure 1).
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\’%H Activator é/ 8 ROH \‘%H

op L Aglycone (ROH) OP OR
a-
Glycosyl Lo Glycoside
Donor Oxocarbenium ion Broduct
A B Cc
Figure 1

After the major historical advance of Koenigs-Knorr method in 1901, considerable
attention has been directed toward the efficacy of O-glycosylations.  Several
glycosylation methods were developed using different glycosyl donors such as glycosyl
halides®, 1,2-orthoesters®, thioglycosides®, glycosyl trichloroacetimidates’, n-pentenyl
glycosides®, glycosyl phosphites®, glycosyl phosphates'®, glycosyl sulfoxides™,
selenoglycosides'?, glycals™ and vinyl glycosides™ (Figure 2). Recently, 1-Hydroxy
sugars™, glycosyl iodides™, glycosyl acetates'’, glycosyl thioimidates'®, and carboxy

benzyl glycosides®® have also been reported as glycosyl donors for oligosaccharide

synthesis (Figure 2).
P
PO%L OO PO~~~ SR |:>O/\/Qnr\o)l\cc|3
R\‘K
Glycosyl halides ' OMe
(L=F, CI, Br) 1,2-Orthoesters Thioglycosides Trichloroacetimidates
o o \/\
e} (L Y —O 1 —~0
po/‘mﬂ"o PO/\% PO W~ S~R PO~ 0
Pentenyl glycosides Glycals Glycosyl sulfoxides Vinyl glycosides

PO =0 P PO=="O Tor  POTEO ( PO~ ==\ SeR

-OR
II
(0]
Glycosyl phosphates Glycosyl phosphites Pentenoyl glycosides selenoglycosides
0 0 >0 N = ] @
0]
1,2-Epoxides aceoxymethoxy glycosides  anomeric diaziridines thioimidates

Figure 2
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Glycosyl Halides?®

Scheme 1
OAc OAc OAc
AgOS O Silver salts AcOé 0 SnCl,-AgCIOs o
c - -~
AcOL Sugar-OH  AcO OAc(:)\Sugar Sugar-OH ACO—A—
. F
Glycosyl bromides 1,2-trans glycoside Glycosyl Fluorides

The use of glycosyl bromide or chloride as an effective glycosylation donor in the
glycosylation reaction was first introduced by Koenigs and Knorr in 1901.2° Heavy
metal salts such as AgOTf, Ag.O, Ag,CO3;, AgCIO,4, AgNO3, Ag-silicate, Hg(CN),,
HgBr,, HgCl; and their combinations were used as activators (Scheme 1 & 2). Further,
Tetramethyl urea, HgO, s-collidine were frequently used as acid scavengers and water
was removed by Drierite and molecular sieves.”® Later, Lemieux and co-workers
introduced a mild glycosylation procedure using BusN*Br~ that led to the elegant

synthesis of several blood group antigenic determinants.”

Scheme 2
OAc AcO PhT
O
C C
Me2NCONMe2 (@)
AcO Br AcHN OMe 82% AcO
AcHN

MeO

Lack of stability as well as the use of excess silver salts (usually four equivalents)
and the problem concerning the disposal of mercuric salts are major drawbacks of this
method. In 1981, Mukaiyama et al. introduced glycosyl fluorides as glycosyl donor in
the presence of SnCl,-AgClO,.2° The introduction of fluorine as leaving group is good
alternative to the Kéenings-Knorr method which was extended to furanosides as well
(Scheme 3).%°

Scheme 3
OMe
[
OH A
F BnO
BnO™|_o B0 o  SnClL-TrClO, OO0 ( oan
BnO 0 n
BnO 4AMS, Et,0
OBn OBn OMe  50c OBn OBn

95%(a/p = 22:3)
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Thio glycosides®

Scheme 4
OBn OBn g OBn
BnO O BnO 0 gl Sugar-OH BnO e)
é‘n&/SEt é‘n&sa ~ Bno O~sugar
OBn . OBn OBn
E= Electrophile
thioglycoside sulfonium ion saccharide

Thioglycosides have been extensively studied as useful glycosyl donors for
oligosaccharide synthesis due to their weak basicity, low reactivity and stability. In
this method, the promoter activates the sulphur of thioglycoside producing an
intermediate sulfonium ion which in turn departs to form oxocarbenium ion and
subsequently, trapped with the glycosyl acceptors to offer glycosides and saccharides
(Scheme 4). After the initial observation by Ferrier, a whole range of promoters have
been developed for the activation of thioglycosides which involves CH3OTf, DMTST,
PhSeOTf, NIS/TfOH and IDCP (Scheme 5).

Scheme 5
OBn

OH
B

BnO O sgt 4+ BnO O DMTST ~ Bn BnO
BnO BnO H | (@)

BnO BnO CHCl;
OMe BnO 0

BnO

BnO

OMe

Later in 1990, the efficacy of the thioglycosides was extended to furanosides by
Mereyala et al for the synthesis of pentaarabinofuranosyl structure motif A which is
present in the cell wall of Mycobacterium tuberculosis (Scheme 6).*

Scheme 6

KI BnO 0 OK\K
o)
BnO O ™ 7
O~ .~SPy BnO™l_o 5% Mel in CH,Cl,
BnO + HO —_— OBn

4R MS powder BnO 0
OBn OBn BnO

OBn
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Trichloroacetimidates®

Scheme 7
OBn OBn OBn
BnO O CIsC—C=N BnO 0 Lewis acid o)
Bnoé@«OH e Bn&ﬁo COls ‘Sugar-oH Bé‘r?o&ﬁo\
OBn OBn W OBn Sugar
NH
Lactol trichloroacetimidates saccharide

Trichloroacetimidates glycosylation was developed by Schmidt and his co-
workers in 1980 as an alternative method to Koenigs-Knorr method. Trichloroimidate
glycosyl donor was easily synthesized from the corresponding 1-hydroxy sugar by
treatment of trichloroacetonitrile in the presence of a base such as K,COs, NaH, or
DBU. The glycosylation reaction can be promoted by catalytic use of BF3.Et,O or
TMSOTf (Scheme 7 & 8). Trichloroacetimidates have been widely used in the
synthesis of many natural products and is the most versatile one among all.

Scheme 8

BF3:Et,0  BnO
BnO O NH Bnoé&sph 32 BnO 0o

BnO BnO BnO (o)
CH,CI BnO
BnOO/U\CCI3 BnO 2~12 Bno/k/sph

BnO

Later, Trichloroacetimidates were extended to furanosides by Kong et al. in 1999
and synthesized fully benzoylated tetrasaccharide, whose free form is indispensable to
the antibiotic Ristomycin A (Scheme 9).22

Scheme 9
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4-Pentenyl Glycosides®

Fraser-Reid and his co-workers introduced n-pentenyl glycosides as effective
glycosyl donors in 1988. The promoters used for these reactions are NIS alone or
NIS/Et;SiOTf or NIS/TfOH or IDCP (Scheme 10 & 11).
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Scheme 10
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Eletrophilic addition of iodonium ion to the olefin of the n-pentenyl group leads to
the intramolecular cyclization with simultaneous extrusion of cyclized tetrahydrofurfuryl
iodide to form oxocarbenium ion that can be attacked by the aglycon to form the
transglycosylated product (Scheme 10).

Scheme 11
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n-pentenyl furanosides were developed by Mereyala et al. in 1998 for the synthesis of
oligosaccharide motifs present in Mycobacterium tuberculosis (Scheme 12).%
Scheme 12
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Glycosyl sulfoxides®

Kahne et al. introduced the sulfoxide method which is one of the most popular
protocols especially for the synthesis of p-mannosides.* Glycosyl sulfoxides can be

prepared by the oxidation of corresponding thioglycosides, which is activated by triflic
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anhydride (Tf,0) at -78°C followed by the addition of 2,6-di-tert-butyl-4-methylpyridine
and alcohols to get glycosides (Scheme 13 & 14).

Scheme 13
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David Crich suggested that the formation of intermediate glycosyl sulfonates at
low temperature enhances the 1,2-cis glycosylation. The strength of the method is that
some very unreactive acceptors also can be glycosylated under mild conditions.

Scheme 14
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Selenoglycosides®

Selenoglycosides were synthesized from corresponding peracetylated glycosides,
using Lewis acid and phenyl selenol. The promoters used for the reaction are
AgOT{/K,COs3, NIS, IDCP, NIS/TfOH. Phenylseleno glycosides are more reactive then
thioglycosides allowing chemoselective glycosylations (Scheme 15).

Scheme 15
OAc
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Both C-2 acylated and benzylated glycosyl donors can be activated with AgOTT.

The glycosylation is quenched by the addition of tetramethylurea or collidine.
Thioglycosides are usually stable towards AgOTf, so orthogonal glycosylations are
feasible (Scheme 16).
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Scheme 16
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1,2-Orthoesters®

1,2-Orthoester is a latent C-2 glycosyl donor, widely studied by Kochetkov et al.
in 1960, and employed for the stereoselective synthesis of 1,2-trans glycosides. The
first paper was published in 1967 using 3,4,6-tri-O-acetyl-a-D-glucopyranose 1,2-
(methyl orthoacetate) and cholesterol in presence of HgBr; in nitromethane at reflux
temperature (Scheme 17). Glucosyl and galactosyl donors offer B-glucosides and [-
galactosides whereas, mannosyl 1,2-orthoester gives a-mannosides. Further, ethyl,
isopropyl, tert-butyl and cyano 1,2-orthoesters as glycosyl donors have been studied by
Kochetkov et al. for the effect of leaving ability of substituted alkyl group present in the
1,2-orthoester to the stereoselective synthesis of 1,2-trans glycosides. Fraser-Reid et
al. reported pentenyl 1,2-orthoesters as glycosyl donors in the presence of
NIS/Yb(OTf); to get 1,2-trans glycosides and saccharides.

Scheme 17
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Very recently, Sureshkumar et al. reported propargyl 1,2-orthoesters as glycosyl
donors in the presence of catalytic amount of AuBr; for the stereoselective synthesis of
1,2-trans glycosides as well as disaccharides.  For 1,2-trans stereoselective
glycosylation, benzoate and pivolate protected 1,2-orthoesters are generally
recommended as compared to acetate since the former reduces the formation of

transorthoester.
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Glycals®’

Glycals were first used in oligosaccharide synthesis by Lemieux in 1960s.
Glycals can be used as glycosyl donors in two routes, viz in first method, in situ activation
makes the glycal as a glycosyl donor, where as in the second method, glycal was first
converted into a glycosyl donor through different reactions (epoxidation, azidonitration or

sulfonamide glycosylation), followed by the actual glycosylation (Figure 3).

o

Insit PO ", ®
nstu ~E  Glycosyl acceptor

Activation

oP PO O ~OR
O .x E
Transformation PO » PO
e E

into a glycosyl donor P

Figure 3

Promotors used for the reaction are IDCP, NBS, NIS for the synthesis of 2-deoxy-
2-halo-a-glycosides, which were easily converted to 2-deoxy-a-glycosides upon
reductive halogenation. In other way, DMDO oxidation of glycal to give 1,2-
anhydrosugar, followed by activation under Lewis acids such as ZnCl, result in the
disaccharide with 1,2-trans selectivity (Scheme 18).

Scheme 18
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Carboxy benzyl®®

Carboxy benzyl glycosides were developed by Kim et al. in 2001 for the efficient
synthesis of B-mannosylations.  These glycosides were synthesized from the
corresponding per-O-acetylated glycosyl bromide using HgBr,, Hg(CN),, followed by
deacetylation, benzylation and selective hydrogenolysis.  Promoters used for the
glycosylation were the combination of DTBMP and Tf,0 at -78°C to result B-mannosides
(Scheme 19).
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Later, the method was applied for the synthesis of B-arabinofuranosylations by
acceptor dependent stereoselective glycosylations in which acyl protecting group was
found to be essential for selectivity and wusing the glycosylation method,

octaarabinofuranoside was synthesized (Scheme 20).%

Scheme 20
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Chapter 2: Present Work

Cell surface carbohydrates are present in the form of glycolipids and
glycoproteins mediate diverse biological functions. For example, glycoproteins and
glycolipids are reported to implicate information transfer between cells and have
important roles in stability, proliferation, embryogenesis etc. Oligosaccharides are
capable of inducing a protective antibody response, which is a major contributor for the
survival of the micro-organisms during infection.

The development of stable, efficient and stereoselective glycosylation
methodologies has attracted a great deal of attention in recent years due to the biological
significance of many complex oligosaccharides and glycoconjugates. To date, many
innovative glycosylation methodologies have been developed. However, most of these
address the preparation of pyranosyl glycosides. In contrast, studies on stereoselective
furanosylations have been limited. Nevertheless there is a need for methods to enable
preparation of furanosides in a stereoselective manner, given the critical role of
furanosides in the life cycle of a number of microorganisms.?

In our laboratory, propargyl pyranosides were exploited for the synthesis of
various glycoconjugates using catalytic amount of gold halides.®® For example,
propargyl 2,3,4,6 tetra-O-benzyl-a-D-mannopyranoside (1) was treated with menthol
(2) and methyl 2,3,4 tri-O-benzyl-a-D-glucopyanoside (4) in the presence of 5 mol% of
AUCl; at 60°C to get corresponding menthyl mannoside (3) and disaccharide (5) in good

yields (Scheme 21).
Scheme 21
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Successful synthesis of various glycoconjugates using propargyl pyranosides as

glycosyl donors encouraged us to explore propoargyl furanosides as glycosyl donors.

We started our synthetic endeavor with the preparation of propargyl 2,3,5-tri-O-benzyl-

-D-ribofuranoside (8).

Scheme 22
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Fischer glycosylation of D-ribose in methanol and H,SO, acid resulted the formation of

methyl ribofuranoside which upon benzylation followed by the reaction with propargyl

alcohol in the presence of TMSOTT in CH,CI, gave required propargyl ribofuranoside 8

(Scheme 22). Direct Fischer glycosylation with propargyl alcohol was not found to be

suitable due to the formation of propargyl pyranoside along with furanoside which are

found to be difficult for separation.

Table 1
OMe
—_—
/
O// OBz
OH
BnO o 820 o0 Reaction Conditions ~ BnO O OBz
+ PE5 OBz
BnO  OBn BzOo e BnO OBn
8 9 10
S.No Reagents Temparature(°c) Time(h) % Yield
1 10 mol% AuCl;, CH;CN RT 48 41
2 10 mol% AuBrj, CH;CN RT 48 55
3 8 mol% AuCl;, AgBF,, CH3;CN RT 24 54
4 8 mol% AuCl;, AgOTf, CH;CN RT 24 60
5 8 mol% AuBr;, AgOTf, CH3CN RT 24 72
6 8 mol% AuBr3, AgOTf, CH3;CN 60 24 72
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In general, furanosides are more reactive compared to pyranosides and thus initial
tranglycosylations were carried out at room temperature. The glycosylation reaction
between propargyl ribofuranoside (8) and methyl 2,3,4-tri-O-benzoyl-a-D-
glucopyranoside (9) were treated with AuCls in acetonitrile to result in the formation of
disaccharide 10 (Table 1). Interestingly, 1,2-trans stereoselectivity was observed in the
transglycosylation reaction, but the reaction did not go to completion even after 48h.*!
Changing the catalyst to AuBr3; improved the yield but not satisfactorily. Then the
combination of silver salts with gold catalysts were found to be beneficial, the best
results were obtained for the transglycosylation with the combination of AuBr; and
AgOTf to yield 72% of disaccharide 10, after 24h (Table 1). Changing the reaction
temperature from rt to 60°C did not improve the yield. Switching the solvent from
acetonitrile to dichloromethane and/or addition of 4A molecular sieves powder was
harmful to the progress of the reaction. Nevertheless, above studies showed the
combination of AuBr; and AgOTTf as an effective promoter for the transglycosylation
(Table 1).%

Scheme 23
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Encouraged by the observed 1,2-trans stereoselectivity, xylf 11 was subjected to
the same reaction conditions (8 mol % of AuBr; and AgOTf ) with aglycone 9 to
observe the 5:1 diastereomeric mixture of 1,2-trans (3-) and 1,2-cis (a-) disaccharides

14 in 67% vyield. Similar experiments with araf derivative 12 gave again diastereomeric
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mixture of 10:1 1,2-trans (a-) and 1,2-cis (-) disaccharides 15 in 66% yield whereas
lyxf derivative 13 resulted in 16 as 1,2-trans (a-) isomer only in 69% yield (Scheme
23).

To better understand reasons for the observed experimental trends molecular
modeling calculations have been performed in collaboration with Dr. G. Narahari Sastry
at IICT. Various conformations of the products generated along with the relative
energies, obtained at AM1 level. This enabled us to systematically sample the
conformational space and take the most stable conformation to be subjected to rigorous
B3LYP method with 6-31G(d) basis set. The relative reaction energies at B3LYP/6-
31G(d) level of theory are depicted in Figure 4.3

o-araf, 0.0 B-araf, 3.42 a-xylf, 0.0 B-xylf, -0.8

Figure 4
From Figure 4, it can be observed that the difference in the relative reaction
energies of o and [ isomers of ribf is -10.3 kcal/mol which suggests that 3 isomer is
preferred over o isomer. In contrast to these results the difference in the relative
reaction energies of o and B isomers of lyxf is about 15.0 kcal/mol which in turn

suggests the formation of o isomer over B isomer. The differences in the relative
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reaction energies of o and f isomers for araf and xylf derivatives are 3.42 and -0.8
kcal/mol respectively which indicates that while o isomer is more preferred in case of
araf, B isomer is preferred for xylf. However such smaller differences in the reaction
energies between the two isomers suggest the feasibility of formation of both the
products. Thus the computational results corroborate well with the observed

experimental trends.

To understand the generality of the observed facts transfuranosylation of ribf 8

were performed with various aglycons ranging from aliphatic (17), alicyclic (2),

carbohydrate (4, 18, 20) and nucleosidic (19) aglycons to result into the corresponding

glycosides (21, 22) as well as disaccharides (23-26) with 1,2-trans selectivity in good

yields except with 20, that may be due to the presence of 1,2-acetonide and methyl

glycoside as explained later in this chapter (Scheme 24).
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All the products were characterized thoroughly by ‘H, **C, DEPT NMR and
mass spectral analysis. For example, the *H NMR spectrum of disaccharide 26 showed
6 1.28, 1.47 and 3.47 ppm as singlets revealing the presence of acetonide and methyl
ribofuranoside, two 1,2-trans anomeric peaks were observed as singlets at & 4.94, 5.02
ppm. Aromatic protons of benzyl ethers were noticed as multiplets at 6 7.24-7.40 ppm.
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In addition, **C NMR spectrum pointed out the characteristic signals due to two P -

anomeric carbons at 6 105.4 and 109.2 ppm, quaternary carbon of acetonide group was

noticed at 6 112.3 ppm and the rest of the other signals in complete agreement with the

assigned structure 26. Further DEPT NMR spectrum confirmed the five signals with

Table 2
Donor Acceptor Product Time & Yield (« :B Ratio)
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Donor Acceptor Product Time & Yield o :p ratio
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Reagents & Conditions : 10 mol% AuBr3;/AgOTf / CH;CN / rt

negative intensity for the presence of five methylenes in the assigned disaccharide 26,
and the LC-MS showed a molecular ion base peak at 629.47 (M*+ 23 for Na). Current
strategy of transglycosylation was then successfully extended to the other furanosides as
well.  Propargyl xylf 11, araf 12, lyxf 13 furanosides were reacted with various
aglycons (2,4,17,19) under similar conditions to result into the corresponding
transglycosylated products (27-29, 30-32, 33-36) in good yields (Table 2). It has been
observed that the Iyxf gives 1,2-trans selectivity where as araf and xylf
derivatives resulted in o/f3 mixtures.

All the products were characterized thoroughly by *H, *C, DEPT NMR and
mass spectral analysis. For example, in the *"H NMR spectrum of disaccharide 29

showed & 3.32 and 3.35 ppm as methoxy singlets and in the *C NMR spectrum pointed
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out the characteristic signals due to four anomeric carbons (three o and one ) at 6 97.3,
98.0, 98.0 and 104.1 ppm, indicates the o/3 mixture of disaccharides. Further, LC-MS
showed a molecular ion peak at 889.90 (M*+ 23 for Na).

Trapping the lyxose in furanoside form under acid catalyzed Fischer glycosylation
is a difficult proposition and hence looked at the synthesis of propargyl lyxofuranoside
(13) from mannose. Started with D-mannose followed by acetonide protection,
propargylation, selective cleavage of primary acetonide and subsequent cleavage of the
diol and reduction with NaBH, resulted in propargyl lyxofuranoside 39, which upon
benzylation gave mono benzylated propargyl lyxofuranoside 40 (Scheme 25). The 'H
NMR spectrum of compound 40 showed & 1.28 and 1.47 ppm as acetonide singlets,
propargyllic methine appeared at & 2.40 ppm as triplet (J = 2.4 Hz). 1,2-trans anomeric
proton was observed as singlet at 8 5.22 ppm. In addition, **C NMR spectrum pointed
out the characteristic signals due to a-anomeric carbon at 5 104.5 ppm, quarternery
carbon of acetonide group appeared at 6 112.5 ppm and the rest of the other signals were
in complete agreement with the assigned structure 40. Further, DEPT NMR spectrum
showed the three signals ( 6 53.9, 68.1, 73.4 ppm) with negative intensity for the three
methylene groups in the assigned 40, and the mass spectrum showed a molecular ion base
peak at 341.10 (M*+ 23 for Na).

Scheme 25
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Hydrolysis of secondary acetonide compound 40 under PTSA, methanol reflux
followed by benzylation, shall enable in propargyl 2,3,5-tri-O-benzyl-a-lyxofuranoside
(13), which was directly subjected for glycosylation without any further confirmation
under aforementioned glycosylation conditions using aglycone 9 resulting the required
disaccharide 25 with 1,2-trans stereoselectivity (Scheme 26). Later, we found to our

surprise that the glycosyl donor used for the aforementioned glycosylation is not a
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propargyl glycoside (13) but it is methyl glycoside (41), which was confirmed by *H,
3¢, DEPT NMR and mass spectral analysis.

Scheme 26
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The *H NMR spectrum of methyl furanoside 41 showed absence of propargyllic
methine at 5 2.40 ppm as triplet instead the presence of methoxy singlet at 6 3.37 ppm
reveals the presence of methyl furanoside, resonance at 6 5.02 ppm (d, J = 1.5Hz )
showed the anomeric proton 1,2-trans selectivity. In addition, *C NMR spectrum
pointed out the o anomeric carbon at 6 106.3 ppm, and the rest of the other resonances
were in complete agreement with the assigned structure 41. Further DEPT NMR
spectrum specified the four signals (5 69.6, 72.5, 73.2 and 73.4 ppm) with negative
intensity for the four methylene groups in the assigned structure 41, and the LC-MS

showed a molecular weight peak at 457.49 (M*+ 23 for Na).

Table 3
i i Glycosyl Donor i
| BnO | BnO 'BnO !
;N OCHy | o OCHs " ' BnO<0BpoBn
Aglycone! o ; l o | ~0.
| Ribf | OB/ xyif ! BnOA  Araf | Lyxf
! ! : OCHj 1 H
i OBnOBn | OBn ! OBn > OCH,
| 42 : 43 '; 44 i 41
i Time, Yield, o:B ratio
9 11024n, 69%, B only! 14 24h, 65%, 0.2:1 | 15 24h, 60%, 1:0.1 |16 24h, 60%, o only
17 ! 2212h, 90%, Bonly! 27 12h, 91%, 0.4:1 | 30 12h, 85%, 1:0.2 | 33 12h, 89%, o only
2 | 21 16h, 69%, B only: 28 18h, 75%, 0.4:1 | 31 12h, 71%, 1:0.1 | 34 12h, 66%, o only

The activation of methyl lyxf 41 using catalytic gold bromide to result in the
disaccharide 25 was quite surprising because methyl glycosides are one of the earliest
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synthesized glycosides which can be easily synthesized from aldoses to lock the
anomeric configuration under Fischer’s acidic conditions with a wishful thinking that
they rarely act as glycosyl donors and they are known to be inert to diverse chemical
manipulations. So we probed the utility of methyl furanosides for the synthesis of
various glycosides as well as disaccharides.

