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S-Thiazolinyl (STaz) Glycosides as Versatile Building Blocks for Convergent
Selective, Chemoselective, and Orthogonal Oligosaccharide Synthesis
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Abstract: In the aim of developing new
procedures for efficient oligosaccharide
assembly, a range of S-thiazolinyl
(STaz) glycosides have been synthe-

over, the S-thiazolinyl moiety exhibited
a remarkable propensity for selective
activation over other common leaving
groups. Conversely, a variety of leaving

groups could be selectively activated
over the STaz moiety, which, in turn,
allowed STaz/S-ethyl and STaz/S-
phenyl orthogonal approaches. To dem-

sized. These novel derivatives were
evaluated against a variety of reaction
conditions and were shown to be capa-
ble of being chemoselectively activated
in the armed-disarmed fashion. More-

donors

Introduction

Carbohydrates are the most abundant biomolecules on
earth. Although information about these fascinating natural
compounds is not yet complete, the explosive growth of the
field of glycobiology in recent years has significantly im-
proved our understanding of carbohydrate involvement in a
broad range of damaging processes in our cells including
bacterial and viral infections, development and growth of
tumors, metastasis, tissue rejection, septic shock, and so
forth."?) Many of these processes are directly associated
with various deadly diseases of the 21st century: AIDS,
cancer, meningitis, hepatitis, septicemia, to name but a few.
Elucidation of the exact mechanisms of carbohydrate in-
volvement in disease progression would be further improved
if we could rely on the comprehensive knowledge of the
structure, conformation, and properties of the carbohydrate
molecules. Therefore, the development of stereoselective
methods and efficient strategies for the synthesis of complex
carbohydrates is critical for the field of glycosciences.

As a result of extensive investigations in carbohydrate
chemistry, a number of glycosyl donors have been devel-
oped.®* However, in spite of their ubiquity and synthetic
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onstrate versatility of novel STaz deriv-
atives, a number of oligosaccharide tar-
gets have been synthesized in a conver-
gent selective, orthogonal, and chemo-
selective fashion.

synthetic

usefulness, even the most commonly used halides,>® O-tri-
chloroacetimidates,””” and alkyl/aryl thioglycosides®™* have
significant drawbacks. For example, thioglycosides are inert
under other glycosyl donor activation conditions and are
therefore useful for orthogonal and (chemo)selective strat-
egies for complex oligosaccharide assembly.''?l Unfortu-
nately, in many cases, only average 1,2-cis stereoselectivity
was achieved with these stable compounds. Conversely,
rather unstable glycosyl donors such as O-trichloroacetimi-
dates or halides (especially iodides)!'*'¥ often allow 1,2-cis
glycosides stereoselectively (or even stereospecifically);
however, these leaving groups have to be introduced direct-
ly prior to glycosylation as they do not tolerate other leav-
ing-group activation conditions. This significantly limits their
applicability to oligosaccharide synthesis by means of a con-
vergent selective fashion with no additional protecting/leav-
ing-group manipulations between the glycosylation steps.
Hence, the development of highly reactive, yet stable and
stereoselective glycosyl donors will significantly facilitate
the oligosaccharide synthesis and help to fill the gap be-
tween methods currently used for simple glycosylation and
convergent multistep saccharide assembly.

Our research program for development novel, highly re-
active, but stable and stereoselective glycosyl donors, has al-
ready resulted in the discovery of novel classes of substitut-
ed glycosyl thioimidates (SCR'=NR?). A fairly low stability
of the previously studied thioimidates was the major reason
that the use of benzothiazolyl,"™ pyridin-2-yl,"**¥ pyrimi-
din-2-y1,0% imidazolin-2-y1," and 1’-phenyl-1H-tetrazol-
yI? glycosides in oligosaccharide synthesis was limited. Our
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preliminary evaluation of S-benzoxazolyl (SBox),*! S-thia-
zolinyl (STaz) glycosides,® and a variety of other deriva-
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tives of this class™ has demonstrated their remarkable po-
tential as versatile building blocks. Thus, high stability and
excellent stereoselectivity make the glycosyl thioimidates
suitable for both single-step glycosylations and for use as
building blocks in sophisticated oligosaccharide syntheses.
Herein, we describe our thorough evaluation of the STaz
glycosides as versatile building blocks for oligosaccharide
synthesis.

Results and Discussion

Synthesis of the STaz glycosyl donors: Since mercaptans
share the same chemistry with alcohols, we reasoned that
various synthetic precursors; such as anomeric halides, ace-
tates, 1,2-anhydrosugars, 1,2-orthoesters, or S-ethyl glyco-
sides, commonly used in O-glycosylations, could be also ap-
plied to the synthesis of STaz glycosides. 2-Mercaptothiazo-
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line (HSTaz), the aglycone source, is an odorless solid, read-
ily available from a variety of commercial sources. As a
matter of fact, HSTaz is even cheaper than thiophenol, the
aglycone source used in the syntheses of S-phenyl glyco-
sides, which are amongst the most common glycosyl donors
developed to date.

While the STaz glycosides can be directly obtained from
halides in the presence of a base, we found that this conver-
sion worked more efficiently if HSTaz was initially convert-
ed into a sodium or potassium salt (NaSTaz or KSTaz, re-
spectively). Overall, synthesis of the STaz glycosides from
alkyl halides of the p-gluco series was limited by side reac-
tions that occurred, presumably, as a result of relatively high
basicity of HSTaz (pK,=13.01) or its conjugate base
("STaz) and its ambient reactivity (nitrogen vs. sulfur atom).
Thus, along with the desired S-linked derivatives, significant
amounts of byproducts, such as N-linked “NTaz” glycosides
and/or 1,2-dehydro derivatives, were also detected in some
experiments, as summarized in Table 1. For example, bro-
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mides 1 or 3" afforded the corresponding STaz glycosides 2
or 4 in average yields of 41-60% (entries 1-2, Table 1). Con-
versely, the reactions of bromides of the p-galacto (5) or p-
manno series (7)?* were significantly more efficient. The
corresponding STaz glycosides 6 and 8 were obtained in 90
and 70% yield, respectively, with no significant byproduct
formation interference (entries 4 and 5, Table 1).

The exact nature of this phenomenon is not yet certain;
yet, it can be directly attributed to the structural difference
of the sugars involved. For example, the top face of the pyr-
anose ring of D-galacto derivatives is significantly more ster-
ically hindered by the axially oriented substituent at C-4.
This should minimize the opportunity of the base to ap-
proach C-2 from the top face of the ring and abstract H-2 to
give the elimination product. Glycosyl chlorides 11, 13,
and 15" were also found suitable precursors for the synthe-
sis of the STaz glycosides (see entries 7-9, Table 1); although
highly reactive 13 also afforded significant amounts of the
N-linked side product 33 (entry 8).

Direct synthesis of the STaz glycosides from pentaacte-
tates 17, 18, or 20 with HSTaz in the presence of BF;-Et,O
was much cleaner overall in comparison to the synthesis
from alkyl halides affording the corresponding STaz glyco-
sides 2, 19, or 21 in 91, 85, or 70 %, respectively (entries 10—
12, Table 1). Interestingly, the opposite was observed with
the SBox glycosides. These compounds are best synthesized
from halides using 2-mercaptobenzoxazole salts, while the
direct synthesis from acetates typically was less effi-
cient.?28]

The bicyclic derivatives, 1,2-anhydro derivative 22,”*! or
1,2-orthoesters 23" and 24" were also rather efficient pre-
cursors. Their Lewis acid catalyzed transformations gave the
corresponding STaz glycosides in good yields in the range of
80% (see entries 1315, Table 1). We also determined that
the STaz derivatives could be efficiently obtained from ethyl
thioglycosides by means of a two-step conversion procedure
involving the treatment with bromine followed by coupling
with NaSTaz. See, for example, the synthesis of 26 and 28
from thioglycosides 25 and 27, respectively (entries 16 and
17, Table 1).

It should be noted that very high or, in most cases, com-
plete 1,2-trans stereoselectivity was achieved in the synthesis
of the STaz glycosides under all reaction conditions descri-
bed.

Stability of the STaz glycoside toward various reaction con-
ditions associated with major protecting-group manipula-
tions—synthesis of the STaz glycosyl acceptors: A very at-
tractive feature of the STaz glycosides is their high stability
toward many protecting group manipulations. As shown in
Scheme 1, the STaz moiety was stable under standard condi-
tions for acylation, deacylation, alkylation, acetal formation,
and cleavage through reductive or acid-catalyzed hydrolysis
pathways. To summarize our findings, we demonstrated that
the STaz moiety is stable toward strong bases (MeONa,
NaH, NaOH) and moderately stable in the presence of
dilute strong organic acids (triflic acid (TfOH), trifluoroace-
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Table 1. Synthesis of S-thiazolinyl derivatives.

Entry Starting material Conditions Product Yield a/f
[%] ratio
OAc OAc
AcO~ O Aco/éo
1 A0- Ao, NaSTaz, MeCN, RT AcO e STez 530l B only
r
1 2
OBz OBz
2 BOoN-O KSTaz, 18C6, MeCN, RT Bé%;ﬁ&/sm 410 B only
3 5 B8 NaSTaz, 15C5, acetone, RT BzO 60[°] B only
4
Bz0 _ 0Bz BzO _oBz
o) go
4 BzO KSTaz, 18C6, MeCN, RT BzO STaz 90 B only
5 BZOBr 5 BzO
BzO—, OBz BzO—, 0Bz
BzO 0 BzO— |0
5 Bz0 KSTaz, 18C6, MeCN, RT BzO 70 13:1
7 Br 8 STaz
OAc OAc
6 Ac NaSTaz, 15C5, MeCN, RT AcO~ - STaz 4l B only
9 B"OBr n 10
—~OAc -0Ac
Aco/ﬁ&/ AcO O
7 AcO a KSTaz, acetone, RT AcO §Taz 71 B only
CCI,CO0 HO
1 12
OBn OBn
BnO O Bnozgo
8 Bn! B NaSTaz, 15C5, acetone, RT BnO STaz 55l B only
nOCI BnO
13 14
OBn OBn
BnO O BnO
9 A KSTaz, 18C6, MeCN, RT AcO STaz g9 B only
BnO BnO
15 cl 16
OAc
AcO O
10 f\colA’OS/OAc HSTaz, BF,E,0, MS 3A, CH,Cl,, 45°C 2 91 B only
Cf
17
AcO AcO oA
%Ac Y/O C
11 Aco&/\ OAc HSTaz, BF;-Et,O, MS 3 A, CH,Cl,, 45°C  Aco STaz 85 1:11
AcO 18 AcO 19
AcO~ OAc AcO~— OAc
AcO 0.\ AcO Q
12 AcO- HSTaz, BF;-Et,0, MS 3 A, CH,Cl,, 45°C AcO~ 70 22:1
20 OAc 21 STaz
OAc
AcO™ 0
13 AcO HSTaz, ZnCl,, CH,Cl,, RT 12 78 B only
22 o]
AcO _oAc
=2
14 AcO Y HSTaz, TMSOT{, MS 4 A, CH,Cl,, RT 19 77 B only
= B OMe
AcO _oac
=2
15 AcO IS HSTaz, TMSOTf, MS 4 A, CH,Cl,, RT 19 82 B only
2 SEt
Phwéo&&/ Br,, CH,Cl,, RT; b) NaSTaz, MeCN. Ph/%%&/
16 AcO - SEt ;)T T, ,Cl,, RT; b) NaSTaz, MeCN, AcO - STaz oo B only
25 26
OBn OBn
/go . o)
17 Ag(nJO set @) Bry, CHyCL, RT; b) NaSTaz, MeCN, Aégoﬁ\ﬁ/snz 40 B only
BnO RT BnO

27

28

[a] Tetraacetyl glycal 29 and NTaz 32 were isolated as major side products in 13 and 11 % yield, respectively.
[b] Tetrabenzoyl glycal 30 was isolated as major side product in 39% (entry 2) or 20 % yield (entry 3). [c] 2,3-
Dehydro derivative 31 and NTaz 34 were isolated as major side products in 21 and 28 % yield, respectively;

OR? OR?
S st
R’0 — R*0O NgS

. L . . ;
[d] NTaz 33 was isolated as a major side product in 38 % yield. R'O RO
29: R'=R*=Ac 32 R'=R*=Ac
30: R'=R’=Bz 33 R'=R?=Bz

31:R'=Bn, R®=Ac  34:R'=Bn, R*=Ac
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tic acid (TFA)). Due to the
marginal stability under acidic
conditions, benzylidene acetal
formation was found to be
more efficient when performed
with benzaldehyde in the pres-
ence of ZnCl, (synthesis of 37,
Scheme 1), as opposed to the
more conventional protic acid-
catalyzed trans-acetalation re-
action with o,0-dimethoxyto-
luene (DMT).P¥! Overall, these
studies allowed us to perform
efficient synthesis of a variety
of partially substituted STaz
glycosides (36, 38, and 39), and
evaluate their suitability as gly-
cosyl acceptors in (chemo)se-
lective couplings for oligosac-
charide syntheses.

In this context, as evident
from entry 8 (Table 1), the syn-
thesis of the per-benzylated
STaz glycoside 14 was achieved
in a disappointing yield of
55%. To address this concern,
we developed a more efficient
synthesis of 14 from its per-
acetylated counterpart 2, readi-
ly available from glucose pen-
taacetate (see entry 10,
Table 1). This transformation
was achieved by means of a
conventional  deacetylation—
benzylation sequence in a high
yield exceeding 80% overall
(Scheme 1).

Hydrolytic stability of the STaz
glycosides in comparison to
their S-ethyl and S-phenyl
counterparts: Herein, the hy-
drolytic stability of perbenzy-
lated STaz glycoside 14 toward
hydrolysis was compared to
ethyl per-O-benzyl-1-thio-B-b-
glycopyranoside (40,
Table 2)® and its 1-S-phenyl
counterpart (41).5") The com-
petitive  hydrolytic  stability
studies have been carried out
under a range of reaction con-
ditions involving soft thiophilic
reagents (N-bromosuccinimide
(NBS) or N-iodosuccinimide
(NIS)/TfOH),B*¥  relatively
hard acidic reagents (TFA or
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OAc OH
AcO & i HO O i
Acoﬁﬁ/ STaz —= Ho/éﬁ/ STaz — 24—
HO

AcO U
2 35

iii
OBn ‘ v
BnO 0
Bnoﬁﬁ/ STaz Ph"X-0 o
BnO }90 STaz
14

, 37 \
vii viii

OBn
H o
Bgo STaz
BzO
38

Scheme 1. Conditions: i) NaOMe, MeOH, RT, 98 %; ii) Ac,O, pyridine, RT, 95%; iii) BnBr, NaOH, DMF,
83%; iv) PhnCHO, ZnCl,, 0°C, 88 %; v) BzCl, pyridine, 0°C — RT, 89 %; vi) a) TrCl, pyridine, RT, b) BzCl,
pyridine, 0°C — RT, ¢) 3% TFA in wet CH,Cl,, RT, 58 %; vii) a) BzCl, pyridine, 0°C — RT; b) NaCNBHj,
HCI, MS 3 A, THF, 0°C, 65%; viii) a) BzCl, pyridine, 0°C — RT, b) 15% TFA in wet CH,Cl,, RT, 95%.

TfOH), or oxidative acidic hydrolysis (70 % aq. TfOH and
Bu,NIO,).B® The formation of the hemiacetal 428! was
monitored and quantitatively estimated by TLC.

In our opinion, a very important correlation was obtained
as a result of these experiments (summarized in Table 2).
On the one hand, we established reaction conditions (NIS/
TfOH) under which the STaz moiety is significantly more
stable than either S-ethyl or S-phenyl glycosides (entries 1—
3, Table 2). Similarly, STaz can be reliably differentiated
from SPh in the presence of 70% aq. TfOH and BuNIO,
(entries 4 and 6, Table 2). Conversely, we found reaction
conditions (TFA of TfOH) under which the STaz moiety hy-
drolyses completely, whereas the SEt or SPh derivatives
remain entirely stable (entries 10-15, Table 2). These find-
ings offer the possibility of selective activation of STaz
versus S-alkyl/aryl glycosides, possibly in the orthogonal
fashion.

