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Abstract: High yield, highly stereosclective methods for the synthesis of P-mannopyranosides of
primary, secondary, and tertiary alcohols are presented. Activation of mannosyl sulfoxides or mannosyl
thioglycosides with trifluoromethanesulfonic anhydride or benzenesulfenyl triflate, respectively, leads to the
cfficient formation of a-mannosyl triflates at -78 °C in dichloromethane, in the presence of 2,6-di-tert-
butyl-4-methylpyridine. These triflates then react Sy2-like with alcohols to give the B-mannosides. The
use of a 4,6-0-benzylidene protected mannose is required for high selectivity, as is the use of non-

participating protecting groups on 0-2 and O-3 of the donors. It is further demonstrated that the

thioglycoside/benzenesulfenyl triflate activation is applicable in the glucoside series, when both armed and
disarmed protecting groups are tolerated. © 1998 Elsevier Science Ltd. All rights reserved.
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challenging problems in carmhyamtc chermsuyLZ The goal in thc direct coupling of any glycosyl donor with

a glycosyl acceptor to give an equatorial glycoside is essentially one of favoring an S\2-like displacement of an
axial glycosyl donor over and above th S.1-type process wmgh fnr ste

the axial glycoside (Scheme 1). In the mannose series the problem is compounded by the presence of the axial
C-O bond adjacent to the reaction site which retards the equatorial approach of the acceptor and which, in the
case of ester protecting groups, actively promotes axial glycoside formation through anchimeric assistance.
Axial glycoside formation through S,2-like displacement of a less stable but more reactive equatorial glycosyl
donor is a further problem to be addressed under conditions when equilibration of the axial and equatorial
donors is possible3. In essence, the problem can be solved by the use of an axial mannosyl donor, bearing
non-participating protecting groups under conditions likely to promote concerted rather than stepwise
mechanisms and retard equilibration of the axial and equatorial donors. In practice this rather black and white
picture is biurred by the spectrum of intermediate ion pair mechanisms possibie, separated only by incremental
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rp&xuupauug proiecting groups for O-2, chiefly the 2,3-0-
cyclic carbonate4 2,3-0- acetals5 and s1mp1e 2-0-benzyl ethers5 afforded con31derable success for early
n \X!l

reoclectronic reasons, provides mamlv
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hvdrolvms wasa Droblem wnh all but the most reactive acceptors. Thus, the mtroducuon of silver mcatc as
combined insoluble silver promoter and desiccant by Paulsen7 was a considerable advance and permitted the
synthesis of numerous f-mannoside-containing oligosaccharides.  Nevertheless, coupling to poorly
nucleophilic acceptors remained a problem as did irreproducibility owing to the heterogeneous nature of the
reaction. Schuerch introduced the use of the sulfonates as non-participating protecting groups for O-2 in
combination with a second a-sulfonate as leaving group at the anomeric center8.9.
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Scheme 1

A second widely applied approach has been the synthesis of the more tractable B-glucosides followed by
inversion of stereochemistry at C-2. This may be achieved by oxidation to the 2-ulose followed by
stereoselective reduction10-12 and by simple nucleophilc displacement, be it inter!3.14 or intramolecularlS. A
recent variant on this theme, introduced by Lichtenthaler, has been the use of «-2-ulosyl bromides as glycosyl
donors leading directly to the B-2-ulosyl glycoside ready for subsequent reduction to the f-mannosidel6. The
most notable successes in totally selective f-mannoside synthesis have involved intramolecular aglycone
transfer; a technique introduced by Hindsgauli7-19 closely followed by Stork20.2! and, later, Ogawa22-23. In
this method the glycosyl acceptor is attached to O-2 of the donor in a temporary fashion by means of a mixed
acetal or silylene group. As such it is poised for completely p-selective intramolecuiar deiivery on activation of
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acceptors. Alongside these variants of the essentially classxcal theme of coupling of an activated glycosyl donor
to a nucleophilc accentor alcohol. several erouns have sought to develon de novo entries into the R-mannn\ude

LAV RRNS QUL PRUL QR0RRVL, SUYRAAL AV SULERI W BUVRAUE S BUVD RIS AR LN 8L 0010 000108 v

linkage. These have included the o-selective quenching of 1-alkoxy-1-mannosyl radicals by Sunable hydrogen
atom donors24-27 and the insertion of glycosyl carbenes into the O-H bonds of acceptor alcohols28. The radical
method in particular gives excellent selectivity for B-mannosides but is unfortunately rendered impractical by the
circuitous methods needed for generation of the key anomeric radical. Mannosyl carbenes insert into alcohol O-
H bonds but unfortunately give primarily the a-mannoside28. Yet another approach, again pioneered by
Schuerch, involves the B-selective alkylation of 1,2-O-dibutylstannylene derivatives of mannose29-31. This
method, which provides pure B-mannosides, is very attractive but suffers from long reaction times with all but
the simplest electrophiles. The parallel alkylation of alkali metal anomeric alkoxides with suitable electrophiles
has been investigated by Schmidt32. Against this background of considerable ingenuity, we set out here full
details of a new method developed recently in our laboratory for the facile, direct synthesis of PB-
mannopyransidcs by means of the S,2-like displacement of a-mannosyl triflates generated in situ from simple
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In pursuit of our theme of a-to B-mannoside inversion via the 1-mannosyl radical2> we had previously
synthesized the a-mannoside 4 by addition of triflic anhydride (Tf,0) to a preformed mixture of donor 1,

accepior 2, and 2,6-di- mt-outyl+umnylpynmnc (DTBMP) in ether at -78 °C. We had anticipated that this
malntierate, canla 220 _ . 3

relatively minor modifcation, involving the first use of the 4,6- benzylidene protecting group and the first
documented application in the mannose series, of Kahne’s excellent sulfoxide method36.37 would lead to the o-
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repeated the experiment
with the, at first sight, trivial variation ﬂlat the sulfoxide 1 was activated with Tf,0 at -78 °C before the acceptor
2 was added. Indeed, in his various papers on his sulfoxide glycosylation Kahne had reported both modes of
addition without comment. We were therefore surprised to isolate the B-mannoside 3 as the major product
(85%) together with only a minor proportion of the c-anomer (8%). Careful experimentation revealed that the
reversal of stereoselectivity was simply a function of the order of addition with premixing of the two sugars and
base followed by dropwise addition of Tf,0 (Protocol B) giving mainly the a-mannoside and prior activation of
the sulfoxide with Tf,0 before dropwise addition of the acceptor (Protocol A) giving predominantly the -
anomer>*.

ad
mannoside 4 as the major product. In this we were not disappointed as 4 was isolat

with 6% of the B-anomer 326, Subsequently, when the need for more of 4 arose, we
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We capitalized on our discovery by coupling a number of other primary alcohols to donor 1 under the
conditions of protocol A, obtaining in each case good selectivity for the B-mannoside as reported in Table 1. In
certain cases we also verified that the selectivity could be reversed by use of protocol B. Furthermore, we
noted that the B-selectivity under protocol A could be moderately improved in some cases by working in the

presence of several equivalents of benzene, or 1,4-dimethoxybenzene, or even a slight excess of DTBMP as
base (Table 1). The precise reason for the effect of these additives was unclear. Moreover, in the light of
subsequent improved selectivities in dichloromethane (vide infra) they were insignificant and so not
investigated further
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Tabie i. Coupling of Agiycones with i.

Entry Glycosyl Protocol’ Additive DTBMP % Yieldp- % Yieldo- % Yield p:a
Acceptor (Equivs) mannoside mannoside Ratio”
e MO a o~ ~ s o s R
i E A CH, 2 3(86) 4 (8) . 10.7:1
, Ame
2
2 2 A none 2 3 (69) 4 (15) - 4.5:1
3 2 A none 1 3(5) 4 (15) - 5:1
4 2 B none 1 3O 4 (71) 7 0.12:1
5 2 B none 23 3 (65) 4 (22) 7 3.0:1
6 2 C DMB® 2 3 (82) 4 (8) - 10.2:1
7 oNpen A CH, 2 6 (84) 7 (10) - 8.6:1
5 OMe
8 5 C DMB® 2 6 (67) 7 (8) 12 8.4:1
9 : 3 qQ A CH, 2 9 (50) 10 (0) 15 >20:1
8
i0 8 C DMB® 2 9 (51) i0 (0) 30 >20:1
11 HG,”\TLK A CH, 2 12 (64) 13 (10) 23 6.4:1
11
12 11 C DMB® 2 12 (80) 13 (0) 3 >20:1
13 s A CH, 2 15 (60) 16 (6) 25 10.0:1
znu)(cogm
14
14 14 C DMB® 2 15 (70) 16 (7) 16 10.0:1
15 -A,)'D N A CH, 2 18 (69) 19 (12) 10 5.6:1
17 —&°
i6 i7 A none i i8 (41) i9 (41) 7 1.0:1
17 i7 B none 1 18 (10) 1% (72) 10 0.14:1
18 17 C DMB® 2 18 (61) 19 (14) 15 4.3:1
19 ?"“’ A C.H, 2 21¢ (49) 224(30) 20 1.6:1
AN,
o
20 7~
20 20 B none 1 214(16) 22¢(55) 13 0.29:1
21 20 ..C DMB® 2 21°(s0) 22°(33) 10 151

a) A: Protocol A: addition of ROH to premixed 1, Tf,0, and DTBMP in ether/benzene. Protocol B: addition of Tf,O to premixed
1, ROH and DTBMP in ether. Protocol C: as protocol A with DMB replacing benzene. b) Anomeric ratios were assigned by
integration of 'H-NMR spectra of crude reaction mixtures. ¢) DMB: 14-dimethoxybenzene. d) Isolated after treatment of the
reaction mixture with TBAF.
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Auempted coupling of 1 to the secondary glycosyl acceptor 20 was disappointing under all conditions in
ether, giving both low yields and selectivites (Table 1, entries 19 -21). Furthermore, significant yields of the
hydrolysis product 23 were obtained in the attempted couplings to 20, as in several other reactions (Table 1).

We reasoned that the unanticipated reversal of selectivity with the scquence of mixing of reagents could
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best be n‘iu:lprcwu as outined in oScneme £-°°. According o this rationaie, T U serves to activate 1 in the form

of 24 which rapidly expels a sulfenate ester to give
al

of other mucleophiles, 28 is trapped axially by
acceptor ROH an S,,2-like reaction then occurs to give the $-mannoside 27. Under the conditions of protocol
B, oxacarbenium cation 25 is simply trapped preferentially by ROH along the axial direction to give the o-
mannoside 28. When ROH is a secondary alcohol the direct displacement of TfO' from 26 is retarded for
steric reasons and leads to the formation of 28, via 25, even with protocol A.

On the basis of this hypothesis it was predicted that reducing the bulk of the O-2 protecting group would
lead to greater B:a-ratios for secondary glycosyl acceptors. Therefore, glycosyl donors 29 and 30 were
prepared and reacted with the secondary glycosyl acceptor 20 under the conditions of protocol A in ether giving
rise to the formation of the corresponding B- and a-mannopyranoside in the yields and ratios indicated in Table
2, entries 1-3. Clearly, reducing the steric bulk of the 0-2 protecting group does indeed lead to enhanced B-
selectivity.
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Scheme 2

ionizin ent such as dir;ul methane s icement in selectivity. Hence a se

reactions were conducted in which donors 1, 29, and 32 were activated with Tf,0 in dichloromethane in the
presence of DTBMP at -78 °C, followed by addition of the acceptor (Protocol D). As is seen from Table 2,
entries 4 - 6 the yields and selectivities were indeed improved over and above those from comparable reactions
in ether, with a simlar trend of increased selectivity with diminishing size of the O-2 protecting group being

observed.

348 8325
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Table 2. Reaction of Glycosyl Donors with 20 in Ether and Dichloromethane.

Entry Donor Solvent Protocol* % Yield B- % Yield a- p:a Ratio®
mannoside mannoside
1 P.’r:; w EL0 A (21)° 49 (22)° 30 1.6:1
L= g - l
1 &
2 Py o\ IMS Ei,O A (21 76 (22)° 15 5.1:1
EAS O ’
aa SE
2¥9 o
3 P"\a ‘ Et,O A (33) 74 (34) 11 6.7:1
[=_1 .~ anna 1
an SEt
3 o
4 %OE‘ A mIg"a""s CH,Cl, D (21)° 82 (22)° 11 7.5:1
i S8
1 o
5 vo\ M CHCL D @1y 92 (227 13.1:1
LA - '
29 &
6 ey CHG, D (33) 90 (34)0 >25:1
5P
32 O

2‘) A: Protocol A: ﬂdl‘llhm nfRﬂH to mmnvpﬂ donor Tf,0, and DTBMP in e!her/benze{l& Protocol D: addition of ROH 1o
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premixed donor, Tf,0, and DTBMP in CH;CI,_ b) Anomeric ratios were assigned by integration of "H-NMR spectra of crude
reaction mixtures. c) Isolated after treatment of the reaction mixture with TBAF.
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37 38

This series of experiments lends considerable weight to the mechanistic hypothesis of Scheme 2 but is not
a proof. However, in a series of experiments reported separately38 we have demonstrated by a combination of
'H, ’C, and ""F-NMR spectroscopy that sulfoxide 36 is converted cleanly to the a-triflate 37 in CD,Cl, within
minutes at -78 °C. Moreover, this unstable triflate, which could also be accessed by exposure of bromide 38 to
AgOTfin CD,Cl, at -78 °C reacted instantaneously with methanol at -78 °C with good selectivity for formation
of the methyli fj—mannosic'lc38
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and selectivity. We note from a comparison of entries 3 and 7 (Table 3) that the S-phenyl and S-ethyl
sulfoxides may be used essentially interchangeably in this chemistry. This could be of future importance when
it may be neccessary to work in different solvents to accomodate particular acceptors, as the two donors have

« 0 e

different solubility patterns. We also note from companson of entries 7 and 8 (Table 3) that the 2,3-di-O-allyi

B e memm Y e R

protected donor 39 is comparable with its 2,3-di-O-benzyl protected congenors: there is no tendency of the 2-
O-allyl group to intercept the activated donor at any stage of the coupling process. The one example of poor

yield and selectivity (Table 3, entry 4) involved the use of alcohol 49 as glycosyl acceptor. The 4-OH group of

N-acetvlglucosamine derivatives ig a notoriouslv unreactive alcohol in u-lvr-ncvlannq reactions and thug the
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result was not entirely unexpected. However, we do note that the low yield and selectivity is in part due to the
insolubility of 49 in CH,CL, at low temperature which meant that coupling typically did not occur until the
reaction mixture was allowed to warm up and the acceptor dissolve. We were largely able to circumvent this
problem by adapting a method previously described by Paulsen39. Thus, the more reactive and soluble 1,6-
anhydroglucosamine derivative 52 was found to couple with donor 32 in good yield and adequate selectivity
(Table 3, entry 5). After isolation of the B-mannoside (53) by chromatography over silica gel, it was reduced
to the comresponding amine (60) with hydrogen over Lindlar’s catalyst. Finally, the 1,6-anhydro bridge was
cleaved and the amine acylated by exposure to acetic anhydride and trifluoroacetic acid giving 61 in 95%