Initial reaction of the methyl furanosides (41-44) with aglycone 9 at room
temperature did not afford the desired transglycosylated products and hence resorted to
optimize reaction conditions. The optimum temperature was found to be 65°C with
acetonitrile as the solvent. Using these standard conditions methyl ribf 42, araf 43, xylf
44 and lyxf 41, furanosyl derivatives were activated with various aglycons (2, 9, 17) to
get corresponding glycosides and disaccharides.®* Likewise as in case of propargyl
furanosides, 1,2-trans selectivity was observed with ribf- as well as lyxf- derivatives and
o/p mixture in case of araf- and xylf- derivatives (Table 3). Similar kind of activation
of methyl glycosides were observed in glycoconjugate synthesis using propargyl
mannopyranoside (1) as glycosyl donor and aglycone 4 to synthesize a disaccharide 5
in the presence of 3 mol% of AuCls in acetonitrile at 70°C (Scheme 27).%

Interstingly, we observed the formation of required disaccharide 5, along with
anhydrosugar (20%) 45. Fortunately similar kind of anhydro sugar formation was not
observed by changing armed benzyl to disarmed benzoates which indicates the activation
of methyl glycoside leading to the oxocarbenium ion which was trapped intramolecularly
by primary hydroxyl group. For the confirmation, methyl per-O-benzyl-a-D-
mannopyranoside was synthesized by simple Fischer glycosylation followed by
benzylation and reacted with aglycone 9 in the presence of AuCls in acetonitrile at 70°C
for 24h to afford the disaccharide 46 in 47% of yield, which inferences the fact that
methyl glycosides are indeed acting as stable glycosyl donors under catalytic AuCls.
Scheme 27
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'H NMR spectrum of compound 46 revealed the presence of methoxy protons at &
3.38 ppm as a singlet. In addition, aromatic protons of benzoates and benzyl ethers were
noticed as multiplets at § 7.13-7.51 and 7.84-8.00 ppm.  Further, the **C NMR spectrum
of compound 46 showed two a-anomeric carbons at 6 96.9 and 98.2 ppm and rest of the
resonances in complete agreement with the assigned structure. DEPT NMR spectrum of
disaccharide 46 indicated the presence of six methylene groups and the LC-MS showed a
molecular ion peak at 1051.84 (M*+ 23 for Na).

Changing the catalyst from AuCl; to AuBr; improved the yield to 65% (Table 4).
AUCI resulted in 32% of the disaccharide 46 whereas Au,O3 and AuPPhsCl did not show
any disaccharide 46 even after 36h (Entries 2-5).>* HAuUCI, promoted the glycosylation
affording 46 in 55% yield along with 15% of the unwanted lactol (Entry 6). Addition of
Table 4

OBn OBn  OMe
BnO OBn BzO éﬁ _Catalyst g:‘ 0Bz
BnO + BzO Acetonltrlle BnO OBz
OR; BzooMe OBz
48-53
Entry R, Catalyst Glycosyl T(’Z}e T(fgp % Yield

1. -CHj AuCly 48 24 70 47
2. -CHj AuBrj 48 24 70 65
3. -CHj AuCl 48 36 70 32
4. -CH; Au,03 48 36 70

5. -CH4 Au(PPh3)CI 48 36 70 0
6. -CHj HAuCl, 48 24 70 55
7. -CH; AuBr3,EtsN 48 24 70 0
8. -CHj BF; Et,O 48 12 30 47
9. -CHj Sc(OTf), 48 24 70 46
10. -CH,CH3 AuBr3 49 24 70 31
11. -CH(CHj3), AuBr3 50 24 70 45
12. -CH,Ph AuBrj 51 36 70 10
13. -Cholesteryl AuBrj 52 36 70 5
14. -Allyl AuBrj 53 24 70 15

organic bases such as triethylamine was detrimental to the progress of the reaction

(Entry 7). The efficacy of the reaction was also checked with other Lewis acids
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(BFs.Et,0 and Sc(OTf)3) and found to give lower yields (Entries 8,9).3' The effect of
AuBr; in acetonitrile on selected panel of alkyl glycosides (49-53) was then
investigated. Interestingly, ethyl- (49), isopropyl- (50) mannosides gave disaccharide
46 in average yields whereas benzyl- (51), cholesteryl- (52) and allyl- (53) glycosides
resulted in poor yields of 46 (Entries 10-14) (Table 4). Switching the solvent from
acetonitrile to dichloromethane and/or addition of 4A molecular sieves powder was
harmful to the progress of the reaction. Nevertheless, above studies clearly signified
that methyl mannopyranoside (48) emerged as the best glycosyl donor and AuBr; in
acetonitrile as the promoter, may be due to the inherent Lewis and Brgnsted acidity of
AuBrs.

Furthermore, the scope of the reaction was gauged by a panel of aglycons
comprising 4-penten-1-ol (11), menthol (2), cholesterol (54), and sugar aglycons (9, 55,
56) and found that the methyl mannoside (48) behaves as a glycosyl donor giving good
yields of corresponding glycosides (3, 52, 57) and disaccharides (58, 59) except with 52
which can be attributed to the poor solubility of cholesterol 54 in acetonitrile. The
overall yield of 52 could be improved to 64% when the reaction was conducted in
acetonitrile-dichloromethane (4:1) (Table 5). All the products were characterized by
'H, B¥C, DEPT NMR and mass spectral analysis. For example, in the *H NMR
spectrum of disaccharide 58 showed & 3.41 ppm as singlet for methoxy group, aromatic
protons of benzoates and benzyl ethers were noticed as multiplets at 6 6.96-7.50 ppm
and o6 7.92-8.01 ppm and the remaining peaks in complete agreement with the assigned
structure. In addition, *3C NMR spectrum pointed out two o-anomeric carbons at & 96.8
and 100.5 ppm. Further DEPT NMR spectrum specified the seven signals (5 68.9,
69.4, 71.6, 72.5, 73.4, 73.4 and 75.0 ppm) with negative intensity for the presence of
seven methylene groups in the assigned disaccharide 58, and the LC-MS showed a
molecular weight peak at 1051.91 (M*+ 23 for Na).

1, 2-trans Diastereoselectivity of the transglycosyled products can be endorsed to
the steric crowding due to the axially disposed benzyl ether at C-2 of the donor as well as

the anomeric effect. It is pertinent to declare that the current strategy has been
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Table 5

Glycosyl Time (Yield)
Entry Donor Aglycone Product a3 ratio
OBn Ogg
OBn n
(0]
1 Bn0; O o(,ﬂ: BBnn%éﬁ 10h (73%)
n 11 57 4
48 OMe OBn
OBn
2 48 BnO 2 o
HO™ ™ BnO 16h (70%)
N O™
2 3 A~
HsC,, H3 OBn
OBn
3 48 48h (48%)
HO
OBn
OBn
4 BnO 36h (54%)
BzO B O
z
BzO
58
BzO,
oM
OBn ©
OBn
OBz
24h (61%
5 48 BBzZOO OBZ (61%)
BzO
59 BzO
gl %
o)
6 BnO 0 18h 35_615&)
BnO O :
BnO Bz
60 OMe 1 BzO
BZOOMe
B%OO
n o,
7 60 OBz 24h3(_20 %)
BzO
62 BzO

OMe
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Glycosyl Time (Yield)
Entry Donor Aglycone Product o ratio
OBn
8 BnOéowOMe 9 61 18h(62%)
BnO 3:1
BnO
63
on BBnOO/éﬁ
n 0,
BzOé&/QMe 18“2_(?0 %)
BzO :
9 63 “ BzO BZO Me
BzO
64 65 BzO

BnO OBn
BnO OBn e}
10 o) 9 28h (58%)
BnO 3:1
BnOOM BZO
66 € 67 BzO .

Z00Me
11 66 56 : % 24h (62%)
4:1
BzO
OB BzO
BnO n Me
o 18h (61%)
OMe 9 3:1
12 BnO 67
69 BnO

BnO OBn
(@)
BnO 18h (59%)
BzO O OMe
BzO
Bz

70

Reagents & Conditions : 10 mol% AuBr;/ CH;CN / 70°C
successfully extended to the methyl per-O-benzylated glucoside (60) and galactoside (66)
to obtain disaccharides (61, 62, 67, 68) as o,B-mixtures> (Table 5). The effect of
anomeric configuration of the glycosyl donor and acceptor was then investigated. -

Methyl glycosyl donor (63) reacted with aglycone (9) to give disaccharide (61) in a

90



diastereomeric ratio and yield comparable to the corresponding reaction with a-methyl
glucosyl donor (48 + 9 to give 46). The acceptor containing the B-methyl residue (64)
gave disaccharide (65) upon reaction with glucosyl donor (63). Similar results were also
noticed with galactosyl residues (entries 12-13). In addition, we envisioned that the novel
gold catalyzed activation of methyl glycosides could be ideal for the addition of a sugar
residue to methyl glycosides of di- and tri-saccharides.

Accordingly, a methyl per-O-benzylated disaccharide (71) was synthesized
exploiting gold mediated propargyl 1,2-orthoester methodology. The AuBr;-promoted
reaction between 71 and aglycone 9 under above identified conditions gave a complex
mixture of products may be due to the presence of more sensitive interglycosidic bond.
However, swiping the protecting groups from benzyls to benzoates as in disaccharide 72
gave the required trisaccharide (73) in 61% yield (Scheme 28). In the *H NMR of
compound 73, singlet at 5 3.40 ppm depicts the presence of methoxy group and aromatic
protons of benzoates and benzyl ethers were noticed as multiplets at 6 7.16-7.52 and 7.82-
8.00 ppm. In addition, **C NMR spectrum showed three anomeric carbons (two o and
one ) at 6 96.9, 98.0 and 101.3 ppm, and the rest of the other signals in agreement with
the assigned structure 73. Further DEPT NMR spectrum specified the six signals (6 63.2,
65.3, 68.9, 72.1, 72.6 and 74.7 ppm) with negative intensity for the presence of six
methylene groups in the assigned disaccharide 73, and the LC-MS showed a molecular
ion peak at 1540.20 (M*+ 23 for Na).

Scheme 28

R,0O 0
e Oéwo 9, AuBr3, CH3CN OR OMe
OR,{ OBn 70°C, 18h, 61% !
BnO O BnO
BnO BnO

71 R1 =Bn
72R, =Bz OMe 73Ry = oBs”

Similarly, methyl glycoside of the trisaccharide 74 was reacted with aglycone 9
under similar conditions to afford corresponding tetrasaccharide 75 (Scheme 29). The *H
NMR of compound 75 showed singlet at 6 3.39 ppm for methoxy group along the

remaining resonances in agreement with the assigned structure.
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Scheme 29

OBz OBz OBz OBz

BzO BzO
0 (o) (0] o (0] 0 o o
BzO opE20 BzO op.B20 OB OMe
z OBz{ OBn 9, AuBr, CHCN z OBz\ OB (o
BnO _— BnO o S
74 BnO 70°C, 24h, 56% BnO

OMe o OBz
75 OBz

In addition, *C NMR spectrum revealed the four anomeric carbons (two o and two f) at
8 96.9, 97.9, 100.8 and 101.3 ppm. Further DEPT NMR spectrum specified the seven
signals (6 61.1, 62.4, 65.4, 68.8, 72.0, 72.5, 74.7 ppm) with negative intensity for the
presence of seven methylene groups in the assigned disaccharide 75, and the LC-MS
showed a molecular ion peak at 2015.44 (M*+ 23 for Na).

In conclusion, methyl glycosides were identified as novel and stable glycosyl
donors. A diverse range of aglycons are shown to react with methyl glycosides, resulting
in the formation of corresponding glycosides and disaccharides in good yields. The
anomeric configuration of either the glycosyl donor or the glycosyl acceptor did not
influence progress of the reaction nor the anomeric diastereoselectivity of the resulting
product. Interesting to note that tri- and tetra- saccharides were synthesized from
respective di- and tri- saccharides exploiting salient features of this novel glycosylation

protocol.

*kkkkkk

Note: Characterization data and full spectral charts for all compounds can also be found
in Chem Comm 2011 (DOI:10.1039/C1CC13134F) and Chem Comm 2009, 2505-2507.
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Chapter 2: Experimental section

General Procedure for Glycosylations using Propargyl furanosides as Glycosyl
Donor: To a solution of glycosyl donor (0.1 mmol) and aglycone (0.12 mmol) in
anhydrous acetonitrile (5 ml) was added a solution of 10 mol% of AuBr; and 5mol% of
AgOTf in anhydrous acetonitrile (2 ml) under argon atmosphere. The resulting mixture
stirred at room temperature till the completion of the reaction as judged by TLC analysis.
The reaction mixture was concentrated in vacuo to obtain a crude residue which was
purified by conventional silica gel column chromatography using ethyl acetate-petroleum
ether as mobile phase.

General Procedure for Glycosylations using Methyl glycosides as Glycosyl Donor:
To a solution of glycosyl donor (0.1 mmol) and aglycone (0.12 mmol) in anhydrous
acetonitrile (5 ml) was added a solution of 10 mol% of AuBr;in anhydrous acetonitrile (2
ml) under argon atmosphere at room temperature. The resulting mixture was heated to 65
°C and stirred till the completion of the reaction as judged by TLC analysis. The reaction
mixture was concentrated in vacuo to obtain a crude residue which was purified by
conventional silica gel column chromatography using ethyl acetate-petroleum ether as
mobile phase.

Compound Characterization Data:

Menthyl 2,3,4,6-tetra-O-benzyl-a-D-mannopyranoside (3) : [a]po (CHCI3;, ¢ 1.0) =
+12.2; *H NMR (200.13 MHz, CDCls): § 0.64(d, 3H, J = 6.9Hz),

OBn
0.76-1.40(m, 6H), 0.80, 0.80, 0.83, 0.84(4s, 6H), 1.50-1.84(m, O8n
B
4H), 2.14(td, 1H, J = 4.8, 12.4Hz), 3.25(dt, 1H, J = 4.3, 10.5H2), Bnr%
3.64-4.00(m, 5H), 4.60(ABqg, 2H, J = 12.5Hz), 4.63(d, 2H, J = o /—\

2.0Hz), 4.70(d, 1H, J =2.8Hz), 4.70(ABq, 2H, J = 10.6Hz), 4.87(s,

1H), 7.15-7.38(m, 20H) ; *C NMR (50.32 MHz, CDCls): 5 16.3, 20.1, 22.1, 23.2, 25.7,
31.6, 34.2, 42.8, 48.6, 69.5, 71.8, 72.2, 72.4, 73.3, 74.4, 75.1, 75.2, 80.1, 81.1, 99.8,
127.4-128.3, 138.2, 138.5, 138.5, 138.6; Mol. Wt. calculated for C44Hs40O6Na: 701.886,
Found: 701.020 (M*+23 for Na).

Methyl  2,3,4-tri-O-benzyl-6-0O-(2,3,4,6-tetra-O-benzyl-a-D-mannopyranosyl)-a.-D-
glucopyranoside ( 5) : [o]o (CHCIs, ¢ 1.0) = +33.6; *H NMR (200.13 MHz, CDCls): &
3.30(s, 3H), 3.45(dd, 1H, J = 3.4, 9.7Hz), 3.55-4.05(m, 8H), 4.40-4.75(m, 14H), 4.87(dd,

93



2H, J = 3.2, 11.2Hz), 4.89(ABq, 2H, J = 10.4Hz), 4.96(d, IH, J = 2.0Hz), 7.10-7.40(m,

35H); *C NMR (50.32 MHz, CDCly): & 55.2, 65.9, 69.2, OB o
60.9, 720, 72.1, 725, 733, 733, 747, 749, 750, 75.1, |\ 78" A"
n @)
75.9, 77.6, 79.6, 80.1, 82.2, 97.9, 98.3, 127.4-128.6, 138.2, | BnO OB
(o) n

138.3, 138.4, 138.5, 138.5, 138.7, 138.7; Mol. Wt.
calculated for CgyHgsO11Na: 1010.171, Found: 1010.029.
Prop-2-ynyl 2,3,5-tri-O-benzyl-B-D-ribofuranoside (8) : [a]o(CHCls, ¢ 1.6) = -37.6; *H
NMR (200.13 MHz, CDCls): 6  2.37(t, 1H, J = 2.4Hz), 3.48(dd, 1H, J \
o0 o ©°

= 5.4, 10.6Hz), 3.62(dd(1H, J = 3.3, 10.6Hz), 3.90(d, 1H, J = 4.9Hz),
4.07(dd, 1H, J = 4.6, 7.4Hz), 4.15(d, 2H, J = 2.3Hz), 4.31-4.71(m, 5H), |Bn
454(ABqg, 2H, J = 11.8Hz), 5.21(s, 1H), 7.16-7.40(m, 15H) ; “*C
NMR (55.32 MHz, CDCls): § 53.9, 70.6, 72.2, 72.3, 72.9, 74.5, 78.0, OBn OBn
79.0, 79.4, 80.5, 103.0, 127.4-128.3, 137.6, 137.6, 138.1; Mol. Wt. calculated for
CagH300sNa: 481.5353, Found: 481.512 (M*+23 for Na).

Methyl  2,3,4-tri-O-benzoyl-6-O-(2,3,5-tri-O-benzyl-B-D-ribofuranosyl)-a-D-gluco-

pyranoside (10) : [o]o (CHCIs, ¢ 1.2) = +42.9; 'H NMR OMe
(200.13 MHz, CDCl3): 6  3.38(s, 3H), 3.46-3.65(m, 1H), o
3.51(dd, 1H, ) =57, 10.5Hz), 3.62(dd, 1H,J=4.1, 105H2), [gro] , © ( o5
3.91(dd, 1H, J = 2.2, 11.5Hz), 3.95(d, 1H, J = 4.9Hz),

4.02(dd, 1H, J = 4.7, 7.3Hz), 4.14(qd, 1H, J = 2.5, 9.9H2), OBn OBn

4.31(dd, 1H, J = 3.5, 6.1Hz), 4.45(ABq, 2H, J = 11.9Hz), 4.51(s, 2H), 4.66(d, 2H, J
=4.4Hz), 5.00(s, 1H), 5.16(dd, 1H J = 3.6, 8.4Hz), 5.23(dd, 1H, J = 3.6, 14.9Hz), 5.58(t,
1H, J = 9.9Hz), 6.12(t, 1H, 9.9Hz), 7.21-7.55(m, 24H), 7.85-8.00(m, 6H) : *C NMR
(55.32 MHz, CDCl3): 6 55.4, 66.1, 68.6, 69.3, 70.6, 71.4, 72.1, 72.3, 73.1, 77.2, 78.2,
79.3, 80.6, 96.9, 106.0, 127.5-129.9, 13.1, 133.3, 133.4, 137.8, 137.9, 138.3, 165.2, 165.8,
165.8; Mol. Wt. calculated for Cs4Hs,013Na: 931.97, Found: 932.75 (M*+23 for Na).
Prop-2-ynyl 2,3,5-tri-O-benzyl-B-D-xylofuranoside (11) : [a]p (CHCI3, ¢ 1.3) = +52.2;
'H NMR (200.13 MHz, CDCls): &  2.41(t, 1H, J = 2.4Hz), ] o 7
3.70(dd, 1H, J = 7.2, 10.2Hz), 3.77(dd, 1H, J = 4.8, 10.1Hz), |°"° s

4.06(s, 1H), 4.08(dd, 1H J = 2.8, 8.3Hz), 4.27(dd, 2H, J = 1.4, L\f
2.3Hz), 4.42-4.61(m, 6H), 4.45(dd, 1H, J = 3.3, 5.1Hz), 5.27(s,

OBn
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1H), 7.22-7.38(m, 15H); **C NMR (55.32 MHz, CDCls): & 54.5, 69.6, 71.9, 72.1, 73.4,
74.5, 79.2, 80.4, 81.6, 86.6, 104.8, 127.5-128.4, 137.4, 137.7, 138.2; Mol. Wt. calculated
for Co9H300sNa: 481.5353, Found: 481.44 (M*+23 for Na).
Prop-2-ynyl 2,3,5-tri-O-benzyl-a-D-arabinofuranoside (12) : [a]p (CHCI3, ¢ 1.6) = -
20.4; 'H NMR (200.13 MHz, CDCls): &  2.41(t, 1H, J =
2.4Hz), 3.60(d, 1H, J = 2.4 Hz), 3.62(d, 1H, J = 1.0Hz), 3.92(dd, Bno iBnooy
1H, J = 3.0, 6.6Hz), 4.05(dd, 1H J = 0.9, 3.0Hz), 4.22(m, 1H), 0N
4.28(d, 2H, J = 2.2Hz), 4.51(ABq, 2H, J = 12.0), 4.53(ABq, 2H, Sl
J =12.0Hz), 4.56(s, 2H), 5.32(s, 1H), 7.22-7.32(m, 15H); *C NMR (55.32 MHz, CDCls):
d 54.0, 69.6, 71.9, 72.1, 73.4, 74.4, 79.2, 81.1, 83.4, 88.0, 104.2, 127.6-128.4, 137.4,
137.7, 138.0; Mol. Wit. calculated for CygH30OsNa: 481.53, Found: 481.51 (M*+23 for
Na).
Prop-2-ynyl 2,3,5-tri-O-benzyl-a-D-lyxofuranoside (13) : [a]p (CHCl3, ¢ 1.5) = +29.4;
'H NMR (200.13 MHz, CDCl3): &  2.40(t, 1H, J = 2.4Hz),

BnO OBn OBn
3.77(d, 2H, J = 5.9Hz), 3.94(dd, 1H, J = 2.0, 4.6Hz), 4.23(dd, k/0\7 P
2H, J = 2.4, 5.0Hz), 4.34(t, 1H, J = 5.9Hz), 4.46(d,1H, J = O\/
0.7Hz), 4.52(s, 2H), 4.60(dd, 2H, J = 7.4, 12.0Hz), 4.68(dd, 2H, J = 4.5, 12.1Hz), 5.31(d,
1H, J = 2.0Hz), 7.22-7.34(m, 15H); *C NMR (55.32 MHz, CDCls): § 54.7, 69.6, 72.4,
73.1,73.3,74.4,77.8, 785, 79.2, 82.1, 103.5, 127.5-128.3, 137.7, 137.9, 138.1; Mol. Wt.
calculated for CoH300sNa: 481.5353, Found: 481.51 (M*+23 for Na).
Methyl 2,3,4-tri-O-benzoyl-6-0-(2,3,5-tri-O-benzyl-a-D-arabinofuranosyl)-a-D-
glucopyranoside (15) :[a]o (CHCls, ¢ 1.3) = +0.8; 'H OMe
NMR (200.13 MHz, CDCIs): 5 3.38(s, 3H), 3.44-3.68(m, B0 o J\°%
3H), 3.75-4.20(m, 4H), 4.27-4.80(m, 3H), 4.46(ABq, 2H, J /m OBz
= 11.8Hz), 4.66(ABg, 2H, J = 11.8Hz), 5.01(s, 1H), OBn OBz
5.22(dd, 1H, J = 3.5, 9.4Hz), 5.25(dd, 1H, J = 3.5, 19.5Hz), 5.59(t, 1H, J = 9.8Hz), 6.13(t,
1H, J = 9.8Hz), 7.24-7.50(m, 24H), 7.86-8.00(m, 6H); *C NMR (55.32 MHz, CDCls): &
55.4, 66.1, 68.6, 69.2, 70.5, 71.3, 72.0, 72.0, 72.2, 73.0, 78.2, 79.2, 80.5, 96.8, 105.9,

127.4-129.8, 133.0, 133.3, 133.3, 137.8, 137.8, 138.2, 165.2, 165.7, 165.8 ; Mol. Wt.
calculated for CssHs,013Na: 931.97, Found: 931.91 (M*+23 for Na).
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Methyl  2,3,4-tri-O-benzoyl-6-0O-(2,3,5-tri-O-benzyl-a-D-lyxofuranosyl)-a-D-gluco-
pyranoside (16) : [o]o (CHCI5, ¢ 1.8) = +54.2; *H NMR OMe
(200.13 MHz, CDCly): 3 3.44(s, 3H), 3.56-3.74(m, 3H), [Bno P8 7B AL
3.92-4.03(m, 2H), 4.15-4.35(m, 3H), 4.40-4.60(m, 2H), S
4.53(ABq, 2H, J = 11.8Hz), 4.59(ABq, 2H, J = 11.9Hz),
5.12(d, 1H, J = 1.3Hz), 5.23-5.31(m, 1H), 5.24(s, 1H), 5.68(t, 1H, J = 9.8Hz), 6.12(t, 1H,
J = 9.5Hz), 7.20-7.55(m, 24H), 7.86-8.01(m, 6H) ; *C NMR (55.32 MHz, CDCls): &
55.6, 65.3, 68.3, 68.8, 69.8, 70.7, 72.1, 72.4, 73.0, 73.2, 77.9, 78.1, 81.7, 97.1, 104.6,
127.3-129.9, 133.0, 133.2, 133.3, 137.9, 138.1, 138.3, 165.0, 165.8, 165.8 ; Mol. Wt.
calculated for CssHs,013Na: 931.97, Found: 931.90 (M*+23 for Na).
Menthyl 2,3,5-tri-O-benzyl-B-D-ribofuranoside (21) : [a]o(CHCIs, ¢ 1.0) = -20.8; *H
NMR (200.13 MHz, CDCl3): 8 0.70(d, 3H, J = 7.0Hz), 0.81, ((')
AN

OBz
OBz

0.84, 0.88, 0.91(4s, 6H), 1.28(m, 3H), 1.61(m, 4H), 2.03(m, 2H),
3.40(dd, 1H, J = 4.0, 10.5Hz), 3.49(dd, 1H, J = 6.6, 10.4Hz), [BnO7| o
3.61(dd, 1H, J = 4.0, 10.4Hz), 3.80(dd, 1H, J = 1.2, 4.7Hz),
3.91(m, 1H), 4.36(dt, 1H, J = 4.1, 7.0Hz), 4.52(dd, 2H, J = 11.7, OBn OBn
18.7Hz), 4.55(d, 2H, J = 1.8Hz), 4.64(s, 2H), 5.21(d, 1H, J = 0.7Hz), 7.25-7.39(m, 15H) ;
3C NMR (55.32 MHz, CDCls): § 15.9, 21.1, 22.3, 23.0, 25.1, 29.7, 31.3, 34.4, 39.8, 47.9,
72.0,72.3,73.1,75.3,78.8, 79.7, 80.4, 101.6, 127.5-128.4, 137.8, 138.0, 138.3; Mol. Wt.
calculated for CsgHas0sNa: 581.7372, Found: 581.23 (M*+23 for Na).