STaz glycosides as glycosyl donors for the synthesis of 1,2-
trans-glycosides: Having established the relative stability of
the STaz glycosides, we turned our attention to the investi-
gation of their properties as glycosyl donors. Hence, peracy-
lated STaz glycosides were investigated as precursors for the
formation of 12-trans glycosidic linkages. We discovered
that the STaz glycosides could be activated by a range of
promoters, including AgOTf, Cu(OTf),, or MeOT{, the
latter being a common activator for the glycosylation of thi-
oglycosides. It should be highlighted that virtually no reac-
tion took place in the presence of NIS/catalytic TfOH,
whereas the reaction was smoothly driven to completion by
NIS in the presence of a stoichiometric amount of TfOH.
Although other thioglycoside promoters dimethyl(methylth-
io)sulfonium triflate (DMTST), NBS, NIS/trimethylsilyl tri-
flate (TMSOTY), and NIS/TrClO, (Tr=trityl) were also able
to activate the STaz moiety for glycosidation, somewhat
lower yields have been obtained in comparison to those pre-
sented in Table 3.

Chem. Eur. J. 2006, 12, 66306646
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It should be noted that
while the glycosidation of per-

OH
BzO 0
ézo/é& STaz

BzO acetylated STaz glycoside 2
36 was found to be fast and effi-
cient, the results obtained

were not very reliable. As a
520 matter of fact, in some cases
4 the yields of the coupling
products were significantly
compromised by undesired O-
acetyl migration. This major
side reaction, resulting in the
BzO acetylation of a free hydroxyl
39 of the glycosyl acceptor, was
detected across a spectrum of
reaction conditions. Most fre-
quently, the competing acetyl
migration process reduced the
yields of disaccharides to a
dismal 40-60 %.

Table 2. Relative stability of STaz 14 versus SEt and SPh glycosides 40
and 41 under a variety of acidic hydrolytic conditions.

OBn OBn
BnO O - BnO O
gno/ﬁﬁ/SR A-E BnoﬁﬁwoH

BnO BnO
Entry Conditions'"! Starting [%] of hemiacetal 42! formed
Material after 1h after 16 h
1 A 14 0 60
2 A 40 quant. -
3 A 41 quant. -
4 B 14 0 quant
5 B 40 5 90
6 B 41 quant. -
7 C 14 60 quant
8 C 40 60 90
9 C 41 90 quant
10 D 14 25 quant
11 D 40 0 0
12 D 41 0 0
13 E 14 20 quant
14 E 40 0 0
15 E 41 0 0

[a] Conditions: A) NIS/TfOH, CH,Cl,/water, 95:5, v/v; B) 70% aq.
TfOH, Bu,NIO,, —10°C; C) NBS, acetone/water, 9:1, v/v; D) TFA
(1 equiv); E) TfOH (2 equiv). [b] The conversions have been estimated
based on TLC.

In contrast, perbenzoylated glycosyl donors of the D-
gluco, Dp-galacto-, and p-manno series (4, 6, and 8, respec-
tively) have proven to be very efficient glycosyl donors for
the synthesis of 1,2-trans-linked disaccharides. Reactions
with differently protected glycosyl acceptors 43,47 4541
47%1 491 51, and 53“Y of the p-gluco and D-galacto series
gave the corresponding disaccharides in high yield and com-
plete stereoselectivity in all cases (Table 3). The complete
1,2-trans stereoselectivity obtained herein is attributed to
the assistance of a participating substituent at the C-2 posi-
tion. While AgOTf, NIS/TfOH, or MeOTf performed nearly

— 6633
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Table 3. Synthesis of 1,2-trans-linked disaccharides.

in the range of o/f 3-5:1 in

Entry Donor Acceptor Promoter Time Product Yield [%]  1,2-dichloroethane (DCE,
phﬁb%% B20~ PO Table 4). As a result of varying
1 4 HOA— AgOTf 16 h Bé?oﬁg/o 91 solvent, promoter, or protect-
a0 B20 44 °"O0me ing groups,®! the stereoselec-
o 9B o Bgoﬁ” tivity could be significantly im—
2 4 BrO - MeOTf 20h Bzo&n&//OOMe 99 proved (up to a/f 19:1). Appli-
a5 OMe B0 . cation of partially acetylated
/icgn oo BfLO7\O o8 gl.ycosyl donots["“ﬂ qr a toluene/
3 4 BiHO B0y, MISTIOH  16h BZO%&ZB"%)MG 93 gii(:ii?: I’gf;ClPit/lvll)%m SOl‘ern;
a7 48 =
B0 _on BzO found to be especially benefi-
&L/& 3%9%0 cial for 1,2-cis glycosylation. It
4 4 B20-2% “OMe AgOTf 2h Bz0 \q on 90 should be noted that in spite a
49 R number of significant improve-
)\/o on B%(Iéé%\o meI'lts that have[21 4fg;frged
L0 520 J(O during past decade,“" ster-
5 4 o6 MeOTt Lh s © 2 82 eocontrolled synthesis of 1,2-
% °)<° cis-glycosides remains a signifi-
on B20- cant challenge.*>* Arguably,
BrO- -0, B0 \0 _o- the stereoselectivity achieved
6 4 Bnomm Cu(OTH), 4 days 820 BIO- N % could not match the best pro-
3 54 B1O0me cedures for 1,2-cis glycosyla-
B20- 5597\0 <" tion developed to date,*! yet it
7 6 47 AgOTf 40 min BZOETOOBZB“O B0 92 was notable higher compared
55 to that achieved with S-alkyl/
B2Q v aryl glycosides (a/p 1-1.5.1).
8 6 53 AgOT! 0min 0 80 an&g 84
s BnO BO e STaz glycosides in oligosac-
80— OB charide synthesis—selective ac-
Bé?&g o8 tivation of the STaz moiety
9 8 47 AgOTf 6 days O/ﬁﬁ\ 85 over other potential leaving
s7 B0 BnO e groups (STaz glycosides as gly-
B20— 0B cosyl donors): An important
Bécz)oﬁg feature of any glycosyl donor
10 8 53 AgOTf 6 days 87 under development would be

to provide coupling products in
stereoselective and high-yield-
ing fashion. Further impor-
tance of new building blocks is

equally well as promoters, only the best results were pre-
sented in Table 3. In this context, although Cu(OTf),-pro-
moted reactions were very high yielding, they were signifi-
cantly slower than those performed in the presence of more
potent promoters. For a relevant example, see entry6
(Table 3), in which the glycosylation of a highly reactive pri-
mary hydroxyl of the acceptor 53 required enduring four
days to complete.

STaz glycosides as glycosyl donors for the synthesis of 1,2-
cis-glycosides: Stereoselective synthesis of 1,2-cis-glycosides
from STaz glycosyl donors was also investigated. In this
case, glycosyl donors bearing a nonparticipating substituent
at C-2, that is, 2-O-benzylated or perbenzylated STaz glyco-
sides 10 or 14, respectively, were investigated. Glycosylation
of different acceptors in the presence of AgOTf provided
high yields, but the stereoselectivity was average, commonly

6634 —
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commonly related to their applicability to multistep oligo-
saccharide synthesis.'”! It should be noted that although sig-
nificant improvements of the oligosaccharide synthesis have
already emerged with the introduction of programma-
ble® ¥ and automated syntheses,™ these approaches are
still applicable to a fairly narrow range of synthetic targets.

Having completed preliminary stereoselectivity studies
(see Tables 3 and 4), we decided to investigate whether the
STaz derivatives could be coupled with glycosyl acceptors
containing relatively latent anomeric leaving groups. The
key feature of such activation would be availability of a pro-
moter that would be capable of activating the STaz moiety
selectively over the anomeric moieties at the glycosyl ac-
ceptor unit such as S-ethyl, S-phenyl, or O-pentenyl. Our in-
itial assumption was that the selective activation of the STaz
moiety over these other potential leaving groups could be
accomplished by using AgOTf as a promoter. In addition,

Chem. Eur. J. 2006, 12, 6630 - 6646
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Table 4. AgOTf-promoted synthesis of 1,2-cis-linked disaccharides.

Entry Do- Accep- Solvent Product Yield a/ff
nor tor [%] ratio
BnO Féh/\(‘:)O' o
BnO "\
1 4 3 DY PBroAer® 85 7.7:1
BnO BnOgme
59
YOB“
BnO -0,
BnO~— BnO
2 14 45 /D Bng%o‘ L, 97 451
BnO ©
BnO
OBn
B”O "‘Z ~O Bn(;éﬁ .
3 14 47 T/D oBn BOL e 95 3.5:1
BnO
BnO o
BnO 0 BzO
4 14 49 T/D BnO~ EO 82 4.1:1
62 BzO- OMe
BzO
OBn
BnO O
BnO O—
5 14 53 T/D BnO Bgoo/\\fo 85 2.7:1
N
63 BnOOMe
AcO Ph/Vo
6 10 43 DCE Aco- BnO 78 15:1
BnO OMe

64
OBn

<o
AcO BnO
7 10 45  DCE AX(‘Z:)O’X\;SAMWOOME

BnO

OBn
A°°%"Oﬁﬁ 89 >19:1

OAc BnO OMe

88 9.3:1

8 10 47 DCE

BnO

AcO o
AcO 0 BzO
DCE AcO 0 74 4.8:1
OMe

9 10 49
67 BzO -
X;OAc
AcO -0
R0 A0
10 10 53 DCE ewogo0 70 27
n
68

BnOOMe

[a] Toluene/dioxane (1:3, v/v). [b] 1,2-Dichloroethane.

we assumed that the activation of the STaz moiety over the
O-pentenyl moiety would be possible in the presence of
MeOTE To perform these studies we chose a number of
suitable glycosyl acceptors, S-ethyl glycosides 69,1+ 72,1
75,21 and 77,1 S-phenyl glycosides 79! and 81;*! and O-
pentenyl glycosides 83! and 85!”! (Table 5).

All glycosylations summarized in Table 5 afforded the in-
tended disaccharide products in good yields. Very impor-
tantly, no side products of the acceptor self-condensation
were detected. The advantage of the oligosaccharide synthe-
sis through selective activation is that all formed disacchar-
ides 70, 71, 73, 74, 76, 78, 80, 82, 84, and 86 could be subse-
quently activated for the second-step glycosidation. Appa-
rently, the second-step activation should be feasible in the
presence of NIS/TfOH or other activators suitable for the
activation of S-alkyl/aryl or O-pentenyl moieties. To ex-

Chem. Eur. J. 2006, 12, 6630 —6646
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plore this opportunity we performed the coupling of the S-
ethyl or S-phenyl disaccharide donors 76 or 80 with glycosyl
acceptor 53 in the presence of NIS/TfOH to afford the cor-
responding trisaccharide derivatives 87 or 88 in 89 or 75 %
yield, respectively (Scheme 2). These examples clearly illus-
trated our emergent ability to obtain trisaccharide units by
means of sequential STaz-SEt or STaz-SPh activation in a
convergent selective fashion with no additional protecting/
leaving group manipulations between the glycosylation
steps.

STaz glycosides in oligosaccharide synthesis—selective acti-
vation of other leaving groups over the STaz moiety (STaz
glycosides as glycosyl acceptors): The next step of the
method development was to see whether the STaz moiety
would be able to act as a temporary anomeric protection for
the glycosyl acceptor. A principal motivation for these in-
vestigations derives from the fact that prior to our studies,
thioimidates had been considered too labile to be selectively
glycosylated with other classes of glycosyl donors.[! To per-
form these studies we synthesized a number of partially pro-
tected glycosyl acceptors bearing the STaz moiety at the
anomeric position. STaz glycoside 36 bearing the primary
hydroxyl group was obtained from 35 as shown in Scheme 1.
Secondary glycosyl acceptors 89 and 91 were obtained by
simple deacetylation (MeONa/MeOH) of the STaz glyco-
sides 26 and 16, respectively. Representative examples of
common classes of glycosyl donors™* have been employed,
for instance, S-ethyl glycoside 40, S-phenyl glycoside 41,
bromides 3 and 97,7 and trichloroacetimidate 99.'! We
also experimented with the S-benzoxazolyl derivatives 94
and 96, developed in our laboratory.!*!

Although the yields and stereoselectivities of the glycosy-
lations summarized in Table 6 were largely dependent on
the nature of the glycosyl donors and activation conditions
used, no self-condensation of the STaz glycosyl acceptors 36,
89, or 91 was detected. As a result of these studies, we es-
tablished that the STaz glycosides withstand reaction condi-
tions associated with the activation of the SEt or SPh (NIS/
cat. TfOH), bromo (HgO/HgBr,), trichloroacetamido (BF;-
OEt,), and SBox moieties [Cu(OTf),].

Apparently, all of the formed disaccharides 90, 92, 93, 95,
and 98 can be directly activated for subsequent glycosida-
tions as they all bear the STaz anomeric moiety. This can be
achieved in the presence of AgOTf or other suitable activa-
tors (see Table3). To confirm this opportunity we per-
formed the coupling of the STaz disaccharide donors 90 or
93 with glycosyl acceptor 53 in the presence of AgOTf to
afford the corresponding trisaccharide derivatives 87 or 88
in 81 and 80% yield, respectively (Scheme 3). Since disac-
charides 90 and 93 could be obtained by selective activation
of either SEt or SPh over the STaz moiety, these syntheses
clearly illustrate our ability to obtain trisaccharide units
through sequential SEt-STaz or SPh-STaz activation in a
convergent selective fashion with no additional protecting/
leaving group manipulations between the glycosylation
steps.
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Table 5. Selective activation of the STaz moiety in 4 or 14 over other leaving groups in AgOTf-promoted gly-
cosylations.

Entry Donor Acceptor Product Yield [%] o/p ratio
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STaz glycosides in oligosac-
charide synthesis—orthogonal-
ity of STaz versus S-ethyl/
phenyl glycosides: Based on
the reaction sequences pre-
sented in Schemes 2 and 3, de-
scribing the syntheses of 87
and 88 by means of two con-
ceptually different approaches,
we conclude that STaz glyco-
sides and S-ethyl/phenyl glyco-
sides fit into the concept of or-
thogonality. Convergent oligo-
saccharide synthesis in orthog-
onal fashion is based on a
combination of two chemically
distinct glycosylation reactions,
in which one of the leaving
groups is selectively activated,
while the other stays intact
and vice versa.’>?” Overall,
the orthogonal approach offers
one of the most convenient
and shortest routes to complex
oligosaccharide sequences.

In our case, the STaz moiety
can be orthogonally activated
with SEt and SPh glycosides in
the presence of AgOTT, where-
as the SEt or SPh glycosides
can be activated with NIS/cat.
TfOH over the STaz moiety:
compare syntheses of 87 and
88 presented in Schemes 2 and
3. These observations were fur-
ther extended to the synthesis
of a pentasaccharide derivative
102. As mentioned above, the
disaccharide 93 was obtained
by selective activation of SEt

O B Ph O
BnO BnO nO (6]
NIS/TfOH BnO 90 AgOTf BnO o]

81%
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Scheme 2. Synthesis of trisaccharides 87 and 88 by sequential STaz-SEt Scheme 3. Synthesis of trisaccharides 87 and 88 by sequential SEt-STaz

or STaz-SPh activation. or SPh-STaz activation.
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glycosyl donor 40 over the

Entry Donor Acceptor Promoter  Product Yield [%] a/p ratio STaz moiety of the glycosyl
PRS0 BnO— Ph <0\ acceptor 36 (see entry3,
1 40 F?Oﬂ/ﬁaz NIS/TfOH BQSMO*X\’&/STE'Z 85 121 Table 6) in 98% yield. The
go B BnO 4o B0 STaz disaccharide 93 was then
2 . - oBn R Cﬂ%"? ﬂsm " - chvated in the presence of
o . B A gOTf over the SEt moiety
91 oo 92 of the glycosyl acceptor 69 to
Bnoﬁo afford trisaccharide 100 in

3 4 36 NISTIOH "7 50 Bzooj\;& 98 11:1 93% yield (Scheme 4).
6 PR ST The synthesis of 100 alone
4 41 89 NIS/TfOH 90 77 2:1 serves as direct illustration of
5 a 36 NIS/TfOH 93 oo 75 141 orthogonality of these types of
OB{‘O[;% Bnooo/%&/s-raz anomeric moieties. Neverthe-
6 BnO-) - —SBox 89 Cu(OTI), BnO’/\? BnO 99 7:1 less, we performed an addi-
4 Bno ~oBn % tional activation cycle that in-
6o on cluded activation of the SEt
7 BnOA—i-SBox 36 Cu(OTf), 93 66 1.4:1 trisaccharide 100 with the
96 STaz moiety of the glycosyl
B8O " acceptor 36, followed by the
8 Bno 8O, 36 HgO/HgBr, 93 45 121 activation of the STaz tetra-
0Bz saccharide 101 with the SEt
BN oo moiety of the glycosyl accept-
9 3 36 HgO/HgBr, B20 Bégo/io Tas 66 p only or 69. Therefore, the obtained
98 B2O pentasaccharide 102 still bears
. Ofn an anomeric leaving group
10 Bno B0l 36 BE,ELO 93 50 111 (SEt), and, in principle, can be
99 . used f.0r S}lbsequent chain
" 09 89 BE.ELO 90 47 21 elongation, if necessary. Al-
though the yields decrease
with the increase of the size of
the glycosyl acceptor, which is
a typical trend in oligosaccharide synthesis, the overall yield
B0 OOB“ of the pentasaccharide 102 was relatively high (41%,

BnO o] OOH Scheme 4).
B0 B2 STaz Bé?(ﬁS/SEt

93 BzO AGOTF | 93% %290 STaz glycosides in oligosaccharide synthesis—chemoselec-
OH tive activation (armed-disarmed strategy): Another direc-
Bégo’_ﬁo STaz OOBn tion in our studies was to determine whether the STaz glyco-
B2z0 Bg(n)oﬁﬁ sides can be activated in the chemoselective fashion in ac-
% BnO cordance with the armed-disarmed approach, developed by

102 BzO

Scheme 4. Synthesis of pentasaccharide 102 by convergent orthogonal
pathway.