___ 1% T 1 s ~

overall yield (Scheme 3).
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Table 3. Coupling of Secondary Acceptors to 30, 32, and 39 in Dichloromethane.
Entry Acceptor % Yield B- % Yield a- p:a Ratio®
__mannoside mannoside
1 MMM 1 s aan o oo = <o - =
i O ' (41) 93 42) 5 18.6:1
R =1
o
5Ph
32 © OH 40
2 32 Preo\ 14 (44) 90 (45) 6 15.0:1
e
A2 e
“*J Ume
3 32 >(OJ (47) 94 (48) 5 18.8:1
o7l o
(¢]
N
46 °Y
4 32 L (50) 31 (51) 8 3.8:1°
OBn
AcNH
49
5 32 G (53) 72 (54) 13 5.5:1
Q
OH N,
52
6 32 HG, 'H (56) 94 (57)3 31.3:1
ZHN" ¥CO,Me
5§
o] Pire-n— OBn O 74PN O1 sa0N 7 1201
7 N O - (47) 71 (408) / 15.u1
R =k YA o
an !FE' @.
(o) —
46 °
(4] P O IEON NN o -y P e T
8 p oNF ~ {58) 50 (5%)7 12.9:1
. J A., - %
e '?I:( ‘—1
39 © 46 ‘A’
a) Anomeric ratios were assigned by integration of 'H-NMR spectra of crude reaction mixtures. b) the reaction mixture was

a]lowed to come to room tzmperature and stirred there for 24 h before workup.
We also returned briefly to the mannosylation of primary acceptors, now using protocol D in CH,Cl, as
solvent. As is evident from Table 4, the full range of O-2 protecting groups investigated in the donor is
compatible with coupling to the acceptor 2. Excellent selectivities are even obtained with the original 2-O-

TBDMS donor (1). However, we do draw attention to the relatively poor selectivity achieved on coupling to
1,2:3,4-di-O-isopropylidenegalactose (17) (Table 4, entry 6). This pnmary acccptor gives lower yields and
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selectivites than most of the secondary alcohols studied in Table 3. Indeed, t naacquacy of this alcohol as an
At 19 - sevnmmmcrlatioan caciranna vsrne aleander aeridan o tha anwll N, PREEN | lven - . 1

acceptor in the P-mannosylation sequence was already evident in the early work in ether as solvent (Table 1,
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Table 4. Mannosylation of Primary Acceptors in Dichloromethane.

Entry  Donor Acceptor % Yield B- % Yield a- B:a Ratio*
__mannoside mannoside
1 ""?0"‘3 m"'lg H‘-’: q (62) 95 63)0 >25:1
T e 700
30 4 2 OMe
2 """"\;“‘E """E 2 (62) 95 (63) 0 >25:1
5P
32 0
3 PO\ 9:\4»" 2 (64) 91 (65) 4 22.8:1
ol
: ﬁEﬁ
39 O
4 P"MMS 2 3) 95 @4 23.8:1
. SE
I o0
6 Py )f’ LC: (66) 73 (67 13 5.6:1
SPh ]
32 0 17 &°
a) Anomeric Tatios were assigned by inicgration of 'H-NMR spectra of crude reaction mixtures.
0B = Pt 0\ {B"
O BnO
B 3 AR S } NP
- S- X12Za

Throueh the aegis of sulfoxides 68 and 69 we have also brieflv investicated the use of nmrprnng
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systems other than the 4,6-benzylidene group employed in the majority of this work. Both the 2,3,4,6-tetra-O-
benzyl and 2,3:4.6-bis-O-acetal protecting systems were employed with some success by previous workers in
the field using the insoluble silver salt method to activate the glycosyl halides3S. We were therefore
disappointed to find, early in our program, that coupling of 68 to the primary acceptor 2 in ether according to
protocol A gave only 16% of the B-mannoside 70, together with 33% of the o-anomer 71. This selectivity
(B:a = 0.5:1) was far inferior to any couplings conducted with the 4,6-benzylidene protected donor 1 under the
same conditions (Table 1) and, indeed, worse than the selectivity obtained by Wulff and Wichelhaus for
formation of the same disaccahrides by the insoluble silver salt methodS. The use of 68 was therefore not
pursued further. We were similarly disappointed by the poor selectivity (1:1) obtained, despite the high
combined yield (86%), for the formation of 72 and 73 on coupling of 69 with 2 under the optimal conditions
of protocol D. Again, this sciectivity was ﬁubstantiaiiy worse than that obtained with a c‘:i()seiy related donor by

UIC iIlbU.lUUlC bllVCI' bd.l[ mcmou Uy UdIng" LJUW u:lupcw.u.uc LVIVLI\ bluUle Wll.ll I ﬁl d >uupuucu uu«uuguc Uf
68, have shown that it is rapidly and cleanly converted to the a-triflate 75 on exposure to Tf,0 and DTBMP in
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CD,Cl, at -78 °C38. However, it was also demonstrated that triflate 75 is considerably less stable than the 4,6-
benzylidene analogue 37 at -78 °C in CD,Cl,. We hypothesize that 37 is torsionally disarmed with respect to
oollapse to the ion pair, whereas 78 is in dynamic equilibrium with the (invisible on the NMR timescale) ion
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air 76, which results in a-mannoside formation. Thus, the imp(’)ﬁaﬁ(:é of the 4,6-benzylidene ptwcung
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that it fails for similar reasons. Either the axial methyl group in the 4,6-acetonide destabilizes the chair-chair
system to such an extent that collapse of the intermediate triflate to the ion pair is facilitated, or ion pair

erae 1 thie R Y, Vo PV gy

fe anan M s12ees » M
SAVG i uiis p-uliumuaymuuu IaLURAL 1D JULLL LU UC TUIAIGU LU 1D dAULLLLY WU YlaVILLLLY
o

formation relieves strain due to the fused 2,3-O-acetonide.
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Our work on the mechanism of the sulfoxideftriflate interconversion also revealed to us the highly
electronhilic nature of nhenvlsulfenvl riflate (DhQﬁTﬂ33 This substance is a necessarv bvnraduct of the
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activation of the phenyl sulfoxides (32, 36, 74), however, "F-NMR experiments with 36 and 74 established
that it is not present in CD,Cl, solutions after treatment of the sulfox1des w1th Tf,0 even though formation of
the glycosyl triflates (37, 75) is complete. Thus, we came to the realization that PhSOTT is itself an extremely
potent electrophile and serves to activate the sulfoxides, and transform them to the glycosyl triflates, as it is
formed in the reaction mixture. This hypothesis was readily confirmed by the clean transformation of 36 to 37
on treatment with a stoichiometric amount of authentic PhSOT38. The efficiency of the sulfoxide glycosylation
method is such that the most problematic step is often the controlled oxidation of a thioglycoside to the requisite
sulfoxide, which requires careful control of stoichiometry, and temperature, as well as continuous monitoring
by TLC36.37.40. [Indeed, this step promises to be problematic in any future development of solid phase
glycosylation protocols involving resin-bound sulfoxide glycosyl donors. This impending problem and the
evident, highly electrophilic nature of PhSOTf, prompted us to investigate the potential activation of simple
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ne equivalent of PhSOTS in the presence of DTBMP in CD,Cl, at -78 °C. Thus, either sulfoxide

e Cl, at -78 °C. Thus, either sulfoxide
35 thxogly0051dc 36, or bromide 38 were shown to provide the same triflate, on the same timescale, on
exposure to Tf,0, PhSOTT, or AgOTf, respectively, in CD,Cl, at -78 °C, always in the presence of DTBMP as
base35.

A series of preparative scale f-mannosylations with thioglycosides 31 and 77 were conducted with the
results displayed in Table 535. In these reactions, the unstable PhSOTT is first generated in CH,Cl, solution at -
78 °C by treatment of a mixture of DTBMP and phenylsulfenyl chloride with AgOTf, much as described by
Whitesides and Martichonok#142. The thioglycoside is then added followed, after a few minutes, by the
acceptor (Protocol E). The complete operation is therefore conducted in one pot at -78 °C making this a very
convenient procedure. The yields and selectivities in Table 5 require little further comment: with the secondary
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alcohols as acceptors they are in every way comparable to those obtained by the sulfoxide method in CH,CL,
(Table 3). We simply draw attention to entries 6 and 7, which we believe to be the first examples of selective
formation of §-mannosides of tertiary alcohols, and to entry 9 in which the donor 31 is coupled to the primary
galactosyl alcohol 82 in excellent yield and selccuvxty The interest in last example derives from the contrast
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Table 5. B-Mannoside Formation from Thioglycosides with PhSOTY in Dichloromethane
Entry Glycosyl Donor Glycosyl Acceptor Product (% Yield) pB:a Ratio®
TR o
e =7 C
31 SPh 2o (33) 95 >25:1
2 i
0:{,9.,1\
31 =, (47) 95 >25:1

3
31 ﬁ:ﬁt (41) 95 23:1
w

I

3

o T
) &
2

31 B (44) 97 18:1

31 A< (53) 85 5.1:1

31 A on (79) 94 >25:1

' 31 /\LXOH
/\lA)\/

(81) 90 >25:1
80
8 pﬁoﬁ?""‘s j’”’"
Bn 1 A I
77 SE /&o (21)" 80 10:1
20
9 PTTBO OBn Ao O
BnO A
3i SPn 82, A0 Omle (83) 82 >25:1

a) Anomeric ratios were assigned by integration of *H-NMR spectra of crude reaction mixtures. b After
treatment with TBAF
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Cmpd  Config SH-1 .,  OH-5 5C-1 o,
3 B 4.26-4.36* bs 3.25-3.34 102.5 +40

4 a 4.69 1.5 NR® 96.6 +69

6 B 4.26 bs 3.21-3.2% 102.2 +0.3
7 o 4.78 1.7 NR® 101.7 +13
9 B 4.32 bs 3.23-3.32 102.5 +12.7
i2 B 4.39 bs 3.24-3.32 102.1/101.5° -43.3
13 a 4.68/4.72° 1.7 NR*® 101.9 +21
18 B 430 bs 3.22-3.30 102.0 -34.1
16 o 4.58 1.6 NR" 102.2 +7.8
is B 442 bs 3.25-3.34 102.5 -69.7
19 o 474 1.6 NR® 101.6 -21.8
21 B 4.84 bs 329-3.40  98.7 21.1
22 o 494 1.2 NR® 100.6 +25
33 B 4.87 bs 3.27-3.38 160.0 -61.0
34 a NR® NR® NR® 100.3 +37
41 B 4.68 bs 3.29-3.39 100.4 -48.8
42 o 491 1.5 NR® 99.1 +25.0
44 B 4.63 bs 3.28-3.37 9%.4 -44.8
45 a 5.23 1.5 NR® 100.9 -0.9
47 B 4.56 bs 3.28-3.37 100.1 -38.6
48 o 5.22 1.4 NR® 99.8 +15.7
50 B 4.57 bs 3.08-3.19 101.7 -38.7
51 a 5.28 1.5 NR® 100.5 +2.7
53 B 4.76 bs 3.30-3.40 100.6 -29.2
54 o 471 1.4 NR® 100.4 +52.0
56 B 4.46 bs 3.18-328 997 -29.7
57 o 4.76 1.4 NR® 100.7 +45.6
58 B 4.57 bs 3.20-3.40 99.7 -43.5
59 o 5.16 1.5 NR 160.2 +20.1
62 8 448 0.6 3.26-3.35 102.4 +16.8
63 o NR® NR"® NR® 99.3 +92.8
64 B 4.46 bs 3.24-3.34 102.0 +36.2
65 a NR® NR®* NR® 99.5 +9.69
66 B 4.55 bs 3.26-3.36 102.8 -79.2
67 o 4,93 1.4 NR‘b 98.9 -5.3
70 B 4.38 bs NR® 101.9 +22.7
71 o NR® NR® NR® 98.1 +65.2
72 i) 4.86 bs 3.21-3.30 98.9 +25.8
73 o 5.03 bs NR® 97.8 +96.3
79 B 4.75 0.8 3.26-3,37 94.8 -19.9
81 B 4.66 bs 3.25-3.37 86.4 -65.0
83 B 4.45 bs 3.15-3.28 102.5 +16.7

a) Part of an unresolved 2H multiplet. b) NR = not resolved. ¢) Resolved signals arising from the
mixture of diastereomers in the aglycone.
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The assignment of anomeric configuration in the mannopyranosides is not straightforward. Neither the
chemical shifts of the anomeric protons, nor the *J,,, ,;, scalar couplings are sufficiently differentiated between
the a- and B-sqmcs to permit unamblguous assxgnment on the basis of '"H-NMR spectroscopy alone (Table 6).

n the axial anomeric hydrogen and those at C-3
agnitude of the ”CH coupling beitween H-1 and -1

J
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4
uc of around 160 Hz signifies the -
described here, the stereochemistry of each new B-mannoside was confirmed by nOe experiments. However,
as the work has progressed and we acquired a library of spectral data, we also noted that in the 4,6-benzylidene
protected series the f-mannoside is immediately recognized by an isolated multiplet resonating at ~ & 3.3-3.4 in
the 'H-NMR spectrum in CDCI, (Table 6). This signal, which is assigned to the B-mannoside H-5, is shifted
downfield in the corresponding o-anomers when it typically appears at § 3.6 - 3.9. With this in mind, and if
NMR time is at a premium, a simple 'H spectrum can be used to gauge the anomeric configuration until such a
tirne as it can be confirmed by the more rigorous nOe and C methods. In the same context, we also recall
Hudson’s classical isorotation rule#4-46, wherein a particular B-mannoside has less positive/more negative
specific rotation than the comresponding a-anomer (Table 6), and which affords a rough and ready guide to
anomeric configuration until more ngomus NMR work can be done, provided that both anomers are available.
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with the sulfoxide protocol36.37. Of the six examples presentcd in Table 7, four require comment, otherwise
the results are directly analogous to those reported previously for the sulfoxide method. With the highly
hindered sterol 86, thioglycoside 84 gave 61% of a pure B-glucoside (87) when the reaction was run in
CH,CL/Et,0 (Table 7, entry 1). In either pure EtO or pure CH,CIl, the yield in this last example was
considerably lower owing to the low solubility of one or other of the two reaction partners in one of the two
solvents. Coupling of the perpivaloyl thioglycoside 84 and 2,6-dimethylphenol (89) under the influence of
PhSOTT gave 49% of the o- and 37% of the B-glycoside (Table 7, entry 2). This result differs somewhat from
the analogous coupling achieved by the sulfoxide method when an 80% yield of a pure B-glucoside was
reported. This difference must refiect minor variations in temperature and concentration and so changing
mﬂucnces of mﬂatcs, ion pairs, and ncxghbormg group participation on the actual glycosylation subsequent to
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These results correspond to those described by Kahne for tertiary ..lcv..ols by the sulfoxide method48 and

presumably reflect the increased influence of 1,3-diaxial interactions in the formation of a—glycosxdes with
tertiary alcohols. Self-evidently, given that both methods generate the same reactive glycosyl triflates, the
sulfoxide/Tf,0 and thioglycoside/PhSOTf afford very similar results in most cases and may be seen as
interchangeable. Nevertheless, both have advantages and disadvantages. The main strongpoint of the
thioglycoside/PhSOTf method is the ability to proceed directly with the thioglycoside, without needing the extra
oxidation step. Aside from the obvious advantage of removing a step from the reaction sequence, this should
prove useful, as we have noted above, under conditions where control of the oxidation would be difficult. A
further advantage of the thioglycoside/PhSOTf method lies in the fact that diphenyl disulfide is the main
byproduct, as compared to the suifoxide method in which PhSOSPh is generated in situ before undergoing
disproportionation of to a mixture of the various higher oxidation states of diphenyl disulfide38.49. The main