Pent-4-enyl 2,3,5-tri-O-benzyl-B-D-ribofuranoside (22) : [o]o(CHCI3, ¢ 1.8) = +11.8;
'H NMR (200.13 MHz, CDCl3): 8  1.68(m, 2H), 2.11(m, 2H),
3.25-3.60(m, 4H), 3.92(dd, 1H, J = 3.1, 6.8Hz), 4.03(dd, 1H, J = |B"©"| o0
1.2, 3.3Hz), 4.05-4.25(m, 2H), 4.44-4.67(m, 6H), 4.96(dg, 1H, J
= 1.0, 8.8Hz), 5.04(s, 1H), 5.80(m, 1H), 7.22-7.36(m, 15H); *C
NMR (55.32 MHz, CDCl3): & 28.6, 30.2, 67.2, 71.4, 72.2, 72.3, 73.1, 78.5, 79.7, 80.3,
105.2, 114.7, 127.4-128.3, 129.6, 137.8, 138.1, 138.2; Mol. Wt. calculated for
Ca1H3s05Na: 511.60, Found: 511.55 (M*+23 for Na).

Methyl 2,3,4-tri-O-benzyl-6-0-(2,3,5-tri-O-benzyl-B-D-ribofuranosyl)-a-D-gluco-
pyranoside (23) : [o]o (CHCIs, ¢ 1.5) = +5.3; *H NMR (200.13 MHz, CDCl5): &  3.29(s,
3H), 3.31-3.65(m, 5H), 3.72(dd, 1H, J = 4.0, 9.7Hz), 3.89(dt, 1H, J = 0.9, 4.7Hz), 3.90-

O

0]

OBn OBn
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4.05(m, 3H), 4.33(dd, 1H, J = 5.7, 10.8Hz), 4.41-4.65(m, 8H),

4.72(ABqg, 2H, J = 12.2Hz), 4.82(t, 1H, J = 10.9Hz), j&%ﬂe
4.88(ABg, 2H, J = 10.8Hz), 5.06(d, 1H, J = 0.8H2), 7.22- |gpo-| , ©

7.33(m, 30H) ; *C NMR (55.32 MHz, CDCls): & 55.0, 66.5, o8n
69.9, 71.3, 72.2, 72.3, 73.1, 73.3, 74.9, 75.7, 77.9, 78.3, 79.7, OBn OBn
78.8, 80.5, 82.0, 97.8, 105.7, 127.4-128.4, 137.7, 137.7, 138.1, 138.1, 138.2, 138.6 ; Mol.
Wi. calculated for Cs4HsgO10Na: 890.02, Found: 889.90 (M*+23 for Na).

Prop-2-ynyl 2,3,4-tri-O-benzoyl-6-0O-(2,3,5-tri-O-benzyl-B-D-ribofuranosyl)-a-D-

: . - .1
glucopyranoside (24) : [o]o (CHCI3, ¢ 2.1) = +61.3; "H NMR /O N
0

(200.13 MHz, CDCls): &  2.34(t, 1H, J = 2.3Hz), 3.42-
3.67(m, 3H), 3.85-4.00(m, 2H), 4.04(dd, 1H, J = 4.6, 7.2Hz), o o
OBn OBn

BnO
4.15-4.55(m, 8H), 4.66(d, 2H, J = 3.6Hz), 4.99(s, 1H), | =~ O

5.31(dd, 1H J = 3.7Hz), 5.50(dd, 1H, J = 3.5Hz), 5.61(t, 1H, J
= 9.9Hz), 6.13(t, 1H, J = 10.0Hz), 7.24-7.56(m, 24H), 7.85-
8.01(m, 6H) ; *C NMR (55.32 MHz, CDCls): § 55.2, 66.0, 69.1, 69.2, 70.4, 71.3, 71.6,
72.1, 72.3, 73.1, 75.3, 78.2, 78.3, 79.3, 80.6, 94.7, 106.0, 127.5-129.9, 133.1, 133.3,
133.4, 137.8, 137.9, 138.2, 165.2, 165.7, 165.8 ; Mol. Wt. calculated for CsgHs,O;13Na:
955.9940, Found: 955.54 (M*+23 for Na).

2, 3, N-tri-O-benzyl-5-0O-(2, 3, 5-tri-O-benzyl-a-D-ribofuranosyl) uridine (25) : [a]p

(CHCls, ¢ 1.3) = +48.1; 'H NMR (200.13 MHz, CDCly): & 5
3.44-3.52(m, 2H), 3.60(dd, 1H, J = 3.5, 10.6Hz), 3.70(dd, 1H fj\NBn
J = 1.2, 46Hz), 3.73-3.83(m, 2H), 4.00(dd, 1H, J = 4.8, sLol o
6.6Hz), 4.16(dd, 1H, J = 2.0, 11.6Hz), 4.27(ABq, 2H, J = B”Ow

11.9Hz), 4.30(dd, 1H , J = 3.0, 7.9Hz), 4.47(d, 1H, J = Sanop 98"

1.4Hz), 4.50(ABqg, 2H, J = 11.6Hz), 4.56(s, 2H), 4.80(s, 2H), 4.95(d, 1H, J = 1.1Hz),
5.11(s, 2H), 5.36(d, 1H, J = 8.1Hz), 5.91(d, 1H, J = 1.0Hz), 7.14-7.38(m, 30H), 7.51(d,
1H, J = 1.7Hz), 7.58(d, 2H, J = 8.1Hz) ; *C NMR (55.32 MHz, CDCls): 5 43.9, 65.5,
70.0, 71.3, 72.0, 72.4, 73.3, 74.0, 77.4, 78.1, 79.7, 80.8, 80.9, 89.2, 100.9, 105.8, 127.5-
128.7, 129.3, 136.7, 137.2, 137.2, 137.4, 137.4, 137.5, 137.8, 150.6, 162.4 ; Mol. Wt.
calculated for CsgHsgN2O1oNa: 940.0410, Found: 939.89 (M*+23 for Na).
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Pent-4-enyl 2,3,5-tri-O-benzyl-(a/B)-D-xylofuranoside (27) : *H NMR (200.13 MHz,
CDCl3): 6 1.68(m, 4H), 2.13(m, 4H), 3.25-3.80, 8H), 3.92(dd,
1H, J = 3.3, 6.8Hz), 4.03(dd, 1H, J = 1.2, 3.2Hz), 4.05-4.12(m, BnO/@?\ 5
2H), 4.16-4.24(m, 2H), 4.44-4.68(m, 12H), 4.85-5.10(m, 6H), ©
5.68-5.93(m, 2H), 7.20-7.45(m, 30H); *C NMR (55.32 MHz, 9Bn
CDCly): 6 28.6, 28.7, 29.6, 30.2, 66.8, 67.2, 69.7, 71.9, 72.0, 72.2, 72.4, 72.6, 73.3, 73.3,
80.1, 80.4, 83.4, 83.5, 84.2, 88.3, 100.5, 106.1, 114.8, 114.8, 127.5-128.4, 137.5, 137.7,
137.9, 138.0, 138.1, 138.1, 138.2, 138.2 ; Mol. Wt. calculated for C3;H3s0sNa: 511.60,
Found: 511.55 (M*+23 for Na).

Menthyl  2,3,5-tri-O-benzyl-(a/B)-D-xylofuranoside (28) : *H NMR (200.13 MHz,
CDCl3): & 0.69-0.92(m, 22H), 0.95-1.49(m, 6H), 1.54- Bnow —
1.70(m, 4H), 2.05-2.40(m, 4H), 3.30-3.58(m, 2H), 3.60- OBn/™ :
3.85(m, 4H), 3.96-4.05(m, 4H), 4.30-4.70(m, 14H), 5.17(d,
1H, J = 4.3Hz), 5.25(s, 1H), 7.18-7.40(m, 30H) : *C NMR
(55.32 MHz, CDCl3): & 15.8, 15.9, 21.1, 21.1, 22.2, 22.4, 22.8, 23.0, 24.8, 25.1, 31.3,
31.7, 34.3, 34.5, 39.6, 43.2, 48.0, 48.0, 48.4, 69.5, 71.8, 71.9, 72.5, 72.6, 73.3, 73.3, 74.8,
75.5, 80.0, 80.2, 81.4, 81.7, 84.4, 86.3, 100.8, 102.8, 127.4-128.4, 137.8, 138.1, 138.2,
138.3, 138.3, 138.4; Mol. Wt. calculated for CgzsHisOsNa: 581.7372, Found: 581.23
(M*+23 for Na).

Methyl 2,3,4-tri-O-benzyl-6-0-(2,3,5-tri-O-benzyl-(a/B)-D-xylofuranosyl)-a-D-
glucopyranoside (29) : *H NMR (200.13 MHz, CDCls): &
3.28(s, 3H), 3.34(s, 3H), 3.35(dd, 1H, J = 9.4, 16.8Hz), 8o o
3.43(dd, 1H, J = 3.7, 9.5Hz), 3.49(ABq, 2H, J = 9.4Hz), OBn

3.57(dd, 2H, J = 6.7, 10.7Hz), 3.63-3.80(m, 8H), 3.96- /bz;o (SJBBnIn
4.13(m, 8H), 4.28(dd, 1H, J = 5.8, 7.0Hz), 4.37(m, 1H),
4.42-4.88(m, 22H), 4.93-4.98(m, 2H), 5.07(d, 1H, J = 1.5Hz), 5.13(d, 1H, J = 4.3Hz),
7.20-7.38(m, 60H); *C NMR (55.32 MHz, CDCls): § 55.0, 55.1, 66.5, 66.9, 69.3, 69.6,
70.0,70.2,71.9,72.1,72.1,72.4,73.3,73.3, 73.4, 73.4, 75.0, 75.1, 75.6, 75.7, 76.2, 77.8,
78.1, 80.0, 80.0, 80.0, 81.6, 81.8, 82.0, 82.0, 83.6, 86.7, 97.9, 98.1, 100.5, 107.3, 127.5-

128.4, 137.5, 137.8, 138.0, 138.1, 138.2, 138.2, 138.2, 138.2, 138.3, 138.3, 138.7, 138.9 ;
Mol. Wt. calculated for Cs4HsgO10Na: 890.02, Found: 890.81 (M*+23 for Na).

OBn

OMe
OBn
(@]
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Menthyl 2,3,5-tri-O-benzyl-a-D-arabinofuranoside (31) : [a]p (CHCI3, ¢ 1.2) = +14.4;

H NMR (200.13 MHz, CDCly): 3 0.79(d, 3H, J = 6.9H2),

0.87, 0.90, 0.90, 0.94(4s, 6H), 1.01(m, 2H), 1.25(m, 3H), | = (= b
1.63(m, 2H), 2.16(m, 2H), 3.36(dt, 1H, J = 4.3, 10.4Hz), 3.63(t, 0™
1H, J = 10.9Hz), 3.63(dd, 1H, J = 10.9, 19.8Hz), 3.90(dd, 1H, J ©Bn >

= 3.3, 7.1Hz), 4.03(dd, 1H, J = 1.2, 3.4Hz), 4.25(m, 1H), 4.51(ABq, 2H, J = 11.9Hz),
4.52(ABq, 2H, J = 11.8Hz), 4.56(d, 2H, J = 1.5Hz), 5.16(s, 1H), 7.26-7.32(m, 15H); °C
NMR (55.32 MHz, CDCl3): 6 16.1, 21.2, 22.2, 23.0, 25.6, 31.6, 34.3, 43.3, 48.4, 69.7,
71.9,72.0, 73.2, 79.7, 80.0, 83.7, 88.6, 107.6, 127.5-128.4, 137.6, 138.0, 138.2; Mol. Wt.
calculated for CsgHss05Na: 581.7372, Found: 581.42 (M*+23 for Na).

Methyl 2,3,4-tri-O-benzoyl-6-0-(2,3,5-tri-O-benzyl-a-D-arabinofuranosyl)-a-D-
glucopyranoside (32) : [a]o(CHCls, ¢ 2.3) = +24.4; 'H OMe
NMR (200.13 MHz, CDClg): 6 3.36(s, 3H), 3.47-3.78(m, (BnO~| g g OBn
5H), 3.97(dd, 2H, J = 8.8, 17.2Hz), 4.04-4.15(m, 2H), j@g&om
4.20(dd, 1H, J = 4.9, 9.5Hz), 4.40-4.65(m, 8H), 4.74(ABq, OBn OBn
2H, J = 3.7Hz), 4.76(t, 2H, J = 8.6Hz), 4.89(ABq, 2H, J = 11.0Hz), 5.18(s, 1H), 7.23-
7.33(m, 30H) ; **C NMR (55.32 MHz, CDCls): § 55.1, 65.7, 69.6, 69.9, 71.7, 72.0, 73.2,
73.3,75.0,75.9, 77.6, 79.8, 81.1, 82.0, 83.2, 87.8, 98.1, 106.7, 127.5-128.4, 137.4, 137.7,
138.0, 138.1, 138.3, 138.8 ; Mol. Wt. calculated for Cs4Hs3010Na: 890.02, Found: 889.83
(M*+23 for Na).

Pent-4-enyl 2,3,5-tri-O-benzyl-a-D-lyxofuranoside (33) : [o]po (CHCl3, ¢ 1.3) = +27.2;
'H NMR (200.13 MHz, CDCl3): &  1.64(m, 2H), 2.18(m, 2H),
3.41(dd, 1H, J = 6.6, 16.1Hz), 3.66-3.80(m, 3H), 3.90(dd, 1H, J = [E"° O/BS\OBE
2.6, 4.6Hz), 4.10(t, 1H, J = 4.9Hz), 4.35(m, 1H), 4.55(ABq, 2H, J o

= 12.0Hz), 4.61(ABq, 2H, J = 12.0Hz), 4.62(d, 2H, J = 2.5Hz), 4.91-5.06(m, 2H), 5.10(d,
1H, J = 2.5Hz), 5.80(m, 1H), 7.22-7.40(m, 15H); **C NMR (55.32 MHz, CDCls): § 28.7,
30.2, 67.6, 70.0, 72.4, 73.2, 73.4, 77.9, 78.1, 825, 105.2, 114.8, 127.5-128.3, 137.8,
138.1, 138.1, 138.2; Mol. Wt. calculated for CgzH3sOsNa: 511.6043, Found: 511.55
(M*+23 for Na).

Menthyl 2,3,5-tri-O-benzyl-a-D-lyxofuranoside (34) : [o]o (CHCIs, ¢ 1.3) = +1.2; *H
NMR (200.13 MHz, CDCl3): 6 0.76(d, 3H, J = 6.9Hz), 0.86, 0.87, 0.89, 0.90(4s, 6H),
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0.80-1.00(m, 2H), 1.10-1.35(m, 3H), 1.51-1.70(m, 2H), 2.00-2.20(m, 2H), 3.31(dt, 1H, J
=4.27, 10.5Hz), 3.76(dd, 1H, J = 6.8, 10.0Hz), 3.79(dd, 1H, J
= 5.2, 10.1Hz), 3.89(dd, 1H, J = 2.7, 45Hz), 4.19(t, 1H, J = |°"° kofgf’;”
5.0Hz), 4.38(dd, 1H J = 5.3, 12.0Hz), 4.56(ABq, 2H, 11.9Hz), 07N
4.60(ABq, 2H, J = 11.9Hz), 4.60(s, 2H), 5.18(d, 1H, J = A
2.5Hz), 7.22-7.40(m, 15H) ; *C NMR (55.32 MHz, CDCls): § 16.2, 21.1, 21.2, 23.1,
25.5, 31.5, 34.3, 43.1, 485, 69.6, 72.5, 73.2, 73.3, 77.6, 77.9, 79.8, 82.6, 106.5, 127.5-
128.3, 137.8, 138.1, 138.3; Mol. Wt. calculated for CszsHssOsNa: 581.7372, Found:
581.42 (M*+23 for Na).
Methyl 2,3,4-tri-O-benzyl-6-0-(2,3,5-tri-O-benzyl-a-D-lyxofuranosyl)-a-D-gluco-
pyranoside (35) : [a]po (CHCI3, ¢ 1.2) = +28.1; *H NMR OMe
(200.13 MHz, CDCl3): &  3.34(s, 3H), 3.41-3.75(m, 6H), BnO/IO/BB N OBn
o)

3.96(dd, 1H, J = 2.4, 4.5Hz), 4.07(dd, 1H, J = 3.2, 10.8Hz), OBn
4.21(dd, 1H, J = 4.5, 5.8Hz), 4.33(dd, 1H, J = 5.8, 11.5Hz), OBn
4.46-4.86(m, 12H), 4.9(ABq, 2H, J = 10.9Hz), 5.21(d, 1H, J = 1.9Hz), 7.24-7.38(m, 30H)
: 13C NMR (55.32 MHz, CDCl3): § 55.1, 66.3, 69.7, 69.9, 72.3, 73.2, 73.2, 73.3, 75.1,
75.8, 77.2, 77.8, 77.9, 78.2, 79.8, 82.0, 98.0, 105.4, 127.4-128.4, 137.9, 137.9, 138.1,
138.1, 138.2, 138.7 ; Mol. Wt. calculated for CssHsgO10Na: 890.0221, Found: 889.90
(M*+23 for Na).

2, 3, N-tri-O-benzyl-5-O-(2,3,5-tri-O-benzyl-a-D-lyxofuranosyl) uridine (36) :[a]p
(CHCI3, ¢ 1.3) = +48.1; 'H NMR (200.13 MHz, CDCls): 0
5  370-3.85(m, 4H), 3.93(dd, 1H, J = 2.1, 116H2), |5 - OBn OBn fLNBn
4.05(dd, 1H, J = 5.1, 9.9Hz), 4.18-4.37(m, 4H), 4.46(dd, k /\ Nko
2H, J = 2.4, 11.8Hz), 4.54-4.63(m, 4H), 4.79(s, 2H), o0
5.12(s, 2H), 5.14(d, 1H, J = 2.4Hz), 5.34(d, 1H, J =
8.1Hz), 6.00(d, 1H, J = 1.4Hz), 7.16-7.38(m, 30H), 7.50-
7.55(m, 2H), 7.64(d, 1H, J = 8.3Hz); *C NMR (55.32 MHz, CDCls): § 44.0, 65.7, 69.3,
71.2, 72.2, 72.5, 73.3, 73.4, 74.4, 78.2, 78.6, 81.0, 82.2, 89.1, 101.1, 105.1, 127.56-
128.67, 129.2, 136.7, 137.1, 137.1, 137.1, 137.2, 137.6, 137.9, 150.6, 162.4 ; Mol. W.
calculated for CsgHsgN2O1oNa: 940.04, Found: 939.89 (M*+23 for Na).

BnO OBn
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Prop-2-ynyl 2,3-O-isopropylidene-5-O-benzyl-a-D-lyxofuranoside (40): [a]p (CHCIs;,
¢ 1.2) = +81.2; 'H NMR (200.13 MHz, CDCl3): §  1.29(s, ><

3H), 1.44(s, 3H), 2.42(t, 1H, J = 2.4Hz), 3.70(dd, 1H, J = 7.1, |B"O—o0o Oo

10.5Hz), 3.82(dd, 1H, J = 4.5, 10.5Hz), 4.15-4.25(m, 3H),

4.60(ABq, 2H, J = 12.1Hz), 4.61(d, 1H, J = 6.1Hz), 4.73(dd, o7
1H, J = 3.7, 6.0Hz), 5.22(s, 1H), 7.20-7.38(m, 5H); *C NMR (55.32 MHz, CDCls): &
24.8, 26.0, 54.0, 68.1, 73.4, 74.6, 78.9, 79.4, 79.7, 84.8, 104.5, 112.5, 127.6-128.3, 138.0;
Mol. Wt. calculated for C1gH»,0sNa: 341.1365, Found: 341.03 (M*+23 for Na).

Methyl 2,3,5-tri-O-benzyl-a-D-lyxofuranoside (41) : [a]o (CHCIs, ¢ 1.2) = +16.9; *H
NMR (200.13 MHz, CDCly): & 3.37(s, 3H), 3.75(d, 1H, J = 50 OBSOBn
0.6Hz), 3.78(s, 1H), 3.89(dd, 1H, J = 2.4, 4.5Hz), 4.19(m, 1H), -
4.36(dd, 1H, J = 5.5, 11.9Hz), 458(ABq, 2H, J = 12.1Hz),
4.59(ABgq, 2H, J = 12.0Hz), 4.60(s, 2H), 5.02(d, 1H, J = 1.5Hz), 7.20-7.38(m, 15H); °C
NMR (55.32 MHz, CDCl3): 6 55.5, 69.6, 72.5, 73.2, 73.4, 77.8, 78.2, 82.4, 106.3, 127.5-
128.3, 137.8, 138.0, 138.2; Mol. Wt. calculated for C,7H3,0OsNa: 457.51, Found:
457.49(M*+23 for Na).

Methyl 2,3,5-tri-O-benzyl-B-D-ribofuranoside (42) :[a]o (CHCIs, ¢ 1.7) = +13.7; *H
NMR (200.13 MHz, CDCl3): 8  3.28(s, 3H), 3.49(dd, 1H, J = 5.6,
10.6Hz), 3.60(dd, 1H, J = 3.7, 10.5Hz), 3.83(d, 1H, J = 4.5Hz),
4.02(d, 1H, J = 4.8Hz), 4.35(dd, 1H, J = 3.9, 5.9Hz), 4.46(ABq, 2H, J
= 11.9Hz), 4.53(d, 2H, J = 1.7Hz), 4.60(dd, 2H, J = 12.0, 16.8Hz),
4.92(s, 1H), 7.15-7.38(m, 15H) ; **C NMR (55.32 MHz, CDCls): § 54.7, 71.0, 72.0, 72.1,
72.8, 78.1, 79.4, 80.2, 106.1, 127.2-128.1, 137.6, 137.6, 138.1; Mol. Wt. calculated for
C27H300sNa: 457.51, Found: 457.42 (M*+23 for Na).

Methyl 2,3,5-tri-O-benzyl-B-D-xylofuranoside ( 43) : [o]o (CHCIs, ¢ 1.6) = -17.7; 'H
NMR (200.13 MHz, CDCl3): 6  3.39(s, 3H), 3.71(dd, 1H, J = 6.9,
10.2Hz), 3.79(dd, 1H, J = 5.0, 10.2Hz), 3.97(dd, 1H, J = 1.4, 2.5Hz), BnO ZO%?n ¢

O—

~
BnO 0) @

OBn OBn

-

4.05(dd, 1H, J = 2.5, 5.8Hz), 4.42(m, 1H), 4.49(d, 2H, J = 2.5Hz),

4.52(ABq, 2H ] = 10.7Hz), 4.55(dd, 2H, J = 6.6, 12.3Hz), 4.92(d, 1H, OBn
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J = 1.4Hz), 7.21-7.38(m, 15H); *C NMR (55.32 MHz, CDCls): & 55.6, 69.6, 71.8, 72.1,
73.3, 80.0, 81.4, 86.7, 108.0, 127.5-128.4, 137.4, 137.7, 138.2; Mol. Wt. calculated for
C27H300sNa: 457.51, Found: 457.49 (M*+23 for Na).

Methyl 2,3,5-tri-O-benzyl-a-D-arabinofuranoside (44) : [o]p(CHCl3, ¢ 1.3) = +53.3;
'H NMR (200.13 MHz, CDCl3): &  3.39(s, 3H), 3.60(d, 1H, J = 80| o
0.6Hz), 3.61(s, 1H), 3.90(dd, 1H, J = 2.6, 6.2Hz), 3.99(d, 1H, J = SBnO 70\ _
1.9Hz), 4.22(dd, 1H, J = 4.9, 10.6Hz), 4.50(ABq, 2H, J = 11.9Hz), OBn
4.53(Abg, 2H, J = 12.7Hz), 4.53(d, 2H, J = 10.6Hz), 4.96(s, 1H), 7.16-7.41(m, 15H) ; *3C
NMR (55.32 MHz, CDCl,): 6 54.9, 69.8, 71.8, 72.0, 73.3, 80.8, 83.4, 88.0, 107.2, 127.5-
128.3, 137.5, 17.8, 138.0; Mol. Wt. calculated for Co7H300sNa: 457.51, Found: 457.42
(M*+23 for Na).