Chem. Eur. J. 2006, 12, 66306646

© 2006 Wiley-VCH Verlag GmbH & Co. KGaA, Weinheim

Fraser-Reid."*”! According to this strategy, a benzylated
(armed) glycosyl donor can be chemoselectively activated in
the presence of the acylated (disarmed) derivative to afford
a disaccharide. The latter can be activated directly in the
presence of a more potent promoter. Initially developed for
O-pentenyl glycosides, this concept was further explored for
the chemoselective glycosidations of many other common
glycosyl donors."?

Herein we report that the STaz glycosides also follow gen-
eral chemoselectivity principle, according to which armed
STaz glycoside donor 14 could be activated over electroni-
cally disarmed STaz glycosyl acceptor 36 in the presence of
AgOTf or Cu(OTf), (Scheme5). Interestingly, a notably
higher stereoselectivity was achieved by using dichlorome-
thane as the reaction solvent, although the yield of the cou-
pling product was higher in 1,2-dichloroethane. The ob-
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Conclusion

Based on the results presented,
we conclude that the STaz gly-
cosides can be successfully pre-
pared and applied as building
blocks in glycosylations. These

BnO
BZO . . . . _
Disarmed 38 OH Béoo&&/o deI:lVathGS fulfil major re
BBOO O z Y quirements for the versatile
n z -

Conditions: BnO e BEOO o] glycosyl donor: accessibility,
A: AgOTf, (CICH,),, 1 h, RT, 79%, o/p=2:1 53 n BnO high stability toward protect-

B: AgOTf, CH,Cl,, 10 min, RT, 58%, o/p=4:1 88 OMe

C: Cu(OT¥),, (CICH,),, 3.5 h, RT, 88%, c/f=1.5:1
D: Cu(OTH),, CH,Cl,, 4 h, RT, 72%, a/p=3.5:1

Scheme 5. Synthesis of the trisaccharide 88 by chemoselective activation of the STaz glycosides.
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ing group manipulations, and
activation under mild condi-
tions. These compounds pro-
vided high stereoselectivities
in single step glycosylations. It
has been determined that the

820 OOBZ STaz moiety can be selectively
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Scheme 6. STaz glycosides in sequential oligosaccharide syntheses.

tained disaccharide 93 was then coupled with acceptor 53 to
afford the trisaccharide 88 in 83 % yield.

STaz glycosides in oligosaccharide synthesis—efficient se-
quential saccharide assembly with the use of three different
anomeric moieties: Investigation of various building blocks
in selective activations has allowed us to elaborate a number
of sequential glycosylation protocols. For example, the syn-
thesis of a trisaccharide 104 was accomplished from building
blocks 36, 69, and 103 by sequential activation as follows:
SBox — SEt — STaz (Scheme 6). Similarly, a trisaccharide
105 was obtained from building blocks 69, 89, and 94; how-
ever, in this case, the activation was accomplished by means
of a different sequence as follows: SBox—STaz—SEt
(Scheme 6). While these syntheses serve as clear examples
of the STaz glycoside versatility and flexibility in the context
of oligosaccharide synthesis, both trisaccharides 104 and 105
can be employed in subsequent chain elongations directly.
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glycosides, while bromides, tri-
chloroacetimidates, and thio-
glycosides could be activated
over the STaz moiety. Based
on extensive experimenting,
we discovered fully orthogonal
character of STaz and S-ethyl/
phenyl anomeric moieties. The
STaz glycosides were found to
be suitable building blocks for
chemoselective armed-—dis-
armed activations, and in se-
lective sequential activations
with the use of three, and pos-
sibly more, different leaving
groups. Many other synthetic
strategies could be developed
with these unique glycosyl
donors, amongst which are
temporary deactivation” and inverse armed—disarmed con-
cepts,””! further evaluation of which is underway in our labo-
ratory. It should be noted that glycosyl thioimidates have re-
cently found application in anomeric phosphorylation.’s"!
The roles and applications of this class of compounds have
been recently reviewed.["*

BzO o
BzO
ézO STaz

104 Bz0

BzO

Experimental Section

General: Column chromatography was performed on silica gel 60 (EM
Science, 70-230 mesh), reactions were monitored by TLC on Kieselgel
60 F,5, (EM Science). The compounds were detected by examination
under UV light and by charring with 10 % sulfuric acid in methanol. Sol-
vents were removed under reduced pressure at <40°C. CH,Cl,,
CICH,CH,CI, CH;CN, and toluene were distilled from CaH, directly
prior to application. Methanol was dried by refluxing with magnesium
methoxide, distilled and stored under argon. Pyridine was dried by re-
fluxing with CaH, and then distilled and stored over molecular sieves
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(3 A). 1,4-Dioxane and acetone were dried and stored over molecular
sieves (3 A) and K,CO;, respectively. Anhydrous DMF (EM Science)
was used as received. Molecular sieves (3 or 4 A) used for reactions were
crushed and activated in vacuo at 390°C during 8 h in the first instance
and then for 2-3 h at 390°C directly prior to application. AgOTf (Acros)
was co-evaporated with toluene (3x10 mL) and dried in vacuo for 2-3 h
directly prior to application. Cu(OTf), (Sigma-Aldrich) was dried in
vacuo during 2-3 h prior to application. Optical rotations were measured
with a Jasco P-1020 polarimeter. Unless noted otherwise, "H NMR spec-
tra were recorded in CDCl; at 300 MHz (Bruker Avance), “C NMR
spectra and two-dimensional experiments were recorded in CDCl; at
75 MHz (Bruker Avance) or at 125 MHz (Bruker ARX-500). HRMS de-
terminations were made with the use of JEOL MStation (JMS-700) Mass
Spectrometer.

Synthesis of NaSTaz: A solution NaOMe (10 mmol) in distilled methanol
(20 mL) was added dropwise to a stirred solution of 2-mercaptothiazoline
(10 mmol) in methanol (30 mL) at RT under argon. The reaction mixture
was stirred for 1 h at RT, methanol was then evaporated off and the resi-
due was dried in vacuo.

Synthesis of KSTaz: KOH (pellets, 4.2 mmol) was added to a stirred solu-
tion of 2-mercaptothiazoline (4.2 mmol) in dry acetone (7 mL). The reac-
tion mixture was refluxed for 3 h at 60°C, acetone was then evaporated
off and the residue was dried in vacuo.

Preparation of the STaz glycosides

Method A—typical procedure for the preparation from glycosyl halides:
Crown ether ([15]crown-5 or [18]crown-6, 0.6 mmol) and salt (NaSTaz or
KSTaz, 6.0 mmol) were added to a stirred solution of a glycosyl halide (1,
3,5,7,9,11, 13 or 15, 3.0 mmol) in a dry solvent (acetone or acetonitrile,
24 mL, Table 1) under argon. The reaction mixture was stirred for 1 h at
RT. Upon completion, the mixture was diluted with toluene (30 mL) and
washed with 1% aq. NaOH (15 mL) and water (3x10 mL), the organic
phase was separated, dried over MgSO,, and concentrated in vacuo. The
residue was purified by column chromatography on silica gel (ethyl ace-
tate/hexane gradient elution) to afford the STaz glycoside (2, 4, 6, 8, 10,
12, 14 or 16).

Method B—typical procedure for the preparation from glycosyl acetates:
The solution of a glycosyl acetate (17, 18 or 20, 0.128 mmol), 2-mercapto-
thiazoline (0.256 mmol) and activated molecular sieves 3 A (100 mg) in
CH,Cl, (1.0 mL) was stirred under argon for 30 min at RT. BF;Et,O
(0.256 mmol) was then added dropwise and the reaction mixture was
kept for 45 min at RT. After that, another portion of 2-mercaptothiazo-
line (0.256 mmol) and BF;-Et,0 (0.256 mmol) were added and the reac-
tion mixture was kept for 1h at reflux (45°C). Upon completion, the
mixture was diluted with toluene, the solid was filtered-off, and the resi-
due was washed with toluene. The combined filtrate (30 mL) was washed
with 1% aq. NaOH (15 mL) and water (3x 10 mL), the organic layer was
separated, dried over MgSO,, and concentrated in vacuo. The residue
was purified by column chromatography on silica gel (ethyl acetate-
hexane gradient elution) to afford the STaz glycoside (2, 19, or 21).

Method C—preparation from Brigl’s anhydride 22 and orthoesters 23 or
24: 2-Mercaptothiazoline (0.347 mmol) and Lewis acid (ZnCl, or
TMSOTT, 0.0087 mmol) were added to a stirred solution of a bicyclic de-
rivative (0.174 mmol) in anhydrous CH,Cl, containing molecular sieves
4 A (in the case of orthoesters) under argon. The reaction mixture was
stirred for 10 min at RT. Upon completion, Et;N was added dropwise
until neutral pH. The mixture was diluted with CH,Cl, (30 mL) and
washed with saturated aq. NaHCO; (2x15mL) and water (3x10 mL).
The organic phase was separated, dried over MgSO,, and concentrated in
vacuo. The residue was purified by column chromatography on silica gel
(ethyl acetate/hexanes gradient elution) to afford STaz glycoside 12 or
19. In some experiments, neutralization with Et;N followed by washing
with saturated aq. NaHCO;, was substituted by washing with 1M aq.
NaOH.

Method D —preparation from thioglycosides: The solution of a thioglyco-
side (25 or 27, 0.128 mmol) and activated molecular sieves 3 A (70 mg) in
CH,Cl, (2 mL) was stirred under argon for 1 h. A freshly prepared solu-
tion of Br, in CH,Cl, (1.2 mL, 1:165, v/v) was then added and the reac-
tion mixture was kept for 5 min at RT. After that, CH,Cl, was evaporated
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off under reduced pressure at RT. The crude residue was then treated
with NaSTaz (0.51 mmol) in dry acetonitrile (1 mL) under argon for 2 h
at RT. Upon completion, the mixture was diluted with toluene, the solid
was filtered-off, and the residue was washed with toluene. The combined
filtrate (30 mL) was washed with 1% aq. NaOH (15mL) and water
(3x10 mL), the organic layer was separated, dried over MgSO,, and con-
centrated in vacuo. The residue was purified by column chromatography
on silica gel (ethyl acetate/hexane gradient elution) to afford STaz glyco-
sides 26 or 28.

2-Thiazolinyl 2,3,4,6-tetra-O-acetyl-1-thio-3-D-glucopyranoside (2): This
compound was obtained from 2,3,4,6-tetra-O-acetyl-a-D-glucopyranosyl
bromide (1) by method A (NaSTaz, [15]crown-5, acetone) in 53 %
yield as white crystals. Compound 2 was also obtained from 1,2,3,4,6-
penta-O-acetyl-B-D-glucopyranose (17) by method B in 91% yield. R;=
0.28 (ethyl acetate/toluene, 1:1, v/v); m.p. 128°C (ether/hexanes); [a]s =
+1.8° (¢c=1.0 in CHCL;); '"HNMR: 0=2.02, 2.03, 2.06, 2.09 (4s, 12H;
4COCH;), 3.33 (t, J=8.1Hz, 2H; CH,N), 3.75 (m, Jss,=2.3 Hz, J5q,=
4.5 Hz, 1H; H-5), 4.05-4.25 (m, Jcy,scun=38.1 Hz, 4H; H-6a, 6b, CH,S),
5.08 (dd, J,5=9.5Hz, 1H; H-4), 5.09 (dd, J,5=83 Hz, 1H; H-2), 5.17
(dd, J;,=83Hz, 1H; H-3), 538ppm (d, J,,=104Hz, 1H; H-1);
BCNMR (500 MHz): 6=20.79 (x2), 20.84, 20.97, 35.55, 61.98, 64.41,
68.18, 69.63, 74.08, 76.34, 83.18, 162.78, 169.58
(x2), 170.30, 170.87 ppm; HR-FAB MS: calcd for C;;H,,NO,S, [M+H]*:
450.0892; found: 450.0891.

2-Thiazolinyl 2,3.4,6-tetra-O-benzoyl-1-thio-p-D-glucopyranoside (4): This
compound was obtained from 2,3,4,6-tetra-O-benzoyl-o-D-glucopyranosyl
bromide (3)?! by Method A (NaSTaz, [15]crown-5, acetone) in 60%
yield as white crystals. R;=0.24 (ethyl acetate/hexanes, 3:7, v/v); m.p.
+108°C (ether/hexanes); [a]X =

+64.3° (c=1.0 in CHCl;); '"HNMR: §=3.20-3.35 (m, 2H; CH,N), 4.12
(t, Jemscnn =82 Hz, 2H; CH,S), 4.30 (m, Js5,=2.6 Hz, J56,=5.5 Hz, 1H;
H-5), 4.50 (dd, Jsq,=5.5Hz, 1H; H-6b), 4.64 (dd, Js56,=2.9 Hz, J, 6, =
12.3 Hz, 1H; H-6a), 5.60-5.75 (m, 2H; H-2, 4) ,5.82 (d, J,,=10.3 Hz,
1H; H-1), 5.99 (dd, J;,=9.4 Hz, 1H; H-3), 7.20-8.10 ppm (m, 20H; aro-
matic); C NMR: 6=29.90, 35.42, 63.30, 64.25, 69.54, 70.45, 74.24, 83.47,
128.49 (x2), 128.52 (x2), 128.58, 128.64 (x2), 128.91 (x2), 128.98 (x2),
129.23, 129.93 (x3), 130.05 (x4), 130.19 (x2), 133.27, 133.50, 133.67,
162.84, 165.34, 165.40, 165.90, 166.28 ppm; HR-FAB MS: calcd for
C3;H,NO,S, [M+H]: 698.1518; found: 698.1515.

2-Thiazolinyl 2,3.4,6-tetra-O-benzoyl-1-thio--pD-galactopyranoside (6):
This compound was obtained from 2,3.4,6-tetra-O-benzoyl-a-p-galacto-
pyranosyl bromide (5)? by method A (KSTaz, [18]crown-6, acetonitrile)
in 90% yield as white foam. R;=0.27 (ethyl acetate/hexanes, 3:7, v/v);
[a]=+121.7° (¢=1.0 in CHCL); 'HNMR: 0=3.25-3.40 (m, 2H;
CH,N), 4.15 (t, Jenscun=238.1Hz, 2H; CH,S), 4.47 (m, 2H; H-5, 6b),
4.66 (dd, Jss,=5.5Hz, Js,,=9.7Hz, 1H; H-6a), 573 (dd, J;,=3.4 Hz,
J,;=9.7Hz, 1H; H-3), 581 (d, J,,=10.3 Hz, 1H; H-1), 5.94 (dd, J,5=
9.9 Hz, 1H; H-2), 6.06 (d, J;,=3.3Hz, 1H; H-4), 7.10-8.10 ppm (m,
20H; aromatic); "C NMR: §=35.06, 62.06, 64.01, 67.76, 68.22, 72.49,
75.42, 83.45, 128.17, 128.24, 128.34, 128.53, 128.68, 128.81, 129.38, 129.60,
129.67, 129.70, 129.75, 129.88, 133.09, 133.21, 133.35, 133.54, 162.31,
165.20, 165.26, 165.36, 165.81 ppm; HR-FAB MS: calcd for C;;H;,NO,S,
[M+H]*: 698.1518; found: 698.1515.