A cn A n s Al bl A A DL CIYTE it d So sk nnd b aomamnte DRQOVTE o ofse: mrime t0 tha ancialios
aisagvantage or in€ i Uglybu IQC/IIIOU L L TG iseneea v E ICIAIC FHO\J 11 in bl u 10U U Ul L»Ullpu IE,
whinrh in f1en nacaccitatac tha nranaratian and Aictillarnan AF DhQE1 Tha ctrnnannint nf tha cuillfavida wmethad ic
whiCn 1l turn necessitates tne préparation ana Gistuahon of rnoi, 1n¢ Songpolnt 61 nc SuLdXiGe menoa 18
that activation is achieved with commerical Tf.O. When conducting mechanistic studies of the intermediate
tr vation 1§ C | vwhen conductir of th

triflates on a small scale by low temperature NMR spectroscopy, the sulfoxide/Tf,0 method is preferablc as the
number of manipulations are kept to a minimum,
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Entrty  Glycosyl Donor Glycosyl Acceptor i Solvent B-glucoside a-glucoside
(% Yieid) (% Yieid)
1 ”\Q’\ \
Pmsph ] 141
OPiv H COMe i
84 & CH,CI/Et,0 (87) 61 (88)0
Etoco;” T “OH
2 OH
84 \li:l/ CH,Cl, (90) 37 (91) 49
89
3
84 A7 7oA CH,C, (92) 84 93)0
78

4 snug’:\l—Q SPh J)"\

B0 o8 Eopa
85 ) Et,O 94) 0 (95) 85

:MNZ el F' - vn
86
g OH
o
85 CH,CL, (96) 26 97) 67
39
6 7
85 L7 ~oH CH,Cl, (98) 93 (99) 0
78
( THTH ivO )\/) PivO \j
g Piv - —~—
EtOCO3 ) NN Fpiv
H PivO—="\=—
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for the activation of thioglycosides30.51, however it has not been widely adopted. Indeed, MeSOTF has been
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found to be less satisfactory than PhSOTY for the activation of glycosyl xanthates#!. A major difference
between the work reported here and previous work on the activation of thiogiycosides by suifenyl trifiates is the
mode of opemnon Earher work has tended to mvolve the addmon of the sulfenyl triflate to preformed
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e thioslvcoside hv PhSOTYf in a suitable solvent at low temnerature before a of the acceptor.
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Benzeneselenenyl mﬂatc (PhSeOTY) has also been recorded as a reagent for the activation of thioglycosides52.
In our hands exposure of thioglycoside 35 to PhSeOTf in CD,Cl, at —78 °C did not result in the formation of
triflate 37 as determined by NMR spectroscopy. Rather an unidentified species was formed which returned the
thioglycoside on exposure to MeOH at -78 °C: PhSeOTf is therefore less efficient than PhSOTSf for the
activation of thioglycosides at low temperature.

Finally, we stress that we are not the first to exploit the use of mannosyl sulfonates as glycosyl donors.
This honor goes to Schuerch who typically prepared mannosyl toluenesulfonates from the corresponding
glycosyl halides and silver toluenesulfonate8.9. Aside from the use of o-mannosyl sulfonates, the Schuerch
chemistry was characterized by the use of a 2-O-sulfonyl protecting group, when B-mannosides were indeed
obtained in good yield and selectivity. Evidently, the 2-O-sulfonyl esters are non-participating and, in more
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preparation and isolation of the intermediates sulfonate esters and the difﬁcultieq invo

chemistry described hm‘e is the ability to prepare the extremely reactive a-mannos_yl triflates cleanly and
quantitatively at low temperature in situ from stable glycosyl sulfoxides or thioglycosides.

EXPERIMENTAL PART
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CDClg unless otherwise stated. Chemical shifts are downfield from tetramethylsilane. "F-NMR spectra were
recorded at 282 MHz with chemical shifts downfield from trifluoroacetic acid. Specific rotations are for
chloroform solutions. All solvents were dried and distilled by standard techniques. All reactions were
conducted under inert atmospheres (N, or Ar). All extractions were dried over Na,SO, and concentrated under
vacuum at room temperature. Ether refers to diethyl ether. Microanalyses were conducted by Midwest
Microlabs, Indianapolis. Glycosyl donors 126, 3538, 7726, 8440, and 8553, and acceptors 254, 59, 855,
1436, 2057, 4058, 4359, 4960, 5261 5562 8063, 8264, and 8665 were prepared by literature methods.
Other glycosyl acceptors were either commercial or prepared as described in sequence below.

Protocol A. Synthesis of B-Mannopyranosides of Primary Alcohols from 1 in Ether. To a
stirred solution of sulfoxide (1) (0.2 mmol) and DTBMP (82.1 mg, 0.4 mmol) in benzene-ether (1:7, 8.0 mL)
at -78 oC was added Tf,O (37.0 pi, 0.22 mmoi) and, 5 min later, dropwise, the solution of the giycosyi
acceptor (0.4 mmol) in ether (2 mL). The opaque reaction mixture was stirred at -78 ©C for 1-2 h and then

1
allowed to warm to 0 °C over 1-2 h and maintained there for a further 0.5 h before guenchin
AUOWEQ 0 WAl 10 v YL OVET 1-£ 1t and ixaiil

aqueous NaHCQ3, washing with brine, drying, concentration and purification by chromatography on silica gel.

Protocol B, Qvnfhpem of o-Mannopvranosides of Pr|mm'v Alcohols from 1 in Ether. Toa

sRvEEwSRL AVARIRAAV g = meavD a 22322282 113 V1

stirred solution Qf the sulfoxide (1) (0.2 mmol), DTBMP (41.1 mg, 0.2 mmol), and the glycosyl acceptor (0.4
mmol) in dry ether (10 mL) at -78 °C was added dropwise triflic anhydride (37.0 uL., 0.22 mmol). The turbid
reaction mixture was stirred at this temperature for 1-2 h and then allowed to warm to 0 ©C over 1-2 h and
maintained there for a further 0.5 h before quenching with saturated aqueous NaHCO3, washing with brine,

drying, concentration and purification by chromatography on silica gel.
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Protocol C. Synthesis of §-Mannopyranosides of Primary Alcohols from 1 in Ether. This
protocol is analogous to Protocol A except that benzene as a cosolvent was replaced by 4 molar equiv (with
respect to the sulfoxide) of 1,4-dimethoxybenzene.

-~ w £ N F2 N bl A £ M heeao12.0 . A fa <R B ___ _ 4R _E_%N_3) D
iviceny AEITUTELTIITVTU NIV CULCHAY YA, U U -DLlLLYy I TUCHE-2~U-{I-DUlylaimeiLn yiauyi j-p-
n-mannanvrannewll_(1_ 1 &) v n_olucnnuranncida 2V (120 _ LANNDO (A - N & T AMD RN 12
VUGNV YISEUSJIJTIAT 7 UTUWSHTRIMLUP Y QIIVDIUT (JJe WD T T4AUu.w (U = ULUj, Tr-INVER, U, UV.LD
(s, 3H), 0.16 (s, 3--,, 125 (s, 9H), 2.01 (s, 3H), 2.04 (s, 3H), 2.07 (s, 3H), 3.25-3.34 (m, 1H), 3.40 (s,
3H), 3.43-3.55 (m, 2H), 3.84-4.10 (m, 3H), 4.09 (t, J = 9.4 Hz, 1H), 4.17 (d, J = 2.6 Hz, 1H), 4.26-4.32
(m, 2H), 4.72 (d, J = 12.4 Hz, 1H), 4.78 (d, J = 12.4 Hz, 1H), 4.85 (dd, J = 3.6, 9.8 Hz, 1H), 493 (d, J =

3.6 Hz, 1H), 5.05 (t, J = 9.8 Hz, 1H), 5.50 (t, J = 9.8 Hz, 1H), 5.60 (s, 1H), 7.24-7.41 (m, 8H), 7.48-7.52
(m, 2H); 13C-NMR, &: -4.9, -4.2, 18.5, 20.7, 25.9, 55.5. 67.6, 68.3, 68.6, 68.7, 68.8, 70.0, 70.8, 71.1,
72.14, 77.7, 78.7, 96.5, 101.4, 102.5, 126.0, 127.4, 127.7, 128.1, 128.1, 128.8, 137.5, 138.3, 169.7,
170.1; IR, v: 2932, 1749, 1602 cm™!. Anal. Calcd. for C39Hs4014Si: C, 60.45; H, 7.02. Found: C, 60.12;
H, 7.02.

Methyl 2,3,4-Tri-O-acetyl-6-0- I3-0-benzyl-4,6-0-benzylidene-z 0-(t-butyldimethylsilyl)-

ww s . = PRPRY P —-— =

a-D-mannopyranosyij-(i— 6)-a-p-giucopyranoside (4). [ajp® = +69.70 (c = 1.4); IH-NMR, ¥&:

0.07 (s, 3H), 0.09 (s, 3H), 0.90 (s, 9H), 2.02 (s, 6H), 2.08 (s, 3H), 3.33 (s, 3H), 3.52 (dd, J = 2.2, 11.4
Hz, 1H), 3.66-3.86 (m, 4H), 3.86-3.96 (m, 1H), 4.04 (dd, J = 1.5, 2.9 Hz, 1H), 4.10 (t, J = 9.4 Hz, 1H),
4.19 (dd, J = 4.4, 9.8 Hz, 1H), 4.69 (d, ] = 1.5 Hz, 1H), 470 (d, I = 12.0 Hz, 1H), 481 (d, I = 120 Hz,
1H), 4.85-4.92 (m, 2H), 5.06 (t, T = 9.8 Hz, 1H), 546 (t, ] = 9.8 Hz, 1H), 5.60 (s, 1H), 7.24-7.39 (m,
8H), 7.47-7.51 (m 2H); 13C-NMR, &: -5.2, -4.5, 18.1, 20.6, 25.7, 55.2, 64.4, 65.0, 67.9, 68.8, 70.3, 70.7,

. UL

175 1 cm'l. Anal. Calcd. for C39H540]4Sl. C, 60.45, H, 7.02. Found. C, 60.18, H, 6.97.

Methyl 2,3,4-Tri-O-benzyl-6-0-[3-O-benzyl-4,6-O-benzylidene-2-0-(t-butyldimethylsilyl)-
B-D-mannopyranosyl]-(1—6)-a-D-mannopyranoside (6). [a],® = +0.3° (c = 2.8); !H-NMR, &:
0.05 (s, 3H), 0.09 (s, 3H), 0.89 (s, 9H), 3.21-3.29 (m, 1H), 3.29 (s, 1H), 3.46 (dd, J = 2.8, 9.5 Hz, 1H),
3.58-3.65 (m, 1H), 3.73-3.78 (m, 3H), 3.83-3.91 (m, 2H), 4.01 (d, J = 2.6 Hz, 1H), 4.07 (¢, J = 9.5Hz,
iH), 4.24-4.30 (m, 2H), 4.56 (d, J = 11.3 Hz, 1H), 4.60 (s, 2H), 4.68 (d, J = 1.7Hz, 1H), 470 (d, J = i2.5

Hz, 1H), 4.71 (s, 2H), 4.76 (d, ] = 12.5 Hz, 1H), 492 (d, J = 11.3 Hz, 1H), 5.60 (s, 1H), 7.24-7.39 (m,
23H), 7.49-7.53 (m, 2H); 13C.NMR, &: -5.1, -4.1, 18.5, 25.9, 54.7, 67.5, 68.8, 69.3, 71.2, 71.6, 71.9,
72.0, 727, 74.5, 749 (2), 71.6, 78.8, 80.2, 98.6, 101.4, 102.2, 126.1, 127.4, 127.6, 1277, 1279, 128.1,
128.2, 128 3, 1287, 137.6, 138 2, 138.3, 138.5; IR, v: 2930 1363 cm™!; MS (EI), nvz 918 (M), 862

(M+1-Bu®) 861 (M-Bu"), 828 (M+1-PhC
918.4374. Found: 918.4395.

Methyl 2,3,4-Tri-O-benzyl-6-0-[3-O-benzyl-4,6-O-benzylidene-2-0-(¢-butyldimethylsilyl)-
a-D-mannopyranosyl]-(1->6)-a.-D-mannopyranoside (7). [a],* = +13.0° (c = 0.3); !H-NMR, &:
0.06 (s, 3H), 0.07 (s, 3H), 0.90 (s, 9H), 3.23 (s, 3H), 3.57-3.90 (m, 8H), 4.05-4.22 (m, 4H), 452 (d, J =
11.0 Hz, 1H), 4.60 (s, 2H), 4.67-4.75 (m, SH), 4.78 (d, J = 1.7 Hz, 1H), 490 (d, J = 11.0 Hz, 1H), 5.61
(s, 1H), 7.18-7.36 (m, 23H), 7.45-7.49 (m, 2H); 13C-NMR, &: 17.1, 25.8, 54.5, 64.3, 66.0, 69.0, 70.8,
71.2, 72.0, 72.3, 72.6, 74.3, 74.5, 75.0, 79.1, 80.3, 98.8, 101.4, 101.7, 127.2, 127.5, 127.5, 127.6,
127.6, 1277 127.7, 127.8, 127.8, 127.9, 128.0, 128 3, 128.6, 1381 138.3, 138.6 IR, v 2931, 1602,

4 4 Vs o A Y D10 /2B OrmA saam ama s x R A WA Ty

1463 cm'l MS (ED), m/z 918 (M), 862 (M+1-Bud) 861 (M-Bub), 828 (M+i- rnL,nz) 827 (M-PhCH,);

HRMS: Calcd. for CHeO,,Si (M): 918.4374. Fo und: 918.4363.