Methyl 2,3,4-tri-O-benzoyl-6-O-(2,3,4,6-tetra-O-benzyl-a-D-mannopyranosyl)-a-D-
glucopyranoside (46) : [o]o (CHCls, ¢ 3.7) = +63.5; 'H

OBn OMe
NMR (200.13 MHz, CDCls): & 3.38(s, 3H), 3.46-3.70(m, OBn (PB2
BnO
5H),3.81-4.00(m, 3H), 4.15(dd, 1H, J = 4.1, 13.8Hz), 4.43- | BnO © oz
o) z

4.49(m, 3H), 4.46(ABq, 2H, J = 12.0Hz), 4.69(d, 2H, J =
1.1Hz), 4.86(d, 1H, J = 10.9), 4.90(d, 1H, J = 1.6Hz), 5.17(t, 1H, J = 3.9Hz), 5.25(d, 1H, J
= 3.6Hz), 5.56(t, 1H, J = 9.8Hz),6.11(t, 1H, J = 9.8Hz), 7.13-7.51(m, 29H), 7.84-8.00(m,
6H); 3C NMR (50.32 MHz, CDCls): & 55.5, 66.1, 68.1, 69.8, 70.5, 71.9, 72.1, 72.6, 73.2,
74.7, 74.8, 75.0, 77.2, 79.9, 96.9, 98.2, 127.4-128.4, 133.0, 133.2, 133.3, 138.4, 138.4,
138.8, 138.7, 165.1, 165.8, 165.8 ; Mol. Wt. calculated for CgHgoO14sNa: 1052.121,
Found: 1051.837 (M*+23 for Na).
1,6-anhydro-2,3,4-tri-O-benzyl-B-D-glucopyranoside (47) : [a]po (CHCI3, ¢ 1.1) = -
20.0; 'H NMR (200.13 MHz, CDCls): & 3.34(d, 2H, J = 1.7Hz), 3.58(m,

1H), 3.67(dd, 1H, J = 5.7, 7.1Hz), 3.91(dd, 1H, J = 0.9, 7.1Hz), 4.41(d, O_gn
2H, J = 1.8Hz), 4.50-4.61(m, 1H), 4.54(d, 2H, J = 1.5Hz), 4.57(d, 2H, J

= 3.2Hz), 5.46(s, 1H), 7.21-7.42(m, 15H) : C NMR (50.32 MHz, (BnO BnO
CDCl3): 6 65.4, 71.1, 71.7, 72.0, 74.3, 76.1, 76.2, 76.8, 100.6, 127.6-128.6, 137.8, 137.8,
137.9 ; Mol. Wit. calculated for C,;H250sNa: 455.498, Found: 456.378 (M*+23 for Na).
Methyl 2,3,4,6-tetra-O-benzyl-a-D-mannopyranoside (48) : [a]o (CHCI3, ¢ 1.0) =
+24.2; 'H NMR (200.13 MHz, CDCls): & 3.32(s, 3H), 3.71(dd, 1H, J = 1.9, 4.6Hz),

O
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3.76(bs, 2H), 3.78(dd, 1H, J = 1.9, 3.0Hz), 3.90(d, 1H, J = 2.9Hz), 3.98(t, 1H, J = 9.0Hz),
4.49(d, 1H, J = 9.3Hz), 4.60(s, 2H), 4.61(ABg, 2H, J = 12.2Hz), OBn
473(s, 2H), 477(d, 1H, 1.8Hz) 488(d, 1H, J = 109H2), 7.13- | BN
7.40(m, 20H) ; *C NMR (50.32 MHz, CDCls): § 54.8, 69.4, 71.7, |BnO

72.2, 72.7, 73.4, 74.6, 75.0, 75.1, 80.3, 99.0, 127.5-128.3, 138.4,

138.4, 138.6, 138.6 ; Mol. Wt. calculated for CssH330gNa: 577.662, Found: 577.400

OMe

(M*+23 for Na).

Ethyl 2,3,4,6-tetra-O-benzyl-a-D-mannopyranoside (49) : [a]p(CHCI3, ¢ 1.0) = +26.8;
'H NMR (200.13 MHz, CDCls): & 1.14(t, 3H, J = 7.1Hz), 3.34- OBn
3.50(m, 1H), 3.63-3.70(m, 5H), 3.94(d, 2H, J = 2.7Hz), 4.50(d, 1H, o8N

BnO
J = 10.3Hz), 4.62(s, 2H), 4.61(ABq, 2H, J = 12.2Hz), 4.74(s, 2H), BnO

4.87(d, 1H, J = 7.0Hz), 4.90(d, 1H, J = 1.8Hz), 7.12-7.40(m, 20H)
: 13C NMR (50.32 MHz, CDCl5): & 14.9, 63.0, 69.3, 71.7, 72.1, 72.5, 73.3, 74.8, 75.0,
75.1, 80.3, 97.6, 127.4-128.3, 138.4, 138.4, 138.4, 138.6; Mol. Wt. calculated for
CssHa00sNa: 591.689, Found: 591.499 (M*+23 for Na).

O\/

Isopropyl 2,3,4,6-tetra-O-benzyl-a-D-mannopyranoside (50) : [a]o (CHCIs, ¢ 1.0) =
+36.8; 'H NMR (200.13 MHz, CDCl3): & 1.05(d, 3H, J = 6.1Hz), OBn

1.16(d, 3H, J = 6.3Hz), 3.69-4.01(m, 7H), 450(d, 1H,J = 106Hz), | gg
4.61(ABq, 2H, J = 12.3Hz), 4.63(bs,2H), 4.74(d, 2H, J = 4.2Hz), |BnO J\
4.81(d, 1H, J = 10.6Hz), 4.96(d, 1H, J = 1.8Hz), 7.12-7.41(m, 20H) °

: 13C NMR (50.32 MHz, CDCls): § 21.2, 23.2, 68.9, 69.3, 71.7, 72.1, 72.6, 73.3, 75.1,
75.2, 75.2, 80.3, 95.8, 127.4-128.3, 138.4, 138.4, 138.4, 138.6 ; Mol. Wt. calculated for

Cs7H4206Na: 605.716, Found: 605.583 (M*+23 for Na).
1,2,3,4,6-penta-O-benzyl-a-D-mannopyranoside ( 51) : [a]o (CHCIs, ¢ 1.0) = +55.7; *H

NMR (200.13 MHz, CDCl3): & 3.70-3.87(m, 4H), 3.97(d, 1H, J = o
2.8H2), 4.00(dd, 1H, I = 9.1, 13.2Hz), 4.41-4.65(m, 3H), 4.61(5, 2H), | OBn
n

4.63(ABqg, 2H, J = 12.0Hz), 4.71(s,2H), 4.88(d, 1H, J = 10.6Hz), |BnO
4.97(d, 1H, J = 1.5Hz), 7.13-7.40(m, 25H) ; *C NMR (50.32 MHz,
CDCls): & 68.9, 69.2, 72.0, 72.1, 72.5, 73.3, 74.6, 74.9, 75.1, 80.2, 97.1, 127.4-128.3,
137.3, 138.2, 138.4, 138.4, 138.5; Mol. Wt. calculated for C41H4>0sNa: 653.758, Found:
653.555 (M*+23 for Na).

OBn
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Cholesteryl 2,3,4,6-tetra-O-benzyl-a-D-mannopyranoside (52) : [a]p(CHCI3, ¢ 1.0) =
+22.0; 'H NMR (200.13 MHz, CDCls): &

HsC., CH;

OBn H.C
0.67(s, 3H), 0.80-2.11(m, 29H), 0.85, 0.86, OBn g CH,
(0]
0.97(3s, 9H), 2.28(d, 2H, J = 4.5Hz), 3.47(m, | B
1H), 3.66-4.05(m, 6H), 4.47-4.74(m, 3H), o

4.60(ABq, 2H, J = 12.0Hz), 4.63(s, 2H), 4.88(d, 1H, J = 10.6Hz), 5.02(d, 1H, J = 1.7Hz),
5.27(d, 1H, J = 4.7Hz), 7.14-7.40(m, 20H) ; *C NMR (50.32 MHz, CDCls): & 11.8,
18.7,19.3, 21.0, 22.5, 22.8, 23.8, 24.3, 27.6, 28.0, 28.2, 29.7, 31.9, 31.9, 35.8, 36.2, 36.7,
37.0, 39.5, 39.8, 39.9, 42.3, 50.1, 56.1, 56.7, 69.4, 71.7, 72.1, 72.6, 73.7, 75.2, 75.2, 76.5,
80.4, 95.6, 121.8, 127.4-128.3, 138.4, 138.5, 138.5, 138.7, 140.6; Mol. Wt. calculated for
Ce1HgoOsNa: 932.274, Found: 932.130 (M*+23 for Na).

Allyl 2,3,4,6-tetra-O-benzyl-a-D-mannopyranoside (53) : [a]o (CHCI3, ¢ 1.0) = +29.7;
'H NMR (200.13 MHz, CDCl3):  3.70-4.07(m, 7H), 4.12(dt,

OBn
1H, J = 1.4, 4.9Hz), 4.60(ABq, 2H, J = 12.1Hz), 4.61(s, 2H), 5o OBn
n
4.70(ABq, 2H, J = 10.8Hz), 4.73(s, 2H), 4.92(d, 1H, J = 1.8Hz), | BnO
(0]
5.14(qd,1H, J = 1.6, 10.2Hz), 5.20(qd, 1H, J = 1.6, 17.2Hz), N

5.84(m, 1H), 7.13-7.40(m, 20H); *C NMR (50.32 MHz, CDCls): & 67.7, 69.2, 71.8, 72.1,
72.5, 73.3, 74.6, 74.9, 75.1, 80.1, 97.0, 117.1, 127.4-128.2, 133.7, 138.3, 138.3, 138.4,
138.5; Mol. Wt. calculated for Cs7H400sNa: 603.700, Found: 603.529 (M*+23 for Na).

Pent-4-enyl 2,3,4,6-tetra-O-benzyl-a-D-mannopyranoside (57) : [a]p (CHCI3, ¢ 1.0) =

+26.5; 'H NMR (200.13 MHz, CDCl3): & 1.61(m, 2H), 2.06(m, o8N
2H), 3.35(dd, 1H, J = 6.5, 16.2Hz), 3.62-4.05(m, 7H), 4.56(ABq, 50 Bl
n
2H, J = 12.2Hz), 4.63(s, 2H), 4.70(ABq, 2H, J = 10.7Hz), 4.73(s, | BnO
(0]

2H), 4.85(d, 1H, J = 1.4Hz), 4.92-5.04(m, 2H), 5.76(m, 1H), 7.13-
7.40(m, 20H) ; *C NMR (50.32 MHz, CDCls): & 28.5, 30.2, 66.8, 69.3, 71.8, 72.1, 72.5,
73.3, 74.8, 75.0, 75.0, 75.1, 80.2, 97.8, 114.8, 127.4-128.2, 138.0, 138.3, 138.4, 138.5;
Mol. Wt. calculated for C3gH440¢Na: 631.753, Found: 631.403 (M*+23 for Na).

Methyl 2,3-di-O-benzoyl-4-0-(2,3,4,6-tetra-O-benzyl-a-D-mannopyranosyl)-6-O-
benzyl-a-D-glucopyranoside ( 58) : [a]o (CHCI3, ¢ 1.0) = +43.7; *H NMR (200.13 MHz,
CDCl3): 6 3.41(s, 3H), 3.56-4.00(m, 10H), 4.13(t, 1H, J = 12.2Hz), 4.43(dd, 2H, J = 2.8,
9.2 Hz), 4.46(d, 2H, J = 3.1Hz), 4.55(dd, 2H, J = 6.0Hz), 4.56(ABq, 2H, J = 6.4Hz),

104



4.81(d, 1H, J = 10.9Hz), 5.10-5.18(m, 3H), 6.00(t, 1H, J = 9.6Hz), 6.96-7.50(m, 29H),

7.92-8.01(m, 6H); *C NMR (50.32 MHz, CDCls): & 55.4, OBn

68.8, 69.4, 69.9, 715, 72.0, 725, 72.9, 73.1, 73.3, 73.4, 744, |50 onn
74.9, 75.8, 76.7, 80.0, 96.8, 100.5, 127.1-130.0, 133.2, 133.5, oo 0&%
138.2, 138.3, 138.3, 138.3, 138.5, 138.5, 165.5, 165.9 ; Mol. B20 BZO4 e
Wi. calculated for CsHs,014Na: 1052.121, Found: 1051.911

(M*+23 for Na).

Methyl 2,3,4-tri-O-benzoyl-6-0-(2,3,4,6-tetra-O-benzyl-a-D-mannopyranosyl)-a-D-
mannopyranoside (59) : [a]o (CHCIs, ¢ 1.0) = -40.0; *H OBn

NMR (200.13 MHz, CDCl3): 6 3.43(s, 3H), 3.50-3.75(m, 8O 08”

5H), 3.84(dd, 1H, J = 2.8, 9.2Hz), 3.90-4.05(m, 2H), |BnO OBz
4.18(m, 1H), 4.37(d, 2H, J = 2.7Hz), 4.46(d, 1H, J = BBZE)%%%
12.0Hz), 4.49(Abq, 2H, J = 12.1Hz), 4.62(s, 2H), 4.84(d, OMe

1H, J = 10.8Hz), 4.95(dd, 2H, J = 1.6, 5.6Hz), 5.63(dd, 1H, J = 1.8, 2.9Hz), 5.87(d, 1H, J
= 3.7Hz), 5.92(t, 1H, J = 10.1Hz), 7.12-7.56(m, 29H), 7.80-8.10(m, 6H) ; *C NMR
(50.32 MHz, CDCly): 5 55.4, 66.7, 67.9, 68.9, 69.1, 69.9, 70.6, 71.8, 71.9, 72.5, 73.2,
74.7, 74.8, 75.0, 80.1, 98.1, 98.5, 127.4-129.8, 133.1, 133.3, 133.5, 138.3, 138.4, 138.5,
138.6, 165.4, 165.4, 165.5; Mol. Wt. calculated for CeHeoO14Na: 1052.121, Found:
1051.911 (M*+23 for Na).

Methyl  2,3,4-tri-O-benzoyl-6-0-(2,3,4,6-tetra-O-benzyl-(a/pB)-D-glucopyranosyl)-o.-
D-glucopyranoside (61) : 'H NMR (200.13 MHz, OBn
CDCl3): 6 3.25-3.68(m, 12H), 3.43(s, 3H), 3.45(m, 3H),

o
BnO
3.82-4.20(m, 4H), 4.25-4.95(m, 20H), 5.04-5.35(m, 4H), | B1O™ R
o
5.40-5.70(m, 2H), 5.80(t, 1H, J = 9.6Hz), 6.15(t,1H, J = Bz0
7.5Hz), 7.11-7.50(m, 58H), 7.85-8.00(m, 12H) ; “°C BzOome

NMR (50.32 MHz, CDCl3): & 55.5, 55.5, 66.6, 68.2, 68.5, 68.8, 69.6, 69.9, 70,0, 70.2,
70.5,70.6,71.3, 71.7,72.1, 72.2, 73.1, 73.3, 73.8, 74.7, 74.8, 74.9, 75.5, 75.6, 77.2, 77.5,
79.9, 81.7, 82.3, 84.5, 96.7, 97.1, 97.2, 104.0, 127.4-129.9, 133.0,130.0, 133.3, 133.3,
133.3, 133.3, 137.9, 138.0, 138.1, 138.3, 138.4, 138.5, 138.6, 138.8, 165.2, 165.4, 165.7,
165.7, 165.8, 165.8; Mol. Wt. calculated for CgHgoO14Na: 1052.121, Found: 1051.911
(M*+23 for Na).
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Methyl
D-mannopyranoside (62) : H NMR (200.13 MHz,
CDCl3): 6 3.30-3.75(m, 12H), 3.49(s, 3H), 3.53(s, 3H),
3.90(dd, 1H, J = 10.2, 19.6Hz), 4.10(dd, 1H, J = 10.1,

2,3,4-tri-O-benzoyl-6-0-(2,3,4,6-tetra-O-benzyl-(a/B)-D-glucopyranosyl)-a-

BnO O
BnO
BnO

OBn

OBz
@)
BzO O
BzO

OMe

19.6Hz), 4.20-5.18(m, 24H), 5.56-6.02(m, 6H), 7.01-
7.68(m, 58H), 7.81-8.19(m, 12H) ; *C NMR (50.32
MHz, CDCl;): 8 55.4, 55.5, 62.8, 66.9, 67.2, 67.4, 67.5, 68.2, 68.5, 69.3, 69.5, 69.8, 70.0,
70.1,70.3,70.5, 73.0, 73.3, 73.4, 74.7, 74.7, 74.9, 75.5, 75.6, 77.5, 77.6, 79.9, 81.8, 82.3,
84.4,97.2,98.5,98.6, 104.1, 127.5-129.9, 133.0, 133.1, 133.3, 133.4, 133.4, 133.5, 137.8,
138.0. 138.0. 138.3, 138.4, 138.5, 138.5, 138.8, 165.4, 165.4, 165.4, 165.4, 165.5, 165.6;
Mol. Wt. calculated for CeoHgoO14Na: 1052.121, Found: 1051.911 (M*+23 for Na).

Methyl

2,3,4-tri-O-benzoyl-6-0-(2,3,4,6-tetra-O-benzyl-(a/B)-D-galactopyranosyl)-
'H NMR (200.13 MHz,

a-D-glucopyranoside (67) :

BnO OBn
CDCl3): § 3.34(s, 3H), 3.35(s, 3H), 3.41-4.13(m, 16H), o
4.25-4.81(m, 16H), 4.86-5.32(m, 8H), 5.42(t, 1H, J = |[BnO SN
(@)
= BzO
10.0Hz), 5.54(t, 1H, 10.0Hz), 6.13(t, 1H, J = 9.7Hz), 20
6.16(t, 1H, J = 9.7Hz), 7.15-7.55(m, 58H), 7.81-8.05(m, BzOOMe

12H) ; *C NMR (50.32 MHz, CDCls): & 55.4, 55.4, 66.5, 66.5, 68.4, 68.6, 68.6, 68.9,
68.9, 69.2, 69.5, 69.9, 70.5, 70.5, 70.6, 72.1, 72.8, 73.0, 73.1, 73.2, 73.4, 73.4, 74.5, 74.7,
75.0, 75.1,77.2, 78.5, 79.6, 82.0, 96.7, 96.9, 97.8, 104.1, 127.4-129.9, 133.0, 133.0, 133.3,
133.3, 133.3, 133.3, 137.8, 138.1, 138.5, 138.5, 138.7, 138.7, 138.7, 138.8, 165.3, 165.5,
165.7, 165.8, 165.8, 165.8; Mol. Wt. calculated for CgHeoO1sNa: 1052.121, Found:
1051.911 (M*+23 for Na).

Methyl
a-D-manopyranoside (68) : 'H NMR (200.13 MHz,
CDCl3): 8 3.32-3.54(m, 5H), 3.40(s, 3H), 3.41(s, 3H),
3.63(dd, 1H, J = 1.9, 11.0Hz), 3.80-4.83(m, 28H), 4.89-
5.17(m, 4H), 5.64-5.95(m, 6H), 7.11-7.61(m, 58H), 7.79-
8.09(m, 12H) ; *C NMR (50.32 MHz, CDCls): § 55.3,
55.3, 67.0, 67.0, 67.3, 67.6, 68.6, 68.7, 69.2, 69.3, 69.4, 69.8, 69.9, 70.0, 70.3, 70.4, 70.5,
72.9,73.1,73.1,73.4,735,74.5,74.7, 75.0, 75.1, 78.7, 79.6, 80.8, 81.9, 97.9, 98.2, 98.5,

2,3,4-tri-O-benzoyl-6-0-(2,3,4,6-tetra-O-benzyl-(a/B)-D-galactopyranosyl)-

BnO OBn
o
BnO
BnO o OBz
BzO O
BzO

OMe
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104.4, 127.4-129.9, 133.0, 133.1, 133.3, 133.3, 133.4, 133.4, 137.8, 138.0, 138.5, 138.6,
138.7, 138.7, 138.7, 138.8, 165.4, 165.4, 165.5, 165.6, 165.6, 165.7; Mol. Wt. calculated
for CeoHeoO14Na: 1052.121, Found: 1051.837(M*+23 for Na).

Methyl 2,3,4-tri-O-benzyl-6-0-(2,3,4,6-tetra-O-benzyl-B-D-glucopyranosyl)-a-D-

mannopyranoside (71) : [a]o (CHCIs, ¢ 1.1) = +20.5; 'H
NMR (500.13 MHz, CDClg): 6 3.25(s, 3H), 3.45(ddd, 1H, J
=1.8,4.2,6.1,9.1Hz), 3.51(t, 1H, J = 8.3Hz), 3.61(d, 1H, J =
3.2Hz), 3.62(ABq, 2H, J = 9.0Hz), 3.67-3.84(m, 5H),
3.90(dd, 1H, J = 3.1, 9.3Hz), 3.96(t, 1H, J = 9.5Hz), 4.27(dd,

BnO 0
BnO
Bn OBn
o

OBn

@)

BnO
BnO

O

OMe

1H, J = 1.2, 10.7Hz), 4.40(d, 1H, J = 7.9Hz), 4.58(s, 2H), 4.61(ABq, 2H, J = 12.5Hz),
4.66(ABq, 2H, J = 12.1Hz), 4.67(ABq, 2H, J = 11.0Hz), 4.70(s, 2H), 4.77(s, 2H), 4.95(d,
1H, J = 10.8Hz), 5.06(d, 1H, J = 11.0Hz), 7.15-7.38(m, 35H) ; *C NMR (125.76 MHz,
CDCls): 6 54.7, 69.0, 69.0, 71.3, 71.9, 72.7, 73.4, 74.5, 74.7, 74.9, 74.9, 74.9, 74.9, 75.6,
77.8, 80.1, 82.1, 84.6, 98.9, 104.1, 127.3-128.3, 138.1, 138.2, 138.2, 138.5, 138.5, 138.5,
138.6; Mol. Wt. calculated for CgoHgsO11Na: 1010.171, Found: 1009.882 (M*+23 for Na).

Methyl  2,3,4-tri-O-benzyl-6-0-(2,3,4,6-tetra-O-benzoyl-B-D-glucopyranosyl)-a-D-

mannopyranoside (72) : [o]o (CHCIs, ¢ 1.0) = +25.7; 'H OBz

NMR (200.13 MHz, CDCl3): 6 2.96(s, 3H), 3.60-3.84(m, B0 0 o

5H), 4.13(dd, 1H, J = 4.7, 9.9Hz), 4.18(dd, 1H, J = 9.8, | BzO Canl OBn
15.0Hz), 4.51(s, 2H), 4.58(ABq, 2H, J = 11.1Hz), 4.52(d, 2H, BBnr%é%
J=1.8Hz), 4.57(dd, 1H, J = 3.2, 10.6Hz), 4.66(s, 2H), 4.97(d, OMe

1H, J = 7.9hz), 5.58(dd, 1H, J = 7.8, 9.7Hz), 5.69(t, 1J, J = 9.7Hz), 5.91(t, 1H, J = 9.7Hz),
7.17-7.55(m, 27H), 7.80-8.03(m, 8H) ; *C NMR (125.76 MHz, CDCls): & 54.3, 63.1,
69.5, 69.8, 71.3, 71.9, 72.0, 72.1, 72.6, 73.0, 74.3, 74.8, 75.0, 80.2, 98.6, 101.7, 127.5-
129.8, 133.0, 133.0, 133.2, 133.4, 138.2, 138.3, 138.4, 165.0, 165.1, 165.9, 166.1; Mol.
Wt. calculated for CgHsgOsNa: 1066.105, Found: 1066.012 (M*+23 for Na).
Methyl 2,3,4-tri-O-benzoyl-6-0-(2,3,4-tri-O-benzyl)-6-O-(2,3,4,6-tetra-O-benzoyl-B-
D-glucopyranosyl)-a-D-mannopyranosyl)-a-glucopyranoside (73) : [a]p (CHCIs, ¢
1.0) = +57.2; *H NMR (500.13 MHz, CDCls): & 3.17(dd, 1H, J = 3.2, 11.3Hz), 3.40(s,
3H), 3.54(quintet, 2H, J = 6.9Hz), 3.60-3.66(m, 3H), 3.81(dd, 1H, J = 3.1, 9.4H2),
3.91(td, 1H, J = 3.4, 10.0Hz), 4.00(d, 1H, J = 9.1Hz), 4.05(m ,1H), 4.34(d, 1H, J =
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11.2Hz), 4.46(ABq, 2H, J = 11.5Hz), 4.47(dd, 1H, J = 5.2, 12.0Hz), 4.58(dd, 1H, J = 3.6,
12.4Hz), 4.63(d, 2H, J = 1.3Hz), 4.65-4.69(m, 2H), 4.78(d, 1H, J = 7.7Hz), 5.13(d, 1H, J
= 3.6Hz), 5.19(dd, 1H, J = 3.7, 10.3Hz), 5.38(dd, 1H, J = OBz
7.8,9.9Hz), 5.55(t, 1H, J = 9.9Hz), 5.61(t, 1H, J = 9.8Hz), |Bz0~0 o
5.84(t, 1H, J = 9.8Hz), 6.04(t, 1H, J = 9.9Hz), 7.16- o0 O%OQBT

BnO

7.52(m, 36H), 7.82-8.00(m, 14H) ; *C NMR (125.76 BnO |
MHz, CDCls): 5 55.6, 63.2, 65.3, 68.0, 68.9, 69.1, 69.8, ag%ﬁoz
70.1, 71.1, 71.9, 71.9, 72.0, 72.0, 72.6, 72.9, 74.6, 74.6, BZ00Me

74.7,79.8, 96.9, 98.0, 101.3, 127.4-130.0, 133.0, 133.0, 133.0, 133.2, 133.2, 133.3, 133.3,
138.4, 138.5, 138.5, 164.8, 165.0, 165.2, 165.8, 165.8, 165.8, 166.1; Mol. Wt. calculated
for CggHgoO23Na: 1540.564, Found: 1540.203 (M*+23 for Na).