2-Thiazolinyl 2,3 ,4,6-tetra-O-benzoyl-1-thio-pD-mannopyranoside (8): This
compound was obtained from 2,3,4,6-tetra-O-benzoyl-a-D-mannopyrano-
syl bromide (7)® by method A (KSTaz, [18]crown-6, acetonitrile) as an
anomeric mixture (a/f 13:1), white foam, 70 % combined yield. R;=0.40
(ethyl acetate/toluene, 2:3, v/v); 'HNMR: 6=3.39 (t, J=8.0Hz, 2H;
CH,N), 421 (t, Jeuscun=38.0Hz, 2H; CH,S), 430 (m, Js¢,=2.6 Hz,
Jse=4.7Hz, 1H; H-5), 452 (dd, 1H; H-6b), 4.72 (dd, Je =122 Hz,
H1H; -6a), 5.72 (dd, J5,=3.3 Hz, 1H; H-3), 6.02 (dd, J,5s=10.0 Hz, 1H;
H-4), 612 (dd, J,;=3.3 Hz, 1H; H-2), 6.13 (d, J,,=1.0 Hz, 1H; H-1),
7.24-8.12 ppm (m, 20 H; aromatic); *C NMR: 6 =29.69 (x2), 35.65 (x2),
62.98, 64.03, 66.36, 71.23, 72.59, 76.81, 77.20, 82.02, 128.29 (x2), 128.36
(x3), 128.44 (x2), 128.60 (x2), 128.78, 129.01, 129.76 (x3), 129.81, 130.04
(x2), 133.03, 133.27, 133.49, 133.56, 162.50, 165.19, 165.54, 166.09 ppm;
HR-FAB MS: caled for C;;H;,NO,S, [M+H]*: 698.1518; found: 698.1515.
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2-Thiazolinyl ~ 2-O-benzyl-34,6-tri-O-acetyl-1-thio-f-D-glucopyranoside
(10): This compound was obtained from 3,4,6-tri-O-acetyl-2-O-benzyl-a-
p-glucopyranosyl bromide (9)*!! by method A (NaSTaz, [15]crown-5, ace-
tonitrile), cream crystals, 46 % yield. R;=0.42 (ethyl acetate/toluene, 1:1,
v/v); mp. +121°C (ether/hexanes); [a]y=+22.4° (c=1.0 in CHCL);
"HNMR: 6=1.89, 1.99, 2.05 (3s, 9H; 3COCH,;), 3.36 (dd, J=8.2 Hz,
2H; CH,N), 3.66 (dd, J,3=9.2 Hz, 1H; H-2), 3.77 (m, Js54,=2.2 Hz, J54,=
4.6 Hz, 1H; H-5), 4.18-4.62 (m, Jey,scun=38.2 Hz, 4H; H-6a, 6b, CH,S),
4.67 (dd, J,=11.2 Hz, 2H; CH,Ph), 5.03 (dd, J,5=9.9 Hz, 1H; H-4), 5.24
(dd, J;,=9.2Hz, 1H; H-3), 533 (d, J,,=10.1Hz, 1H; H-1), 7.24-
7.38 ppm (m, SH; aromatic); “C NMR: 0=20.56, 20.62, 20.72, 35.13,
61.88, 64.26, 68.20, 75.18, 75.56, 75.81, 78.05, 84.06, 127.99, 128.08, 128.40
(x2), 137.14, 162.65, 169.62, 169.84, 170.56 ppm; HR-FAB MS: calcd for
C,H;sNOgS, [M+H]*: 498.1256; found: 498.1254.

2-Thiazolinyl 3,4,6-tri-O-acetyl-1-thio-f-D-glucopyranoside (12): This
compound was obtained from 3,4,6-tri-O-acetyl-2-O-trichloroacetyl-3-p-
glucopyranosyl chloride (11)® by method A (KSTaz, acetone), cream
foam, 71% yield. Compound 12 was also obtained from 3,4,6-tri-O-
acetyl-1,2-anhydro-a-p-glucopyranose (22)®! by method C in 78% yield.
R;=024 (ethyl acetate/CH,Cl,, 3:7, viv); [a]d=+4257° (¢=1.0 in
CHCL); '"HNMR: 6=2.01, 2.07, 2.06 (3s, 9H; 3COCH;), 3.41 (m,
Jemscun=8.5 Hz, 2H; CH,N), 3.70-3.83 (m, 2H; H-2, 5), 4.04-4.28 (m,
4H; H-5, 6a, CH,S), 4.51 (brs, 1H; OH), 5.03 (dd, 1H; H-4), 5.13 (dd,
J,3=9.4Hz, J;,=9.1 Hz, 1H; H-3), 527 ppm (d, J,,=9.9 Hz, 1H; H-1);
BCNMR: 6=20.55, 20.69, 20.75, 35.45, 61.92, 63.65, 67.84, 72.15, 76.25,
76.34, 85.15, 165.30, 169.55, 170.59, 170.62 ppm; HR-FAB MS: calcd for
C,sH,,NO,S, [M+H]*: 408.0787; found: 408.0779.

2-Thiazolinyl 2,3,4,6-tetra-O-benzyl-1-thio-f-D-glucopyranoside (14): This
compound was obtained from 2,3,4,6-tetra-O-benzyl-a-D-glucopyranosyl
chloride (13)* by method A (NaSTaz, [15]crown-5, acetone), colorless
syrup, 55% yield. R;=0.41 (ethyl acetate/hexanes, 3:7, v/v); [a]¥=
+18.6° (¢c=1.0 in CHClL;); 'HNMR: 6=3.34 (t, Joygcun=38.0 Hz, 2H;
CH,N), 3.52-3.65 (m, 2H; H-2, 4), 3.70-3.82 (m, 4H; H-3, 5, 6a, 6b),
4.08-4.32 (m, 2H; CH,S), 4.50-4.95 (m, 8H; CH,Ph), 528 (d, J;,=
99Hz, 1H; H-1), 7.10-7.40ppm (m, 20H; aromatic); "“CNMR
(500 MHz): 6=14.34, 29.91, 31.13, 35.19, 64.52, 68.75, 73.61, 75.21, 75.77,
75.95, 79.64, 81.05, 84.89, 86.85, 127.77, 127.94 (x3), 128.07 (x4), 128.53
(x4), 128.58 (x4), 128.64 (x2), 137.84, 138.26, 138.37, 138.59, 163.92 ppm;
HR-FAB MS: caled for CyH,NOSS, [M+H]*: 642.2348; found:
642.2343.

2-Thiazolinyl  3-O-acetyl-2,4,6-tri-O-benzyl-1-thio-f-D-glucopyranoside
(16): This compound was obtained from 3-O-acetyl-2,4,6-tri-O-benzyl-a-
p-glucopyranosyl chloride (15)?”! by method A (KSTaz, [18]crown-6, ace-
tonitrile) in 89 % as colorless syrup. R;=0.38 (ethyl acetate/hexanes, 2:3,
viv); [a]®=+8.0° (c=1.0 in CHCL;); '"H NMR: 6 =1.80 (s, 3H; COCH,),
3.32 (t, 2H; Jey,scun=38.1 Hz, CH,N), 3.52-3.62 (m, 2H; H-4, 6a), 3.65-
3.80 (m, 3H; H-2, 5, 6b), 4.06-4.30 (m, 2H; CH,S), 4.46-4.78 (m, 6H;
CH,Ph), 5.26 (dd, J,5=12.6 Hz, 1H; H-3), 5.31 (d, /,,=10.3 Hz, 1H; H-
1), 7.10-7.35 ppm (m, 15H; aromatic); *C NMR: 6 =21.13, 35.24, 64.50,
68.43, 73.68, 74.50, 74.90, 75.86, 78.86, 79.36, 84.80, 127.88, 127.99, 128.07
(x3), 128.17 (x2), 128.36 (x2), 128.55 (x2), 128.59 (x3), 137.63, 137.98,
138.71, 170.00 ppm; HR-FAB MS: caled for Cy,H;NOS, [M+H]*:
594.1984; found: 594.1984.

2-Thiazolinyl 2,3,4,6-tetra-O-acetyl-1-thio-f3-D-galactopyranoside  (19):
This compound was obtained from 1,2,3,4,6-penta-O-acetyl-f3-p-galacto-
pyranose (18) by method B as an anomeric mixture (o/f 1:11), white
foam, 85% combined yield. Compound 19 was obtained as pure (-
anomer from 3.4,6-tri-O-acetyl-1,2-O-(1-O-methyl)ethylidene-a-p-galac-
topyranose (23)*" and 3.4,6-tri-O-acetyl-1,2-O-(1-thioethyl)ethylidene-a-
p-galactopyranose (24)P by method C in 77 and 82 % yield, respectively.
R;=0.30 (ethyl acetate/toluene, 1:1, v/v); '"HNMR: 6=1.98, 2.04, 2.05,
2.15 (4s, 12H; 4COCHs;), 3.40 (t, J=8.0 Hz, 2H; CH,N), 3.95-4.10 (m,
1H; H-5), 4.10-4.35 (m, 4H; H-6a, 6b, CH,S), 5.10 (dd, J;,=3.4 Hz, 1H;
H-3), 5.31 (dd, J,5=10.2 Hz, 1H; H-2), 5.45 (s, 1H; H-4), 5.46 ppm (d,
J12=99Hz, 1H; H-1); "*CNMR: §=20.50, 20.60, 20.64, 20.68, 35.24,
61.11, 64.14, 66.73, 67.06, 71.76, 74.70, 83.41, 162.76, 169.51, 169.87,
170.14, 170.27 ppm; HR-FAB MS: caled for C;H,,NO,S, [M+H]*:
450.0892; found: 450.0891.
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2-Thiazolinyl 2,3 ,4,6-tetra-O-acetyl-1-thio-D-mannopyranoside (21): This
compound was obtained from 1,2,3,4,6-penta-O-acetyl-o-D-mannopyra-
nose (20) by method B as an anomeric mixture (a/f§ 22:1), white foam,
70% combined yield. R;=0.26 (ethyl acetate/toluene, 2:3, v/v); '"HNMR:
0=1.96, 2.01, 2.05, 2.13 (4s, 12H; 4COCH;), 3.38 (t, /=8.1Hz, 2H;
CH,N), 4.04-4.13 (m, 2H; H-5, 6b), 4.16-4.38 (m, Jep,scun=23.1 Hz, 3H;
H-6a, CH,S), 5.12 (dd, J;,=10.0 Hz, 1H; H-3), 532 (dd, 1H; H-4), 5.42
(dd, J,3=32Hz, 1H; H-2), 620ppm (d, J,,=15Hz, 1H; H-1);
BCNMR: 6=20.42, 20.50, 20.56, 20.68, 35.38, 61.96, 63.94, 65.63, 69.24,
70.50, 71.39, 82.52, 161.29, 169.39, 169.51, 169.56, 170.38 ppm; HR-FAB
MS: caled for C;H,NO,S, [M+H]*: 450.0892; found: 450.0891.

Ethyl 3-O-acetyl-2-O-benzyl-4,6-O-benzylidene-1-thio-f-p-glucopyrano-
side (25): Acetic anhydride (7.5 mL) was added dropwise to a stirred sol-
ution of ethyl 2-O-benzyl-4,6-O-benzylidene-1-thio-f3-D-glucopyrano-
side!® (500 mg, 1.29 mmol) in dry pyridine (15 mL) under argon at RT.
The resulting mixture was stirred for 16 h, then quenched with methanol
(10 mL) and the volatiles were evaporated in vacuo. The residue was di-
luted with CH,Cl, (60 mL) and the organic layer was washed with water
(15 mL), saturated aq. NaHCO; (15mL), 1M HCl (2x15 mL), and water
(3x15mL). The organic phase was separated, dried over MgSO,, and
concentrated in vacuo. The residue was purified by column chromatogra-
phy on silica gel (ethyl acetate/hexane gradient elution) to give 25 as
white solid (530 mg, 96% yield). R;=0.53 (ethyl acetate/hexanes, 3:7,
vIv); [a]ly=+29.1° (¢=1.0 in CHCL); '"HNMR: 6=1.29 (t, J=7.5Hz,
3H; CH,CH;), 1.92 (s, 3H; COCHs;), 2.65-2.77 (m, 2H; CH,CH,), 3.43—
3.59 (m, 3H; H-2, 4, 6b), 3.70 (dd, Js,6,=10.1 Hz, 1H; H-6a), 4.27-4.33
(m, J56,=4.6 Hz, J54,=4.6 Hz, 1H; H-5), 4.59 (d, J,,=9.7 Hz, 1H; H-1),
4.61 (d, J=11.1 Hz, 1H; CH,Ph), 4.89 (d, J=11.1 Hz, 1H; CH,Ph), 5.38
(dd, J;,=9.1 Hz, 1H; H-3), 5.43 (s, 1H; CHPh), 7.26-7.50 ppm (m, 10H;
aromatic); "C NMR: 0=14.89, 20.55, 25.01, 29.14, 68.18, 69.89, 73.85,
74.87, 78.31, 79.61, 85.47, 100.82, 125.89 (x2), 127.57, 127.81 (x2), 127.88
(x2), 12825 (x2), 128.66, 136.83, 137.48, 169.32 ppm; HR-FAB MS:
caled for CpyH,O6S [M+H]*: 445.1685; found: 445.1686.

2-Thiazolinyl 3-O-acetyl-2-O-benzyl-4,6-O-benzylidene-1-thio-p-D-gluco-
pyranoside (26): This compound was obtained from 25 by method D in
53% yield as white foam. R;=0.40 (ethyl acetate/hexanes, 2:3, v/v);
[a]l5=+1.21° (c=1.0 in CHCL); 'HNMR: 6=1.97 (s, 3H; COCH,),
3.40 (t, Jensenn=38.0 Hz, 2H; CH,N), 3.60-3.80 (m, 4H; H-2, 4, 6a, 6b),
4.10-4.35 (m, 1H; CH,S), 442 (dd, Js,=3.3 Hz, J54,=4.0 Hz, 1H; H-5),
4.62 (d, J=11.0 Hz, 1H; CH,Ph), 4.83 (d, J=11.0 Hz, 1H; CH,Ph), 5.42
(dd, J,5=8.9Hz, 1H; H-3), 547 (d, J,,=10.0 Hz, 1H; H-1), 548 (s, 1H;
CHPh), 7.30-7.43 ppm (m, 10H; aromatic); *C NMR: 0=21.07, 35.39,
64.44, 68.74, 70.71, 70.92, 74.37, 75.34, 78.64, 79.04, 85.13, 101.58, 126.32
(x2), 128.19, 128.36, 128.40 (x2), 128.62 (x2), 129.24, 137.03, 137.44 ppm;
HR-FAB MS: caled for C,sH,NO(S, [M+H]*: 502.1358; found:
502.1355.

2-Thiazolinyl  4-O-acetyl-2,3,6-tri-O-benzyl-1-thio-f-D-glucopyranoside
(28): This compound was obtained from ethyl 4-O-acetyl-2,3,6-tri-O-
benzyl-1-thio-B-p-glucopyranoside (27)P2 by method D, as a colorless
syrup in 40% yield. R;=0.43 (ethyl acetate/hexanes, 2:3, v/v); [a]5=
—4.4° (¢c=1.0 in CHCl;); 'HNMR: 6=1.77 (s, 3H; COCHs;), 3.28 (t,
Jenscnn=38.1Hz, 2H; CH,N), 3.50-3.53 (m, 2H; H-2, 6a), 3.59-3.70 (m,
3H; H-3, 5, 6b), 4.09-4.20 (m, 2H; CH,S), 4.48 (s, 2H; CH,Ph), 4.58-
4.81 (m, 4H; CH,Ph), 5.04 (dd, J;,=92Hz, 1H; H-4), 528 (d, J,,=
9.6 Hz, 1H; H-1), 7.20-7.30 ppm (m, 15H; aromatic); *C NMR: 0=
20.92, 3522, 64.41, 69.38, 70.69, 73.56, 75.48, 75.76, 77.97, 80.69, 83.98,
84.59, 127.72, 127.90, 127.95 (x2), 128.02 (x2), 128.12, 128.40 (x2),
128.52 (x2), 12856 (x2), 137.57, 138.05, 138.19, 169.76 ppm; HR-FAB
MS: caled for C;,H3NOGS, [M+H]*: 594.1984; found: 594.1984.