Methyl 2-N-Acetylamino-2-deoxy-3,4-di-O-acetyl-6-0-[3-0-benzyl-4,6-O-benzylidene-2-0-
(t-butyldimethylsilyl)-B-D-mannopyranosyl]-(1-»6)-a-D-glucopyranoside (9) [a],? =
+12.7° (c = 1.5); IH-NMR, &: 0.10 (s, 3H), 0.12 (s, 3H), 0.91 (s, 9H), 1.93 (s, 3H), 1.99 (s,3H), 2.01 (s,
3H), 3.23-3.32 (m, 1H), 3.37 (s, 3H), 3.44 (dd, J = 6.2, 11.1 Hz, 1H), 3.50 (dd, J = 2.7, 9.4 Hz, 1H),

3.81-3.90 (m, 2H), 3.96 (dd, J = 1.7, 11.1 Hz, 1H), 408 (t, ] = 9.4 Hz, IH) 4.17 (d, J = 2.7 Hz, 1H),
4.25-4.43 (m, 3H), 4.68-4.79 (m, 3H), 5.04 (t, J = 9.9 Hz, 1H), 5.22 (t, J = 9.9 Hz, 1H), 5.60 (s, 1H),
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5.68 (d, J = 9.5 Hz, 1H), 7.24-7.36 (m, 8H), 7.46-7.49 (m, 2H); 1’C—NMR 6: -4.8, -4.1, 18.5, 20.7, 23.2,
25.9, 51.8, 55.5, 67.7, 68.5, 68.8, 68.8, 68.9, 71.1, 71.3, 72.2, 77.7, 78.8, 80 101.5, 102.5, 126.1,
127.4, 127.8, 128.1, 128.2, 128.8, 137.6, 138.4, 169.5, 169.9, 171.4; IR, v: 3052, 1745, 1422, 1265 cm1;
MS (ED: mfz 773 (M), 772 (M-1), 742 (M-OMe), 716 (M-BuY); HRMS: Calcd. for C,pH; NG,Si (M-H):
772.3365. Found: 772.3346.

(3,3-Dimethyl-2 4-dioxolanyl)methyl 3-0-Benzyl-4,6-0O-benzylidene-2-0-{(¢-butyldimethyl-
silyl)-B-D-mannopyranoside (12). A 1:1 diastereomeric mixture. [a],* = -43.3° (c = 1.7); H-NMR,

1

&: 0.06 (s, 3H), 0.07 (2s, 3H), 0.90 (s, 9H), 1.32 (s, 3H), 1.37 and 1.38 (2s, 3H), 3.24-3.32 (m, 1H), 3.46-
3.62 (m, 2H), 3.67-3.92 (m, 3H), 4.00-4.14 (m, 3H), 4.19-4.30 (m, 2H), 4.39 (s, 1H), 4.69 (d, J = 12.5
Hz, 1H), 4.75 (d, J = 12.5 Hz, 1H), 5.59 (s, 1H), 7.24-7.37 (m, 8H), 7.46-7.50 (m, 2H); 1?’C-NMR, 6: -
47, -44, 18.5, 25.2, 25.24, 259, 26.75, 26.8, 66.6, 67.3, 67.5, 68.7, 69.7, 70.6, 71.1, 71.2, 72.2,
72.24, 74.2, 744, 77.5, 78.7, 101.4, 101.5, 102.1, 109.1, 109.3, 126.0, 127.4, 127.7, 127.8, 128.1,
128.2, 128.8, 137.6, 138.3; IR, v: 2985, 1470, 1386, 1252, 1094 cm™l. Anal. Calcd. for C,,H,0,Si: C,
65.50; H, 7.90. Found: C, 65.30; H, 7.90.

(3,3-Dimethyi-2,4-dioxolanyi)methyl 3-0-Benzyl-4,6-0-benzyiidene-2-0-(t-butyidimethyl-
silyl)-a-D-mannopyranoside (13). A 1:1 diastereomeric mixture. [at],® = +2.1° (c = 0.8); IH-NM

9

5: 0.05 and 0.06 (2s, 3H), 0.08 (s, 3H), 0.90 (s, 9H), 1.37 (s, 3H), 1.40 and 1.41 (25, 3H), 3.45-3.52 (m,
1H), 3.63-3.87 (m, SH), 4.01-4.28 (m, 5H), 4.66 -4.73 (m, 2H), 4.81 and 4.82 (24, J = 12.0 Hz, 1H), 5.62
(s, 1H), 7.25-7.39 (m, 8H), 7.47-7.50 (m, 2H); 13C-NMR, &: -5.1, -4.4, 18.2, 25.4, 25.8, 26.7, 64.5, 64.5,

66.5, 67.7, 68.4, 68.9, 71.1, 71.2, 72 97 730 74.3, 747 75.6, 79.2, 101.4, 101.9, 109.5, 109.7, 126.1,
127.4, 127.7, 128.1, 128.8, 137.7, 138.7; IR, v: 2985, 1475 cm’l; MS (EI): m/z 586 (M), 572 (M+1-Me),
571 (M-Me), 530 (M+1-But), 529 (M-But); HRMS: Calcd. for C,,H,,0,Si (M): 586.2962. Found: 586.2953.
N-Benzyloxycarbonyl-0-[3-O-benzyl-4,6-0O-benzylidene-2-O-(t-butyldimethylsilyl)-B-D-

mannopyranosyl]-L-serine Methyl Ester (15). [a],? = -34.1° (c = 4.7); 'H-NMR, &: 0.04 (s, 3H),
0.08 (s, 3H), 0.91 (s, 9H), 3.22-3.30 (m, 1H), 3.48 (dd, J = 2.7, 9.7 Hz, 1H), 3.76 (s, 3H), 3.81-3.91 (m,
2H), 4.03-4.09 (m, 2H), 4.20-4.31 (m, 3H), 4.47- 453 (m, 1H), 4.71 (d, J = 12.4 Hz, 1H), 477 d, ] =

- PR, -

12.4 Hz, iH), 5.11 (d, J = 12.3 Hz, 1H), 5.17 (d, J =12.3 Hz, 1H), 3.59-5.62 (m, 2H), 7.24-7.53 (m,
15H); 13C-NMR, §: -4.7, -4.6, 18.3, 25.8, 52.6, 54.2, 67.0, 67.5, 68.6, 69.3, 70.9, 72.2, 77.4, 77.5, 78.7,
101.4, 102.0, 126.0, 127.5, 127.7, 128.1, 128.2, 128.5, 128.8, 136.1, 137.5, 138.3, 155.8, 170.2; IR, v:
3437, 2956, 2857, 1722 cm™l; MS (EI): m/z 707 (M), 650 (M-Bul); HRMS. Caled. for C,,H,,NO, Si (M-
Bul): 650.2422. Found: 650.2413.

mannopyranosyl]-L-serine Methyl Ester (16) (o] .
0.05 (s, 3H), 0.88 (s, 9H), 3.68-3.88 (m, 6H), 3.89-3.95 (m, 3H), 4.10 (t I _97 Hz, 1H) 422 (dd J-
4.3,9.7 Hz, 1H), 4.50-4.56 (m, 1H), 4.58 (d, J = 1.6 Hz, 1H), 4.66 (d, J = 11.9 Hz, 1H), 481 (d, J = 11.9
Hz, 1H), 5.08 (d, J = 12.0 Hz, 1H), 5.17 (d, J = 12.0 Hz, 1H), 5.57-5.62 (m, 2H), 7.23-7.49 (m, 15H);
I3C.NMR, & -5.3, -4.5, 18.1, 25.7, 52.6, 54.1, 64.8, 67.2, 68.0, 68.7, 71.0, 73.1, 75.5, 78.9, 101.4,
102.2, 126.0, 127.3, 127.8, 128.1, 128.2, 128.5, 128.7, 135.9, 137.5, 138.5, 155.8, 170.4 IR, v: 3690,
2955, 1718, 1601, 1507, 1265 cm™1.

6-0-[3-0-Benzyl-4,6-0-benzylidene-2-0-(t-butyldimethylsilyl)-B-D-man nopyranosyi]-

N-Benzyloxycarbonyl-0-[3-0-benzyl-4,6-0-b nzy!ide,_e-z-o-(z-bt_lt
20 =

0 Pl o) PR b
i

(1—6)-1,2:3,4-di-O-isopropyiidene-a-D-gaiactopyranose (i8). ([aj, * = .69.7° (c = 1.1); 'H-
NMR, &: 0.13 (s, 6H), 0.92 (s, 9H), 1.32 (s, 3H), 1.33 (s, 3H), 1.45 (s, 3H), 1 51 (s,3H), 3.25-3.34 (m,
1H),351(dd,J=3.2,95Hz, 1H),364 (dd, ] = 7.9, 11.4 Hz, 1H), 3.86 {t, ] = 10.1 Hz,1H), 3.95-4.15
(m, 3H), 4.17-4.22 (m, 2H), 4.25-4.34 (m, 2H), 4.42 (s, 1H), 4.60 (dd, I = 3.0, 7.9 Hz, 1H), 4.74 (5, 2H),
5.56 (d, J = 5.4 Hz, 1H), 5.61 (s, 1H), 7.24-7.42 (m, 8H), 7.46-7.55 (m, 2H); 13C-NMR, §: -4.9, -3.7,
18.5, 24.3, 249, 26.0 (3), 67.4, 67.6, 68.9, 69.9, 70.2, 70.8, 71.0, 71.5, 72.0, 77.6, 78.8, 96.4, 101.5,
102.5, 108.5, 109.3, 126.1, 127.5, 127.8, 128.1, 128.2, 128.8, 137.7, 138.4; IR v: 2931, 1602, 1472,
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1376, 1256, 1212, 1098, 1073, I(KIS cm'l; MS (BI): m/z 714 (M), 699 (M-Me), 657 (M-Bu'); HRMS.

~ s N oAann

aicd. for C;H,0,,Si (M-Me): 699.3201. Found: 699.3208.
[

)
"

6-0-[3-0-Benzyl-4,6-0O-benzylidene-2-0- (t»butyldnmethylsnlyl) a-D-mannopyranosyl]-

7220 1 7.2 A A N lonmunmnulldama ~ T cnlonbnmomannas 710\ Tl 20 _ A100 ¢~ _ Nney. 117
VAPV )~ L yuodyie-Qi-U ~iSOPropysiacne--v -gdldLlupyrdlluae \1¥). |[YUjp = -<1.07 (C = UD), 1~
N 8008 e 3HY Y OO7 (e TH)Y NRQ (c O} 122 ¢ 144 (¢ AN 1 &2 (o 2AET) 2 £L_2 ON {1
INIVAEN, U. U.UJ \Oy JELJy J3s U7 By JIR}Jy U.UT \Oy 71k}, L. 00T \a, \ul; L7 \3y JL1), LI Dy, Jiijy, J.UI~J.TVU \liIi,
5H), 3.91-4.00 (m, 1H), 4.05-4.18 (m, 2H), 4.20-4.28 (m, 2H), 433 (dd, ] = 2.5, 5.1 Hz, 1H), 4.62 (dd, !
(22 8 PRSI S tan AV L afy A \Akdy Laldjy TeLUTTLG \1Rky Lrijy TOT - bvedy Sod Rldsy AAAJy THUL \MUy
= 24,79 Hz, 1H), 4.68 (d, J-—lZOHz 1H), 4.74 (d, ] = 1.6 Hz, lH) 4.81 (d, J = 12.0 Hz, 1H), 5.53

d,J=50 Hz, 1H), 5.62 (s, 1H), 7.24-7.36 (m, 8H), 7.47-7.50 (m, 2H); 13C-NMR, &: -5.5, -4.4, 18.2,
24.6, 249, 25.8, 26.0, 26.1, 64.5, 65.5, 65.7, 69.0, 70.5, 70.7, 70.9, 71.2, 72.9, 75.8, 79.2, 96.3, 101.4,
101.6, 108.6, 109.7, 126.1, 127.3, 127.7, 128.1, 128.7, 137.7, 138.8; IR, v: 2930, 1602, 1476 cm’}; MS
(ED: m/z 714 (M), 699 (M-Me), 657 (M-Bu'). Anal. Calcd. for C,;H,,0,,Si: C, 63.84; H, 7.61. Found: C,
64.26; H, 7.70.

Methyl 4-0-(3-O-Benzyl-4,6-O-benzylidene-B-D-mannopyranosyl)-(1-34)-2,3-0-isopropyl-
idene-a-L-rhamnoside (21). The 2-O-silyl group was removed prior to isolation (TBAF) to facilitate
separation of the anomers. [o],” = -21.1° (c = 1.5); !H-NMR, &: 1.30 (d, J = 5.6 Hz, 3H), 1.34 (s, 3H),
1.51 (s, 3H), 2.48 (bs, 1H), 3.29-3.40 (m, SH), 3.62-3.70 (m, 2H), 3.90 (t, J = 10.3 Hz, 1H), 4.08-4.21

fon ALIN A0 A1 T _ AQ 1N 1. 1IN\ ATE& AQN fenn 2LIN €N o 1IN & £1 fo TN 7294 T AA (s
\Mi, =1}, .47 \UU, J = =.7, LUS 114, 111), 4.70"2.7U UL, J11), J.UL \b, iy, J.U1 O, 111), 1.£9~7.9% \111,
QHN\ 7 AS.7 SA4 (m 72H) 13(‘=NM 8178 2962 277 &4 1R (60 RS QOO 701 TEN T8 T
URRJed TITH o d™F \MRly &ii), NATANAVEAN Y Ve L/ oJy &VUedy dudofy JTdy UJUy UULSy VU, UL Sy Tdaedy TUNTy TUT
78.1, 78.1, 78.4, 97.7, 98.7, 101.6, 109.3, 125.9, 127.8, 128.2, 128.4, 1289, 137.3, 137.9; IR, v: 3573,

FO.5, F y S2.7

4 12

2509, 1454 1384, 1094 cm'1 MS (EI) m/z 558 (M), 543 (M-Me), 527 (M-OMe), 526 (M-1- OMc HRMS.
Calcd. for C,,H,0,, (M): 558.2465. Found: 558.2461.

Methyl 4-0-(3-0O-Benzyl-4,6-O-benzylidene-o-D-mannopyranosyl)-(1->4)-2,3-O-isopropyl-
idene-a-L-rhamnoside (22). The 2-O-silyl group was removed prior to isolation (TBAF) to facilitate
separation of the anomers. [a],” = +25.0° (c = 1.2); IH-NMR, &: 1.25 (d, J = 5.6 Hz, 3H), 1.33 (s, 3H),
1.51 (s, 3H), 2.71(s, 1H), 3.34-3.42 (m, 4H), 3.61-3.67 (m, 1H), 3.79-3.93 (m, 2H), 4.05-4.16 (m, 5H),
4.26-4.31 (m, 1H), 473 (d, J = 11.9 Hz, 1H), 4.84 (s, 1H), 488 (d,J =119 Hz, 1H), 494 (d,J = 1.2 Hz,

ST TN o o~

iH), 5.62 (s, 1H), 7.24-7.40 (m, 8H), 7.50-7.54 (m, 2H); >C-NMR, &: 17.4, 26.3, 28.0, 54.8, 63.2, 64.6,
7

\-l.."