Methyl  2,3,4-tri-O-benzyl-6-0-(2,3,6-tri-O-benzoyl)-4-0-(2,3,4,6-tetra-O-benzoyl-B-
D-galactopyranosyl)-B-D-glucopyranosyl)-a-glucopyranoside (74) : [a]p(CHCI3;, ¢

1.0) = +44.5; 'H NMR (500.13 MHz, CDCls): & OBz
BzO OBz
293(s, 3H), 3.55-3.95(m, 8H), 4.10(m, 2H). &Ow é&
(0]
4.27(t, 1H, J = 9.5Hz), 4.50(s, 2H), 4.50(d, 1H,J = |BzO BzO P
OBz oBz{ OBn
1.7Hz), 4.53(dd, 2H, J = 4.0, 8.2Hz), 4.54(ABq, Béw%é&‘
n
2H, J = 11.1Hz), 4.64(s, 2H), 4.86(dd, 2H, J = 2.7, OMe

7.8Hz), 5.37(dd, 1H, J = 3.3, 10.4Hz), 5.52(dd, 1H, J = 7.9, 9.9Hz), 5.65-5.87(m, 3H),
7.08-7.75(m, 36H), 7.87-8.03(m, 14H) ; **C NMR (125.76 MHz, CDCls): & 54.2, 61.0,
62.3, 67.4,69.3,69.8, 71.3, 71.3, 71.7, 71.7, 71.8, 72.5, 72.8, 72.9, 74.1, 74.8, 74.8, 75.9,
80.0, 98.5, 100.9, 101.5, 127.4-129.9, 132.9, 133.0, 133.2, 133.3, 133.3, 133.3, 133.4,
138.1, 138.2, 138.3, 164.7, 165.0, 165.1, 165.3, 165.4, 165.5, 165.8; Mol. Wt. calculated
for CgoHgoO23Na: 1540.564, Found: 1540.074 (M*+23 for Na).

Methyl  2,3,4-tri-O-benzoyl-6-0O-(2,3,4-tri-O-benzyl)-6-0-(2,3,6-tetra-O-benzoyl)-4-
0-(2,3,4,6-tetra-O-benzoyl-B-D-galactopyranosyl)-B-D-glucopyranosyl)-a-D-manno-
pyranosyl)-a-D-glucopyranoside (75) : [o]o (CHCIs, ¢ 1.0) = +56.7; *H NMR (500.13
MHz, CDCl3): 6 3.23(dd, 1H, J = 2.8, 11.1Hz), 3.39(s, 3H), 3.35-3.93(m, 12H), 4.15-
4.70(m, 6H), 4.26(d, 2H, J = 10.5Hz), 4.42(dd, 2H, J = 11.7, 14.7Hz), 4.86(d, 1H, J =
7.9Hz), 5.12(t, 1H, J = 3.5Hz), 5.18(dd, 1H, J = 3.6, 7.0Hz), 5.33-5.55(m, 4H), 5.68-
5.80(m, 3H), 6.02(t, 1H, J = 9.8Hz), 6.95-7.65(m, 45H), 7.71-8.03(m, 20H) ; °C NMR
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(125.76 MHz, CDCls): 6 55.6, 61.1, 62.3, 65.3, 67.5, 68.0, 68.8, 69.1, 69.8, 70.5, 71.2,

71.3, 71.7, 71.7, 71.9, 72.0, 72.4, 72.7, 72.9,
74.5, 74.6, 74.7, 75.9, 79.7, 96.9, 97.9, 100.8,
101.3, 127.4-130.0, 132.9, 132.9, 133.0, 133.0,
13.2, 133.3, 133.3, 133.4, 133.4, 133.5, 138.3,
138.4, 138.5, 164.7, 165.0, 165.0, 165.1,
165.3, 165.4, 165.5, 165.7, 165.7, 165.7; Mol.
Wt. calculated for CggHgoO23Na: 2015.022,
Found: 2015.441 (M*+23 for Na).
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Chapter 2: Spectral Charts

(Characterization data and full spectral charts for all compounds can also be found in Chem Comm 2011
(DOI:10.1039/C1CC13134F) and Chem Comm 2009, 2505-2507)
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'H NMR Spectrum (200.13 MHz, CDCl3) of Compound 10
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'H NMR Spectrum (200.13 MHz, CDCl5) of Compound 12
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'H NMR Spectrum (200.13 MHz, CDCl3) of Compound 13
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'H NMR Spectrum (500.13 MHz, CDCl3) of Compound 14
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'H NMR Spectrum (200.13 MHz, CDCl3) of Compound 15
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'H NMR Spectrum (200.13 MHz, CDCl3) of Compound 16
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'H NMR Spectrum (200.13 MHz, CDCls) of Compound 24

o

Lo o
C Fe
o
(@)
2 I
@
o <
<t ~N
8 & ho]
o o] [
c S
S o
o S a3 3
& )
i 9 O
3\ C y—
5 2,
m: —~ 3 ==
alt o : L O
23 3
TFo D T C
1O v N
1 -
I I
dE I 06— S
oo = Lg O 8
ol o 4o rS
Ll 3 -
S ST w
) W\
F~
£ =]
f S =
B s BT 0T -2 0
- S — ez Sy \ L o Wi _
e & E. %) e
n [a e 9L'62T
151 :
: e S 19620
= Z
FO N Q Q
O Ely &
[ @ L
- [a)
Ne)
L
%
o Nl | o |~ [o
(] o (o} ] o |0 |o

118



c 0O Lo
24 Lo
OI)\LN
— O Foo 1 E
o L o i I
0]
9 o) Y 3 N {
o oll¥ o .m
c | = S
> I = 6e—— o
] m T3 <1 SR
£ o E % 5 g
o =) S 3
8 2O 155
- e WN.:/ S 6550
o 1T o sl = 7004
> L 0 EeL ‘o 0L — #E
—_ — £ [ERY = ﬁ; .97
®) 8f O 5 B w4 | m . | ey
atfe N B WL 1 -
() [ . = 0L6L i 733
5 L =1 O —
@) O z 16087 G 5208
N 1l N aee——of | LT o
T . T s IT68—
> m:# . = —
_ TR _
™ %A LAREY s 8 wui-— [§ © 68001 —— -8
S T 7 s sl € , o -
S o S | p— S JI5:)) A—
M_.\ 5 Q ”_\ ~
151
e 651 e e m
> o} .
s s L © L
o o b}
g o &
(p] Lo 2} ” T x
W DMn SLLET S
=z
W PNV 15051-— 8 — -5
o
i -mm L
wa-— | O
L l l
o
e —r— e ™ T ——— i ,
Bl le} o o le} le} o o le} le] [e] [e] le] le] ] m

119



'H NMR Spectrum (500.13 MHz, CDCls) of Compound 29
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'H NMR Spectrum (200.13 MHz, CDCl5) of Compound 32
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'"H NMR Spectrum (200.13 MHz, CDCls) of Compound 35
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'H NMR Spectrum (200.13 MHz, CDCls) of Compound 36
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'H NMR (200.13 MHz, CDClIs) of compound 46
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'H NMR (200.13 MHz, CDCls) of compound 58
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'H NMR (200.13 MHz, CDCls) of compound 74
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'H NMR (200.13 MHz, CDClIs) of compound 75
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Chapter 3

Synthesis of C-2 functionalized glycosides exploiting
methyl glycosides




Introduction

Glycosamines are the amino sugars and are prominent precursors in the
biochemical synthesis of glycosylated proteins and lipids. D-(+)-glucosamine
(CsH13NOs), is shown to be a component of many biological important systems widely
spread in nature.’ It is a part of the connective tissues, membranes, lipopolysaccharides
and mucopolysaccharides and participates in detoxic function of the liver and kidneys.
The data from literature reviewed permit concluding that glucosamine and its derivatives
are potentially useful and possess antiinflammatory, liver-defending, antihypoxic and
other pharmacological activities.?

Glucosamine has proved to be effective at improving the rate of recovery form
injury and severity of joint pain. One of the major benefits of glucosamine, compared to
nonsteroidal anti-inflamatory drugs (NSAIDs), is that they can reduce symptoms without
any side effects by rebuilding the damaged cartilage.> Glucosamine, like chondroitin, is
known as a symptomatic slow-acting drug for osteoarthritis (degenerative joint disease),
which is the most common form of arthritis.* Glucosamine, a preferred substrate for the
biosynthesis of glycosaminoglycan chains and subsequently, for the production of
aggrecan and other proteoglycans of cartilage.” These aggrecans play essential role in
giving the cartilage its hydrophilicity, which is beneficial in cases of osteoarthritis.®

Glycosamines are present in nature in the form of chitin (polymer of N-acetyl
glucosamine) and glycosaminoglycan (polymer of N-acetyl glucosamine and glucaric

acid). These are most frequently pB-linked glycosides and N-acetylated (Figure 1).

O
OH OH ’/(
OH . o Ho NH
- HO 9 N o
PR DT e e HO ° S
NH NHAc NH  Ho
OH ; n
\<O n Glycosamine o
Glycosaminoglycan Chitin
Figure 1

Glycoside bond formation with donors derived from N-acetylglucosamine resulted
in oxazoline formation via neighboring group participation.” This intermediate does not

exert strong glycosyl donor property even with strong acids since methyl substituted N-
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protonated oxazolinium system rather stable. Therefore, various glycosamine donors,
containing modified amino functionalities have been investigated for this endeavour
amongst them pthalimido group® and azido group® gained importance. Phthalimido
(Phth-) group of glucosamine in combination with glycosyl donors would result in -
glycoside formation via highly reactive N-acylated oxazolinium intermediate. However,
the phthalimido cleavage requires basic conditions which can often lead to partial
decomposition of the product.'® Later, readily available and low cost tatrachlorophthaloyl
(TCP) group was introduced in combination with n-pentenyl glycosides to ensure high

yields of glycosylation as well as the B-selectivity (Scheme 1)."

Scheme 1
OBn NIS OBn OBn
B B o o _TESOTf _ Bé'r?o o o e}
n BnO
CH Cl,, 20 min
NTCP BnOg S NTCP BnOome

Phth- and TCP protecting groups are comparable to each other with respect to
their installation and substantial reactivity. However, TCP group can be cleaved under
mild conditions using ethylenediamine. TCP group may also be placed on the acceptor as
shown in scheme 2 forming the differentially protected chitobiose, which was latter

chemoselectively cleaved.'?

Scheme 2
j Bn NIS OBn OBn
TESOTf o) o)
"B AcO OBn — = Bgr?o&g/gc/oé&osn
NPhth NTCP CH207|(2):(; hr NPhth NTCP
(o]
]
1.19eq HN NH,
2. AC2O
ﬁ/ A;%
NPhth NHACc

Similarly, tetrachlorophthaloyl (TCP) containing trichloroacetimidate glycosyl donors
were used for glycosylation using Sn(OTf), to result 1,2-trans glycosylated product™®
(Scheme 3).
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Scheme 3
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The intermediate generation of free amino groups is quite frequently
disadvantageous. Therefore, the methods that enable retention of the N-acetyl group in the

activated species are of great interest.

Scheme 4
OH
o OMe
OH 1. AcCI (80%) oac  Bno o
o BnO OAc ¢
° 2. (HoN),CS(90%) o BnOGu
H|-?o OH A'ggo SMe OMe Aco/ﬁ/o OBn
3. K»S,03, K,CO4 DMTST, CH,Cl, AcO OBn
NHAGC N~ N
Mel(82%) 5°C, 89% — x(
4. AcCl, EtNiPr, (91%) o © e

1. NaOMe, MeOH
2. Ac,0, Pyridine

quantitative
OMe
Bn
OAc o)
AcO Q o OBn
ACO an

HN\(

0
A convenient solution for this problem is the use of N,N-diacetyl derivatives of
amino sugars which was upon anomeric activation to highly reactive N-acetyl
oxazolinium intermediate followed by the reaction with acceptor gave desired B-linked
glycoside. Removal of one of the acetyl group was done under NaOMe, MeOH

conditions (Scheme 4).*

Unlike, the aforementioned glycosylation methods for the synthesis of B-linkages

assisted by neighbouring group participation, the synthesis of a-glycosides
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stereoselectively is still difficult as they are primarily dependent on the solvent and
stereoelectronic effects.’> For example use of non-assisted latent amino sugar such as
azide group whose synthesis is still not economical. Later, Schmidt et al. synthesized
galacto- amino sugars from Michael-type addition to 2-Nitro-D-galactal.  Using
carbohydrate Michael donor with HMDS at -78 °C gave exclusively a-glycoside, which

was reduced and acetylated to obtain N-acetylated glycoside (Scheme 5).1°

Scheme 5
BnO _OBn BnOo OBN BnO OBn
o) HNO, o HNO; o)
BnOX___~ AC,O BnO—= Ac,0 BnOA A
70-75% Noac  81% NO,
OH
KN(SiMe3), | BnO )
THF, -78°C BnO
89% BnOome
OBn
BnO OB
o) BnO /-0
BnO OBn RaNi, H,(80-90 atm) 0 oB
AcHNS, 0 BnO n
BnO ACZO, Pyr OZNO 0
B o,
nOOMe 65% BnO 5o
OMe

Later, 2-Nitro thioglycosides were synthesized by the same group as versatile precursors
for the amino glycosides.!” 2-Nitro glucal was converted into 2-Nitrothio glycoside by

Scheme 6
NIS, CH,Cl,
OBn OBn TMSOTF, 0°C OBn 0074
80%, (1:2 a:B)
B QPSR THE Bnoé&sph = Bnoﬂmo
n & 0.1eq. tBUOK BnO—="X1 OH BnO—=""X g
NO, 0.3h,70% 2 )go 2
g:‘o
00

p

base catalyzed glycosylation with thiophenol followed by a glycosylation with

carbohydrate containing aglycon using NIS/TMSOTf to get corresponding C-2
substituted nitro disaccharide (Scheme 6). Using the same carbohydrate template of tri-
O-benzyl glucal, Thiem et al. developed analogues of UDP-GIcNAc modified at the 2-
acetamido group of the GICNAc moiety in order to study their role in the mechanism of
N-acetylglucosaminyl tranferase mediated glycosylations.*®
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Scheme 7
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Azidonitration of glucal followed by reductive hydrolysis and phosphorylation results the

glucosyl phosphate which upon hydrogenation and N-acetylation gives glycosamino

phosphate (Scheme 7).
Scheme 8
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More recently, it was found that glycosamine analogs also have promising enzyme
inhibition activity.® C-2 branched chain glycosamines was synthesized by Brossmer et
al. starting from Methyl-4,6-O-benzylidine-3-O-benzyl-p-D-glucopyranoside.”® More
interestingly, these C-2 branched chain glycosamines were incorporated into unnatural
sialic acids (Scheme 8).%°

The most convenient synthesis of C-2 branched chain glycosamines were
synthesized by Linker’s group starting from easily available glycals in a simple three step
sequence.”’ Radical addition of nitromethane to glycals using cerium (IV) ammonium

nitrate (CAN) as one electron oxidant and subsequent reduction followed by acetylation

138



gave access to glycosamino analogues. This method is applicable to pentoses, hexoses,

and disaccharides (Scheme 9).%*

Scheme 9
OBn  CAN, KOH OBn OB No,
Bno/ﬁ MeOH, 0°C Bnoﬁé/om + BnO O
BnO = CH;NO, BnO NG BnO
9% 2 12% OMe
1) Hy, (40bar), Pd/C 1) LiAIH4, THF, 65°C
MeOH, 20°C 2) Ac,0, Pyridine, 83%
2) Ac,0, 82/0
HO o) BnO O
HO OMe BnO OMe

NHAC NHAc
Similarly, radical addition of dimethyl malonate to the glucal using CAN as one
electron oxidant resulted in the C-2 functionalized gluco- and manno- isomers along with
anomeric nitrate. This additional nitrate compound was suppressed completely using
anhydrous CAN (Scheme 10).%

Scheme 10
onc  CAN. NaHCO, OAc n//iegoc COOMe OAc
, C!
ACO o) MeOH, 0°C AcO o) , AcO O + AcO O
AcON A A~ AcO OMe AcO AcO
MeOOC~ “COOMe COOMe ONO
MeOOC OMe MeOOC 2
COOMe
62% 14% 16%

Bi-cyclic lactones: Lactones represent an important class of organic compounds, are
industrial intermediates, and can be synthesized by various methods.”® y -Lactones, in
particular, are widespread in nature and possess promising pharmacological properties as
enzyme inhibitors,* due to their common ring opening by nucleophiles. Interestingly,
linking of carbohydrates to the reactive heterocycle increases water solubility, which is
advantageous for the bioavailability.

D-Gluco 1,5-lactone is the cheapest chiral building blocks for organic chemists
and is easily synthesized in large scale by the oxidation of anomeric hydroxyl group.?
On the other hand, carbohydrate fused lactones have been less intensely studied. These
compounds allow stereoselective glycosylations by nucleophilic ring opening at the

anomeric centre (Figure 2).%
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Figure 2

Synthesis of 2, 3-carbohydrate bicyclic lactones were done by many steps starting
from readily available D-mannose to known ketoester.?” Reduction of the keto- group
facilitates the axial hydroxy-ester followed by cyclization resulting in the required

bicyclic lactone which was later alkylated with methyl iodide to get stereoselectively exo-
isomer (Scheme 11).

Scheme 11
0,
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o)
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Ph/vo}\o Ph™X0 i 780c PA" N0
oA\ [0 X o  LINTMS,, THF,-78°C /E o
R Mel, -78°C to rt
OMe o) OMe 92% o OMe
o

Carbohydrate derived 1,2-bicyclic lactones were synthesized by Chandrasekaran et al.
starting from tri-O-benzyl-D- glucal, upon Rhodium catalysed cyclopropanation using methyl
diazoacetate followed by reduction to give carboxylated sugar.?® Acid catalysed cyclization of
carboxylic acid using NIS resulting in iodo- substituted 1,2-bicyclic lactones (Scheme 12).
Scheme 12

OBn o OBn o OBn
Rh,(OAC) LiOH o}
2 4 ,”((()LOMQ ,”1(()\0,4 NIS, CH,CN | o
BrO" N,CHCOOMe . THE:MeOH ‘ 10h, 94% g

. CHoCly, 58% 99%

OB OBn OBn OBn

140



Another synthesis of 1,2-carbohydrate bicyclic lactones were developed by
Lavilla et al. using microwave assisted multicomponent reaction.”® A three component
reaction of tri-O-acetyl-D-glucal, 3-nitro aniline and glyoxylic acid using scandium
triflate under microwave irradiation resulted into amino substituted 1,2-bicyclic lactones
(Scheme 13).%°
Scheme 13

OAc NO,

Sc(OTf);
CH4CN, 4A° MS
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Very recently, Linker et al. showed the synthesis of carbohydrate 1,2-bicyclic
lactones from the corresponding malonate addition products which were obtained by the
radical addition of dimethylmalonate to glycals using CAN as one electron oxidant.*
Cleavage of one of the ester groups was achieved under drastic conditions and for milder
conditions, saponification to malonic acid followed by heating to 110°C to get 1,2-

carbohydrate bicyclic lactone was followed (Scheme 14).

Scheme 14
OBn 1) LiOH OBn OBn
BnO 0 2)IR120 Bno 0 tolune o
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Present work

Glycosamine containing glycopeptides and glycolipids play pivotal roles in a
variety of cellular processes such as cell-cell adhesion, cell growth, fertilization and
infection.®* Glycosamine lacking glycopeptides are found to be ineffective as anti-freeze
agents or other biological applications thereby emphasizing the overall significance of

glycosamines.®

Artificial and unnatural N-functionalized glucosamines were studied as
substrates for the inhibition of N-acetylglucosaminyl transferases.  Additionally,
glycosamine homologs (e.g. 3) are interesting as they modulate the cellular molecular
recognition events. Linker et al. developed transition-metal-mediated radical reactions in
carbohydrate chemistry for the synthesis of glycosamine homologs 3 (Scheme 15).

Scheme 15

MeOH
o CAN o) o,
v Dot —_— Pt
BnO/\/ CH3NO, BnO™ >~ Qf@ BnO
NO, ® 5
1 A B N~
1l
o)
0 o, LHPIC o 719
e B —— P e
HO™ >~ :f e 2. Ac,0 BnO™* :i’
NHAc NO,
3 71-82 % 2

Radical addition of nitromethane to protected glycals 1 proceeds smoothly in the
presence of cerium ammonium nitrate (CAN) via glycosyl carbenium ions A. Cyclization
with the adjacent nitro group to the intermediate B stabilizes reversibly the whole system.
This explains the highly stereoselective attack of methanol from the opposite face,
affording exclusively 1,2-trans configured 2-C-branched chain carbohydrates 2. Finally,
glycosamine homologs 3 are obtained by catalytic hydrogenation and acetylation in good
yields in analytically pure form (Scheme 15).

Although method is applicable to unsaturated hexoses, pentoses and disaccharides,
the predetermined configuration at the anomeric center is disadvantageous. Thus, due to
the selective opening of intermediate B, methyl a-glucosides are not available, which
would represent interesting structures common in nature. Furthermore, the formation of

more complex glycosidic bonds, especially attractive disaccharides, during the radical
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addition of nitromethane is not possible, since methanol is the superior solvent for such
reactions. Thus, activating the anomeric position of the methyl glycosides was the only
way to afford either lactol or transglycosylated products. However, conventional
procedures like heating in acidic medium failed, due the instability of the branched chain
carbohydrates. Many known glycosylation methods were tried before and in all the cases,
either decomposition of the starting material happened or the starting material did not
react at all. As we identified that methyl glycosides are potential glycosyl donors in the
presence of catalytic amount of gold(l11) salts, we thought that nitromethyl carbohydrates
such as 2 might directly serve as precursors for transglycosidations. We started our
initial studies with gluco-isomer 2a, which is easily available and has the most common
configuration in nature. Indeed, reaction with 1 equiv. of 4-penten-1-ol (4a) proceeded
smoothly in the presence of 10 mol% of AuBr; in acetonitrile at 70 °C, and an a3 (4:1)
mixture of transglycosylated n-pentenyl glucoside 5a was isolated after 2 h in 65 % vyield
(Scheme 16).

Scheme 16

OBn Hcil
e} AuBr3 (10mol%)
BnO H
Bn(;%/ OCHs BnO
70°C

O:N 2h, 80%
2a a:p = 4.1

OZN O

Surprisingly, methyl 3,4,6-tri-O-benzyl-2-deoxy-2-C-nitromethyl gluco-a-D-
pyranoside (6a) was obtained as a by-product in 20% vyield. This anomerization was
hypothesized to proceed by an interesting mechanism, giving strong evidence for an
endocyclic C-O bond cleavage, but could be completely suppressed by employing three
equiv. of the aglycone and the overall yield increased to 80 % (Scheme 16). Thus,
gold(I1l) bromide is an ideal catalyst for the transglycosidation of 2-C-nitromethyl
carbohydrates.

In the *H NMR spectrum of compound 5a two multiplets at § 1.55-1.80 and 1.98-
2.38 ppm due to pentenyl moiety and the **C NMR spectrum showed two resonances

corresponding to o/p mixture of anomeric carbons at 6 96.9 and 100.5 ppm. DEPT NMR
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Table 1.

Entry ROH 4 Product 5 Time (h) Ratioa:p Yield %
OH OBn
BnO O
1 BnO Q 2 2:1 76
o,N ©
4b 5b
OBn
BnO O
BnO
2 6 o only 72
3 24 o only 45
OH BnO
o BnO
4 BzO o only 56
BzO O,N O
BzO
OMe OBz
4e 5e OBz
OH OBn

BzO 0 Bg(njo
5 BzO o only 55
BzO O,N O

4f OBz
OBn

OH

ng ‘ BnO
BzO BnO
6 BzO a only 52
02N i
(0]
4g OBz

Reagents & Conditions : 10 mol% AuBr; / CH3CN / 70°C
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Table 2

Glycosyl Donor 2 ROH Product 5 Time (h) Yield %
BnO OBn BnO OBn
0 (@]
OCH
BnO 3 4c Bnog ﬁb 6 71
O,N O,N O :
2b 5h
BnO OBn
- O o OMe
n
4e S‘; 12 54
O,N O
OBz
5i OBz
BnO OBn
4f ; 12 54
O,N O
OBz
OBz
BnO OBn
OH
OBz
BzO 12 58
BzO o o\é—
M
4h OMe OBz
OBz
(0]
BnO OMe
BnO 9 ocH, BnO ol o
BnO o
4e (0] 12 48
ON OoN
OBz
2c 51 OBz
BnO O
BnO o OMe
BzO
4h O,N O 12 50
OBz
5m OBz

Reagents & Conditions : 10 mol% AuBr; / CH3;CN / 70°C

145



spectrum indicated the presence of eighteen methylene groups of pentenyl glycoside 5a,
and the HRMS (MALDI-ToF) showed a molecular weight peak at 584.2710 calculated
for C33H39NO7Na.