2-Thiazolinyl 1-thio-B-D-glucopyranoside (35): A solution of NaOMe in
MeOH (1.0m, 1 mL, 1.0 mmol of MeONa) was added to a stirred suspen-
sion of 2 (320 mg, 0.71 mmol) in dry methanol (4 mL) and the reaction
mixture was stirred for 1 h at RT. The reaction was then neutralized with
Dowex (H*), filtered, and concentrated in vacuo to yield crude 35 as
white foam (196 mg, 98%). R;=0.30 (methanol/dichloromethane, 1:4,
vIv); [a]5=-34.0° (c=1.0 in methanol); '"HNMR (CD;OD): 6=3.27-
3.50 (m, 6H; H-2, 3, 4, 5, CH,S), 3.71 (dd, J5s,=2.3 Hz, 1H; H-6a), 3.87
(dd, J=11.9 Hz, 1H; H-6b), 4.10-4.32 (m, 2H; CH,N), 5.14 ppm (d, J,,=
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9.8 Hz, 1H; H-1); "CNMR: §=35.56, 62.60, 65.10, 70.94, 73.82, 79.65,
82.26, 87.24, 168.27 ppm; HR-FAB MS: calcd for C,H,(NO;S, [M+H]":
282.0470; found: 282.0466.

2-Thiazolinyl 2,3,4-tri-O-benzoyl-1-thio-f-p-glucopyranoside (36): Com-
pound 35 was dissolved in dry pyridine (35 mL) and triphenylmethyl
chloride (4.18 g, 15 mmol) was added. The reaction mixture was left for
24h at RT, cooled to 0°C and then benzoyl chloride (7.65mL,
44.6 mmol) was added dropwise. The reaction mixture was stirred under
argon at RT for 16 h, and then was quenched with methanol (35 mL).
Volatile solvents were evaporated in vacuo, the residue was diluted with
CH,Cl, (125 mL) and the organic layer was washed with water (40 mL),
saturated aq. NaHCO; (40 mL), water (40 mL), 1M HCI (2x30 mL), and
water (3x40 mL). The organic phase was separated, dried, and concen-
trated in vacuo. The residue was purified by column chromatography on
silica gel (ethyl acetate/hexane gradient elution). After that, the product
was dissolved in CH,Cl, (100 mL) containing trifluoroacetic acid (3 mL)
and water (0.5 mL). The reaction mixture was kept for 1 h at RT, then di-
luted with CH,Cl, (50 mL.), transferred into a separatory funnel and
washed with water (40 mL), saturated aq. NaHCO; (2x50mL), and
water (3x50 mL). The organic phase was separated, dried, and concen-
trated in vacuo. The residue was purified by column chromatography on
silica gel (ethyl acetate/hexane gradient elution) to give 36 as a white
foam (4.20 g, 58%). R;=0.44 (acetone/toluene, 1:5, v/v), [a]5 =+45.2°
(¢c=1 in CHCl;); 'HNMR: 6=3.25 (m, 2H; CH,N), 3.70-3.80 (m, 2H;
H-6a, 6b), 3.99 (m, 1H; H-5), 4.05-4.30 (m, 2H; CH,S), 5.49 (dd, J,5=
9.8 Hz, 1H; H-4), 5.57 (dd, J,;=9.7 Hz, 1H; H-2), 5.75 (d, J,,=10.3 Hz,
1H; H-1), 5.97 (dd, J;,=9.4 Hz, 1H; H-3), 7.10-7.90 ppm (m, 15H; aro-
matic); C NMR: §=35.27, 61.55, 64.10, 69.23, 70.33, 73.85, 77.42, 79.28,
83.11, 128.31 (x2), 128.36 (x2), 128.50 (x2), 128.72, 128.76, 129.70 (x2),
129.91 (x2), 129.96 (x2), 133.29, 133.45, 133.67, 162.99, 165.15, 165.69,
165.82 ppm; HR-FAB MS: calcd for CyHyNOgS, [M+H]*: 594.1256;
found: 594.1255.

2-Thiazolinyl 4,6-O-benzylidene-1-thio-f-p-glucopyranoside (37): Com-
pound 35 (50mg, 0.183 mmol) was dissolved in dry benzaldehyde
(1.2mL), and the mixture was cooled to 0°C and stirred under argon.
Anhydrous ZnCl, (25 mg, 0.183 mmol) was then added and the reaction
mixture was stirred at 0°C for 5 h. The volatiles were evaporated under
vacuum and the crude residue was purified by column chromatography
on silica gel (methanol/dichloromethane gradient elution) to give 37 as
white solid (58 mg, 88 %). R;=0.50 (methanol/dichloromethane, 1:9, v/v);
[ally=—-8.94° (c=1 in CHCL); '"HNMR: 6=3.38 (t, Jop,scnn=8.5 Hz,
2H; CH,N), 3.45-3.70 (m, 3H; H-2, 3, 5), 3.74 (dd, Js,6,=9.9 Hz, 1H; H-
6a), 3.84 (dd, J,s=8.6 Hz, 1H; H-4), 4.15-4.25 (ddd, /=8.1Hz, 2H;
CH,S), 437 (dd, Js5,=3.7 Hz, 1H; H-6b), 5.30 (d, J;,=9.9 Hz, 1H; H-1),
5.53 (s, 1H; CHPh), 7.30-7.52 ppm (m, 5H; aromatic); "C NMR: 0=
35.65, 64.02, 68.68, 71.11, 74.28, 75.21, 80.17, 85.69, 102.10, 126.55, 128.55,
129.51, 137.09, 165.12 ppm; HR-FAB MS: caled for C;H,NOsS,
[M+H]*: 370.7083; found: 370.0782.

2-Thiazolinyl  2,3-di-O-benzoyl-4,6-O-benzylidene-1-thio-f-D-glucopyra-
noside (37a): Compound 37 (1.17 g, 3.17 mmol) was dissolved in pyridine
(15 mL). The reaction was cooled down to 0°C and BzCl (1.1 mL,
9.51 mmol) was then added dropwise. The reaction mixture was stirred
under argon at RT for 16 h, and then it was quenched with methanol
(5 mL). Volatile solvents were evaporated in vacuo, the residue was dilut-
ed with CH,Cl, (100 mL), and the organic layer was washed with water
(20 mL), saturated aq. NaHCO; (20 mL), water (20 mL), 1M HCI (2x
20 mL), and water (3x20 mL). The organic phase was separated, dried,
and concentrated in vacuo. The residue was purified by column chroma-
tography on silica gel (ethyl acetate/toluene gradient elution) to afford
37a as white solid (1.7 g, 94 %). R;=0.42 (ethyl acetate/hexanes, 1:1, v/v);
[al¥=+67.7° (c=0.39 in CHClL); 'HNMR: 6=3.20-341 (m, 2H;
CH,N), 3.80-3.98 (dd, Je,e=7.4Hz, 2H; H-6a, 6b), 4.00 (dd, J,5=
9.3 Hz, 1H; H-4), 410-4.32 (m, 2H; CH,S), 4.50 (dd, J54,=5.6 Hz, 1H;
H-5), 5.58 (s, 1H; CHPh), 5.67 (dd, J,3=9.2Hz, 1H; H-2), 5.86 (d, J;,=
10.3 Hz, 1H; H-1), 5.92 (dd, J;,=9.4 Hz, 1H; H-3), 7.30-7.99 ppm (m,
15H; aromatic); "C NMR: 6=35.44, 64.19, 68.58, 70.77, 71.25, 73.19,
78.62, 83.72, 101.64, 126.26, 128.31, 128.43, 128.48, 128.89, 129.12, 129.32,
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129.86, 130.07, 133.30, 133.57, 136.80, 162.54, 165.39, 165.59 ppm; HR-
FAB MS: caled for C3HxNO;S, [M+H]*: 578.1307; found: 578.1302.
2-Thiazolinyl  2,3-di-O-benzoyl-6-O-benzyl-1-thio-f-D-glucopyranoside
(38): Freshly activated molecular sieves (3 A, 175 mg) ware added to a
solution of compound 37a (50 mg, 0.08 mmol) in THF (2 mL), and the
mixture was stirred under argon for 1h. Sodium cyanoborohydride
(73.6 mg, 1.16 mmol) was then added, followed by 2m HCI in dry ether
(0.58 mL, 1.16 mmol) until no H, gas was released from the reaction. The
reaction mixture was stirred at RT for 20 h and then diluted with CH,Cl,,
the solid was filtered-off, and the residue was washed with CH,Cl,. The
combined filtrate (30 mL) was washed with 20% aq. NaHCO; (15 mL)
and water (3x10mL), the organic phase was separated, dried over
MgSO,, and concentrated in vacuo. The residue was purified by column
chromatography on silica gel (acetone/toluene gradient elution) to obtain
38 as a colorless syrup (32.9 mg, 65%). R;=0.57 (acetone/toluene, 2:3,
vIv); [a]y =+28.4° (c=1.0 in CHCL;); 'HNMR: 6=3.27 (brs, 1H; OH),
3.30-3.60 (m, 2H; CH,N), 3.80-3.95 (m, 3H; H-5, 6a, 6b), 4.07 (dd, J,s=
8.8 Hz, 1H; H-4), 4.15-4.47 (m, 2H; CH,S), 4.64 (dd, /=11.8 Hz, 2H;
CH,Ph), 5.20 (d, J,,=9.4 Hz, 1H; H-1), 5.50-5.70 (m, 2H; H-2, 3), 7.20-
7.96 ppm (m, 15H; aromatic); “C NMR: 6=31.04, 62.98, 69.53, 69.80,
70.12, 74.06, 79.82, 84.23, 126.56, 128.01, 128.08, 128.22, 128.42, 128.78,
130.18, 130.22, 133.99, 134.08, 137.78, 141.49, 147.54, 165.40, 167.15,
183.56 ppm; HR-FAB MS: caled for CyH;NO,S, [M+H]™: 580.1464;
found: 580.1464.

2-Thiazolinyl 2,3-di-O-benzoyl-6-O-benzyl-1-thio-f-D-glucopyranoside
(39): Compound 37a (50 mg, 0.087 mmol) was dissolved in CH,Cl,
(1 mL) containing trifluoroacetic acid (0.15 mL) and water (0.1 mL). The
reaction mixture was kept for 30 min at 0°C, then diluted with CH,Cl,
(30 mL), transferred into a separating funnel and washed with water
(10 mL), saturated aq. NaHCO; (2x10 mL), and water (3x10 mL). The
organic phase was separated, dried over MgSO,, and concentrated in
vacuo. The residue was purified by column chromatography on silica gel
(ethyl acetate/hexane gradient elution) to give 39 as white foam in 95 %
yield. R;=0.62 (acetone/toluene, 1:9, v/v); [a]5=+128.4° (c=1 in
CHClL;); 'H NMR: 6 =3.10-3.30 (m, 2H; CH,N), 3.75-3.85 (m, 2H; H-5,
OH), 3.86-4.10 (m, 4H; H-4, 6a, 6b, CH,S), 4.14-4.25 (m, 1H; CH,S),
4.40 (brs, 1H; OH), 5.44 (dd, J,5=9.7 Hz, 1H; H-2), 5.55-5.65 (m, 2H;
H-1, 3), 7.20-7.90 ppm (m, 10H; aromatic); C NMR: 6=31.04, 35.17,
62.16, 64.17, 69.27, 70.20, 80.66, 82.98, 128.51, 128.80, 128.97, 129.22,
129.95, 130.04, 133.5, 133,53, 163.94, 165.55, 166.82 ppm; HR-FAB MS:
caled for C3H,,NO;S, [M+H]*: 490.0994; found: 490.0995.

2-Thiazolinyl 2-O-benzyl-4,6-O-benzylidene-1-thio-f-D-glucopyranoside
(89): This compound was obtained from 26 by using a procedure similar
to that described for the synthesis of 35. The crude residue was purified
by column chromatography on silica gel (ethyl acetate/hexane gradient
elution) to yield 89 as white foam in 90 % yield. R;=0.32 (ethyl acetate/
hexanes, 3:7, v/v); [a]3=-7.3° (c=1.0, CHCL;); 'H NMR: 6=2.90 (brs,
1H; OH), 325 (t, Jeuscun=382Hz, 2H; CH,N), 3.39-3.47 (m, J,5=
3.8 Hz, 3H; H-2, 5, 6b), 3.58-3.70 (m, 1H; H-6a), 3.79 (dd, J,5=7.6 Hz,
1H; H-4), 4.00-4.20 (m, 2H; CH,S), 4.29 (dd, J;,=10.3 Hz, 1H; H-3),
4.75 (dd, J,=10.9 Hz, 2H; CH,Ph), 5.27 (d, J,,=10.1 Hz, 1H; H-1), 5.42
(s, 1H; CHPh), 7.20-7.42 ppm (m, 10H; aromatic); *C NMR: 6 =35.03,
64.18, 68.49, 70.21, 75.30, 75.44, 80.16, 80.39, 84.62, 101.74, 126.25 (x2),
127.98, 128.27 (x4), 128.41 (x2), 129.21, 136.90, 137.62, 163.21 ppm; HR-
FAB MS: caled for C3HpNOsS, [M+H]*: 460.1252; found: 460.1249.
2-Thiazolinyl 2,4,6-tri-O-benzyl-1-thio-p-pD-glucopyranoside (91): This
compound was obtained from 16 by using a procedure similar to that de-
scribed for the synthesis of 35. The crude residue was purified by column
chromatography on silica gel (ethyl acetate/hexane gradient elution) to
yield 91 as a colorless syrup in 85% yield. R;=0.31 (acetone/toluene, 1:9,
vIv); [a]ly =—2.0° (c=1, CHCl;); '"H NMR: 6=3.34 (t, Jeuscun=38.1 Hz,
2H; CH,N), 3.46 (dd, J,5=9.8 Hz, 1H; H-2), 3.53-3.67 (m, 2H; H-6a,
6b), 3.70-3.90 (m, 3H; H-3, 4, 5), 4.10-4.32 (m, 2H; CH,S), 4.52-4.88 (m,
6H; CH,Ph), 526 (d, J,,=10.0 Hz, 1H; H-1), 7.15-7.40 ppm (m, 15H;
aromatic); "C NMR (500 MHz): 6=138.24, 138.12, 137.75, 128.55(x2),
128.47 (x2), 128.31 (x2), 128.30(x2), 128.07, 127.90(x2), 127.84, 127.59,
84.35, 80.52, 79.18, 78.60, 77.17, 75.20, 74.58, 73.42, 68.58, 64.31, 60.37,
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34.98, 21.03, 14.19 ppm; HR-FAB MS: calcd for C3H;NOsS, [M+H]":
552.1878; found: 552.1879.

Comparative hydrolytic stability studies—synthesis of 42

Method A—general NIS/TfOH-promoted leaving group hydrolysis: A
mixture of 14, 40, or 41 (0.10 mmol), N-iodosuccinimide (0.20 mmol), and
TfOH (0.01-0.02 mmol) in CH,Cl,/water (95:5 v/v, 2.5 mL) was stirred
for 1-16 h at RT. Quantitative estimates were made based on the accu-
mulation of 2,3,4,6-tetra-O-benzyl-D-glucopyranose (42) observed by
TLC.

Method B—general TfOH/Bu,NIO mediated leaving group hydrolysis: A
mixture of 14, 40, or 41 (0.10 mmol), tetrabutyl ammonium periodate
(0.05 mmol) and 70% aq. TfOH (5 pL) was stirred for 1-16 h at —10°C.
Quantitative TLC estimates were made based on the accumulation of 42.

Method C—general NBS-promoted leaving group hydrolysis: A mixture
of 14, 40, or 41 (0.10 mmol), N-bromosuccinimide (0.20 mmol) in ace-
tone/water (9:1 v/v, 1.5mL) was stirred for 1-16 h at RT. Quantitative
TLC estimates were made based on the accumulation of 42.

Methods D and E—general acid-catalyzed leaving group hydrolysis: A
mixture of 14, 40, or 41 (0.10 mmol) and acid (TFA, 0.10 mmol or TfOH,
0.02 mmol) in acetone/water (9:1 v/v, 1.5 mL) was stirred for 1-16 h at
RT. Quantitative TLC estimates were made based on the accumulation
of 42.