68.8, 65.9, 72.9, 75.4, 75.9, 76.7, 78.7, 80.6, 97.9, 10G.6, 101.4, 105.1, 126.0, 127.7, 127.8, 128.1

128.4, 128.8, 137.5, 137.9; IR, v: 3573, 2936, 1454, 1384, 1095, 1046, 1028 cm™!; MS (ED: m/z 558 (M)
KA (AM_Ma) &7 IM_ORaY K4 (M_1_0ONa)

- ) \l'vl IVIG}, -t ¥ \1". ULVI.D), [ yan g \l'l p 3 \JLVL\I,

3.0.Renzvi.d 6.0 .henzviidene. 2.0 (t-hutvldimethvicilvllag.Dumannonvrannge (23) (Maior
WIS TR IR J RNV Ry R AR T & TS T AT RraaL Y AR ARAN AR y AFAR Y A T AT AS " aisdeaaza Uy R GanauSe e 0 AVl
a-anomer). [a].2 = -3.6° (c = 2.4); IH-NMR, &: 0.07 (s, 3H)., 0.10 (s, 3H), 0.92 (s, 9H), 2.83 (bs, 1H),

3.83 (t, ] = 10.1 Hz, 1H), 3.92 (dd, J = 3.0, 9.7 Hz, 1H), 3.96-4.07 (m, 1H), 4.09-4.19 (m, 2H), 4.23 (dd,

J=46,10.1 Hz, 1H), 471 (d,J =122 Hz, 1H), 483 d, ] = 12.2 Hz, 1H), 5.06 (bs, 1H), 6.17 (s, 1H),
7.23-7.40 (m, 8H), 7.49-7.53 (m, 2H); I3C.NMR, &: -5.1, -4.5, 18.1, 25.8, 64.4, 69.0, 71.3, 72.8, 75.1,
79.2, 96.4, 101.4, 126.0, 127.3, 127.7, 128.1, 128.7, 137.6, 138.6; IR, v: 3052, 2986, 1423, 1265, 1100
cml. Anal. Caled. for C,;H,;O.Si: C, 66.07; H, 7.68. Found: 65.85; H, 7.69.

Protocol D. General Synthesis of B-Mannopyranosides from Sulfoxide Donors in CH,CL,.
To a stirred solution of sulfoxide (0.2 mmol) and DTBMP (82.1 mg, 0.4 mmol) in CH,CL, (8.0 mL) at -78 °C
was added Tf,0 (37.0 uL, 0.22 mmol) and, 5 min later, the solution of the glycosyl acceptor (0.4 mmol) in

CH,CI, (2 mL) aropwxsc The opaque reaction mixture was stirred at -78 °C for 1-2 h and then aliowed to
warmm to 0 °C o 2 h and mamtamed therc for a funher 0 5 h bcfore quenchmg with saturated aqueous

N_-Roanzrv N_hanz2vlidona.?_0)_trimat onvv.l_thin.ov.NDomannan rann.
1 ] w u‘ll“J ’ wr u‘.llﬂJ ANAGERS " & R ERANSEL VAR J 2 s ULU“J ATVMAIAVTWT A TSl iz AV AV
side S-Oxide (29). To a stirred solution of S-ethyl 3-O-benzyl-4,6-benzylidene-1 -deoxy-1-thio~-a-D-

L A S bl 7 A i -
mannospyranoside26 (104.3 mg, 0.259 mmol) and 2,6-lutidine (90.5 L, 0.78 mmol) in CH,! Cl (1 mL) was
added TMSOTS (100 pL, 0.52 mmol) and the mixture was stirred at room temperature for 0.5 h before it was
concentrated. The residue was dissolved in THF (1.5 mL) and water (0.1 mL) at 0 ©C, and MMPP (64.0 mg,
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0.130 mmol) was added. The mixture was stirred at this temperature for 1 h before dilution with water,

exiraction with CH,Cl,, washing with saturated aqueous NaHCO3 and brine, and drying. Chromatography on
silica gcl (eluem hcxane ethyl acetate = 5:1) provided 29 as a single, but unassigned isomer (109.3 mg, 86%).

h:lmln s 018¢s. 0. 1.30 4. T=7.5 Hz 3D, 2.61 277

L M NIVAR, U. V.10 (S, J11j, 1.37 \{, J = 1.9 1iZ, 511}, 2.Ui-2 . 3.4
(m TH) 15‘2‘17’)(«: 'lm L1444 T=100H> THY AN1 (44 T =21 10D H> 1THY 410¢(dd T -4 K
\didy ARAJy Jo\UTTFed du \AKAy AXRJy JUK \$y v LU RLiL, RELJy TRUL \UU, U Tedy AV.V LkL, A1), TiAT \UU, J = T.U,
10.0 Hz, 1H), 4.29 (¢, J = 10.0 Hz, 1H), 4.45 (bs, 1H), 4.76 (d, J = 11.8 Hz, 1H), 4.78 (s, 1H), 4.85 d, J
= 11.8 Hz, 1H), 5.63 (s, 1H), 7.24-7.49 (m, 10H); 13C-NMR 6: 0.3, 5.7, 43.8, 67.2, 68.1, 70.2, 73.3,

75.5,71.7, 95.2, 101 5, 125.9, 127.7, 127.9, 128.1, 128.2, 128.9, 137.1, 1377

Ethyl 2,3-Di-O-benzyl-4,6-O-benzylidene-1-deoxy-1-thio-a-D-mannopyranoside S-Oxide
(30). S-Ethyl 4,6-O-benzylidene-1-deoxy-1-thio-at-D-mannopyranoside (1.7 g, 5.44 mmol) in benzyl
chloride (25 mL) was treated with NaH (60%, 1.0 g, 25.0 mmol) at 120 OC for 2 h. After cooling, the mixture
was washed with water, 1 M HCI, saturated aqueous NaHCO3 and concentrated in vacuo. The residue was
dissolved in THF (32 mL) and water (2 mL), and MMPP (1.33 g, 2.72 mmol) was added. The mixwure was
stirred at this temperature for 1 h before dilution with water, extraction with CH,Cl,, washing with saturated
aqueous NaHCO3 and brine, and drying. After evaporation of the volatiles chromatography on silica gel
(eluent: hexane:ethyl acetate = 5:1) provided 30 as a single, but unassigned isomer (2.21 g, 80%). mp: 110-

113 oC. [a1.20 = +10.4° (c = 0.5): luvmuo 81354 T=75Hz 3. 2.55-2.70 (m. 1H), 2842986 (m

11J " [V J AV.5F (O V.2 Jy ALYAEN, LedJ \LyJ = J.J1 9 FAR)y Lo dITLTU \K]y, 111), L.0OL.TU (11,
1N 366 ARA (m 2H) A11(dd T =34 N\ﬂﬂv 1THY A20(dd T =41 100Hz 1HY 434 (+ T =100
IED, 3.6 3.84 (m, 2H), 4.11 (3, J = 3.4, 100 Ha, 1H), 420 (44, = 4.1, 100 Hz, 1HD), 434 (, § = 10.0
Hz, 1H), 4.51 (dd, J = 1.3, 3.4 Hz, 1H), 4.61 (d, J = 1.3 Hz, 1H), 4.64-4.87 (m, 4H), 5.63 (s, 1H), 7.24-

7.50 (m, 15H); 13C—NMR o 58 439, 68.1, 70.0, 72.9, 73.1, 74.0, 76.0, 77.8, 92.6, 1015 1259
127.6, 127.9, 128.2, 128.3, 128.4, 129.0, 137.0, 137.4, 138.0; IR, v: 1454, 1374, 1209 cm"1. Anal. Calcd.
for C,H,,0,S: C, 68.48; H, 6.34. Found: C, 68.14; H, 6.57.

Phenyl 2,3-di-O-benzyl-4,6-0-benzylidene-1-deoxy-1-thio-o-D-mannopyranoside (31).
Phenyl 4,6-O-benzylidene-1-deoxy-1-thio-a-D-mannopyranoside? (2.0 g, 5.55 mmol) was dissolved in
benzyl chloride (25 mL) and treated with NaH (60%, 1.0 g, 25 mmol) at 120 ©C for 2 h. After cooling thc
mixture was diluted with CH,Cl,, washed with water, 1 M HCI, saturated aqueous NH4Cl and brine, and
dried. After evaporation of the vmames cnromatograpny on silica gel (eluent: hexane:ethyl acetate = 10:1)
afforded 31 (3.0 g, 100%). [&],20 = +85.9° (c = 3.3); !H-NMR, &: 3.85-4.07 (m, 3H), 4.18-4.38 (m, 3H),

4,66 (d,J = 12.2 Hz, 1H), 4.74 (s, 2H), 4.83 (d, J = 12.2 Hz, 1H), 5.51 (d, J = 0.9 Hz, 1H), 5.66 (s, 1H),

7.23-7.60 (m, 20H); 13C-NMR, & 65.3, 68.4, 73.0, 76.1, 77.9, 79.0, 87.0, 101.4, 1260, 127.6, 127.8,
1280, 128.1, 1283, 1284, 1287, 129.1, 1315, 1375, 137.6, 1383. Anal. Caled. for
C33H32058.0.5H,0: C, 72.11; H, 6.05. Found: C, 72.40; H, 6.14.

Phenyl 2,3-Di-O-benzyl-4,6-O-benzylidene-1-deoxy-1-thio-a-D-mannopyranoside S-Oxide
(32). To a stirred solution of 31 (3.0 g, 5.55 mmol) in CH,Cl, (120 mL) at -78 ©C was added MCPBA
(60%, 1.4 g, 5.55 mmol) after which the mixture was warmed with stirring to -30 ©C in 40 min before
quenching with NaHCO3, washing with brine, drying and concentration. Chromatography on silica gel
(hexane:ethyl acetate = 10:1) provided 32 as a single, but unassigned isomer (2.50 g, 81%). mp: 136-139 °C,
[0]520 = -52.7 (¢ = 1.0); IH-NMR, &: 3.76 (t, J = 10.0 Hz, 1H), 4.05-4.17 (m, 1H), 4.22 (dd, J = 4.8, 10.0

Hz, 1H), 4.29-4.42 (m, 3H), 4.51 (bs, 1H), 4.56 (d, J = 12.0 Hz, 1H), 4.61 (d, J = 12.0 Hz, 1H), 4.67 (d,

J = 12.0 Hz, 1H), 4.83 (d, J = 12.0 Hz, 1H), 5.64 (s, 1H), 7.21-7.55 (m, 15H); 13C-NMR, &: 68.1, 70.0
72.7,73.2, 73.4, 77.9, 97.5, 101.6, 1243, 126.1, 127.6, 127.8, 127.9, 128.2, 128.3, 129.0, 129.4, 131.6,
137.2, 138.2, 141.4; IR, v: 1454, 1373, 1314 cm™!. Anal. Calcd. for C33H3206S: C, 71.20; H, 5.79. Found:
CTnan- 11 Q)

oy TVUTUy L1y J. T4

Mothvl 4.-0-(2.3.Di-N-henzvi.4d §.0.henzvlidene-B-Domannonvranosvl).{1-34).2 3.0.
A'l\r‘l.lll T W \‘,U AFRT WS lll-llllJl "’\l -~ L J A A d rl - rJ - UUJ 7 1 J b
isopropylidene-o-L-rhamnoside (33). [a];20 = -61.0° (¢ = 2.6); 1H-NMR, &: 1.33 (s, 3H), 1.34 (d, J
= 5.7 Hz, 3H), 1.50 (s, 3H), 3.27-3.38 (m, 1H), 3.40 (s, 3H), 3.60-3.72 (m, 3H), 3.91-4.00 (m, 2H), 4.06-

4.15 (m, 2H), 4.21 (t, J = 9.6 Hz, 1H), 427 (dd, J = 4.9, 10.4 Hz, 1H), 4.60 (d, J = 12.6 Hz, 1H), 4.68 (d,
J =12.6 Hz, 1H), 4.82 (d, J = 12.2 Hz, 1H), 4.87 (s, 1H), 4.93 (d, J = 12.2 Hz, 1H), 5.00 (s, 1H), 5.63 (s,
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: 17.6, 26.3, 27.7 548 64.1, 67.6, 68.5, 72.0, 74.8, 76.0, 76.2,
.0, 101.3, 109.3, 125 127.3, 127.4, 128.1, 128.2, 128.3, 128.8, 137.5,
S 2 4%

o mm = ot o e o=

(ED: m/z 648 (M), 633 (M-Me), 617 (M-OMe), 616 (M-1-OMe),
; HRMS Calcd. For C37H44010 (M): 648.2934. Found: 648.2928.
rolidarn
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3. 96-4 12 (m, 3H) 4 20*4 30 (m, 2H), 64—4 79 (m, 3H), 4 79-4. 91 (m 3H) 5 65 (s, IH) 7 0-7 41 (m
13H), 7.48-7.60 (m, 2H); 13C-NMR, &: 16.9, 26.3, 28.0, 52.1, 54.7, 63.9, 64.5, 68.8, 73.2, 73.6, 75.4,
75.8, 76.3, 79.1, 80.3, 97.7, 100.3, 101.3, 109.1, 126.0, 127.4, 127.7, 128.1, 128.2, 128.3, 128.4, 128.7,
137.7, 137.8, 138.6. Anal. Calcd. for C37H44010: C, 68.50; H, 6.84; Found: C, 68.61; H, 6.89.

S-Ethyl 2,3-Di-0-allyl-4,6-0-benzylidene-1-deoxy-1-thio-a-D-mannopyranoside S-Oxide
(39). A mixwre of S-ethyl 4,6-O-benzylidene-1-deoxy-1-thio-o-D-manno-pyranoside® (0.47 g, 1.50
mmoi) Naﬁ(é()% 029g,75mn101) andally] bromide (065 mL, 7.5 mmol) in THF (70 mL) was heated

and concentrated again The residue was then dissolved in THF (10 mL) and waier (i mL) at 0 ©C, and
MMPP (0.37 g, 0.75 mmol) was added portion wise until the substrate was consumed completely. The

reaction mixture was concentrated, taken up with CH,Cl,, washed with water, saturated aqueous NaHCQ3 and
= 9

brine. After evaporation of the volatiles, chromatography on silica gel (hexane:e ethyl acetate = 2:1) afforded 3
as a single, but unassigned isomer (0.50 g, 81%). M.p. 59-62 OC; [a]p20 = +52 0° (c = 1.3); IH-NMR,
1.41 (t, J = 7.5 Hz, 3H), 2.65-2.78 (m, 1H),293 3.06 (m, 1H), 3.65-3.82 (m, 2H), 4.02 (dd, J = 3.3, 101
Hz, 1H), 4.17-4.42 (m, 7H), 4.62 (s, 1H), 5.16-5.39 (m, 4H), 5.60 (s, 1H), 5.85-6.03 (m, 2H), 7.34-7.49
(m, SH); 13C-NMR, &: 5.9, 44.0, 68.1, 69.9, 72.2, 72.9, 73.3, 75.4, 779, 92.8, 101.5, 117.2, 118.3,
125.9, 128.2, 129.0, 134.1, 134.3, 137.0; v: 1457, 1380, 1217, 1129, 1100, 1046, 1024, 968, 923, 751,
699 cml. Anal. Calcd. for C31Hp806S: C, 61.74; H, 6.91; Found: C, 61.74; H, 6.96.