To further extend this method and to prove its generality we investigated other
nucleophiles 4 (Table 1). Thus, benzyl glucoside 5b was synthesized from another
primary alcohol (BnOH, 4b) in good yield as an anomeric mixture (entry 1).
Surprisingly, sterically demanding secondary alcohols such as menthol (4c) and
cholesterol (4d) afforded the corresponding glycosides 5¢ and 5d as sole a-anomers after
prolonged reaction times (entries 2 and 3). The moderate yield of cholesteryl o-
glucopyranoside 5d is due to the bad solubility of cholesterol (4d) in acetonitrile.

All the products were characterized thoroughly by *H, **C, DEPT NMR and mass
spectral analysis. For example, the *H NMR spectrum of disaccharide 5e shows & 2.75 as
dddd of C-2 nitromethyl group and & 3.42 ppm as a singlet for the methoxy group. In
addition, **C NMR spectrum pointed out the characteristic signals due to two o. -anomeric
carbons at 6 97.0 and 97.5ppm. Further DEPT NMR spectrum specified the six (5 65.4,
68.1, 73.3, 73.5, 74.7 and 75.1 ppm) signals with negative intensity for the presence of six
methylene groups in the assigned disaccharide 5e, and the HRMS (MALDI-ToF) showed
a molecular weight peak at 1004.3471 calculated for CssHssNO;sNa.

Finally, synthetically interesting disaccharides 5e—-g were synthesized by the
same procedure from sugar aglycons (4e-g). Again, only a-anomers were isolated in
moderate yields (entries 4-6). Thus, we developed a general strategy for the
introduction of the nitromethyl group in the non-reducing sugar ring of disaccharides,
whereas in previous studies by Linker’s group gave access to the reducing sugar only.

Our successful method of gold-catalyzed transglycosidations under mild
conditions could be applied for other 2-deoxy-C-nitromethyl pyranosides 2 (Table 2).
Thus, the galacto-isomer 2b afforded various 2-C-branched carbohydrates 5h—k in
moderate to good yields. Again, longer reaction times were necessary, resulting in the
selective formation of a-anomers. Even pentose derivative 2c¢ reacted smoothly to the
disaccharides 51 and 5m, demonstrating the general applicability of 2-C-branched

methyl glycosides as glycosyl donors in the presence of AuBrs;,
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The selective formation of a-anomers is interesting from the mechanistic point of
view. During our studies on radical additions of nitromethane to glycals, we established a
stabilization of anomeric cations by the adjacent nitro group. Thus, nucleophiles can only
attack from the opposite face, resulting in B-glucosides with high selectivity. The
difference in our herein described gold-catalyzed reactions might be a complexation of
the nitro group by the transition-metal, inhibiting its neighbouring-group-participation.
Scheme 17

NO [} NO
—O o, ., BnOw + RO 0%
AI B 02N OZN
O-N upbrs
/ 2% B D glycosylated product
>/O OR e)
BnOS—= " Aubrg AuBr; AuBr
NO, ! ! O
A \B SO == Bn0Sem, OR == B”O/"/ﬁ
n
| o NE ® O,N~ OR
ON" s¢ T E a-C

On the other hand, we see a remarkable time dependence on the a3 ratio (Tables
1 and 2). This speaks for a gold-catalyzed anomerization with formation of the
thermodynamically more stable a-glycoside after longer reaction times®. In the first step,
the Lewis acidic AuBrs; might activate the anomeric center by coordination to the
adjacent exocyclic oxygen atom (intermediate B), as postulated very recently for Au(l)-
catalyzed glycosidation.®*® However, our studies reveal that the ring oxygen (intermediate
C) might be attacked as well. The issue of exo- or endocyclic oxygen activation during
anomerization has been discussed for many years®’ and was kinetically studied very
recently.®® Both of these pathways afford different oxocarbenium ions D and E, leading
to transglycosylated products 5 or o/B-anomerization (Scheme 17).%

To demonstrate the generality of this anomerization, we investigated various
carbohydrates under gold-catalysis without addition of a nucleophile (Table 3).* Thus,
2-deoxy-C-nitromethyl pyranosides -2a—c reacted smoothly with 10 mol% of AuBr; in
acetonitrile at 70 °C. Complete conversion was achieved within 1-2 h and the a-methyl
glycosides a-6a—c were isolated in good to high yields (entries 1-3). Interestingly, this
anomerization proceeds faster than the transglycosidations, explaining why compound o.-

6a was formed as by-product in our initial experiments (Table 1). Furthermore, simple
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methyl per-O-benzyl B-glycosides 7a and 7b reacted selectively to the corresponding a-

anomers 8a and 8b (Table 3, entries 3 and 4). This important finding demonstrates that

41%

Table 3
3 R3 p4
R° R4 R
AuBr; (10mol%) 5 o
R2 (@] R —_— R
BnO CH4CN, 70°C BnO
R R
1,2-trans or ¢ 1,2-cisor a
Time
Entry Substrate 1 2 3 4 Product
y R R R R R Yield (3
1 2a -CH,NO, -OBn H -CH,0Bn  -OCHs 6a 8%*;/0
2 2b CH,NO, H -OBn -CH,0Bn  -OCHs 6b 82)*;%
2h
3 2c CH,NO, -OBn H H -OCH; 6c h
71%
4 7a -OBn -OBn H -CH,0Bn  -OCH 8a 12h
2 3 55%
5 7b -OBn H -OBn -CH,0Bn  -OCHs 8b gh
70%
6 7c -OBn -OBn H CH,0Bn  —0 8c 12h
2 N 51%
7 9 -OBn -OBn H -CH,0Bn Bégo&ﬁ 10 12h
BzO
Ol

the complexation of Au(lll) by the nitro group is not a prerequisite for the

anomerizations.

Finally, propargyl glucoside B-7c and even disaccharide -9 can be

converted into their a-anomers 8c and 10 in slightly lower yields (entries 5 and 6).

Although anomerizations in the presence of SnCl, or other Lewis acids are known for

many years, our gold-catalyzed reactions proceed under mild conditions and give very

high a-selectivities. All the products were characterized thoroughly by ‘H, **C, DEPT

NMR and mass spectral analysis. For example, the comparison of *H and 13C NMR

spectra of a- and B-Disaccharides are shown below (Table 4).
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Table 4

B-Disaccharide 9

a-Disaccharide 10

'H NMR (200.13 MHz, CDCl3): & =
3.37(s, 3H), 3.39(m, 1H), 3.58(t, J = 9.1
Hz, 1H), 3.62(s, 1H), 3.63(d, J = 1.3 Hz,
1H), 3.66(dd, J = 2.5, 10.8 Hz, 2H),
3.81(dd, J = 7.5, 11.0 Hz, 1H), 4.11(dd, J
= 2.0, 11.0 Hz, 1H), 4.37(m, 1H), 4.42(s,
1H), 4.44-4.54(m, 2H), 4.68(d, J = 10.9
Hz, 1H), 4.71-4.84(m, 2H), 4.93(ABq, J =
11.2 Hz, 2H), 5.05(d, J = 11.0 Hz, 1H),
5.20(m, 1H), 5.25(dd, J = 3.6, 10.2 Hz,
1H), 5.47(t, J = 10.0 Hz, 1H), 6.17(t, J =
10.0 Hz, 1H), 7.10-7.53 (m, 29H), 7.82-
7.99(m, 6H).

BC NMR (125.76 MHz, CDCly): & =
55.5, 68.6, 68.7, 68.9, 69.1, 70.0, 70.6,
72.2, 73,5, 74.8, 75.0, 75.7, 77.7, 82.4,
84.6, 96.8, 104.0, 127.5-130.0, 133.0,
133.3, 133.4, 138.2, 138.2, 138.5, 138.7,
165.5, 165.8, 165.8.

'"H NMR (200.13 MHz, CDCly): & =
3.42(m, 1H), 3.43(s, 3H), 3.54(dd, J = 3.4,
9.5 Hz, 2H), 3.63(m, 2H), 3.84(m, 2H),
3.96(t, J = 9.4 Hz, 1H), 4.34(m, 1H),
4.46(ABq, J = 12.2 Hz, 2H), 4.68(ABq, J
= 11.2 Hz, 2H), 4.69(ABg, J = 12.3 Hz,
2H), 4.77(d, J = 10.8Hz, 2H), 4.83(d, J
10.1 Hz, 1H), 5.20(m, 2H), 5.53(t, J
10.0 Hz, 1H), 6.15(m, 1H), 7.10-7.55(m,
29H), 7.83-8.05(m, 6H).

13C NMR (125.76 MHz, CDCl3): § = 55.5,

66.6, 68.2, 68.5, 69.6, 70.2, 70.6, 72.2,
73.1, 73.3, 74.7, 755, 775, 79.9, 81.7,
96.7, 97.2, 127.4-130.0, 133.0, 133.3,
133.3, 137.9, 138.3, 138.5, 138.8, 165.2,
165.8, 165.8.

Development of transition metal mediated radical reactions by Prof. Torsten linker
showed a one step entry for the synthesis of 2-C-malonyl derivatives 11. Reactions of the
2-C-malonyl derivative gluco-11a with various alcohols in the presence of gold (i)
bromide afforded low yields of transglycosylated products besides some lactone gluco-12a.
To further optimize this reaction and to establish a general entry to carbohydrate 1, 2-
lactones, we investigated the gold-catalysis in the non-nucleophilic solvent acetonitrile.
Without any additive we found no conversion of the starting material gluco-11a. However,
the simple addition of two equivalents of water afforded the lactone gluco-12a in 75% yield

in analytically pure form.

149



Scheme 18

OBn
OMe OBn
O AuBr;, H,0 o)
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BnO" OMe CH4CN, 70°C BnO" y
OBn 12h, 75%
o OMe OBn COOMe

11a 12a

'H NMR spectrum of compound 12a revealed methoxy group of ester as a singlet
at § 3.76 ppm and the anomeric proton appeared as a doublet at & 6.05 ppm. The *C
NMR spectrum showed the anomeric carbon at 6 100.9 ppm. DEPT NMR spectrum
confirmed the presence of four methylene groups of 12a as four negatively phased
resonances were observed and the LC-MS showed a molecular weight peak at 555.569
calculated for C31H3,0OgNa.

Table 5
Substrate Product Time(h) & yield(%)
OBn OBn o
OMe Yo
O .
BnO 12h, 58%
BnO 4 OMe
OBn ﬁ oBn COOMe
OMe
11b 12b
') OMe o) .0
Q (e
BnO" "1 SOMe BnO" 12h, 67%
OBn oBn COOMe
11cO OMe 12¢
') OMe o
(T (-
O
BnO" ™ ﬁOMe BnO" 7 T 12h, 68%
OBIA e Sgn  COOMe
11d 12d
OMe
© Vi 00 5
- . 0] 0
BnO" Y OMe BnO" - / 12h, 57%
OBOA O OBn COOMe
11e OMe 12e
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The galacto-configured 2-C-malonyl carbohydrate 11b reacted under the same
conditions in somewhat lower yield (Table 5). Furthermore, pentoses xylo-11c and
arabino-11d are suitable substrates for the lactonization as well (Table 5). Thus, gold (I11)
bromide is a mild catalyst for the convenient synthesis of the hitherto unknown
carbohydrate 1,2-lactones form easily available malonates in only one step. Attempts for
the trapping of lactol with other functional group such as with alkyne (11e) are not
successful. Instead, hydrolysis of alkyne as well as formation of lactone was observed in
the same step (12e) (Table 5).

From the mechanistic point of view, the addition of water is essential for the
lactonizations (Table 5). Therefore, we propose the formation of the reducing hemi acetals
A as an intermediate, by cleavage of the methyl glycoside in the first step (Scheme 19).
Subsequent cyclization affords lactones 12, and thus both steps are catalyzed by gold(i)
bromide. The preferred formation of the exo-isomer 12 for all lactonizations can be
explained by steric interactions of the ester group with the sugar ring, which is minimized

in the exo-configuration.

Scheme 19
OMe o. OH
(O O  AuBrg (j o} AuBrg [0 e
S H20 /S OM VO
" OMe BnO e
BnO BnO
COOMe
o) OMe (@) OMe
11 A 12

To demonstrate the potential of lactones 12 as glycosyl donors, we investigated the opening
of the lactone ring with nucleophiles next. We found that TMSOTTf is a suitable Lewis
acid to drive reactions smoothly with various alcohols (13a-d) to give corresponding ester-
glycoside 14 — 18 (Table 6). Only the hexynol 13d required longer reaction times and gave
somewhat lower yields (entry 5). Interestingly, the methyl ester group remains intact in the
products, whereas the former lactone is converted into a new ester group. Furthermore, the
stereocenter at the 7-position is conserved during the lactone opening, giving access to
unsymmetric 2-C-malonyl carbohydrates in diastereomerically pure form. This can be
rationalized by a selective attack of TMSOTT at the lactone carbonyl group and subsequent
esterification with alcohols. The oxocarbenium ion at the anomeric center is trapped by the
alcohols as well. The anomeric mixture for methyl glycoside 14 (entry 1) and the very high
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a-selectivity for all other products 15-18 (entries 2-5) is in accordance to our openings of
lactone gluco-12a and can be explained by an anomerization during the Lewis acid
catalyzed reaction. Thus, all stereocenters of starting material gluco-12a are conserved
during lactone opening and the products might be suitable precursors for further

transformations.

Table 6
Nucleophile Product Time(h) & yield(%)
OBn
o. .OMe
MeOH O (a/p 0.8/1)
13a 4h, 90%
_~_OH 2h, 78%
13b
HO \/// 2h, 81%
13c
4h, 729
BnOH T2%
4b
12h, 61%

Reagents & Conditions : TMSOTf / CH;CN / rt
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All the products were characterized thoroughly by *H, *C, DEPT NMR and mass

spectral analysis. For example, the *H NMR spectrum of 15 shows & 2.71 ppm (1H, ddd, J
= 3.1, 6.2, 9.3 Hz) for 2-H and & 3.47 ppm as a singlet for the -CO,CHs. In addition, *C

NMR spectrum pointed out the o -anomeric carbon at 6 97.4 ppm and the rest of the other

resonances in agreement with the assigned structure 15. Further DEPT NMR spectrum
specified the eight (5 66.0, 68.4, 68.6, 73.6, 74.7, 74.9, 117.3 and 118.6 ppm) signals with

negative intensity for the presence of eight methylene groups in the assigned disaccharide

15, and the
C37H4209Na.

LC-MS showed a molecular weight peak at 653.7137 calculated for

Later, activation of methyl glycosides containing malonate addition products

under similar conditions in the presence of various aglycons was then investigated.

AuCl; (10 mol%) was found to be as effective as AuBrz for transglycosylation

reactions. Glycosylation reaction of methyl glycoside (11a) with aglycons (13b, 4a)

under 10 mol% of AuClz at 70°C to result the corresponding transglycosylated products

(19, 20) in good yields (Sche

Scheme 19
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'H NMR spectrum of compound 20 revealed the presence of two methoxy

groups at 3.46 and 3.61 ppm and the vinylic -CH proton appeared as a multiplet at &

5.78 ppm. Further, the **C NMR spectrum in showed the anomeric carbon at & 98.1
ppm and DEPT NMR spectrum indicated the presence of eight (5 28.5, 30.2, 67.2, 68.5,
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Table 7

Substrate Nucleophile Product Time(h) & yield(%)
OBn KHS\
1 8 O©
a
OH COOMe oh, 61%
13f
COOMe
o
(& COOMe
Ha sy © ah, 53%
13g COOMe
OBn
0O OMe —
(o/B 1/0.2)
COOMe /\/OH BnO COOMe
BnO 6h, 85%
OBn Ccoome 13b 0Bn COOMe
23
11b oMe
OH 5
o)
B2O e} OBn .
11b BzO 0_.0 SBz 24h, 31%
BzO ome
13h BnO ,, ~.COOMe
OBn CcooOMe
24
(0] OMe (\k
0_,0 X
K COOMe
BnO OH & coome (@B 102) g 6a9,
OBn COOMe 4a (
11c OBn COOMe
0._.OMe ) r\k
. COOM x
BnO‘QY © q 00 (@B 110.2)  6h, 7%
S COOMe OH & ) COOM
11d 4a BnO" ™
58n COOMe
26
%
f& O 12h, 51%
11d on 8 | COOMe o1
13f BnO" ;
5Bn COOMe
27

Reagents & Conditions : 10 mol% AuCl; / CH3;CN / 70°C



73.5, 74.5, 74.8 and 114.9 ppm) signals with negative intensity for the presence of eight
methylene groups of 20, and the LC-MS showed a molecular ion base peak at 655.40
calculated for C3;H4409Na.

Transglycosylation protocol was then extended to other aglycons (13f, 13g) to get
corresponding glycosylated products (21, 22). It is pertinent to declare that the current
strategy has been successfully extended to the other malonate addition products of
galactoside (11b), xyloside (11c) and arabinoside (11d) to obtain corresponding C-2
functionalized glycosides (23, 25-27) and disaccharide (24) in good vyields. All the
products were thoroughly by *H, *3C, DEPT NMR and mass spectral analysis. For
example, in the 'H NMR spectrum of disaccharide 24 & 3.44, 3.49, 3.67 ppm three
singlets for the presence of three methoxy groups were noticed. In addition, *C NMR
spectrum pointed out the two anomeric carbons (two o) at & 96.9 and 99.1 ppm, and the
rest of the other signals in agreement with the assigned structure 24. Further DEPT NMR
spectrum specified the five (5 66.2, 68.9, 71.3, 73.2 and 74.4 ppm) signals with negative
intensity for the presence of five methylene groups in the assigned disaccharide 24, and
the LC-MS showed a molecular ion base peak at 1075.921 calculated for CgoHgoO17Na.

In summary, gold-catalyzed transglycosylations were applied for 2-C-branched
carbohydrates. Methyl glycosides are found to be suitable glycosyl donors, which react
with various alcohols at the anomeric center. Thus, 2-C-nitromethyl as well as melonate
functionalized glycosides are available for the first time. During the gold-catalysis study
we observed an interesting anomerization under mild conditions. Synthesis of various
carbohydrate y-bicylic lactones and selective ring opening of lactones implicates the utility

of methyl glycosides under gold catalysis.

*kkkikkk

Note: Characterization data and full spectral charts for all nitro addition products can also
be found in Eur. J. Org. Chem. 2011, 2426-2430.
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Chapter 3: Experimental section

General Procedure for AuBrs-mediated transglycosylation: To a solution of glycosyl
donor (0.2 mmol) and aglycone (0.6 mmol) in anhydrous acetonitrile (5 mL) was added
10 mol% of AuBr; under argon atmosphere at room temperature. The resulting mixture
was heated to 70°C and stirred till the completion until TLC showed complete conversion.
The reaction mixture was concentrated in vacuo to obtain a crude residue which was
purified by silica gel column chromatography using ethyl acetate-petroleum ether as
mobile phase.

General Procedure for AuBrs;-mediated Anomerization: To a solution of -glycoside
(0.2 mmol) in anhydrous acetonitrile (4 mL) was added 10 mol% of AuBr; under argon
atmosphere at room temperature. The resulting mixture was heated to 70 °C and stirred
until TLC showed complete conversion. The reaction mixture was concentrated in vacuo
to obtain a crude residue which was purified by silica gel column chromatography using
ethyl acetate-petroleum ether as mobile phase.

General Procedure for AuBrs-catalyzed lactonizations: To a solution of methyl
glycosides (0.2 mmol) in acetonitrile (3 mL) was added water (0.4 mmol) and 8 mol% of
AuBr; at room temperature. The resulting mixture was heated to 70 °C and stirred until
TLC showed complete conversion. The reaction mixture was concentrated in vacuo to
obtain a crude residue which was purified by silica gel column chromatography (ethyl
acetate-petroleum ether) to give lactones in analytically pure form.

General Procedure for lactone openings: To a solution of lactone (0.2 mmol) in
acetonitrile (3 mL) was added nucleophile (0.6 mmol) and TMSOTf (0.2 mmol) at room
temperature. The mixture was stirred at this temperature until TLC showed complete
conversion. After dilution with water (5 mL), the mixture was extracted with ethyl acetate
(3 x 10 mL). The combined organic layers were washed with brine (10 mL) and dried
over anhydrous sodium sulphate. After removal of the solvent in vacuo, the residue was
purified by silica gel column chromatography (ethyl acetate-petroleum ether) to afford the

lactone opening product.
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Compound 5a (4:1 a:p mixture) : *H NMR (200.13 MHz, CDCls): & = 1.55-1.80(m,
4H), 1.98-2.38(m, 4H), 2.73 (dddd, J = 3.4, 4.6, 8.5, 11.9 Hz, 1H),
3.12(m, 1H), 3.25-3.55(m, 3H), 3.58-3.95(m, 11H), 4.27-5.03(m, BnO
20H), 5.03-5.14(m, 2H), 5.63-5.92(m, 2H), 7.10-7.43(m, 30H); ¢ | °"° on Oj
NMR (50.32 MHz, CDCls): 6 = 28.4, 28.6, 30.0, 30.2, 44.6, 46.6,

67.2, 68.3, 68.6, 69.2, 71.0, 72.1, 73.5, 73.6, 73.6, 73.6, 74.7, 74.8, 75.0, 75.1, 77.9, 79.1,
79.5, 79.9, 96.9, 100.5, 114.9, 115.0, 126.6-128.9, 137.7, 137.7, 137.8, 137.8, 137.8,
137.9, 138.0, 138.0; HRMS (MALDI-TOF): m/z: calculated for [CssH3gNO7+Na]™:
584.2624; found: 584.2710.; elemental analysis (%)calculated for C33H3yNO7: C 70.57, H
7.00, N 2.49; found: C 70.61, H 6.98, N 2.51.

Compound 5b (2:1 o:p mixture) : 'H NMR (200.13 MHz, CDCls): & = 2.39(m, 1H),
2.78(m, 1H), 3.40-3.85(m, 10H), 4.35-4.98(m, 20H), 4.65(s,
1H), 5.01(d, J = 3.3 Hz, 1H), 7.10-7.40(m, 40H); *C NMR BnO
(50.32 MHz, CDCly): & = 44.6, 46.5, 68.3, 68.6, 69.7, 71.1, | °"° on OQ
71.2,72.0, 73.5, 73.6, 73.6, 74.7, 74.9, 75.1, 75.1, 75.2, 78.0,
79.2, 79.5, 79.9, 96.4, 99.3, 127.6-128.6, 136.7, 136.8, 137.6, 137.7, 137.8, 137.8, 138.0,
138.0; HRMS (MALDI-TOF): m/z: calculated for [CssH3sNO;+Na]™: 606.2468; found:
606.2577.

Compound 5¢: [0]%s = +37.6 (¢ = 1.2 in CHCI3); *H NMR (200.13 MHz, CDCly): & =

0.68(d, J = 6.9 Hz, 3H), 083, 0.87, 0.88, 0.91(ds, 6H), 1.25(m, o8

3H), 1.63(m, 2H), 1.93(dddd, J = 25, 6.9, 9.6, 14.0 Hz, 1H), [BIO-\>-2 b
2.15-2.31(m, 2H), 2.75(m, 1H), 3.32(dt, J = 4.3, 10.6 Hz, 1H), O 7
3.59-4.00(m, 5H), 4.23-4.98(m, 9H), 5.05(d, J = 3.3 Hz, 1H), AN

7.11-7.40(m, 15H); *C NMR (50.32 MHz, CDCls): & = 15.4, 21.2, 22.2, 22.6, 25.4, 31.5,
34.1, 42.6, 45.4, 48.7, 48.4, 71.2, 73.3, 73.6, 74.9, 75.1, 79.7, 81.1, 97.1, 98.3, 127.6-
128.6, 137.6, 137.8, 137.9; HRMS (MALDI-TOF): m/z: calculated for [CagH4NO7+Na]™:
654.3407; found: 654.3327.