Preparation of di- and oligosaccharides

Method A—typical AgOTf-promoted glycosylation procedure (activation
of the STaz glycosides): A mixture the glycosyl donor (0.11 mmol), glyco-
syl acceptor (0.10 mmol), and freshly activated molecular sieves (3 A,
200 mg) in CICH,CH,CI (2 mL) was stirred under argon for 1.5 h. Freshly
conditioned AgOTf (0.22 mmol) was added and the reaction mixture was
stirred for 1-2 h at RT and then diluted with CH,Cl,, the solid was fil-
tered-off, and the residue was washed with CH,Cl,. The combined filtrate
(30 mL) was washed with 20% aq. NaHCO; (15mL) and water (3x
10 mL), and the organic phase was separated, dried over MgSO,, and
concentrated in vacuo. The residue was purified by column chromatogra-
phy on silica gel (ethyl acetate/hexane gradient elution) to afford a di- or
an oligosaccharide derivative.

Method B—typical NIS/TfOH-promoted glycosylation procedure (activa-
tion of the S-ethyl, S-phenyl and STaz glycosides): A mixture the glycosyl
donor (0.125 mmol), glycosyl acceptor (0.10 mmol), and freshly activated
molecular sieves (4 A, 200 mg) in CICH,CH,Cl (2 mL) was stirred for 1 h
under argon. NIS (0.25 mmol) and TfOH (0.025 mmol for SEt/SPh or
0.130 mmol for STaz) were added and the reaction mixture was stirred
for 2-24 h at RT. Upon completion, the solid was filtered-off and the resi-
due was washed with CH,Cl,. The combined filtrate (30 mL) was washed
with 20 % aq. Na,S,0; (15 mL) and water (3x10 mL). The organic phase
was separated, dried over MgSO,, and concentrated in vacuo. The resi-
due was purified by column chromatography on silica gel (ethyl acetate/
hexane gradient elution) to afford a di- or an oligosaccharide derivative.

Method C—typical Cu(OTf),-promoted glycosylation procedure (activa-
tion of STaz and SBox glycosides): A mixture the glycosyl donor
(0.13 mmol), glycosyl acceptor (0.10 mmol), and freshly activated molec-
ular sieves (4 A, 200 mg) in CICH,CH,Cl (1.6 mL) was stirred under
argon for 1h followed by addition of freshly conditioned Cu(OTf),
(141 mg, 0.39 mmol). The reaction mixture was stirred for 1648 h at RT
and then diluted with CH,Cl,, the solid was filtered-off, and the residue
was washed with CH,Cl,. The combined filtrate (30 mL) was washed
with water (3x15mL), and the organic phase was separated, dried over
MgSO,, and concentrated in vacuo. The residue was purified by column
chromatography on silica gel (ethyl acetate/toluene gradient elution) to
yield the corresponding di- or oligosaccharide.

Method D —typical MeOTf-promoted glycosylation procedure (activation
of STaz glycosides): A mixture the glycosyl donor (0.11 mmol), glycosyl
acceptor (0.10 mmol), and freshly activated molecular sieves (3 A,
200 mg) in CICH,CH,CI (2 mL) was stirred for 2 h under argon. MeOTf
(0.33 mmol) was added and the reaction mixture was stirred for 2-24 h at
room temperature; then Et;N (0.5 mL) was added, the mixture was dilut-
ed with CH,Cl, (30 mL), the solid was filtered-off, and the residue was
washed with CH,Cl,. The combined filtrate was washed with water (4 x
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10 mL), and the organic phase was separated, dried over MgSO,, and
concentrated in vacuo. The residue was purified by column chromatogra-
phy on silica gel (ethyl acetate/hexane gradient elution) to yield the cor-
responding di- or oligosaccharide.

Method E—typical HgO/HgBr,-promoted glycosylation procedure (activa-
tion of glycosyl bromides): A mixture the glycosyl donor (0.11 mmol),
glycosyl acceptor (0.10 mmol), and freshly activated molecular sieves
(3 A, 200 mg) in CICH,CH,Cl (2 mL) was stirred under argon for 1.5 h.
HgO (0.11 mmol) and HgBr, (0.006 mmol) were added and the reaction
mixture was stirred for 16 h at RT and then diluted with CH,Cl,. The
solid was then filtered-off and the residue was washed with CH,Cl,. The
combined filtrate (30 mL) was washed with 20% aq. NaHCO; (15 mL)
and water (3x10mL), and the organic phase was separated, dried over
MgSO,, and concentrated in vacuo. The residue was purified by column
chromatography on silica gel (ethyl acetate/hexane gradient elution) to
afford a disaccharide derivative.

Method F—typical BF;Et,O-promoted glycosylation procedure (activa-
tion of glycosyl trichloroacetimidates): A mixture the glycosyl donor
(0.11 mmol), glycosyl acceptor (0.10 mmol), and freshly activated molec-
ular sieves (4 A, 200 mg) in CICH,CH,CI (2 mL) was stirred under argon
for 1.5 h. BF;-Et,0 (0.011 mmol) was added and the reaction mixture was
stirred for 20 h at RT and then diluted with CH,Cl,. The solid was then
filtered-off and the residue was washed with CH,Cl,. The combined fil-
trate (30 mL) was washed with 20 % aq. NaHCOj; (15 mL) and water (3x
10 mL), and the organic phase was separated, dried over MgSO,, and
concentrated in vacuo. The residue was purified by column chromatogra-
phy on silica gel (ethyl acetate/hexane gradient elution) to afford a disac-
charide derivative.

Methyl 3-0-(2,3,4,6-tetra-O-benzoyl-f-D-glucopyranosyl)-2-O-benzyl-4,6-
O-benzylidene-o-p-glucopyranoside (44): This compound was obtained
by method A from 4 and 43! in 91% yield. Analytical data for 44 were
essentially the same as reported previously.[*!

Methyl 2-0-(2,3,4,6-tetra-O-benzoyl-f-p-glucopyranosyl)-3,4,6-tri-O-
benzyl-a-D-glucopyranoside (46): This compound was obtained by meth-
od D from 4 and 45 in 99% yield. R;=0.27 (ethyl acetate/hexane, 3:7,
viv); [aly=+29.1° (c=1, CHCL); 'HNMR: 6=3.27 (s, 3H; OCH,),
3.46-3.68 (m, 4H; H-4, 5, 6a, 6b), 3.70-3.75 (dd, J,5=3.4 Hz, 1H; H-2),
3.85 (dd, J;,=94Hz, 1H; H-3), 404-4.10 (m, Jys=15Hz, J54 =
48 Hz, 1H; H-5'), 4.27-4.43 (m, 4H; H-6b’, CH,Ph), 4.48-4.62 (m, 3H;
CH,Ph), 4.62-4.67 (dd, Je, ¢y =3.0 Hz, 1H; H-6a’), 498 (d, J,,=3.4Hz,
1H; H-1), 5.09 (d, J;,=7.7Hz, 1H; H-1), 5.64 (dd, /J=9.6 Hz, 2H; H-
2'4), 5.83 (dd, J34=9.6 Hz, 1H; H-3'), 6.85-8.00 ppm (m, 35H; aromat-
ic); P"CNMR: 6=55.48, 63.06, 68.75, 69.66, 70.03, 72.18, 72.52, 73.46,
73.71, 75.10, 75.44, 77.44, 77.96, 81.07, 82.09, 127.31, 127.41, 127.73,
127.87, 127.95, 128.09, 128.27, 128.41, 128.46, 128.57, 128.63, 128.66,
128.92, 128.95, 129.06, 129.63, 129.88, 129.92, 130.00, 130.06, 133.21,
133.40, 133.68, 138.21, 138.39, 138.67, 165.21, 165.37, 166.02, 166.25 ppm;
HR-FAB MS: caled for C,HsyO15 [M+H]*: 1043.3854; found: 1043.3855.
Methyl 4-0-(2,3,4,6-tetra-O-benzoyl-f-p-glucopyranosyl)-2,3,6-tri-O-
benzyl-a-D-glucopyranoside (48): This compound was obtained by meth-
od B from 4 and 47"? in 93% yield. R;=0.58 (ethyl acetate/hexane, 1:1,
vIv); [a]] =+4.27° (c=1 in CHCL); '"HNMR: 6=3.28 (s, 3H; OCH;),
3.39-3.54 (m, 3H; H-2, 5 ,6a), 3.68-3.77 (m, 2H; H-5, 6b), 3.89 (dd, J;,=
8.9 Hz, 1H; H-3), 3.98 (dd, J,5=9.4 Hz, 1H; H-4), 4.23-4.29 (dd, Jey oy =
5.0 Hz, 1H; H-6a’), 435 (d, /=122 Hz, 1H; CH,Ph), 4.38-4.43 (dd, J=
34 Hz, 1H; H-6b'), 4.544.69 (m, 3H; CH,Ph), 473482 (m, J,=
2.7Hz, 3H; H-1, CH,Ph), 5.08 (d, J;,=11.2Hz, 1H; H-1'), 547 (dd,
Jy4=82Hz, 1H; H-3), 5.55 (dd, J, 5=9.3 Hz, 1H; H-4"), 7.20-8.00 ppm
(m, 35H; aromatic); *C NMR: 6 =55.53, 63.33, 67.75, 69.65, 70.04, 72.01,
72.43, 73.34, 73.75, 73.79, 75.54, 77.46, 78.96, 80.14, 98.67, 100.59, 127.32,
127.58 (x2), 127.80, 127.92, 128.18, 128.22 (x2), 128.31, 128.45 (x3),
128.51 (x3), 128.52 (x3), 128.57 (x3), 128.63 (x2), 129.04 (x2), 129.10,
129.30, 129.81, 129.86 (x2), 129.92 (x4), 133.13, 133.34, 133.51, 133.53,
138.07, 138.52, 139.47, 164.99, 165.27, 165.90, 166.21 ppm; HR-FAB MS:
caled for Ci,HsoO,5 [M+H]*: 1043.3854; found: 1043.3855.

Methyl 2,3,4-tri-O-benzoyl-6-0-(2,3,4,6-tetra-O-benzoyl-p-p-glucopyrano-
syl)-p-p-galactopyranoside (50): This compound was obtained by meth-
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od A from 4 and 49 in 90% yield. Analytical data for 50 were essen-
tially the same as reported previously.®!
6-0-(2,3,4,6-Tetra-O-benzoyl-f-p-glucopyranosyl)-1,2:3,4-di-O-isopropyli-
dene-a-p-galactopyranose (52): This compound was obtained by meth-
od D from 4 and 51 in 82% yield. R;=0.55 (ethyl acetate/hexane, 1:1, v/
v); [a]f=+2.82° (c=1 in CHCL); 'HNMR: §=1.12, 1.16, 1.29 (3s,
12H; CH;), 3.75-3.84 (m, 2H; H-5, 6b), 3.92-3.96 (dd, J, s, =2.5 Hz, 1 H;
H-6a), 4.00-4.03 (dd, J=12Hz, 1H; H-6a’), 4.07-4.11 (m, 1H; H-5'),
4.12-4.15 (dd, J,;=2.4 Hz, 1H; H-2), 4.34-4.37 (dd, Js, ¢y=2.4 Hz, 1H;
H-6b"), 4.42 (dd, J;,=5.2 Hz, 1H; H-3), 4.54-4.58 (dd, J,5=3.4 Hz, 1H;
H-4), 497 (d, Jy»=79Hz, 1H; H-1'), 534 (d, J,,=5.0Hz, 1H; H-1),
5.43-5.50 (dd, J,3=7.9Hz, 1H; H-2'), 5.60 (dd, 1H; H-4"), 5.83 (dd,
Jyy=9.6 Hz, 1H; H-3'), 7.18-8.00 ppm (m, 20H; aromatic); *C NMR:
0=24.41, 25.02, 25.84, 26.05, 63.07, 63.42, 67.72, 68.48, 69.98, 70.51, 70.70,
71.15, 71.99, 72.33, 73.20, 96.33, 101.41, 108.66, 109.44, 128.38, 128.45 (x
2), 128.53 (x2), 128.57 (x3), 128.63, 129.98, 129.01, 129.52, 129.79, 129.86,
129.94 (x3), 130.00 (x2), 130.09, 130.18, 133.24, 133.37, 133.58, 165.34,
165.38, 165.99, 166.36 ppm; HR-FAB MS: caled for C,sHy;O5 [M+H]*:
839.2915; found: 839.2915.

Methyl 6-0-(2,3,4,6-tetra-O-benzoyl-f-p-glucopyranosyl)-2,3,4-tri-O-
benzyl-a-p-glucopyranoside (54): This compound was obtained by meth-
od C from 4 and 53“ in 99% yield. Analytical data for 54 were essen-
tially the same as reported previously.*

Methyl  4-0-(2,3,4,6-tetra-O-benzoyl-f-p-galactopyranosyl)-2,3,6-tri-O-
benzyl-a-D-glucopyranoside (55): This compound was obtained by meth-
od A from 6 and 47Y in 92% yield. R;=0.20 (ethyl acetate/hexane, 3:7,
viv); [a]d=+6.24° (c=1 in CHCL); '"HNMR: 6=3.31 (s, 3H; OCH,),
3.40-3.42 (dd, 1H; H-6a), 3.49-3.56 (m, 2H; H-2, 5), 3.68-3.73 (dd,
Jeasn=2.5Hz, 1H; H-6b), 3.89-3.96 (m, 2H; H-4, 5'), 4.02 (dd, J;,=
5.9 Hz, 1H; H-3), 4.19 (dd, J¢, 4y =7.6 Hz, 1H; H-6b’), 4.33 (d, J=9.7 Hz,
1H; CH,Ph), 4.38-4.44 (m, 1H; H-6a"), 4.59 (d, J,,=3.6 Hz, 1H; H-1),
4.65 (d, /=123 Hz, 1H; CH,Ph), 4.72-4.83 (m, 3H; H-4', CH,Ph), 4.92
(d, /=11.2 Hz, 1H; CH,Ph), 5.19 (d, J=11.1 Hz, 1H; CH,Ph), 5.28-5.36
(dd, J,3=4.5Hz, 1H; H-2'), 5.67-5.74 (dd, Jy+=8.1 Hz, 1H; H-3'), 5.86
(d, Jyy=34Hz, 1H; H-1), 7.19-8.05ppm (m, 35H; aromatic);
BCNMR: 6=55.59, 61.62, 67.76, 68.03, 69.71, 70.51, 71.16, 72.07, 73.81,
73.86, 75.45, 76.93, 77.43, 78.84, 80.05, 98.77, 100.60, 127.38, 127.43 (x3),
127.98, 128.29 (x4), 128.46 (x2), 128.52 (x3), 128.57 (x3), 128.66 (x4),
128.78 (x2), 129.00, 129.27, 129.38, 129.73, 129.87 (x2), 129.92 (x2),
130.02 (x2), 130.05 (x2), 133.39, 133.52, 133.64, 138.01, 138.55, 139.59,
165.10, 165.65, 166.05 ppm; HR-FAB MS: caled for C,,Hs0Oy5 [M+H]*:
1043.3854 found 1043.3855.