1,6-Anhydro-4-0-(2,3-di-O-benzyl-4,6-0- benzyhdene-B D-mannopyranosyl)-(1—>4)-2,3-0-

-

'°."

25 58 7 e wmove e -

isopropyiidene-p-D-mannopyranose (41). [(x]D = -48.8° (c = 6.4); 1H-NMR, §&: 1.32 (s, 3H), 1.54
(s, 3H), 3.29-3.39 (m, 1H), 3.60 (dd, J = 3.1, 9.9 Hz, 1H), 3.76 (1, J = 6.6 Hz, 1H), 3.50-4.08 (m, 5H),
424 (t, 1 =99 Hz, 1H), 430 (dd, ] = 4.9, 104 Hz, 1H), 4.37 (bd, ] = 6.2 Hz, 1H), 4.54 (bd, J = 6.2 Hz,
1H), 4.61 (d, J = 12.6 Hz, 1H), 4.68 (s, 1H), 4.70 (d, J = 12.6 Hz, 1H), 492 (d, J = 12.3 Hz, 1H), 4.98
(d,1=123Hz 1 H), 538 (d, 1 =28 Hz, 1 H), 5.63 (s, 1H)i 7.24-7.53 (m, 15H); 13C-NMR, &: 25.6,
259,642, 67.7, 68.3, 72.1, 72.4, 72.6, 749, 75.4, 75.7, 71.6, 78.4, 99.3, 100.4, 101.4, 109.8, 126.0,

127.5, 127.6, 127.7, 128.1, 128.2, 128.3, 128.7, 128.9, 1373 138.1 (2); IR, v: 1378, 1151, 1091, 994,
916 cmrl; MS (ED: m/z 632 (M), 617 (M-Me), 542 (M+1-PhCH2), 541 (M-PhCH2); HRMS Calcd. for
C36H40010: 632.2621. Found: 632.2622.

1,6-Anhydro-4-0-(2,3-di-O-benzyl-4,6-0O-benzylidene-a.-D-mannopyranosyl)-(1->4)-2,3-0-
isopropylidene-B-D-mannopyranose (42). [a];20 = +25.0° (c = 0.5); IH-NMR, &: 1.31 (s, 3H), 1.52
(s, 3H), 3.74 (t, ] = 7.1 Hz, 1H), 3.84-4.05 (m, 8H), 4.20-4.32 (m, 2H), 4.59 (bd, J = 6.2 Hz, 1H), 4.68
(d,J =12.1 Hz, 1H), 4.69 (d, J = 12.1 Hz, 1H), 490 (d, J = 12.1 Hz, 2H), 491 (4, J = 1.5 Hz, 1H), 5.33

(d, J = 2.9 Hz, 1H), 5.65 (s, 1H), 7.24-7.52 (m, 15H); 13C-NMR, &: 25.9, 64.5, 64.8, 68.5, 72.0, 73.3,
73.5, 73.9, 74.3, 74.6, 79.1, 99.0, 99.1, 101.4, 110.0, 125.9, 127.3, 127.4, 1279, 128.1, 128.2, 128.4,
128.8, 137.4, 137.9, 138.6; IR, v: 1370, 1124, 1096, 990, 924 co™!; MS (ED): m/z 632 (M), 617 (M-Me),
542 (M+1-PhCH2), 541 (M-PhCH2)

Methyl 3-0-Benzyl-2-0-(2,3-di-O-benzyl-4,6-0-benzylidene-B-D-mannopyranosyl)-(1-22)-
4,6-0-benzylidene-a-D-mannopyranoside (44). [a];20 = -44.8° (c = 3.9); 1H-NMR, &: 3.28-3.37
(m, 4H) 3 59(dd,J=32,99Hz1 H)= 3.74-4.00 (m, 5,,); 4.07-4.1 (m 1H), 4.20-4.31 (m, 4H) 4.59-
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. ( 1.20-4.30 (m, 3H), 4.50 (d, J = 12.2 Hz, 1H), , 1H), 4.59-4.
3H) 480(d 1—117Hz 1H), 4.86 (d, J = 12.1 Hz, 1H), 5.23 (d, J = 1.5 Hz, lH) 562 (s, 1H), 5.65 (s,
1H), 7.24-7.54 (m, 25H); 13C-NMR, &: 54.8, 63.6, 64.6, 68.6, 68.7, 73.0, 73.4, 75.8, 75.9, 79.1, 79.2,
100.8, 100.9, 101.3, 101.4, 125.9, 126.0, 127.3, 127.5, 127.6, 127.7, 127.8, 128.2, 128.3, 128.8, 128.9,
137.5, 138.1, 138.3, 138.7; IR, v: 1600, 1124, 1091, 1003, 966 cm™1; MS (EI): nvz 803 (M+1), 802 (M),
801 (M-1), 711 (M-PhCH2).
3-0-(2,3-Di-O-benzyl-4,6-O-benzylidene-B-D-mannopyranosyl)-(1—>3)-1,2:5,6-di-O -iso-
propylidene-a-D-glucofuranose (47). [m],,20 = -38.6° (c = 2.9); IH-NMR, &: 1.31 (s, 3H), 1.34 (s,
3H), 1.43 (s, 3H), 1.50 (s, 3H), 3.28-3.37 (m, 1H), 3.61 (dd, J = 3.0, 9.8 Hz, 1H), 3.87 (d, J = 3.0 Hz,

iH), 3.92 (1, J = 10.2 Hz, 1H), 4.02-4.15 (m, 2H), 4.22 (t, ] = 9.8 Hz, iH), 4.27-4.33 (m, 3H), 4.38-4.45
(m, 2H), 4.56 (bs, 1H), 4.63 (d, J = 12.5 Hz, 1H), 4.76 (d, ] = 12.5 Hz, 1H), 4.82 (d, ] = 11.9 Hz, 1H),

w
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4.88 (4,7 = 11.9 Hz, 1H), 5.63 (s, 1H), 5.89 (d, T = 3.8 Hz, 1H), 7.24-7.53 (m, 15H); 13C-NMR, §: 25.3,
26.2, 26.5, 26.1, 66.1, 61.7, 68.3, 72.5, 72.9, 74.8, 76.1, 71.9, 78.5, 80.4, 80.8, 82.7, 100.1, 101.3,
104.9, 108.6, 111.9, 125.9, 127.5, 127.6, 127.7, 128.1, 128.3, 128.4, 128.8, 137.4, 138.0, 138.2; IR, 1u:

PhCHz), HRMS Calcd. for C39H46011 690. 3040 Found: 690 3047 (M).
3-0-(2,3-Di-O-benzyl-4,6-0-benzylidene-o-D-mannopyranosyl)-(1—3)-1,2:5,6-di-0O-iso-
propylidene-«-D-glucofuranose (48). [a];20 = +15.7° (c = 1.1); IH-NMR, &: 1.31 (s, 3H), 1.34 (s,
3H), 1.41 (s, 3H), 1.50 (s 3H), 3.77-3.98 (m, 4H) 4.00-4.15 (m, 4H), 4.23-4.37 (m, 3H), 4.54 (d, ] = 3.6

Hz, 1H), 5.'2'2 (a, i =14 Hz, iH), 5. 7(s 1H), 5.84 (d, J' =3.6 Hz, m) 7.24-7. 55 (m, 15 H); 13“-N‘1\4‘R,
6: 25.5, 26.2, 26.7, 26.8, 65.0, 67.8, 68.7, 72.4, 73.0 (2), 75.6, 75.8, 78.9, 80.0, 81.3, 83.9, 99.8, 101.3,
105.2, 109.3, 112.1, 125.8, 127.4, 127.8, 127.9, 128.1, 128.2, 128.3, 128.8, 137.4, 137.7, 138.4; IR, u:
1452, 1373, 1094, 1017 cm1; MS (EI): m/z 600 (M+1-PhCH2), 599 (M-PhCH2)

2 -2-deoxy-3,6- d. 0-benzyl-4-0- 2,3-dz-oebepzy!e4 1-

AVl 5 w3 1 qu

NMR, 8 173 (s, 3H) 3 8 9 (m IH) 345 (dd J-30 9.8 Hz, lH) 351 369 (m 4H) 370-380
(m, 2H), 3.92 (t, ] = 7.2 Hz, lH), 4.02-4.18 (m, 3H), 4.35-4.65 (m, 6H), 4.72-4.98 (m, 6H), 5.54 (s, 1H),
5.76 (d, J = 8.0 Hz, 1H), 7.20-7.50 (m, 30H); 13C-NMR, &: 23.2, 54.9, 67.2, 68.5, 69.1, 70.7, 72.5, 73.4,
73.6, 75.0, 75.2, 7719, 78.1, 78.6, 99.1, 101.3, 101.7, 126.0, 127.0, 127.4, 127.5, 127.7, 127.8, 127.9,
128.1, 128.3, 128.4, 128.8, 137.5, 137.8, 138.2, 138.4, 138.7, 170.1; MS (EI): m/z 921 (M), 829 (M+1-
PhCH2). Anal. Caled for C;H,,0,,.1H,0: C, 71.54; H, 6.66. Found: C, 71.12; H, 6.19.

Benzyl 2-N-Acetylamino-2-deoxy-3,6-di-O-benzyl-4-0-(2,3-di- 0 benzyl-4,6-0- benzyl-
idene-a-D-mannopyranosyl)-(i—>4)-p-D-glucopyranoside (51). [a],20 = +2.67° (c = 0.3); 1H-

NMR, &: 1.77 (s, 3H), 3.40-3.50 (m, 1H), 3.51-3.59 (m, 1H), 3.71-3.93 (m, 7H), 4.05-4.18 (m, 2H), 4.25
(t, 1 =97 Hz, 1H), 437 (d, J = 12.1 Hz, 1H), 4.50-4.67 (m, 7H), 4.79-4.91 (m, 3H), 5.28 (d, J = 1.5 Hz,
1H), 5.40 (d, J = 7.9 Hz, 1H), 5.63 (s, 1H), 7.20-7.53 (m, 30H); 13C-NMR, &: 23.4, 30.9, 56.9, 65.1,
68.6, 69.1, 70.8, 73.0, 73.2, 73.3, 73.4, 743, 76.1, 76.2, 78.9, 80.7, 98.6, 100.5, 101.3, 1260, 127.0,
127.3, 127.4, 127.5, 127.6, 127.7, 127.8, 127.9, 128.0, 128.1, 128.2, 128.3, 128.5, 128.7, 137.3, 137.6,
137.9, 138.1, 138.6, 170.4.

1,6-Anhydro-2-azido-3-O-benzyl-4-0-(2,3-di-O-benzyl-4,6-0O-benzylidene-f-D-manno-
pyranosyl)-(1—4)-2-deoxy-pB-D-glucopyranose (53). [a]p20 = -29.2° (¢ = 0.5); !H-NMR, &: 3.30-
3.40 (m, 2H), 3.63 (dd, J = 3.0, 9.9 Hz, 1H), 3.78-3.85 (m, 2H), 3.90-3.99 (m, 2H), 4.08 (d, J = 3.0 Hz,



8342 D. Crich, S. Sun / Tetrahedron 54 (1998) 8321-8348

)

iH), 4.15-4.31 (m, 3H), 4.58-4.71 (m, 5H), 4.76 (broad s, 1H), 49z (d,J=12.1 Hz, 1H), 502 (d, J =
12.1 Hz, 1H), 5.56 (broad s, 1H), 5.65 (s, 1H), 7.22-7.56 (m, 20H); 13C-NMR, &: 59.1, 64.9, 67.8, 68.4,
719, 72.1. 724, 73.2, 75.0, 75.9, 77.5, 77.8, 78.3, 99.0, 100.6, 101.4, 126.0, 127.5, 1279, 128.1,
17227 179 2 ‘l’)ﬂ A 120 £ 1297 12717 1274 122 1 129 A RAC M. svafr L£70 XA N\ £17 Af.1

10y 1&0.J, A &O.dy 1O, l LJi.0, 2Ji.57%y 1J0.1, 1J0.%, V13 \1.,1; UYL U7 \L-IY}), Ui/ \mTi-
PhRCH»). 616 (M m-.m,.\ £80 (M+1-PhCH»-N1). 588 (M-PhCH5-N»): MS Caled for C33H34N30g9 (M-
A RBNABRLFy VAN \AVATA BANAR A jy oFFS YaAVATY RANLARYTANY Jy TOU \AVATK MNCARLTINS Ty a.uu And WAL BUA g9 N4y \1vx

PhCH»): 616.2295; Found: 616.2270.
1,6-Anhydro-2-azido-3-0O-benzyl-4-0-(2,3-di-O-benzyl-4,6-0O-benzylidene-o-D-manno-
pyranosyl)-(1—4)-2-deoxy-B-D-glucopyranose (54). [a]p20 = +52.0° (c = 0.6); IH-NMR, &: 3.11
(brs, 1H), 3.36 (t, J = 1.4 Hz, 1H), 3.61 (br s, 1H), 3.76 (dd, J = 6.0, 7.3 Hz, 1H), 3.85-3.92 (m, 3H),
4.04 (dd, J = 3.3, 10.0 Hz, 1H), 4.11 (broad d, J = 7.3 Hz, 1H), 4.20-4.29 (m, 2H), 4.48 (d, J = 12.1 Hz,
1H), 4.55-4.65 (m, 4H), 4.71 (d, J = 1.4 Hz, 1H), 4.74-4.81 (m, 2H), 5.62 (br s, 1H), 5.64 (s, 1H), 7.24-
7.52 (m, 20H); 13C-NMR, &: 58.6, 65.0, 65.1, 68.5, 72.0, 72.8, 73.1, 73.7, 75.1, 75.9, 76.1, 78.8, 98.6,
100.4, 101.4, 126.0, 127.4, 127.5, 127.8, 128.1, 128.2, 128.4, 128.6, 128.8, 136.8, 137.4, 137.8, 138.5;
MS (EI): m/z 708 (M+1), 707 (M), 680 (M+1-N2), 679 (M-N2), 678 (M-1-N»), 617 (M+1-PhCHp), 616 (M-

PhCHy), 588 (M-PhCH>-N3); HRMS Calcd for C4gH41N309 (M): 707.2843; Found: 707.2826.
N-Benzyloxycarbonyl-0-(2,3-di-O-benzyl-4,6-O-benzylidene-B-D-mannopyranosyl)-L-

threonine Methy!l Ester (56) {n} 20 = .20.7° (¢ = 5.8): IH-NMR. §: 122 (d. J = 6.3 Hz. 3 3.18-