Compound 5d: [0]%s = +71.9 (c = 1.3 in CHCI3); *H NMR (200.13 MHz, CDCls): & =
0.67(s, 3H), 080-2.11(m, 37H), 2.28(d, J = 7.7Hz,
3H), 2.72(dddd, J = 3.2, 4.5, 7.9, 10.2 Hz, 1H),
3.45(m, 1H), 3.60-3.95(m, 6H), 4.28-4.98(m, 7H),
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5.05(d, J = 3.5 Hz, 1H), 5.29(d, J = 5.2 Hz, 1H), 7.12-7.40(m, 15H); *C NMR (50.32
MHz, CDClg): & = 11.8, 18.7, 19.3, 21.0, 22.5, 22.8, 23.8, 24.3, 27.5, 28.0, 28.2, 29.7,
31.8, 31.9, 35.8, 36.2, 36.6, 36.8, 39.5, 39.7, 39.9, 42.3, 44.6, 50.0, 56.1, 56.7, 70.9, 73.6,
73.7, 74.9, 75.2, 77.3, 78.0, 79.6, 95.1, 122.0, 127.7-128.6, 137.7, 137.8, 137.8, 140.0;
HRMS (MALDI-TOF): m/z: calculated for [CssH/sNO7+Na]™: 884.5441; found:
884.5386.

Compound 5e: [a] s = +101.5 (¢ = 1.6 in CHCl3); *H NMR (200.13 MHz, CDCls): =
2.75(dddd, J = 3.5, 4.6, 6.4, 8.1 Hz, 1H), 3.42(s, 3H), 3.44(dd, OBn

3.80(m, 2H), 3.82(dd, J = 4.2, 11.6 Hz, 1H), 4.17(ddd, J = 2.3, &
4.0, 6.5 Hz, 1H), 4.48(d, J = 1.6 Hz, 1H), 4.51(ABq, J = 12.0 oS8z
Hz, 2H), 4.53(d, J = 6.0 Hz, 2H), 4.68(ABq, J = 11.0 Hz, 2H), 4.78(ABq, J = 10.8 Hz,
2H), 5.01(d, J = 3.3 Hz, 1H), 5.21(dd, J = 3.6, 18.8 Hz, 1H), 5.31(d, J = 3.7 Hz, 1H),
5.62(t, J = 10.0 Hz, 1H), 6.12(t, J = 10.0 Hz, 1H), 7.14-7.56(m, 24H), 7.84-8.04(m, 6H);
3C NMR (50.32 MHz, CDCl5): & = 44.5, 55.6, 65.4, 68.1, 68.4, 68.9, 70.6, 71.2, 72.0,
73.3, 73.5, 74.7, 75.1, 77.3, 79.4, 97.0, 97.5, 127.6-130.0, 133.0, 133.3, 133.3, 137.7,
137.8, 138.0, 165.1, 165.7, 165.8; HRMS (MALDI-TOF): m/z. calculated for
[Cs6Hs5NO15+Na]™: 1004.3469; found: 1004.3471; elemental analysis (%) calculated for
CssHssNOgs: C 68.49, H 5.65, N 1.43; found: C 68.60, H 5.78, N 1.51.

Compound 5f: [0]%s = +84.6 (¢ = 1.5 in CHCI3); *H NMR (200.13 MHz, CDCls): § =
2.36(t, J = 2.4 Hz, 1H), 2.73(dddd, J = 3.5, 4.7, 6.2, 7.5 Hz, oBn
1H), 3.35-3.85(m, 8H), 4.31(d, J = 2.4 Hz, 1H), 4.34- B0~ 0 TS
5..02(m, 10H), 5.34(dd, J = 3.7, 10.2 Hz, 1H), 5.48(d, J = ON O

3.8 Hz, 1H), 5.65(t, J = 10.0 Hz, 1H), 6.12(t, J = 10.0 Hz, vﬁ
1H), 7.15-7.53(m, 24H), 7.81-8.04(m, 6H); *C NMR
(50.32 MHz, CDCls): & = 34.5, 55.6, 65.9, 68.1, 68.8, 69.1, 70.5, 71.1, 71.5, 73.3, 73.4,
74.7, 75.2, 75.3, 77.3, 78.3, 79.4, 95.0, 97.5, 127.6-130.0, 133.1, 133.3, 133.4, 137.7,
137.7, 138.0, 165.1, 165.7, 165.8; HRMS (MALDI-TOF): m/z: calculated for
[CsgHssNO1s+Na]*: 1028.3469; found: 1028.3448.

Compound 5g: [a]%s = -4.2(c = 1.3 in CHCIls); *H NMR (200.13 MHz, CDCls): & =
1.80(m, 2H), 2.22(m, 2H), 2.77(dddd, J = 3.2, 4.7, 6.3, 9.2 Hz, 1H), 3.35-3.98(m, 9H),

_ _ o)
J=3.1,10.7 Hz, 1H), 3.63(td, J = 2.6, 4.9, 10.9 Hz, 2H), 3.67- ngg% oL Me
O,N O
o)

OBz
OBz
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4.13-4.68(m, 7H), 4.73(m, 2H), 4.85-5.17(m, 4H), 5.65(dd, J = 1.7, 3.2 Hz, 1H), 5.73-
6.05(m, 3H), 7.10-7.56(m, 24H), 7.81-8.12(m, 6H); *C NMR o
(50.32 MHz, CDCly): § = 28.5, 30.2, 44.6, 66.3, 66.8, 67.8, [0 o :/_(}
68.1, 69.3, 70.2, 70.9, 71.1, 73.4, 73.4, 74.7, 75.2, 78.3, 79.3, oo Bicfg
97.7, 97.8, 115.2, 127.5-129.9, 133.1, 133.4, 133.5, 137.7, OBz
137.8, 137.8, 138.0, 165.3, 165.5, 165.6; HRMS (MALDI-
TOF): m/z: calculated for [CeoHs:NO15+Na]": 1058.3939; found: 1058.3769.

Compound 5h: [0]%s = +54.7(c = 1.1 in CHCIs); *H NMR (200.13 MHz, CDCls): § =
0.67(d, J = 6.9 Hz, 3H), 0.80, 0.83, 0.86, 0.90(4s, 6H), 1.12- (g0 OBn

1.40(m, 3H), 1.58(m, 4H), 1.89(dddd, J = 2.6, 7.0, 9.6, 14.0 Hz, | N0

n
1H), 2.14(m, 1H), 3.20-3.37(m, 2H), 3.56(ABg, J = 9.0 Hz, 1H), ON 07
3.60(ABg, J = 9.1 Hz, 1H), 3.69(dd, J = 2.3, 11.0 Hz, 1H), 4.02(d, AN

J = 3.0 Hz, 1H), 4.05(t, J = 6.5 Hz, 1H), 4.48(d, J = 2.1 Hz, 2H), 4.72(ABq, J = 11.5,
2H), 4.31-4.75(m, 4H), 5.08(d, J = 3.4 Hz, 1H), 7.25-7.39(m, 15H); *C NMR (50.32
MHz, CDCls): & = 15.4, 21.2, 22.2, 22.6, 25.4, 31.5, 34.1, 40.0, 42.5, 48.7, 68.9, 69.6,
71.1, 71.3, 73.5, 73.7, 74.5, 76.0, 80.5, 98.6, 127.6-128.6, 137.2, 137.9, 138.4; HRMS
(MALDI-TOF): m/z: calculated for [C3gHagNO7+Na]": 654.3407; found: 654.3523.

Compound 5i: [0]°s = +77.8(c = 1.3 in CHCIs); *H NMR (200.13 MHz, CDCls): & =
3.26(dddd, J = 3.4, 4.9, 8.3, 11.8 Hz, 1H), 3.39(s, 3H), 3.45(d, J [ gno OBn

=28 Hz, 1H), 352(td, J = 2.1, 44,92 Hz, 1H), 3.61(d, J =21 | NmQ —OMe
o
O

N

Hz, 1H), 3.80(d, J = 11.4 Hz, 1H), 3.81(dd, J = 7.3, 11.4 Hz, @
1H), 3.99(s, 1H), 4.14(ddd, J = 2.2, 3.7, 5.8 Hz, 1H), 4.33(ABq, LBz
J = 12.3 Hz, 2H), 4.58(ABq, J = 11.4 Hz, 2H), 4.70(ABq, J = 11.6, 2H), 4.53(d, J = 8.1
Hz, 2H), 4.62(d, J = 4.9 Hz, 1H), 5.02(d, J = 3.3 Hz, 1H), 5.15(d, J = 3.6 Hz, 1H),
5.28(dd, J = 3.6, 10.2 Hz, 1H), 5.61(t, J = 10.1 Hz, 1H), 6.11(t, J = 9.8 Hz, 1H), 7.18-
7.53(m, 24H), 7.85-8.02(m, 6H); *C NMR (50.32 MHz, CDCls): § = 39.3, 55.5, 65.5,
68.3, 68.7, 68.9, 69.7, 70.7, 71.1, 71.2, 71.9, 73.3, 73.7, 74.5, 75.5, 97.0, 97.9, 127.6-
130.0, 133.0, 133.3, 133.4, 137.2, 137.9, 138.3, 165.3, 165.7, 165.8; HRMS (MALDI-
TOF): m/z: calculated for [CsgHssNO1s+Na]™: 1004.3469; found: 1004.3378.

Compound 5j: [0]°s = +86.3 (¢ = 1.4 in CHCI5); *H NMR (500.13 MHz, CDCls): § =
2.35(t, J = 2.3 Hz, 1H), 3.25(dddd, J = 3.5, 8.4, 12.1, 15.6 Hz, 1H), 3.41(dd, J=6.0, 9.2
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Hz, 1H), 3.48(dd, J = 7.2, 9.1 Hz, 1H), 3.59(dd, J = 2.1, 11.8 Hz, 1H), 3.81(dd, J = 3.1,
11.6 Hz, 1H), 3.87(t, J = 6.6 Hz, 1H), 3.98(s, 1H), 4.24(td, J

BnoO OBn o
=29,59,10.1 Hz, 1H), 4.29(d, J = 2.4 Hz, 1H), 433(ABg, |,  \o=2 o F -
J = 119 Hz, 2H), 4.33(dt, J = 2.6, 11.1, 13.4 Hz, 1H), O,N O\/K\‘

OBz

4.47(d, J = 11.3 Hz, 1H), 4.51(dd, J = 8.9, 13.7 Hz, 1H), Nl
4.54(d, J = 11.6 Hz, 2H), 4.65(dd, J = 4.5, 13.7 Hz, 1H), 4.71(d, J = 11.6 Hz, 1H), 4.86(d,
J=11.4 Hz, 1H), 5.02(d, J = 3.2 Hz, 1H), 5.23(dd, J = 3.8, 10.2 Hz, 1H), 5.47(d, J = 3.8
Hz, 1H), 5.64(t, J = 10.1 Hz, 1H), 6.12(t, J = 10.1 Hz, 1H), 7.18-7.54(m, 24H), 7.86-
8.02(m, 6H); *C NMR (125.76 MHz, CDCl5): & = 39.3, 55.6, 65.4, 68.8, 68.8, 69.0, 69.7,
70.6, 71.3, 71.3, 71.5, 73.3, 73.7, 74.5, 75.3, 75.6, 78.4, 95.1, 97.9, 127.5-130.0, 133.1,
133.3, 133.4, 137.3, 137.9, 138.4, 165.2, 165.7, 165.8; HRMS (MALDI-TOF): m/z:
calculated for [CsgHssNO1s+Na]*: 1028.3469; found: 1028.3414.

Compound 5k: [0]%s = -15.7 (¢ = 1.3 in CHCI5); *H NMR (500.13 MHz, CDCls): § =
3.28(dddd, J = 3.4, 5.3, 8.1, 11.4, 1H), 3.41(dd, J=6.1, 15.3

BzQ

Bno OBn
Hz, 1H), 3.45(s, 3H), 3.48(dd, J = 7.2, 8.6 Hz, 2H), 3.60(dd, o v
BnO
=323, 11.5 Hz, 1H), 3.78(dd, J = 2.4, 115 Hz, 1H), 3.86- | ox lg203
2
3.92(m, 1H), 3.97(m, 1H), 4.19(ddd, J = 2.1, 4.2, 6.5 Hz, OSBZ
z

1H), 4.31(ABq, J = 11.9 Hz, 2H), 4.37-4.47(m, 1H), 4.49(t, J
= 3.9 Hz, 1H), 4.52(d, J = 6.4 Hz, 1H), 4.58(dd, J = 5.4, 13.8 Hz, 1H), 4.68(d, J = 11.7
Hz, 1H), 4.81(d, J = 11.3 Hz, 1H), 4.93(d, J = 1.5 Hz, 1H), 5.03(d, J = 3.4 Hz, 1H),
5.65(dd, J = 1.8, 3.4 Hz, 1H), 5.84(dd, J = 3.4, 11.2 Hz, 1H), 5.95(t, J = 10.2 Hz, 1H),
7.15-7.52(m, 24H), 7.83-8.10(m, 6H); **C NMR (125.76 MHz, CDCl;): § = 34.9, 55.4,
66.3, 66.8, 68.7, 69.2, 69.7, 70.2, 70.6, 71.1, 71.2, 73.2, 73.8, 74.5, 76.5, 98.1, 98.6,
127.5-130.2, 133.1, 133.4, 133.5, 137.3, 137.9, 138.3, 165.4, 165.5, 165.5; HRMS
(MALDI-TOF): m/z: calculated for [CssHssNO1s+Na]*: 1004.3469; found: 1004.3407.

Compound 5I: [0]%s = +79.0 (c = 1.4 in CHCIl3); *H NMR

BnO O OMe
(400.13 MHz, CDCly): & = 2.65(m, 1H), 3.44(s, 3H), 3.45- Bnoyﬁ o9
m
3.75(m, 5H), 3.83(dd, J = 4.6, 11.6 Hz, 1H), 4.17(ddd, J = ON ©
2.1, 4.2, 6.5 Hz, 1H), 3.55(t, J = 3.5 Hz, 1H), 4.62(ABg, J I

= 8.2 Hz, 2H), 4.80(ABg, J = 10.4 Hz, 2H), 4.81(ABq, J = 10.0 Hz, 2H), 5.13-5.34(m,
2H), 5.62(t, J = 10.0 Hz, 1H), 6.13(t, J = 10.0 Hz, 1H), 7.24-7.57(m, 19H), 7.81-8.04(m,
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6H); *C NMR (50.32 MHz, CDCls): & = 43.9, 55.6, 60.5, 65.5, 68.5, 69.0, 70.6, 72.0,
72.7, 73.3, 74.9, 76.0, 79.0, 97.0, 97.5, 126.9-130.0, 133.0, 133.3, 133.4, 137.8, 138.0,
165.1, 165.7, 165.8; HRMS (MALDI-TOF): m/z: calculated for [CssHs7NOy4+Na]™:
884.2894; found: 884.2857.

Compound 5m: [0]°2s = -32.0 (¢ = 1.3 in CHCI5); *H NMR (400.13 MHz, CDCls): & =

2.67(dddd, J = 3.2, 6.3, 9.7, 13.1 Hz, 1H), 3.50(s, 3H), (5o o e
3.50-3.62(m, 3H), 3.63(t, J = 4.3, 1H), 3.68(dd, J = 8.0, | B 5,2

10.3 Hz, 1H), 3.92(dd, J = 5.0, 11.6 Hz, 1H), 4.21(ddd, J QN ©

= 2.2, 45, 6.4 Hz, 1H), 451(d, J = 6.3 Hz, 2H), 4.54- OBy

4.65(m, 3H), 4.91(dd, J = 3.7, 15.1 Hz, 2H), 4.96(d, J = 1.5 Hz, 1H), 5.65(dd, J = 1.7, 3.3
Hz, 1H), 5.85(dd, J = 3.3, 10.0 Hz, 1H), 5.95(t, J = 10.0 Hz, 1H), 7.23-7.60(m, 19H),
7.83-8.12(m, 6H); *C NMR (100.61 MHz, CDCl5): & = 43.8, 55.5, 60.7, 66.5, 66.8, 69.3,
70.1, 70.7, 72.6, 73.3, 74.8, 76.6, 78.8, 97.8, 98.6, 127.7-130.2, 133.1, 133.4, 133.5,
137.8, 1379, 165.4, 165.4, 165.6; HRMS (MALDI-TOF): m/z. calculated for
[C4sH47NO1,+Na]": 884.2894; found: 884.2768.

Compound 6a: [a]° 25 = +36.5 (¢ = 1.02 in CHCI3); 1H NMR (600 MHz, CDCls): § =

2.65 (dddd, J = 11.1, 9.0, 4.8, 3.1 Hz, 1H, 2-H), 3.24 (s, 3H, OMe), OBn
358 (dd, J =85, 55 Hz, 1H, 6-H), 3.62 (dd, J = 85, 6.1 Hz, 1H, 6" [BrON"—2
H), 3.67 (dd, J = 10.4, 9.6, Hz, 1H, 4-H), 3.68 (ddd, J = 9.6, 6.1, 5.5 O,N OCH,

Hz, 1H, 5-H), 3.71 (dd, J = 11.1, 10.4 Hz, 1H, 3- H), 4.26 (dd, J = 13.2, 9.0 Hz, 1H, 7-H),
4.37 (dd, J = 13.2, 4.8 Hz, 1H, 7°-H), 4.45(d, J = 12.1 Hz, 1H, CH,Ph), 4.47 (d, J = 10.4
Hz, 1H, CH,Ph), 4.49 (d, J = 11.2 Hz, 1H, CH,Ph), 4.59 (d, J = 12.1, 1H, CH.Ph), 4.70
(d, J = 10.4 Hz, 1H, CH.Ph), 4.71 (d, J = 3.1 Hz, 1H, 1-H), 4.82 (d, J = 11.2 Hz, 1H,
CHyPh), 7.07-7.28 (m, 15H, arom. H); 13C NMR (150 MHz, CDCI3): & = 44.6 (d, C-2),
55.1 (g, OMe), 68.4 (t, C-6), 73.5(t, -CH,NO,), 73.6, 74.8 (2t, CH,Ph), 75.1 (d, C-3),
77.8, 79.6, 98.0 (3d, C- 4, C-5, C-1), 127.7, 127.7, 127.8, 127.9, 127.9, 128.0 (m, arom.
C-H), 137.6, 137.8, 137.9 (arom. C-CH,0); HRMS (MALDI-TOF): m/z: calculated for
[C29H33sNO7+Na]*: 530.2155; found: 530.2146.

Compound 6b : [0]° 25 = +19.3 (c = 1.00 in CHCIs); *H NMR (600 MHz, CDCls): § =
3.20 (dddd, J = 11.5, 8.9, 4.8, 3.4 Hz, 1H, 2-H), 3.22 (s, 3H, OMe), 3.50 (dd, J = 9.2, 5.8
Hz, 1H, 6-H), 3.57 (dd, J = 9.2, 7.5 Hz, 1H, 6"-H), 3.60 (dd, J = 11.5, 2.5, Hz, 1H, 3-H),
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3.80 (ddd, J = 7.5, 5.8, 1.0 Hz, 1H, 5-H), 3.93 (dd, J = 2.5, 1.0 Hz, 1H, 4-H), 4.31 (dd, J =
13.4,8.9 Hz, 1H, 7-H), 4.32 (d, J = 115 Hz, 1H, CHoPh), 4.37 (d, ) ————¢—
=11.7 Hz, 1H, CH,Ph), 4.44 (d, J = 11.7 Hz, 1H, CH,Ph), 4.48 (d, 0

J =115, 1H, CH,Ph), 4.52 (dd, J = 13.4, 4.8 Hz, 1H, 7"-H), 4.60 Bno

(d, J = 11.5 Hz, 1H, CH,Ph), 4.73 (d, J = 3.4 Hz, 1H, 1-H), 4.78 (d,
J=11.5 Hz, 1H, CH,Ph), 7.15-7.29 (m, 15H, arom. H); 13C NMR (150 MHz, CDCI3): &
=39.4 (d, C-2), 55.3 (g, OMe), 69.0 (t, C-6), 69.5(t, -CH,NO), 71.2, 73.6 (2t, CH,Ph),
73.9 (d, C-3), 74.5, 75.6, 98.4 (3d, C- 4, C-5, C-1), 127.6, 127.8, 128.0, 128.3, 128.4,
128.6 (m, arom. C-H). 137.2, 137.9, 138.3 (arom. C-CH,0); HRMS (MALDI-TOF): m/z:
calculated for [Co9H33sNO7+Na]*: 530.2155; found: 530.2146;

Compound 6¢: [0]%s = +65.3 (¢ = 1.4 in CHCI3); *H NMR (200.13 MHz, CDCls): & =
2.64(dddd, J = 3.2, 4.9, 8.3, 10.2 Hz, 1H), 3.31(s, 3H), 3.50- - o
3.79(m, 3H), 4.38(dd, J = 8.5, 13.5 Hz, 1H), 4.49(d, J = 5.1Hz, | BnO

1H), 4.59(m, 1H), 4.66(d, J = 2.2Hz, 2H), 4.69(d, J = 3.2Hz, 1H), ON OCH,
476 (ABq, J = 11.1 Hz, 2H), 7.23-7.39(m, 10H); *C NMR (50.32 MHz, CDCls): & =
44.0, 55.2, 60.2, 72.8, 73.5, 74.9, 76.4, 79.1, 98.1, 127.7-128.5, 137.8, 137.9; HRMS
(MALDI-TOF): m/z: calculated for [C21H2sNOg+Na]*: 410.1580; found: 410.1562.
Compound 7c: [0]°s = +19.9 (¢ = 1.0 in CHCI3); *H NMR (200.13 MHz, CDCls): § =

O,N OCH,

2.42 (t, J = 2.4 Hz, 1H), 3.44-3.57 (m, 2H), 3.61-3.73 (m, OBn

_ Q =
4H), 4.43 (t, J = 2.6 Hz, 2H), 4.50 (s, 1H), 4.55-4.66 (m, 4H), ngoﬁ&o F
473 (d, J = 6.3 Hz, 1H), 4.79 (d, J = 1.8 Hz, 1H), 4.90-5.00 BnO

(m, 2H), 7.10-7.40 (m, 20H); **C NMR (50.32 MHz, CDCls): 5 = 54.4, 68.8, 73.5, 74.7,
74.8, 74.9, 75.0, 75.7, 77.6, 79.0, 82.0, 84.6, 101.4, 127.5-128.4, 138.1, 138.1, 138.4,
138.6; HRMS (MALDI-TOF): m/z: calculated for [Cs;H3sO¢+Na]*: 601.2566; found:
601.2557.

Compound 8c: [0]%s = +31.9 (c = 0.9 in CHCIs); *H NMR (200.13 MHz, CDCls): § =

2.42 (t, J = 2.5 Hz, 1H), 3.57-3.62 (m, 1H ), 3.64 (d, J = 1.5 Hz, OBn
1H), 3.72 (d, 3 = 11.6 Hz, 2H), 3.99 (t, J = 9.2 Hz, 1H), 425 (d, |BpOT N2

gz
J=24Hz, 2H), 4.43 (d, J = 4.8 Hz, 1H), 4.48 (d, J = 3.4 Hz, BnOo _#Z

1H), 4.56 (s, 1H), 4.64 (d, J = 6.6 Hz, 1H), 4.72 (d, J = 2.8 Hz, 2H), 4.81 (q, J = 5.4 Hz,
2H), 4.99 (d, J =10.9 Hz, 1H), 5.08 (d, J = 3.7 Hz, 1H), 7.10-7.40 (m, 20H); : *C NMR
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(50.32 MHz, CDCly): & = 54.4, 68.3, 70.9, 72.9, 73.4, 74.7, 75.0, 75.7, 77.4, 78.9, 79.3,
82.9, 95.2, 127.5-128.3, 137.8, 137.9, 138.1, 138.7; HRMS (MALDI-TOF): m/z:
calculated for [C37H3506+Na]™: 601.2566; found: 601.2522.

Compound 9: [0]%s = -3.0 (c = 1.1 in CHCIl3); *H NMR (200.13 MHz, CDCls): § =

3.37(s, 3H), 3.39(m, 1H), 3.58(t, J = 9.1 Hz, 1H), 3.62(s, ocH;
1H), 3.63(d, J = 1.3 Hz, 1H), 3.66(dd, J = 2.5, 10.8 Hz, 2H), oBn J 2
3.81(dd, J = 7.5, 11.0 Hz, 1H), 4.11(dd, J = 2.0, 11.0 Hz, ng(ﬁowo OBz
1H), 4.37(m, 1H), 4.42(s, 1H), 4.44-4.54(m, 2H), 4.68(d, J BnO OBz

=10.9 Hz, 1H), 4.71-4.84(m, 2H), 4.93(ABq, J = 11.2 Hz, 2H), 5.05(d, J = 11.0 Hz, 1H),
5.20(m, 1H), 5.25(dd, J = 3.6, 10.2 Hz, 1H), 5.47(t, J = 10.0 Hz, 1H), 6.17(t, J = 10.0 Hz,
1H), 7.10-7.53 (m, 29H), 7.82-7.99(m, 6H); *C NMR (125.76 MHz, CDCls): & = 55.5,
68.6, 68.7, 68.9, 69.1, 70.0, 70.6, 72.2, 73.5, 74.8, 75.0, 75.7, 77.7, 82.4, 84.6, 96.8,
104.0, 127.5-130.0, 133.0, 133.3, 133.4, 138.2, 138.2, 138.5, 138.7, 165.5, 165.8, 165.8;
HRMS (MALDI-TOF): m/z: calculated for [CeHeoOws+Na]™: 1051.3881; found:
1051.3920.