Methyl  6-0-(2,3,4,6-tetra-O-benzoyl-f-p-galactopyranosyl)-2,3,4-tri-O-
benzyl-a-D-glucopyranoside (56): This compound was obtained by meth-
od A from 6 and 531! in 84% yield. Analytical data for 56 were essen-
tially the same as reported previously.®®

Methyl 4-0-(2,3,4,6-tetra-O-benzoyl-p-D-mannopyranosyl)-2,3,6-tri-O-
benzyl-a-D-glucopyranoside (57): This compound was obtained by meth-
od A from 8 and 47"¥ in 85% yield. Analytical data for 57 were essen-
tially the same as reported previously.*

Methyl 6-0-(2,3,4,6-tetra-O-benzoyl-f-p-mannopyranosyl)-2,3,4-tri-O-
benzyl-a-p-glucopyranoside (58): This compound was obtained by meth-
od A from 8 and 53/ in 87% yield. R;=0.37 (ethyl acetate/hexane, 3:7,
viv); [a]®=+12.0° (c=1 in CHCL); 'HNMR: §=3.41 (s, 3H; OCH,),
3.50 (dd, J,5=9.3Hz, H; H-4), 3.51-3.57 (dd, J,5=3.6 Hz, 1H; H-2),
3.75-3.85 (m, 2H; H-5, 6b), 3.88-3.94 (dd, J, 6, =4.9 Hz, 1H; H-6a), 4.00
(dd, J;,=9.2Hz, 1H; H-3), 427-4.33 (dd, Js e =4.3 Hz, 1H; H-6b"),
4.34-4.40 (m ,1H; H-5, 4.57-4.67 (m, J,,=3.6 Hz, 4H; H-1, 6a’, CH,Ph),
4.74-4.82 (m, 2H; CH,Ph), 4.96-5.00 (dd, J=11.1 Hz, 2H; CH,Ph), 5.12
(d, Jy»=1.5Hz, 1H; H-1"), 5.69 (dd, J,3=1.7 Hz, 1H; H-2"), 5.82-5.87
(dd, J3,=3.3Hz, 1H; H-3'), 6.04 (dd, J,5=10.0 Hz, 1H; H-4), 7.20-
8.10 ppm (m, 35H; aromatic); "C NMR: =55.41, 60.56, 62.89, 66.83,
67.08, 68.82, 69.08, 70.06, 70.15, 70.45, 73.64, 75.21, 75.90, 76.28, 77.43,
77.91, 79.10, 80.41, 82.30, 97.93, 98.09, 127.77, 127.82 (x2), 127.95, 128.06,
128.14 (x2), 12829 (x2), 128.48 (x2), 128.58 (x3), 128.63 (x4), 128.65
(x5), 128.75 (x2), 129.18, 129.29, 129.54, 129.89 (x4), 130.03 (x2),
130.12, 133.23, 133.33, 133.60, 133.85, 134.26, 138.36, 138.39, 138.92 ppm;
HR-FAB MS: calcd for Cg,HsO,5 [M+H]*: 1043.3854, found: 1043.3855.
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Methyl 2-O-benzyl-3-0-(2,3,4,6-tetra-O-benzyl-D-glucopyranosyl)-4,6-O-
benzylidene-a-D-glucopyranoside (59): This compound was obtained by
method A from 14 and 43“" in 85% yield (a/p 7.7:1). Analytical data for
59 were essentially the same as reported previously.*”

Methyl 2-0-(2,3,4,6-tetra-O-benzyl-D-glucopyranosyl)-3,4,6-tri-O-benzyl-
o-D-glucopyranoside (60): This compound was obtained by method A
from 14 and 451 in 99% yield (a/p 4.5:1). Selected analytical data for a-
60: R;=0.40 (ethyl acetate/hexane, 3:7, v/v); '"H NMR: 6=4.95 (d, J,,=
3.1 Hz, 1H; H-1), 497 ppm (d, J;»=4.5Hz, 1H; H-1); "CNMR: 6=
29.91, 55.06, 68.26, 68.73, 70.27, 70.40, 73.05, 73.53, 73.71, 74.88, 75.06,
75.16, 75.88, 76.44, 77.43, 77.77, 78.18, 79.18, 80.96, 82.37, 94.34, 96.54,
127.58, 127.71, 127.77, 127.81, 127.86 (x2), 127.89 (x3), 128.04, 128.10
(x2), 12819 (x2), 128.24 (x3), 128.37 (x2), 128.50 (x2), 128.51 (x2),
128.57 (x4), 128.59 (x4), 128.69 (x2), 138.10, 138.15, 138.34, 138.51,
138.66, 138.90, 138.96 ppm; HR-FAB MS: caled for C,,H;Oy [M+H]*:
987.4683; found: 987.4685

Methyl 2,3,6-tri-O-benzyl-4-0-(2,3,4,6-tetra-O-benzyl-D-glucopyranosyl)-
o-D-glucopyranoside (61): This compound was obtained by method A
from 14 and 47% in 95% yield (a/f 3.5:1). Analytical data for 61 were
essentially the same as reported previously.™!

Methyl  2,3,4-tri-O-benzoyl-6-0-(2,3,4,6-tetra-O-benzyl-p-glucopyrano-
syl)-B-p-galactopyranoside (62): This compound was obtained by meth-
od A from 14 and 49! in 82% yield (a/p 4.1:1). Selected analytical data
for a-62: R;=0.32 (ethyl acetate/hexane, 3:7, v/v); 'HNMR: 6 =4.46 (d,
Jigp, 2p5="5.3 Hz, 1H; H-1'(BP)), 4.63 (d, Jippop5=5.5 Hz, 1H; H-1 (Bp)),
4.66 (d, Jip20s=06.8 Hz, 1H; H-1 (af)), 4.77 ppm (d, Jyeprqs=8.1 Hz,
1H; H-U (af)); "CNMR: 6=97.23 (o), 10249 (B), 102.52 (B),
103.93 ppm (f'); HR-FAB MS: caled for C,,H Oy, [M+H]T: 1029.4261;
found: 1029.4260.

Methyl 2,3,4-tri-O-benzyl-6-0-(2,3,4,6-tetra-O-benzyl-D-glucopyranosyl)-
a-D-glucopyranoside (63): This compound was obtained by method A
from 14 and 53" in 85% yield (o/p 2.7:1). Analytical data for 63 were
essentially the same as reported previously.[*”!

Methyl 3-0-(3,4,6-tri-O-acetyl-2-O-benzyl-D-glucopyranosyl)-2-O-benzyl-
4,6-0O-benzylidene-o-D-glucopyranoside (64): This compound was ob-
tained by method A from 10 and 43“"! in 78 % yield (/B 15:1). Selected
analytical data for a-64: R;=0.50 (ethyl acetate/hexane, 1:1, v/v);
'"HNMR: 6=4.54 (d, J,,=3.3 Hz, 1H; H-1 (Ba)), 4.66 (d, J,»,=4.5Hz,
1H; H-1" (Bav)), 5.35 (d, J,,=6.4 Hz, 1H; H-1 (aa)), 5.47 ppm (d, J; =
3.6 Hz, 1H; H-1' (aa)); "C NMR: §=95.86, 97.91, 98.53, 98.83, 102.20,
102.51 ppm; HR-FAB MS: caled for C,H,,O, [M+H]*: 751.2966 found
751.2963.

Methyl 2-0-(3,4,6-tri-O-acetyl-2-O-benzyl-D-glucopyranosyl)-3,4,6-tri-O-
benzyl-o-D-glucopyranoside (65): This compound was obtained by meth-
od A from 10 and 45! in 88% yield (a/p 9.3:1). Selected analytical data
for a-65: R;=0.62 (ethyl acetate/hexane, 1:1, v/v); 'HNMR: §=1.88,
2.01, 2.02 (3s, 9H; 3COCH,;), 3.44 (s, 3H; OCHj;), 3.57-3.62 (dd, J, 3=
3.6 Hz, 1H; H-2"), 3.66-3.84 (m, 6H; H-2, 4, 5, 6a, 6b, 6b"), 3.91-3.97 (dd,
Js 6w =33 Hz, Joyqy=12.5Hz, 1H; H-62’), 4.05 (dd, J;,=89Hz, 1H; H-
3), 4134.18 (m, 1H; H-5), 448-4.70 (m, 7H; CH,Ph), 482 (d, J=
10.6 Hz, 1H; CH,Ph), 4.87-4.96 (m, J,,=9.0 Hz, J,,=5.6 Hz, 3H; H-1,
1',4'),5.52 (dd, J3 4,=9.7Hz, 1H; H-3'), 7.21-7.36 ppm (m, 20H; aromat-
ic); "CNMR: 6=20.82, 2091, 21.07, 55.21, 55.43, 67.39, 68.42, 68.62,
68.70, 70.48, 70.66, 72.30, 72.83, 73.15, 73.75, 75.13, 75.26, 75.44, 75.58,
75.91, 76.22, 77.44, 78.24, 80.62, 83.50, 94.33, 96.58, 99.60, 127.73, 127.92,
127.96, 128.02, 128.07 (x2), 128.13 (x2), 128.52, 128.61 (x3), 128.73,
137.99, 138.11, 138.29, 138.62, 170.05, 170.79 ppm; HR-FAB MS: calcd
for Cy;HssO,4 [M+H]*: 843.3592 found 843.3594.

Methyl 4-0-(3,4,6-tri-O-acetyl-2-O-benzyl-p-glucopyranosyl)-2,3,6-tri-O-
benzyl-a-pD-glucopyranoside (66): This compound was obtained by meth-
od A from 10 and 471! in 89% yield (a/f >19:1). Analytical data for a-
66: R;=0.50 (ethyl acetate/hexane, 1:1, v/v); '"H NMR: 6=1.91, 1.99, 2.00
(3s, 9H; 3COCHs;), 3.38 (s, 3H; OCHj;), 3.43-3.48 (dd, J,;=10.1 Hz,
1H; H-2"), 3.55-3.60 (dd, Js4,=3.6 Hz, J54,=9.0 Hz, 1H; H-5), 3.66 (dd,
J=92Hz, 1H; H-6b’), 3.75-3.80 (dd, Je e =12.3Hz, 1H; H-6a’),
3.80.3.90 (m, 2H; H-6b, CH,Ph), 3.95-4.10 (m, 4H; H-5, 6a, CH,Ph),
4.30-4.45 (dd, J=12.3 Hz, 2H; CH,Ph), 4.45-4.60 (m, 4H; H-4, CH,Ph),
4.66 (s, 1H; H-3), 4.70-4.76 (dd, J,3=4.2 Hz, 1H; H-2), 492 (dd, J,5=
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9.9 Hz, 1H; H-4), 5.02 (d, J,,=11.8 Hz, 1H; H-1), 5.40 (dd, J3,=9.7 Hz,
1H; H-3), 5.69 (d, J;,=3.6 Hz, 1H; H-1"), 7.05-7.35 ppm (m, 20H; aro-
matic); *C NMR: §=20.92, 20.96, 21.02, 55.47, 62.05, 67.95, 68.71, 69.16,
69.70, 71.96, 73.16, 73.51, 73.70, 74.51, 77.45, 80.36, 81.83, 96.63, 97.95,
126.82 (x2), 127.29, 127.63 (x2), 127.76 (x2), 127.87, 128.00, 128.17,
128.39 (x2), 128.44 (x2), 128.57 (x3), 128.61 (x2), 128.67 (x2), 137.74,
138.13, 139.30, 169.92, 170.28, 170.78 ppm; HR-FAB MS: calcd for
C,Hss0y4 [M+H]*: 843.3592 found 843.3594.

Methyl 6-0-(3,4,6-tri-O-acetyl-2-O-benzyl-D-glucopyranosyl)-2,3,4-tri-O-
benzoyl-p-p-galactopyranoside (67): This compound was obtained by
method A from 10 and 49" in 74 % yield (o/p 4.8:1). Analytical data for
a-67: R;=0.40 (ethyl acetate/hexane, 1:1, v/v); '"HNMR: 6=1.99, 2.00,
2.01 (3s, 9H; 3COCHj;), 3.56 (dd, J,3=3.5Hz, 1H; H-2), 3.61 (s, 3H;
OCH,), 3.61-3.66 (m, 1H; H-5"), 3.88 (dd, Js =103 Hz, 1H; H-6b"),
4.01-4.06 (dd, Jg,¢,=12.2 Hz, 1H; H-6b), 4.13-4.19 (m, 1H; H-5), 423~
4.29 (m, 2H; H-6a, 6a’), 4.55-4.67 (m, 2H; CH,Ph), 4.72 (d, J,5=8.0 Hz,
1H; H-4),4.79 (d, J,,=3.5 Hz, 1H; H-1), 4.97 (dd, J,5=10.0 Hz, 1 H; H-
4), 547 (dd, J;,=9.6 Hz, 1H; H-3), 557 (dd, J,3y=3.4Hz, 1H; H-2'),
5.74-5.82 (dd, Jy4=79 Hz, 1H; H-3'), 5.87 (d, J;,=3.4 Hz, 1H; H-1'),
7.20-8.10 ppm (m, 20H; aromatic); *C NMR: 6=21.03, 21.24, 57.72,
62.27, 66.84, 67.83, 68.94, 69.23, 70.20, 72.17, 72.98, 73.53, 77.64, 96.85,
102.76, 128.25 (x2), 128.35, 128.48 (x2), 128.58 (x2), 128.75 (x2), 128.88
(x2), 128.96, 129.12, 129.56, 129.95 (x2), 130.02 (x2), 130.17 (x2),
133.45, 133.91, 137.76, 165.62, 165.65, 165.86, 169.96, 170.33, 170.79 ppm;
HR-FAB MS: calcd for C;;H,0,; [M+H]*: 885.2970; found: 885.2970.
Methyl 6-0-(3,4,6-tri-O-acetyl-2-O-benzyl-D-glucopyranosyl)-2,3,4-tri-O-
benzyl-a-D-glucopyranoside (68): This compound was obtained by meth-
od A from 10 and 53! in 70% yield (a/f 2.7:1). Selected analytical data
for 0-68: R;=0.57 (ethyl acetate/hexane, 1:1, v/v); 'HNMR: 'H NMR:
0=2.00, 2.01, 2.03 (3s, 9H; 3COCH,), 3.39 (s, 3H; OCHj;), 4.55 (d, J,,=
73 Hz, 1H; H-1), 493 (d, J,,=81Hz, 1H; H-1"), 7.21-7.36 ppm (m,
20H; aromatic); "C NMR: 0=97.09 (o), 98.24 ppm (a); HR-FAB MS:
caled for C;;Hss0,, [M+H]*: 843.3592 found 843.3594.

Ethyl 2,3,4-tri-O-benzoyl-6-0-(2,3,4,6-tetra-O-benzoyl-p-D-glucopyrano-
syl)-1-thio-p-p-glucopyranoside (70): This compound was obtained by
method A from 4 and 69" in 81 % yield. Analytical data for 70 were es-
sentially the same as reported previously.["!

Ethyl 2,3,4-tri-O-benzoyl-6-0-(2,3,4,6-tetra-O-benzyl-D-glycopyranosyl)-
1-thio-f-D-glucopyranoside (71): This compound was obtained by meth-
od A from 14 and 69 in 90% yield (a/p 2:1). Analytical data for 71
were essentially the same as reported previously.”!

Ethyl 2,3,4-tri-O-benzoyl-6-0-(2,3,4,6-tetra-O-benzoyl-f-D-glucopyrano-
syl)-1-thio-p-p-galactopyranoside (73): This compound was obtained by
method A from 4 and 72 in 85% yield. Analytical data for 73 were es-
sentially the same as reported previously.""!

Ethyl 2,3,4-tri-O-benzoyl-6-0-(2,3,4,6-tetra-O-benzyl-D-glycopyranosyl)-
1-thio-f-D-galactopyranoside (74): This compound was obtained by meth-
od A from 14 and 72/'! in 86% yield (a/p 1.8:1). Analytical data for 74
were essentially the same as reported previously.””

Ethyl 2-O-benzyl-4,6-O-benzylidene-3-0-(2,3,4,6-tetra-O-benzyl-p-gluco-
pyranosyl)-1-thio-B-D-glucopyranoside (76): This compound was obtained
by method A from 14 and 75! in 93% yield (a/p 5:1). Analytical data
for 76 were essentially the same as reported previously.??!

Ethyl 3-0-(3-O-acetyl-2-O-benzyl-4,6-O-benzylidene-pD-glycopyranosyl)-
2,4-di-O-benzyl-1-thio-o-L-rhamnopyranoside (78): This compound was
obtained by method A from 26 and 77! in 71 % yield (o only). Analyti-
cal data for a-78: R;=0.48 (ethyl acetate/hexane, 3:7, v/v); [a]5=-3.8°
(c=1in CHCl;); '"HNMR: §=1.28 (t, J=7.4 Hz, 3H; CH,CH,), 1.42 (d,
J=6.2 Hz, 3H; CH;), 2.11 (s, 3H; COCHj;), 2.50-2.70 (m, 2H; CH,CH,),
3.61-3.77 (m, 4H; H-2, 4, 6a, 6b), 4.05-4.15 (m, 3H; H-2', 4, 5'), 4.15-
4.27 (m, 2H; H-3, 5), 4.60-4.76 (m, 5H; CH,Ph), 5.06 (d, /=10.5 Hz,
1H; CH,Ph), 524 (d, J,,=3.4Hz, 1H; H-1), 530 (s, 1H; H-1"), 5.50 (s,
1H; CHPh), 5.80 (dd, J,5=9.7 Hz, 1H; H-3), 7.20-7.50 ppm (m, 20H; ar-
omatic); "CNMR: §=15.22, 18.03, 21.23, 25.54, 29.90, 63.39, 68.93,
69.03, 70.87, 72.99, 73.11, 75.89, 77.53, 77.84, 77.92, 79.75, 80.42, 82.33,
126.51 (x2), 127.77, 127.84, 127.95, 128.03 (x2), 128.07 (x2), 128.28 (x2),
128.52 (x2), 128.54 (x2), 128.59 (x2), 128.63 (x2), 129.09, 137.40, 137.82,
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138.16, 138.46 ppm; HR-FAB MS: caled for Cu,H;O0,S [M+H]*:
771.3125; found: 771.3202.