SEER WAFREASEL. AR IIJ uv’. T S \f - ata u}, AATLVIVAAN, V. L kv \u, o V.J ‘l‘l, Jll}
3.28 (m, 1H), 3.56 (dd, J = 3.1, 9.9 Hz, 1 H), 3.73 (s, 3H), 3.80-3.90 (m, 2H), 4.15 (t, J = 9.9 Hz, 1H),
4.24 (dd, J = 4.9, 10.5 Hz, 1H), 4.37 (dd, ] = 2.3, 9.3 Hz, 1H), 4.44-4.52 (m, 2H), 4.62 (d, ] = 12.5 Hz,

1H), 4.72 (d, ] = 12.5 Hz, 1H), 4.78 (d, J- 122Hz, 1H), 4.87 d, J = 12.2 Hz, 1 H), 5.15 (s, 2H), 5.55
(d,J = 9.2 Hz, 1H), 5.59 (s, 1H), 7.24-7.55 (m, 20H); 13C-NMR, &: 17.4, 52.5, 58.4, 67.1, 67.4, 68.4,
72.3, 74.1, 74.6, 76.2, 77.7, 78.4, 99.7, 101.3, 126.0, 127.5, 128.0, 128.1, 128.3, 128.5, 128.8, 136.2,
137.4, 138.2, 138.3, 156.7, 170.7; IR, v: 1725 cm’l; MS (ED): m/z 697 (M), 606 (M-PhCH2), 562 (M-
PhCH20CO); HRMS Calcd. for C33H36NO10 (M-PhCH2): 606.2313. Found: 606.2310.
N-Benzyloxycarbonyl-0-(2,3-di-O-benzyl-4,6-0O-benzylidene-a-D-mannopyranosyl)-L-

threonine Methyl Ester (57). [ajp2C = +45. o" (c = 0.2); 1H-NMR, 6: 1.27 (d, J] = 6.4 Hz, 3H), 3.56 (s,

1YY 17T\

Hz, 1H), 468 (d, J =

i

2T —— ATLTN

3H), 3.59-3.62 (m, 1H), 3.78-3.90 (m, 3H), 4.17-4.39 (m, 4H), 4.6

£
<’)6Irl 1—0’711-. 1THY KA (¢ 1 \ ‘7’)4"’!5

oF ARL, Liijy JNVUIT \O, A2}, 1.7,

68.5, 73.2, 73.3, 75.9, 76.0, 76.2, 789, 100.7, 101.3 127

128.5, 128.7, 137.4, 137.8, 138.4, 156.4, 170.8; IR, v: 1725, 1507, 1096, 1011 cmrl; MS (EI: m/z 697
(M), 607 (M+1-PhCH2), 606 (M—PhCHz).
3-0-(2,3-Di-0-allyl-4,6-O-benzylidene-B-D-mannopyranosyl)-(1-»3)-1,2:5,6-di-0 -
isopropylidene-o-D-glucofuranose (58). [o]D20 = -43.5° (¢ = 2.6); IH-NMR, &: 1.32 (s, 3H), 1.36
(s, 3H), 1.44 (s, 3H), 1.50 (s, 3H), 3.20-3.40 (m, 1H), 3.55 (dd, J = 3.0, 9.8 Hz, 1H), 3.81 (bd, ] = 3.0
Hz, 1H), 3.89 (t, J = 10.3 Hz, 1H), 4.00-4.42 (m, 11H), 4.50 (d, J = 3.8 Hz, 1H), 4.57 (bs, 1H), 5.10-5.36
(m, 4H), 5.58 (s, 1H), 5.82-6.02 (m, 3H), 7.34-7.50 (m, SH); 13C-NMR, &: 25.4, 26.2, 26.4, 26.7, 65.7,
67.6, 68.3, 71.8, 73.4, 74.3, 76.3, 77.9, 78.4, 80.2, 80.6, 82.7, 99.7, 101.3, 104.9, 108.3, 111.9, 116.8,

383, 1217 cm1; MS (EI): myz 590 (M), 576
.27

~= cmn o~ oam s PR S

117.4, 1259, 128.1, 128.8, 134.7, 135.1, 137.3; IR, v: 1455

(M+1-Me), 575 (M-Me); HRMS Calcd. for C31H42011 (M): 5 27. Found: 5%0.2730.
3-0-(2,3-Di-0-allyl-4,6-0O-benzylidene-o.-D-mannopyranosyl)-(1-»3)-1,2:5,6-di-0-
tonmeranuviidana ~ N alisnnfiirannon (20N rrv1r\20 —_ a2 1% (A — T M\ lU_?\T\l‘D R-12%9 7o 2L\ 1 28
IBUPI Up_yllucuc'u.*u TULUVIUI AllIUOT (\J7 ). {WRjp— - T&U.1 AV — L.J), AATINIVAING UV, b4 Dy Jll’, d1.2J
(s. 3H). 1.41 (s. 3HD). 1.50 (s. 3H). 3.75-4.29 (m_ 16H). 456 (d.J = 3.6 Hz. 1H). 5.15-5.35 (m. 4H). 5.63
APy JEAJy RaTTA \Oy JERSy LU Oy JELJy Jui JTTII \RhEy AVALJy TV My e\ RBdey AARJy wZeAdTT. WIoF \Rily TRLJy ST
(s, 1H), 5.85-6.00 (m, 3H), 7.34-7.51 (m, 5H\ 13C-NMR, 3&: 25.3, 26.2, 26.8 (2), 64.9, 67.8, 68.7, 72.2,
72.4, 72.7, 75.3, 75.8, 79.0, 80.0, 81.4, 84.0, 100.2, 101.3, 105.2, 109.4, 112.1, 116.5, 117.8, 125.8,

128.1, 128.8, 134.6, 134.8, 137.4; IR, v: 1456, 1374 cmrl; MS (ED: myz 591 (M+1), 590 (M), 576 (M+1-
Me), 575 (M-Me); HRMS Calcd. for C31H42011 (M): 590.2727. Found: 590.2806.
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1,6-Di-O-acetyi-2-N-acetyilamino-3-0-benzyl-4-0-(2,3-di-O-benzyl-4,6-0-benzylidene-B-D-

P 1 faran

mannopyranosyi)-(1—4)-2-deoxy-a-D-giucopyranose (61). A mixture of 53 (i12.0 mg, 0.017
mmol) and Lindlar catalyst (100 mg) in ethyl acetate (4 mL) was stirred under Hy for for 2 h at room

tormneorathima  Dleatinn and sancantratian gava tha nmina &0 F1N 7 me QQOLN lu NMD S.70
UV (1u./ . Ul &7

CMpETanme. rudatin and oconcenration gave ule amine u.; Mg, 7770). “ri-INIVin,
3.25-3.36 (m, 1H), 3.59-3.68 (m, 2H), 3.75-3.82 (m, 2H), 1.88-4.02 (m, 2H), 4.15-430 (m, YH), 4.50-
499 (m, 7m 5.44 (bs, 1H), 562 (s, 1H), 7.20-7.55 (m, 20H). Crude 60 (10.7 mg, va Ln_mgl) was

stirred for a further 5 h before it was concentrated. Chromatography on silica gel affordcd 61 (13.1 mg, 95%).
[0]p20 = +1.3° (c = 0.5); 'H-NMR, &: 1.79 (s, 3H), 2.07 (s, 3H), 2.15 (s, 3H), 3.16-3.28 (m, 1H), 3.56-
3.68 (m, 3H), 3.69-3.77 (m, 1H), 3.85 (1, J = 9.4 Hz, 1H), 3.94 (d, J = 2.7 Hz, 1H), 4.09-4.19 (m, 4H),
4.23-4.32 (m, 1H), 4.47 (br s, 1H), 4.60-4.70 (m, 2H), 4.80-4.85 (m, 2H), 4.92-4.99 (m, 2H), 5.03 (d, J =
8.4 Hz, 1H), 5.55 (s, 1H), 6.12 (d, J = 3.5 Hz, 1H), 7.23-7.48 (m, 20H); 13C-NMR, &: 20.8, 20.9, 23.1,

50.8, 52.1, 61.8, 64.7, 67.5, 68.3, 71.4, 72.8, 74.2, 75.2, 77.6, 78.3, 78.5, 90.7, 101.3, 101.9, 125.9,
i27.4, 127.5, 127.6, 127.8, 128.1, 128.3, 128.8, 137.3, 138.2, 138.4, 138.5, 168.7, 169.9, 170.5; MS
(‘I’EAI); i_l_ylz 826 (‘l' sV IR Y PV a”a\Y 766 ' VIR M a’'atay -4 s W 4 Y g (11 1 k’nL,an), YTEITR R -S

Calcd for C44H4gNO11 (M): 766.3227; Found: 766.3158

Mothvul 22A_Tri_-.acatvl_&.N.(7 2. di.f) _ hanz2vli . d £_ N _hoanrvlidons R.D.mannnanvranncull.
IVIUIIIJI Ead Lol g A RARTRS “‘U‘J- WORS T g T A4 v\;.lb:. WU TV v»llb:..“‘l.b P Ar lllﬂllllu";lﬂll“ﬂl ay
(1-»6)-0-D-glucopyranoside (62). [a]p?0 = +16.8° (c = 1.4); 1H-NMR, §: 2.02 (s, 3H), 2.03 (s,
3HD), 208 (5, 3H), 3. 32_3= 5 (m, 1H), 3.37 (s, 3H), 3,_50(_d J=67, 10.8 Hz, 1H), 3.59 (dd, J = 3.1, 9.¢
Hz, 1H), 3.92 (t, ] 0.3 Hz, 1H),396405( 3H), 4.20 (t, J-—99HZ 1H), 4.30 (dd, J = 4.9, 10.3

Hz, 1H), 4.48 (d, ] = 0.6 Hz, 1H), 457 d, ] = 12.5 Hz, IH), 4.67 (d, J = 12.5 Hz, 1H), 4.83-5.02 (m,
5H), 5.50 (t, J = 10.1 Hz, 1H), 5.61 (s, 1H), 7.24-7.52 (m, 15H); 13C-NMR, 8: 20.7 (3), 55.2, 67.5, 68.2,
68.4 (2), 68.9, 70.0, 70.8, 72.2, 75.0, 75.9, 77.6, 78.4, 96.4, 101.3, 102.4, 126.0, 127.5, 128.1, 128.2,
128.4, 128.8, 137.4, 138.2, 138.3, 169.8, 170.0, 170.1; IR, v: 1748, 1452, 1369, 1258, 1040 cm'!; MS
(ED: m/z 750 (M), 660 (M+1-PhCH2), 659 (M-PhCH2); HRMS Calcd. For C33H39014 (M-PhCH2):

t‘-l\ AA

659.2340. Found: 659.2264.

M ethyl 2,3,4-Tri-O-acetyl-6-0-(2,3-di-O-benz yi-4,6-0-béﬁzyiideﬁe-a D-mannopyranosyi)-

(1—6)-0-D-glucopyranoside (63). [a]p20 = +92.2° ( : 1.99 (s, 3H), 2.02 (s, 3H),
, 3H), 3.30 (s, 3H), 346 (dd, T = 2. z, 3.79-3.96 (m, 4H), 4.16-

J2H), 4.65-4.89 (m, 6H), 5.01 (1 9 Hz, 1H), 5.62 (s, 1H), 7.24-

] (_ 15H): 13C-NMR, &: 20.7 (3), 55.2, 64.2, 65.2, 67.7, 68.7, 702 70.7, 73.2, 73.5, 75.9, 76.2,

789 96.5, 99.3, 101.4, 126.0, 1274 127.6, 128.0, 128.1, 128.2, 128.3, 128.7, 137.6, 138.0, 138.5,

169.4, 170.1 (2); IR, v: 1748, 1456, 1369, 1096 cm-1; MS (EI): m/z 751 (M+1), 750 (M), 749 (M-1), 660

(M+1-PhCH2), 659 (M-PhCH2).

Methyl 2,3,4-Tri-0O-acetyl-6-0-(2,3-di-0O-allyl-4,6-O-benzylidene-3-D-mannopyranosyl)-

(1—»6)- a-D-glucopyranoside (64). [Ot]D20 = +36.2° (c = 5.0); 1H-NMR, &: 2.00 (s, 3H), 2.02 (s,

0
o gt
'I{
N
:5 3

TR aws A -

7.49 (m DH), 13C-NMR, 5 20.6 (

P

.7
77.6, 78.4, 96.3, 101.3, 102.0, 1 6 , 117.4, 125.9, 128.1, 128.7, 137.4, 169.8, 169.9,
170.1; IR, v: 1750 cm-!; MS (EI): m/z 650 (M), 609 (M-allyl); HRMS Calcd. for C32H42014 (M): 650.2574.
Found: 650.2558.
Mothvl 2 22A_Tri-N.acotvl.f.N.(2 A.di-N.allvl.4d .0 -henzviidene.cx.D.mannanvranncvl).
ivAwRiyR Ayl g TE R A ATV SEUR L JETUSRS S My TR TR FET YUY TN ALy SNV AL T U ST INGIR MUY Y I REVO T R )
(1-26)-a-D-glucopyranoside (6<) {0&]920= 496.9° (c = 0.5); TH-NMR, 8&: 2.01 (s, 3H), 2.03 (s, 3H),
2.08 (s, 3H), 3.41 (s, 3H), 3.53 (dd 2.2, 11.3 Hz, 1H), 3.70-3.87 (m, 5H), 3.91-3.99 (m, 1H), 4.07-
4.38 (m, 6H), 4.83-4.96 (m, 3H), 08 (t, J = 9.5 Hz, 1H), 5.12-5.36 (m, 4H), 5.47 (t, J = 9.5 Hz, 1H),

5.58 (s, 1H), 5.85-6.01 (m, 2H), 7.33-7.51 (m, 5H); 13C-NMR, &: 20.6 (3), 55.3, 64.1, 65.3, 67.8, 68.6,
68.8, 70.2, 70.7, 72.2, 73.0, 75.6, 78.9, 96.6, 99.5, 101.5, 116.5, 117.7, 126.0, 128.1, 128.7, 134.7,
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1349, 169.4, 170.1 (2); IR, v: 175"

C32H42014 (M): 656.4574. Found: 650.2537.
6-0-(2,3-Di-0O-benzyl-4,6-O-benzylidene-B-D-mannopyranosyl)-(1—6)-1,2:3,4-di-0-
isonropvlidena-g-D.salastanvrangse (66) foein20 = -79.2° (¢ = 3.3); I.NMR. §: 123 (s 2D
ISUNIUPY IIGCHC W A" RRIGLIVP T GLIUST (VU /. LU iz, \C J.3j NIVIRR, U 1.3J O, Jiij,
1_1§(e1)14§{g IH). 1 51 (2 3H). 3.26-3.3GQ ( 1THY. 354(dd T=30 100H7z 1H)Y 3K4(dd T =
VA (P TaAFy 20TV WUy wRSJs Srw A Wy mal)) CekUTC el T \RALy LAL)y ~3u Y (MY @ Sy LU LAy RRAJy SUT (W, Y
8.3, 10.7Hz, 1H), 393 (1, J = 10.3 Hz, 1H), 4.03 (4, J .0 Hz, 1H), 4.07-4.12 (m, 1H), 4.15-4.24 (m,