Compound 10: [a]°s = +66.9 (¢ = 1.0 in CHCI3); *H NMR (200.13 MHz, CDCls): & =
3.42(m, 1H), 3.43(s, 3H), 3.54(dd, J = 3.4, 9.5 Hz, 2H), 3.63(m, oBn
2H), 3.84(m, 2H), 3.96(t, J = 9.4 Hz, 1H), 4.34(m, 1H), Bs?r%&%o gg o
4.46(ABqg, J = 12.2 Hz, 2H), 4.68(ABq, J = 11.2 Hz, 2H), BnOJ
4.69(ABq, J = 12.3 Hz, 2H), 4.77(d, J = 10.8Hz, 2H), 4.83(d, J = OBy
10.1 Hz, 1H), 5.20(m, 2H), 5.53(t, J = 10.0 Hz, 1H), 6.15(m, 1H), 7.10-7.55(m, 29H),
7.83-8.05(m, 6H); *C NMR (125.76 MHz, CDCls): & = 55.5, 66.6, 68.2, 68.5, 69.6, 70.2,
70.6, 72.2, 73.1, 73.3, 74.7, 75.5, 77.5, 79.9, 81.7, 96.7, 97.2, 127.4-130.0, 133.0, 133.3,
133.3, 137.9, 138.3, 138.5, 138.8, 165.2, 165.8, 165.8; HRMS (MALDI-TOF): m/z:
calculated for [CgyHgoO14+Na]": 1051.3881; found: 1051.3801.

Compound 12a: [a]o (CHCI3, ¢ 1.3) = +26.4; *H NMR (200.13 OBn

MHz, CDCl3): 8 3.07(ddd, 1H, J = 3.9, 5.8, 9.9Hz), 3.51(dd,
1H, J = 5.1, 7.0Hz), 3.55(d, 1H, J = 4.0Hz), 3.63-3.85(m, 4H),
3.76(s, 3H), 4.50-4.80(m, 2H), 4.56(ABg, 2H, J = 12.0 Hz), OBn COOMe
4.61(ABq, 2H, J = 11.3Hz), 6.05(d, 1H, J = 5.7Hz), 7.15-7.40(m, 15H); *C NMR (55.32
MHz, CDCls): & 43.4, 51.5, 53.3, 68.2, 72.7, 73.5, 73.6, 73.6, 75.7, 76.9, 100.9, 127.8-
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128.6, 137.3, 137.4, 137.6, 166.8, 168.5; Mol. Wt. calculated for C3;H3,0gNa: 555.5707,
Found: 555.28(M*+23 for Na).

Compound 12¢: [a]o (CHCls, ¢ 1.7) = -22.0; '"H NMR (200.13 MHz, CDCly): §
2.91(ddd, 1H, J = 3.5, 4.2, 9.8 Hz), 3.50(m, 1H), 3.72(t, 1H, J = 0. 0
3.7Hz), 3.79(s, 3H), 3.91(d, 2H, J = 2.6Hz), 4.14(d, 1H, J = BnO\\.Q. fo

"y

10.0Hz), 4.56(ABq, 2H, J = 12.0Hz), 4.61(s, 2H), 5.71(d, 1H, J OBn COOMe
= 4.2Hz), 7.24-7.40(m, 10H) ; **C NMR (55.32 MHz, CDCls): § 42.6, 47.2, 53.2, 62.2,
71.5,72.4,72.9, 73.0, 97.8, 127.6-128.6, 137.2, 137.2, 167.4, 170.0; Mol. Wt. calculated
for C3H2407Na: 435.4222, Found: 435.01(M*+23 for Na).

Compound 12d: [o]o(CHCls, ¢ 1.6) = -34.2; *H NMR (200.13 MHz, CDCls): § 3.10(ddd,
1H,J = 2.5, 4.6, 9.5 Hz), 3.37(dd, 1H, J = 2.5, 9.7Hz), 3.55(d, o

1H, J = 2.4Hz), 3.70-3.85(m, 2H), 3.77(s, 3H), 4.07(dd, 1H, J = 0
3.6, 12.5Hz), 4.51(ABq, 2H, J = 11.7Hz), 4.67(ABq, 2H, J = BnO"
12.2Hz), 6.09(d, 1H, J = 4.5Hz), 7.26-7.41(m, 10H) ; *C NMR
(55.32 MHz, CDCly): 5 41.6, 48.9, 53.2, 62.2, 68.6, 70.9, 71.2, 74.5, 101.94, 127.3-128.6,
136.9, 137.5, 168.5, 168.8; Mol. Wt. calculated for Cy3H24O7Na: 435.4222, Found:
435.18(M*+23 for Na).

Compound 12e: [o]o (CHCI, ¢ 1.3) = -23.6; *H NMR (200.13 MHz, CDCls): & 1.62(s,
3H), 2.83(d, 1H, J = 18.7Hz), 3.34(dd, 1H J = 2.7, 10.4Hz),
3.41-3.70(m, 2H), 3.57(dd, 1H, J = 4.3, 10.5Hz), 3.72(s, 3H),
3.90(m, 1H), 4.12(dd, 1H, J = 2.9, 12.7Hz), 4.18(d, 1H, J = |BnO"
11.4Hz), 4.60(d, 1H, J = 12.0Hz), 4.64(ABq, 2H, J = 12.4Hz),
6.29(d, 1H, J = 4.3Hz), 7.20-7.41(m, 10H) : 3C NMR (55.32 MHz, CDCls): & 28.6,
43.0, 44.8, 53.5, 58.6, 61.2, 67.5, 68.7, 70.8, 73.7, 102.1, 127.0-128.5, 136.9, 137.4,
167.8, 170.6, 203.7; Mol. Wt. calculated for CyeHsOgNa: 491.4855, Found:
491.18(M™+23 for Na).

Compound 14 (0.8:1 a:p mixture) : *H NMR (200.13 MHz,

5gn  COOMe

oo
Op

éBn COOMe

CDCly): § 2.50(ddd, 1H, J = 3.8, 8.8, 11.1Hz), 2.67(ddd, 1H, 00N
J =30, 5.6, 8.7 Hz), 3.27, 3.46, 3.52, 3.58, 3.63, 3.69(6s, AQ
BnO" oM
18H), 3.34-3.76(m, 10H), 3.81(d, 1H, J = 2.8Hz), 3.92(d, " e ©
OMe

1H, J = 3.7Hz), 4.40-4.87(m, 12H), 4.94(d, 1H, J = 4.5H2),
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5.02(d, 1H, J = 3.2Hz), 7.05-7.40(m, 30H); **C NMR (55.32 MHz, CDCl3): & 46.1, 48.0,
48.2,49.8, 52.2, 52.2, 52.3, 52.3, 55.2, 57.3, 68.5, 68.8, 70.9, 72.1, 73.5, 73.5, 74.7, 74.7,
74.8, 74.9, 78.6, 80.0, 80.1, 80.3, 99.2, 101.8, 127.4-128.4, 137.9, 137.9, 138.0, 138.1,
138.2, 138.5, 168.7, 168.9, 169.0, 169.6; Mol. Wt. calculated for C33H33s09Na: 601.6392,
Found: 601.23(M*+23 for Na).

Compound 15: [o]p (CHCIs, ¢ 1.8) = +69.2; *H NMR (200.13 MHz, CDCls): & 2.72(ddd,
1H, J = 3.1, 6.2, 9.3 Hz), 3.47(s, 3H), 3.59-3.89(m, 7H), 4.04-4.18(m, 2H), 4.50(d, 2H, J
= 3.6Hz), 4.55(m, 1H), 4.60(ABg, 2H, J = 13.1Hz),

=
4.87(ABq, 2H, J = 11.3Hz), 5.11-5.32(m, 4H), 5.29(dd, 1H,J | 2" /E
70
= 1.4, 5.7Hz), 5.70-5.95(m, 2H), 7.05-7.38(m, 15H); *C ) roﬁ\
NMR (55.32 MHz, CDCls): & 46.0, 50.3, 52.2, 65.9, 68.3, 1. toome

68.5, 71.1, 73.5, 74.6, 74.8, 78.8, 80.2, 97.4, 117.3, 118.5,

127.2-128.4, 131.6, 133.7, 137.9, 137.9, 138.6, 167.8, 168.7; Mol. Wt. calculated for
Cs7H4209Na: 653.7138, Found: 653.13(M*+23 for Na).

Compound 16: [o]o (CHCIs, ¢ 1.8) = +64.0; *H NMR (200.13 MHz, CDCls): & 2.40(t,
1H, J = 2.3Hz), 2.48(t, 1H, J = 2.4Hz), 2.72(ddd, 1H, J =
3.2, 5.9, 9.1Hz), 3.50(s, 3H), 3.62-3.82(m, 6H), 4.14(dd,
2H, J = 2.4, 5.3Hz), 4.60(ABq, 2H, J = 12.1Hz), 4.63(d,
2H, J = 2.2Hz), 4.65(ABqg, 2H, J = 10.5Hz), 4.87(ABq,
2H, J = 11.2Hz), 5.28(d, 1H, 3.1Hz), 7.06-7.38(m, 15H) ;
3¢ NMR (55.32 MHz, CDCly): 6 45.8, 49.7, 52.4, 52.8, 54.7, 68.3, 71.5, 73.5, 74.5, 74.7,
74.8, 75.3, 77.1, 78.4, 78.8, 80.0, 97.1, 127.3-128.4, 137.8, 137.9, 138.5, 167.3, 168.3;
Mol. Wt. calculated for Cs;H3s09Na: 649.6820, Found: 649.07(M*+23 for Na).
Compound 17: [a]o (CHCI3, ¢ 1.6) = +55.1; *H NMR (200.13
MHz, CDCls): 8 2.75(ddd, 1H, J = 3.3, 6.3, 9.6 Hz), 3.38(s,
3H), 3.62-3.92(m, 4H), 4.06(dd, 1H, J = 8.5, 11.2Hz), 4.23(d,
1H, J = 11.3Hz), 4.48-4.96(m, 10H), 5.28(d, 1H J = 3.2Hz), Opn COOMe
7.02-7.40(m, 25H) ; **C NMR (55.32 MHz, CDCls): & 46.1, 50.4, 52.2, 67.0, 68.4, 69.6,
71.2, 73.5, 74.5, 74.6, 78.8, 80.2, 97.7, 126.9-128.6, 135.2, 137.2, 137.8, 137.9, 138.6,
167.9, 168.7; Mol. Wt. calculated for CsHss09Na: 753.8311, Found: 753.21(M*+23 for
Na).

O

SO ==
. 8“0

Opn COOMe

OBn

OBn
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Compound 18: [a]p(CHCIs, ¢ 1.3) = +53.5; *H NMR (200.13 MHz, CDCls): & 1.04(t,
3H, J = 7.4Hz), 1.10(t, 3H, J = 7.5Hz), 2.01-2.20(m, oBn K\/
4H), 2.32-2.50(m, 4H), 2.64(ddd, 1H, J = 3.2, 5.8, 9%

9.0Hz), 3.50(s, 3H), 3.55-3.86(m, 8H), 4.10(dd, 2H, J Y ﬁoﬁ\
= 4.5, 6.7Hz), 4.60(ABq, 2H, J = 12.1Hz), 4.64(ABq, OBn COOMe

2H, J = 10.7Hz), 4.87(ABq, 2H, J = 11.2Hz), 5.22(d, 1H, J = 3.2Hz), 7.05-7.40(m, 15H)
: 3C NMR (55.32 MHz, CDCl3): 6 12.3, 12.3, 12.3, 14.0, 14.1, 14.1, 19.1, 19.8, 46.0,
49.8, 52.3, 63.8, 66.6, 68.5, 68.7, 71.1, 73.5, 74.7, 75.7, 78.6, 80.2, 83.0, 98.0, 127.2-
128.4, 138.0, 138.0, 138.7, 168.1, 168.8; Mol. Wt. calculated for C43HsoOgNa: 733.8415,
Found: 733.17(M*+23 for Na).

Compound 19: [o]o (CHCI3, ¢ 1.6) = +67.5; 'H NMR (200.13 MHz, CDCls): §
2.70(ddd, 1H, J = 3.2, 5.8, 9.0Hz), 3.43-3.90(m, 6H),
3.50(s, 3H), 3.60(s, 3H), 4.06-4.16(m, 2H), 4.60(ABq, 2H, BnOAQ“\OV
J = 12.1Hz), 4.62(ABq, 2H, J = 11.0Hz), 4.87(ABq, 2H, J BnO" yr GOOMe
= 11.0Hz), 5.10-5.30(m, 3H), 5.83(m, 1H), 7.05-7.38(m,
15H); **C NMR (55.32 MHz, CDCls): § 46.1, 50.0, 52.3, 52.3, 68.3, 68.5, 71.1, 73.5,
74.6, 74.8, 78.6, 80.2, 97.4, 117.3, 127.3-128.4, 133.7, 137.9, 137.9, 138.6, 168.6, 168.8;
Mol. Wt. calculated for CasHa0OgNa: 627.6765, Found: 627.29 (M*+23 for Na).

Compound 20: [o]o (CHCIs, ¢ 1.9) = +55.2; *H NMR (200.13
MHz, CDCls): § 1.63(q, 2H, J = 6.9, 14.1 Hz), 2.07(q, 2H, J = (l
e
COOMe

OBn COOMe

6.9, 14.6Hz), 2.70(ddd, 1H, J = 3.3, 6.5, 9.8Hz), 3.30(dd, 1H,
J = 6.3, 16.0Hz), 3.42-3.83(m, 6H), 3.46(s, 3H), 3.61(s, 3H),
4.06(dd, 1H, J = 8.1, 11.2Hz), 4.49-4.76(m, 6H), 4.93-5.06(m,
2H), 5.11(d, 1H, J = 3.1Hz), 5.78(m, 1H), 7.04-7.40(m, 15H) ; *C NMR (55.32 MHz,
CDCIy): 8 28.5, 30.2, 46.0, 50.5, 52.2, 52.3, 67.2, 68.5, 71.0, 73.5, 74.5, 74.8, 78.8, 80.2,
98.1, 114.9, 127.2-128.3, 137.8, 137.9, 137.9, 138.6, 168.6, 168.6; Mol. Wt. calculated
for C37H4409Na: 655.7296, Found: 655.40(M*+23 for Na).

Opn COOMe

Compound 21: [o]p (CHCIs, ¢ 1.5) = +47.0; *H NMR (200.13 ’/&
OBn
8

MHz, CDCl3): 5 0.88(m, 3H), 1.26(m, 16H), 2.70(ddd, 1H, J =
3.2, 6.4, 9.7Hz), 3.26(dd, 1H, J = 6.4, 15.9 Hz), 3.42-3.80(m,
6H), 3.46(s, 3H), 3.61(s, 3H), 4.05(dd, 1H, J = 8.0, 11.1Hz),




4.60(ABq, 2H, J = 12.0Hz), 4.62(ABq, 2H, J = 10.4Hz), 4.86(Abq, 2H, J = 11.1Hz),
5.10(d, 1H, J = 3.3Hz), 7.04-7.40(m, 15H); **C NMR (55.32 MHz, CDCls): § 14.1, 22.7,
26.1, 29.3, 29.4, 29.4, 29.6, 29.6, 31.9, 46.1, 50.5, 52.2, 52.3, 68.0, 68.6, 71.0, 73.5, 74.5,
74.8,78.9, 80.3, 98.1, 127.3-128.4, 137.7, 138.0, 138.7, 168.7, 168.7; Mol. Wt. calculated
for C4oHs60gNa: 727.8784, Found: 727.44(M*+23 for Na).

Compound 23 (1:0.2 a:p mixture) : *H NMR (200.13 MHz, CDCls): & 3.02(ddd, 1H, J =
3.9, 8.8, 11.4Hz), 3.25(ddd, 1H, J = 3.5, 6.1, 9.6Hz), 3.51(s,

BnO 0O N\=
3H), 3.55-3.70(m, 4H), 3.56(s, 3H), 3.58(s, 3H), 3.59(s, oM
3H), 3.81-4.18(m, 10H), 4.45-4.71(m, 12H), 4.83(d, 1H, J = BnO "

OoBn COOMe

5.1Hz), 4.89(d, 1H, J = 11.5Hz), 5.10-5.28(m, 6H), 5.74-
5.93(m, 2H), 7.22-7.35(m, 30H) ; *C NMR (55.32 MHz, CDCls): & 41.0, 43.2, 47.9,
50.3, 51.9, 52.0, 52.0, 52.2, 68.4, 68.9, 69.1, 69.7, 69.7, 70.4, 70.9, 71.3, 71.5, 71.9, 73.4,
73.4,74.3, 74.4, 77.3, 78.7, 97.8, 100.1, 117.2, 117.6, 127.4-128.4, 133.7, 134.0, 137.4,
137.8, 137.8, 138.0, 138.6, 138.7, 168.8, 168.9, 169.3, 169.7; Mol. Wt. calculated for
CssH400gNa: 627.6765, Found: 627.29(M*+23 for Na).

Compound 24: [o]o(CHCls, ¢ 1.9) = +56.9; *H NMR (200.13 MHz, CDCls): & 3.29(ddd,
1H, J = 3.7, 7.9, 11.3Hz), 3.38-3.57(m, 2H), 3.44(s, 3H), e

3.49(s, 3H), 3.67(s, 3H), 3.69-4.03(m, 6H), 4.14(m, 1H), B
4.32(dd, 2H, J = 11.9, 19.5Hz), 4.49(dd, 2H, J = 4.2, °

OBz
OBz

o_ .0
11.2Hz), 4.79(ABq, 2H, J = 11.3Hz), 5.16(dd, 2H, J = [BnO :
3.6, 5.6Hz), 5.26(dd, 1H, J = 3.6, 10.1Hz), 5.63(t, 1H, J = BnO ", ~COOMe
OBn COOMe

9.9Hz), 6.14(t, 1H, J = 9.9Hz), 7.18-7.60(m, 24H), 7.89-
8.00(m, 6H) ; *C NMR (55.32 MHz, CDCls): & 49.0, 51.5, 52.2, 52.4, 55.5, 66.2, 68.3,
68.9, 69.1, 69.6, 70.6, 71.3, 71.7, 72.2, 73.2, 74.4, 78.0, 96.9, 99.1, 127.4-129.9, 133.1,
133.3, 133.3, 137.8, 138.1, 138.7, 165.1, 165.8, 165.8, 168.6, 168.7; Mol. Wt. calculated
for CeoHeoO17Na: 1076.0980, Found: 1075.921(M*+23 for Na).

Compound 25: *H NMR (400.13 MHz, CDCls): & 1.62(q, 4H, J = 6.9, 14.4Hz), 2.09(q,
4H, J = 6.5, 14.3Hz), 2.43(ddd, 1H, J = 4.0, 8.6, 11.3Hz),
2.50(ddd, 1H, J = 3.3, 6.7, 9.8 Hz), 3.26(dd, 1H, J = 6.4, o O(L
15.8Hz), 3.46, 3.56, 3.62, 3.68(4s, 12H), 3.52-3.77(m, 12H), ‘ . COOMe
3.97(dd, 1H, J = 8.6, 11.2Hz), 4.53-4.74(m, 8H), 4.93-5.05(m, Bno" Q”

OBn COOMe
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6H), 5.79(m, 2H), 7.24-7.37(m, 20H) ; **C NMR (100.61 MHz, CDCls): & 28.5, 28.5,
30.0, 30.2, 45.7, 47.1, 48.1, 50.5, 52.1, 52.1, 52.2, 52.3, 60.3, 63.6, 67.2, 69.2, 72.8, 72.9,
74.6, 74.7, 77.8, 78.5, 80.2, 80.2, 98.0, 101.2, 114.8, 114.9, 127.3-128.4, 137.9, 137.9,
138.0, 138.0, 138.2, 138.6, 168.7, 168.7, 169.0, 169.5; Mol. Wt. calculated for
CagH3s0gNa: 535.5811, Found: 535.27(M*+23 for Na).

Compound 26(1:0.2 o:f mixture): *H NMR (200.13 MHz, CDCls): & 1.62(q, 4H, J =
7.6, 14.6Hz), 2.07(q, 4H, J = 7.1, 14.3Hz), 3.15-3.37(m, 2H),

3.40-3.83(m, 12H), 352, 3,57, 3.62, 3.66(4s, 12H), 4.01(dd, . m

1H, J = 26, 11.1Hz), 4.12(dd, 1H, J= 2.0, 12.8Hz), 4.23- | COOMe

4.75(m, 8H), 4.93-5.07(m, 5H), 5.11(d, 1H, J = 3.4H2), 5.69- ™™ = ooy
n

5.89(m, 2H), 7.25-7.40(m, 20H); C NMR (55.32 MHz,
CDCly): 6 28.5, 28.8, 30.0, 30.2, 41.1, 43.3, 47.9, 50.4, 52.0, 52.1, 52.2, 52.7, 60.4, 61.1,
67.3, 67.6, 69.7, 70.2, 70.8, 70.9, 71.0, 71.4, 75.4, 76.7, 98.6, 101.5, 114.7, 114.8, 127.5-
128.4, 133.7, 138.0, 138.0, 138.0, 138.1, 138.4, 168.9, 169.0, 169.3, 170.0 ; Mol. Wt.
calculated for CoH3s0gNa: 535.5811, Found: 535.27(M*+23 for Na).

Compound 27: [o]o(CHCIs, ¢ 1.5) = -82.6; *H NMR (400.13 MHz, CDCl3): 6 0.88(m,

3H), 1.26(m, 16H), 3.20(ddd, 1H, J = 3.3, 6.3, 9.8Hz),

3.27(dd, 1H, J = 6.5, 16.0Hz), 3.52(s, 3H), 3.55-3.81(m, 5H), o \\O’/Hg
3.62(s, 3H), 3.99(dd, 1H, J = 2.8, 11.3Hz), 4.50(ABq, 2H, J = | COOMe
11.0Hz), 4.70(bs, 2H), 5.10(d, 1H, J = 3.3Hz), 7.26-7.38(m, |°>"* . CooMe

10H) ; *C NMR (100.61 MHz, CDCls): 6 14.1, 22.7, 26.1,
29.3,29.4, 29.4, 29.6, 29.6, 31.9, 41.2, 50.4, 52.1, 52.2, 60.4, 68.1, 70.8, 70.9, 71.4, 75.5,
98.5, 127.5-128.3, 138.0, 138.5, 168.9, 169.0; Mol. Wt. calculated for Ca;HssOgNa:
607.7299, Found: 607.38(M*+23 for Na).

*kkkkik
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Chapter 3: Spectral Charts

(For full characterization data and spectral charts of all nitro addition products see: Eur. J. Org. Chem. 2011, 2426)

'H NMR Spectrum (200.13 MHz, CDCls) of Compound 5a
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'H NMR Spectrum (200.13 MHz, CDCls) of Compound 5d
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'H NMR Spectrum (200.13 MHz, CDCls) of Compound 5e
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'H NMR Spectrum (200.13 MHz, CDCls) of Compound 5f
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'H NMR Spectrum (200.13 MHz, CDCls) of Compound 5g
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'H NMR Spectrum (200.13 MHz, CDCls) of Compound 5i
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'H NMR Spectrum (500.13 MHz, CDCls) of Compound 5j
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'H NMR Spectrum (500.13 MHz, CDCls) of Compound 5k
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'H NMR Spectrum (200.13 MHz, CDCls) of Compound 5I
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'H NMR Spectrum (200.13 MHz, CDCls) of Compound 5m
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'H NMR Spectrum (200.13 MHz, CDCls) of Compound 6a
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'H NMR Spectrum (200.13 MHz, CDCls) of Compound 9
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'H NMR Spectrum (200.13 MHz, CDCls) of Compound 10
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'H NMR Spectrum (200.13 MHz, CDCls) of Compound 12a
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'H NMR Spectrum (200.13 MHz, CDCls) of Compound 12b
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'H NMR Spectrum (200.13 MHz, CDCls) of Compound 12¢
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'H NMR Spectrum (200.13 MHz, CDCls) of Compound 12d
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'H NMR Spectrum (200.13 MHz, CDCls5) of Compound 12e
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'H NMR Spectrum (200.13 MHz, CDCls) of Compound 14
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'H NMR Spectrum (200.13 MHz, CDCls) of Compound 15
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'H NMR Spectrum (200.13 MHz, CDCls) of Compound 16
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'H NMR Spectrum (200.13 MHz, CDCls) of Compound 19
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'H NMR Spectrum (200.13 MHz, CDCls) of Compound 20
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'H NMR Spectrum (200.13 MHz, CDCls) of Compound 21
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'H NMR Spectrum (200.13 MHz, CDCls) of Compound 22
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'H NMR Spectrum (200.13 MHz, CDCls) of Compound 24
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'H NMR Spectrum (400.13 MHz, CDCls) of Compound 27
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H, H-COSY NMR Spectrum (600 MHz, CDCls) of Compound 6a
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NOESY Spectrum (500 MHz, CDCIs) of compound 12a
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