Phenyl 2,3,4-tri-O-benzoyl-6-0-(2,3,4,6-tetra-O-benzyl-p-glucopyrano-
syl)-1-thio-B-D-glucopyranoside (80): This compound was obtained by
method A from 14 and 79! in 99% vyield (a/f 2:1). Selected analytical
data for o- and B-80: R;=0.40 (ethyl acetate/hexane, 3:7, v/v); '"H NMR:
0= 4.58 (d, J;,=58Hz, 1H; H-1'), 497 (d, J,,=10.0Hz, 1H; H-1),
5.28-5.43 (m, 4H; H-2(a), 4(p), 2(ar), 4(B)), 5.74-5.84 ppm (m, 2H; H-
3(a), 3(B)); "CNMR: §=67.49, 68.56, 68.84, 69.80, 70.03, 70.36, 70.69,
70.80, 73.55, 73.67, 74.49, 74.54, 75.01, 75.10, 75.17, 77.44, 77.54, 77.86,
78.45, 80.36, 82.15, 82.52, 84.74, 86.00, 87.09, 97.53, 104.11, 127.63, 127.80,
127.90, 127.94, 127.98, 128.08, 128.11, 128.12, 128.14, 128.33, 128.39,
128.46, 128.53, 128.55, 128.58, 128.64, 129.04, 129.17, 129.33, 129.45,
129.93, 130.09,132.31, 132.54, 132.65, 133.05, 133.38, 133.49, 133.68,
138.18, 138.26, 138.32, 138.43, 138.70, 138.80, 139.17, 165.25, 165.29,
165.35, 165.58, 165.96 ppm; HR-FAB MS: calcd for Ci;Hg;0,5S [M+H]*:
1107.3989; found: 1107.3987.

Phenyl 3-O-acetyl-2-azido-4-O-benzyl-6-0-(2,3,4,6-tetra-O-benzyl-D-glu-
copyranosyl)-2-deoxy-1-thio--D-glucopyranoside (82): This compound
was obtained by method A from 14 and 81! in 83% yield (a/p 1.5:1).
Selected analytical data for a- and -82: R;=0.50 (ethyl acetate/hexane,
3.7, v/v); 'THNMR: 6=5.17 ppm (d, J,,=3.5Hz, 1H; H-1); *C NMR:
0=21.01, 21.05, 63.42, 63.57, 65.22, 68.42, 68.69, 70.63, 72.38, 73.68, 74.55,
74.69, 74.88, 74.96, 7523, 75.34, 75.86, 75.94, 76.16, 77.43, 78.05, 78.93,
79.84, 80.57, 82.03, 82.45, 84.86, 85.88, 87.15, 97.51, 104.16, 127.23, 127.73,
127.85, 127.91, 127.99, 128.07, 128.12, 128.16, 128.20, 128.49, 128.55,
128.59, 128.63, 128.67, 128.72, 129.39, 131.18, 131.99, 133.60, 133.95,
137.77, 137.97, 138.14, 138.27, 138.48, 138.63, 138.68, 138.92, 169.89,
169.96 ppm; HR-FAB MS: caled for CssHsgN;OS [M+H]*: 952.3843;
found: 952.3845.

4-Pentenyl 6-0-(2,3,4,6-tetra-O-benzyl-p-glucopyranosyl)-2,3,4-tri-O-
benzyl-f-p-glucopyranoside (84): This compound was obtained by meth-
od A from 14 and 83! in 91% yield (a/f 2:1). Selected analytical data:
R;=0.30 (ethyl acetate/hexane, 1:4, v/v); 'H NMR: 0 =4.36 (d, /=7.8 Hz,
1H; H-1 (§)), 4.40 (d, J=7.8 Hz, 1H; H-1 (B)), 449 (d, J=7.6 Hz, 1 H,
H-1 (B)), 5.05 ppm (d, J=3.4 Hz, 1H; H-1 (a)); *CNMR: 0=97.23 (§'),
103.60 (), 103.69 (B), 104.17 ppm (o'); HR-FAB MS: caled for
CgH7,NaO: 1063.4972; found: 1063.4976.

4-Pentenyl 3-0-(2,3,4,6-tetra-O-benzyl-D-glucopyranosyl)-4,6-O-benzyli-
dene-2-deoxy-2-(2,2,2-trichloroethoxycarbonylamino)-f-p-galactopyrano-
side (86): This compound was obtained by method A from 14 and 85"
in 85% yield (a/f 2:1). Selected analytical data for a-86: R;=0.32 (ethyl
acetate/hexane, 2:3, v/v); '"H NMR: 6=1.68 (m, 2H; CH,CH,CH,), 2.10
(m, 2H; CH,CH=), 3.41-3.49 (m, 2H; H-5', OCH,), 3.52-3.71 (m, 4H;
H-2,2" 4,5),3.72-3.88 (m, 2H; H-3, 3"), 3.88-4.00 (m, 2H; H-4, OCH,),
4.06 (dd, 1H; H-6a’), 4.27-4.39 (m, 3H; H-6a, 6b, 6b’), 4.43-4.59 (m, 4H;
CH,Ph), 4.54-4.63 (m, 3H; CH,Ph, CH,CCl;), 4.70-4.84 (m, 3H; H-1,
CH,Ph), 4.92 (d, J=10.9 Hz, 1H; CH,Ph), 4.94-5.10 (m, 2H; CH,=), 5.20
(d, Jy»=3.5Hz, 1H; H-1"), 5.49 (m, 1H; NH), 5.53 (s, 1H; CHPh), 5.80
(m, 1H; CH=), 7.00-7.56 ppm (m, 25H; aromatic); *C NMR: 6 =28.86,
29.91, 30.26, 31.15, 53.72, 66.52, 68.82, 69.14, 69.73, 70.77, 71.53, 72.25,
73.73, 74.42, 7512, 75.89, 77.43 (x2), 79.50, 82.14, 95.54, 101.42, 126.67
(x2), 127.81 (x2), 128.00 (x4), 128.12 (x2), 128.24 (x5), 128.41 (x4),
128.49 (x2), 128.56 (x2), 128.61 (x2), 129.30, 137.81, 137.99, 138.08,
138.40, 13849, 13893, 154.11 ppm; HR-FAB MS: caled for
C5sHgNaCL,NO,, [M+H]*: 1054.3079; found: 1054.3079.

Methyl 2,3,4,6-tetra-O-benzyl-pD-glucopyranosyl-(1—3)-2-O-benzyl-4,6-O-
benzylidene-p-glucopyranosyl-(1—6)-2,3,4-tri-O-benzyl-o.-p-glucopyrano-
side (87): This compound was obtained by method A from 53 and 90 in
81 % yield and also by method B from 53 and 76 in 89 % yield. Analytical
data for 87 were essentially the same as reported previously.”?

Methyl 2,3,4,6-tetra-O-benzyl-D-glucopyranosyl-(1—6)-2,3,4-tri-O-benzo-
yl-B-D-glucopyranosyl-(1—6)-2,3,4-tri-O-benzyl-a-D-glucopyranoside
(88): This compound was obtained by method A from 53 and 93 in 80 %
yield and also by method B from 53 and 80 in 75 % yield. Analytical data
for 88 were essentially the same as reported previously.”!

2-Thiazolinyl 2-O-benzyl-3-0-(2,3,4,6-tetra-O-benzyl-D-glucopyranosyl)-
4,6-0-benzylidene-1-thio-f-p-glucopyranoside (90): This compound was
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obtained by method B from 40 and 89 in 85% yield (a/ff 1.2:1). Com-
pound 90 was also obtained from 41 and 49 (method B) in 77 % yield
(a/p 2:1), as well as from 99 and 89 (method F) in 87 % yield (a/ff 2:1).
Analytical data for 90 were essentially the same as reported previously.”!
2-Thiazolinyl 2,4,6-tri-O-benzyl-3-0-(2,3,4,6-tetra-O-benzyl-D-glucopyra-
nosyl)-1-thio-f-D-glucopyranoside (92): This compound was obtained by
method B from 40 and 91 in 80 % yield (o/f 2.1:1). Analytical data for 92
were essentially the same as reported previously."

2-Thiazolyl 2,3,4-tri-O-benzoyl-6-0-(2,3,4,6-tetra-O-benzyl-D-glucopyra-
nosyl)-1-thio-f-D-glucopyranoside (93): This compound was obtained by
method B from 40 and 36 in 98% yield (a/f 1.1:1). Compound 93 was
also obtained from 41 and 36 (method B) in 75% yield (a/f 2:1); from
96 and 36 (method C) in 93% yield (a/p 1.4:1); from 97 and 36 (meth-
od E) in 45% yield (a/f 1.2:1); as well as from 99 and 36 (method F) in
50% vyield (o/f 1.1:1). Analytical data for 93 were essentially the same as
reported previously.”!

2-Thiazolinyl 2-O-benzyl-4,6-O-benzylidene-3-0-(2,3,4,6-tetra-O-benzyl-
D-galactopyranosyl)-1-thio-p-p-glucopyranoside (95): This compound was
obtained by method C from 89 and 94 in 99% yield (a/f 7:1). Selected
analytical data for 0-95: R;=0.42 (acetone/toluene, 1:9, v/v); '"H NMR:
0=3.29 (dd, J=7.3 Hz, 1H; H-4), 3.37-3.45 (m, 3H; H-5, CH,N), 3.70-
3.76 (m, 2H; H-2, 4), 3.85 (dd, /=93 Hz, 1H; H-6a’), 3.90 (dd, J;,=
2.6 Hz, 1H; H-3'), 4.00 (dd, J,3=3.5Hz, 1H; H-2), 4.10-4.28 (m, 6H;
H- 3, 5, 6a, 6b’, CH,S), 4.29-4.40 (m, 2H; H-6b, CH,Ph), 4.47-4.90 (m,
9H; CH,Ph), 538 (d, J,,=9.9 Hz, 1H; H-1), 5.45 (s, 1H; CHPh), 5.70 (d,
Jy»=3.4Hz, 1H; H-1"), 7.10-7.40 ppm (m, 30H; aromatic); "C NMR:
0=29.93, 35.02, 68.81, 68.94, 69.15, 70.29, 72.16, 73.05, 73.29, 75.09, 75.55,
76.01, 76.47, 77.45 (x4), 78.13, 79.71, 82.33, 85.45, 126.44 (x2), 127.55,
127.58, 127.62 (x2), 127.69, 127.75 (x3), 127.77 (x3), 128.08, 128.18,
12835 (x4), 128.40 (x3), 12845 (x2), 128.50 (x2), 128.62 (x4), 129.52,
137.05, 137.42, 138.52, 138.65, 138.84, 139.10 ppm; HR-FAB MS: calcd
for C5;HgO40S, [M+H]*: 982.3659; found: 982.3649.

2-Thiazolinyl 2,3,4-tri-O-benzoyl-6-0-(2,3,4,6-tetra-O-benzoyl--p-gluco-
pyranosyl)-1-thio-f-p-glucopyranoside (98): This compound was obtained
by method E from 3 and 36 in 98 % yield. Analytical data for 98 were es-
sentially the same as reported previously.™!

Ethyl 0-(2,3,4,6-tetra-O-benzyl-o.-D-glucopyranosyl)-(1—6)-0-(2,3,4-tri-
O-benzoyl-f-p-glucopyranosyl)-(1—6)-2,3,4-tri-O-benzoyl-1-thio-f-D-glu-
copyranoside (100): This compound was obtained by method A from 69
and 93 in 93% yield. Selected analytical data: R;=0.35 (ethyl acetate/
hexane, 2:3, v/v); [a]5=+19.6° (c=1 in CHCL); '"HNMR: 6=1.15 (t,
3H; CH,CH;), 2.58 (m, 2H; CH,CH;), 447 (d, J,,=7.8 Hz, 1H; H-1),
4.71 (d, Jy,»=3.4Hz, 1H; H-1"), 490 ppm (d, J;»=7.9 Hz, 1H; H-1');
BCNMR: 6=14.93, 23.68, 67.03, 67.85, 68.75, 69.60, 69.98, 70.39, 70.48,
70.93, 72.23, 73.05, 73.34, 73.51, 73.61, 74.32, 74.95, 75.06, 75.75, 77.43,
80.15, 82.02, 83.27, 97.34, 101.11, 127.67, 127.84, 127.98, 128.05, 128.14,
128.18, 128.24, 128.46, 128.53, 128.55, 128.58, 128.62, 129.04, 129.12,
129.18, 129.22, 129.50, 129.66, 129.89, 129.97, 130.03, 130.13, 133.34,
133.50, 133.62, 138.25, 138.53, 138.85, 139.18, 165.21, 165.29, 165.34,
165.89, 165.99 ppm; HR-FAB MS: caled for CyHgO,S [M+H]*:
1532.5226; found: 1533.5304.

2-Thiazolinyl 0-(2,3,4,6-tetra-O-benzyl-p-glucopyranosyl)-(1—6)-O-
(2,3,4-tri-O-benzoyl-f-p-glucopyranosyl)-(1—6)-0-(2,3,4-tri-O-benzoyl-f3-
D-glucopyranosyl)-(1—6)-2,3,4-tri-O-benzoyl-1-thio-f-p-glucopyranoside
(101): This compound was obtained by method B from 36 and 100 in
77 % yield. Selected analytical data: R;=0.52 (ethyl acetate/hexane, 1:1,
v/v); 'HNMR: 6=4.40 (d, J=3.4 Hz, 1H), 4.50 (d, J=7.8 Hz, 1H), 4.90
(d, J=7.9 Hz, 1H), 5.82 ppm (d, /=10.3 Hz, 1H); ®*CNMR: 6=97.87,
100.17, 101.30, 101.81 ppm; HR-FAB MS: caled for C;;oH;9O,NS,
[M+H]*: 2080.6526; found: 2080.6604.

Ethyl 2,3,4,6-tetra-O-benzyl-a-p-glucopyranosyl-(1—6)-2,3,4-tri-O-benzo-
yl-B-p-glucopyranosyl-(1—6)-2,3,4-tri-O-benzoyl-3-p-glucopyranosyl-(1—
6)-2,3,4-tri-O-benzoyl-f-p-glucopyranosyl-(1—6)-2,3,4-tri-O-benzoyl-1-
thio-f-p-glucopyranoside (102): This compound was obtained by meth-
od A from 69 and 101 in 59 % yield. Selected analytical data: R;=0.38
(ethyl acetate/hexane, 2:3, v/v); [a]=0.2° (c=1 in CHCL); 'H NMR:
8=457 (d, J=48 Hz, 1H), 4.67 (d, J=7.2 Hz, 1H), 4.76 (d, J=3.5 Hz,
1H), 4.85 (d, J=11.5 Hz, 1H), 5.01 ppm (d, /=7.8 Hz, 1H); "C NMR:
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0=281.80, 97.35 (a), 100.05 (), 101.00 (), 104.20 ppm (B); HR-FAB MS:
calcd for C,44H,,305,NaS [M+Na]*: 2503.7753; found: 2503.7754.
2-Thiazolinyl 2,3,4,6-tetra-O-benzoyl-f-D-glucopyranosyl-(1—6)-2,3,4-tri-
O-benzoyl-f-D-glucopyranosyl-(1—6)-2,3,4-tri-O-benzoyl-1-thio-f-D-glu-
copyranoside (104): This compound was obtained by method B from 36
and 70 in 71 % yield. Selected analytical data: R;=0.47 (acetone/toluene,
1:9, v/v); 'THNMR: 6=4.97 (d, J=7.7 Hz, 1H), 5.19 (d, J=7.8 Hz, 1H),
5.82 ppm (d, J=10.3 Hz, 1H); *C NMR: 6=100.13, 101.51, 102.35 ppm;
HR-FAB MS: caled for CyH;sNO,S, [M+H]*™: 1646.4148; found:
1646.4148.

Ethyl  2,3,4,6-tetra-O-benzyl-D-galactopyranosyl-(1— 3)-2-O-benzyl-4,6-
benzylidene-p-glucopyranosyl-(1—6)-2,3,4-tri-O-benzoyl-1-thio-p-p-glu-
copyranoside (105): This compound was obtained by method A from 69
and 95 in 82% yield. Selected analytical data for 105: R;=0.35 (ethyl
acetate/hexane, 3:7, v/v); 'HNMR: 0=5.48 (d, /=9.6 Hz, 1H), 5.60 ppm
(d, J=3.6 Hz, 1H); "*CNMR: 0=96.61, 101.82, 104.75 ppm; HR-FAB
MS: caled for Cy;Hg,NaO,S [M+Na]*: 1421.5120; found: 1421.5116.
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