=3,

3H), 4.30 (dd, J 4.9, 10.3 Hz, 1H), 4.35 (dd, J = 2.5, 5.0 Hz, 1H), 4.50-4.65 (m, 4H), 491 (d,J =123
Hz, 1H), 5.03 (d, J = 12.3 Hz, 1H), 5.59 (d, J = 5.0 Hz, 1H), 5.62 (s, 1H), 7.19-7.54 (m, 15H); 13C-NMR,
d: 24.3, 25.0, 25.9, 26.0, 6.5, 67.9, 68.5, 70.0, 70.4, 70.7, 71.5, 72.0, 74.5, 74.7, 78.4, 96.3, 101.3,
102.8, 108.7, 109.5, 126.0, 127.4, 128.1, 128.2, 128.7, 137.5, 138.1, 138.2; IR, v: 1600, 1498, 1456,
1378 cm-1; MS (EI): myz 690 (M), 676 (M+1-Me), 675 (M-Me), 600 (M+1-PhCH2), 599 (M-PhCHz2); HRMS
Calcd. for C39H46011 (M): 690.3040. Found: 690.3043. ’
6-0-(2,3-Di-O-benzyl-4,6-0O-benzylidene-o-D- mannopyranosyl) (1->6)-1,2:3,4-di-0O-

lsnpropylldene-a-u-galactopyranose (67). [a]p20 = -5.3° (c = 1.3); 1H-NMR, 8 1.34 (s, 6H), 1.44
(s, 3H), 1.52 (s, 3H), 3.65-3.93 (m, 5H), 3.95-4.00 (m, 2H), 4.15-4.29 (m, 3H), 4.33 (dd, J = 2.4, 5.0 Hz,
1H), 4.59-4.65 (m, 2H), 4.72-4.84 (m, 3H), 4.93 (d, J = 1.4 Hz, 1H), 5.53 (d, J = 5.0 Hz, 1H), 5.64 (s,
1H), 7.24-7.53 (m, 15H); 13C-NMR, 3: 24.5, 24.8, 259, 26.0, 64.3, 65.3, 65.7, 68.7, 705 70.6, 70.8,
73.0, 73.3, 76.2, 76.3, 79.0, 96.3, 98.9, 101.3, 108.5, 109.3, 126.0, 127.3, 127.4, 127.6, 127.9, 128.1,
128.2, 128.3, 128.7, 137.6, 138.0, 138.6; IR, v: 1600, 1498, 1447, 1373, 1100 cm-1l; MS (ED: m/z 600

(M+1-PhCH2), 599 (M-PhCH2).

S-Ethyl 2,3,4,6-Tetra-0O-benzyl-1-deoxy-1-thio-o-D-mannopyranoside S-Oxide (68). To a
stirred solution of S-ethyl 2,3,4,6-tetra-O-acetyl-1-deoxy- 1-thio-oi-D-mannopyranoside6 (4.4 g, 11.2 mmol)
in MeOH (200 mL) was added sodium (50 mg). The mixture was stirred overnight , concentrated, taken up
with benzyl chloride (50 mL) and heated with sodium hydride (60%, 3.6 g, 89.6 mmol) at 120 °C for 6 h. It
was then diluted with CH,Cl,, washed with saturated aqueous NaHCO3 and brine, dried and concentrated.
Chromatography on siiica gei (eiuent: hexane/ethyi acetate = 25/1—-5/1) gave 5.45 g of S-ethyl 2,3,4,6-tetra-O-

e man mtirm a3 SODOTN PO, [ P . | .l

wnzﬁ-rueoxy- -tmo—u-u«maxmupymﬁomuc (0D70). lﬂlb \L l.) £, .') 00 IIIIIIOI) wds meaica wiin lVllVLt’l’

(80%, 1.14 g, 1.84 mmol) in THF (25 mL) and water (4 mL) at 0 °C for 2 h. Subsequent concentration,

extraction with CH f"l umch"u'r with samirated agueous NaHCO» and np’ drving, concentration and column

with CH, ng with saturated aqueous NaHCQ3 and brine, drying, cor an
chromatography on szhca gel (eluent: hexane/ethyl acetate = 1/1) gave 1.99 g of 68 as a single, but unassigned
isomer (90%). [a1n20 +21.2° (¢ = 1.3); 1H- N R, &8: 1.37 (t, J = 7.4 Hz, 3H), 2.65-2.80 (m, 1H), 2.92-

3.06 (m, 1H), 3.65-3.77 (m, 3H), 4.01-4.10 (m, 2H), 449—480 (m, 9H),492 (d, J = 10.8 Hz, 1H), 7.17-
7.44 (m, 20H); 13C-NMR, 3&: 5.9, 43.6, 69.1, 71.8, 72.0, 72.7, 73.4, 73.6, 75.1, 7.6, 79.5, 91.1, 127.6,
127.7 (2), 127.9, 128.1, 128.3, 128.4, 137.7, 137.9; IR v: 3033, 2871, 1602, 1496, 1455, 1110, 1044,
1027 cm-l. Anal. Calcd for C,(H,,0,S.0.5H,0: C, 70.91; H, 6.78. Found: C, 70.55; H, 6.62.

S-Ethyl 1,2:3,4-Di-O-isopropylidene-1-deoxy-1-thio-a-D-mannopyranoside S-Oxide (69).
S-Ethyl 1-deoxy-1-thio-o-D-mannopyranoside®® (1.43 g, 6.37 mmol) and p-toluenesulphonic acid
monohydrate (150 mg) were dissolved in acetone dimethyl acetal (20 mL) and stirred for 7 h before washing

with NaHCO3 and brine, drying, and concentration. The residue was then dissoived in THF (40 mL) and
water (6 mL) at 0 ©°C, and MMPP (1 58 g, 3.18 mmol) was added portion wise until the substrate was

PR | ..A...-._..l..‘,.l-. Th e no namaantentad tolran e etk O M winohad weth watar cntuaentad
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1 Cl
acetate = 2:1) afforded 69 2as a singl signed isomer (1.67 g, R29),
4.1) aito 62 as a singi s1gn €T (1.

e tn
+19.8° (c = 0.5); TH-NMR, §: 1.37-1.43 (m, 9H), 1.51 (s, 3H), 157 (s, 3H), 267 282 (m 1H), 2.91-3.06
(m, 1H), 3.40-3.50 (m, lH‘) 3.69 (1, J = 10.8 Hz, 1H) 3.77-3.90 (m, 2H), 4.26 (dd, J = 5.8, 8.1 Hz, 1H),
4.82-4.86 (m, 2H); 13C-NMR, 6: 5.8, 18.6, 25.9, 28.0, 28.7, 43.6, 61.4, 67.3, 70.9, 71.7, 74.3, 90.0,
99.7, 109.6; Anal. Calcd. for C14H2406S: C, 52.48; H, 7.55; Found: C, 52.36; H, 7.60.



D. Crich, S. Sun / Tetrahedron 54 (1998) 8321-8348 8345

i-O-a cetyl-o-u -(2,3,4,6-tetra-O-benzyi-p-D-mannopyranosyl)-
lln\ﬁ r-_1_ M} ~n -10 £ 1ry AR Ay 1
78)°. [alp’ = +22.7° (¢ = 1.6); 'H-NMR, &: 1.97 (s, 3H), 2.01 (s,

) 2.08
.41-3.52 (m, 3H), 3.69-3.80 (m, 2H), 3.87 (t, J = 9.5 Hz, 1H), 3.97-4.13 (m, 3H)
.414_53 {m SH), 482.500 (m 6H) 540 7t J = 10.0Hz 1H) 7.14.7.47 I); 1

{ 20
\Bily WFERJy Tk U \Rily VELJy JTT \by J T AVVVLLL, LKL)y FATYT U LSTTH \m, ANIE
0, 75.

29.6, 55.1, 683, 69.0, 69.5, 70.1, 70.7, 71.3, 73.4, 73.8, 74.0, 74.6, 75.

Fre s 7 reiy wraRry &

1
96.4, 101.9, 127.5, 127.8, 127.9, 128.1, 128.2, l380 138.2, 138.6, 169.8, 169.9, 170.1; IR 1.) 2936,
1749, 1368, 1229, 1048 cm'l; MS (ED): myz 751 (M-PhCHj); HRMS Calcd for C49H47014 (M-PhCHy):
751.2966; Found: 751.3012.

Methyl 2,3,4-Tri-O-acetyl-6-0-(2,3,4,6-tetra-O-benzyl-a-D-mannopyranosyl)-(1—6)-a-D-
glucopyranoside (71)6. [a]p?0 = +65.2° (c = 3.9); !H-NMR, &: 1.95 (s, 3H), 2.01 (s, 3H), 2.08 (s,
3H), 3.30 (s, 3H), 3.51 (dd, J = 2.3, 11.5 Hz, 1H), 3.66-3.76 (m, 5H), 3.83-3.96 (m, 3H), 4.49-4.90 (m,
11H), 501 (t, J = 9.8 Hz, 1H), 543 (t, J =9.8 Hz, IH) 7 16738 (m 20H), I3C.NMR, &: 20.6, 29.6,
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1 3
. 2.02 (s, ,3 . n, 1H), 3.41 (s, 3H), 3.62 (dd, J =
10.3 Hz, 1H), 3.90-4.19 (m, 5H), 4.28 (d ,J=2.6,6.1 Hz, 1H), 48248
(m, 2H),490501 (m 2H),548 (t, J = 9.3 Hz, 1H); 13C- NMR 6: 18.8, 20.6 (3), 25.8, 27.4, 28.7, 55.2,
62.5, 65.9, 67.6, 68.6, 69.1, 70.0, 70.8, 71.8, 74.1, 76.1, 96.3, 98.9, 99.6, 111.0, 169.7, 170.0, 170.1;
MS (EI): m/z 563 (M+1), 562 (M), 547 (M-Me). Anal. Calcd for C,;H,,0,,.1.5H,0: C, 50.92; H, 7.00.
Found; C, 50.58; H, 6.48.

Methyl 2,3,4-tri-O-acetyl-6-0- (1 2:3,4-di-O- isopropylidene-a D- mannopyranosyl) (1-6)-
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Reaction of 35 with PhSOTf and DTBMP at -78 ©C. 'H and “F-NMR Verification of
Formation of Triflate 37: To AgOTf (34.9 mg, 0.142 mmol) in a 5 mm NMR tube at -78 °C was added a
cold solution of PhSCl (7.9 mg, 0.057 mmol) in CD2Cl (0.5 mL) and the tube shaken vigorously at this
temperature for S min. 19F-NMR spectroscopy indicated the formation of PhSOTY (8g: -3.17). Then a cold
solution of the thioglycoside 35 (11.0 mg, 0.028 mmol) and DTBMP (11.6 mg, 0.057 mmeol) in CD»Cl; (0.5
mL) was added at the same temperature. H- and I9F-NMR spectroscopy indicated the immediate formation of
the glycosyl triflate 37 (anomeric 8y: 6.20; 8g: -0.13; Lit38, 8g: 6.20; 3g: -0.04).

Protocol E. General Glycoside Synthesis from Thioglycosides in CH,Cl,. To a stirred solution

O 0N e Fl s W Ja B Te

of AgUlI (55 mg, 0.324 mmot) in the chosen solvent U .5 mL) at -78 °C is added a solution of PhSCi (39 mg,

a 1 & .T N\ adtemeaten e Lnee & cnmion na S N, ISR, PR P

_ : S ~L
0.27 mmol) in the same solvent (1.5 mL). After stirring for 5 min at -78 °C, a solution of the thioglycoside

11 emeanl) and TYTRRD (L7 ovna N 22 mmal) in tha camea enlvant
\U 11 MiNO1) &g viomr (07 Mg, V.05 Mingy; il i 3ame 5Civent is aGGea Gropwise. ALY STimin

further 5 min at that temperature the glycosyl acceptor (0.22 mmol) is added dropwise in the same solvcm (1.5
mL). The reaction mixture is then allowed to warm to -20 °C over 40 min before quenching with sat. agueous
NaHCO,, and filtration through Celite™. The filtrate is washed with brine, dried (Na,SO,), concentrated
under vacuum, and the disaccharides isolated by chromatography on silica gel.

1-Adamantanyl 2,3-Di-O-benzyl-4,6-0-benzylidene-B-D-mannopyranoside (79). [a]p?® =
-19.9° (c = 0.7); 1H-NMR, &: 1.55-1.72 (m, 6H), 1.72-1.91 (m, 6H), 2.11-2.21 (m, 3H), 3.26-3.37 (m,
1H), 3.59 (dd, J = 3.0, 9.9 Hz, 1H), 3.78 (bd, J = 3.0 Hz, 1H), 3.93 (1, J = 10.3 Hz, 1H), 4.15-4.30 (m,
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2H), 4.58 (d, ] = 12.5 Hz, 1H), 4.68 (d, J = 12.5 Hz, 1H), 4.75 (d, J = 0.8 Hz, 1H), 4.94 (d, J = 12.5 Hz,
iH), 5.03 (4, J = 12.5 He, 1H), 5.61 (s, 1H), 7.24-7.53 (m, 15H); 13C-NMR, &: 30.5, 36.1, 42.3, 67.2,
638, 72.2, 745, 751, 763, 783, 78.5, 948, 1013, 1260, 127.4, 1280, 128.1, 1282, 1288, 1377,
138.4, 138.5; MS (ED): m/z 583 (M+1), 582 (M"); 581 (M-1); 491 (M- PhCH,). HRMS Calcd. for C30H350s:
4912434, Found: 491.2460 (M- PHCEH).

3B-Acetox y-20-(2,3- yl- ,6 O-benzylidene-8-D.-m annepyranesy!e“!)=29=m thyl-
S-pregnene (81). [a]D20 = «6 0° (¢ = 4.2); 1TH-NMR, 8&: 0.75-2.49 (m, 35H), 3.25-3.37 (m, 1H), 3 63

(dd, J = 3.0, 9.8 Hz, 1H), 3.82 (bd, J = 3.0 Hz, 1H), 3.95 (t, J = 10.3 Hz, 1H), 417 428 (m, 2H), 4.55-
4.69 (m, 1H), 4.59 (d, J = 12.5 Hz, 1H), 4.66 (s, 1H), 471 (d, J = 12.5 Hz, 1H), 4.87 (d, J = 11.9 Hz,
1H), 4.98 (d, J = 11.9 Hz, 1H), 5.37-5.44 (m, 1H), 5.61 (s, 1H), 7.20-7.54 (m, 15H); 13C-NMR, &: 13.9,
19.2, 20.8, 21.4, 23.0, 23.8, 24.6, 27.7, 28.8, 31.2, 31.7, 36.5, 36.7, 38.0, 40.1, 42.5, 49.7, 56.7, 60.5,
67.3, 68.7, 72.2, 73.7, 75.0, 78.0, 78.6, 80.5, 96.4, 101.3, 122.5, 126.0, 127.4, 128.0, 128.1, 128.2,
128.3, 128.7, 137.6, 138.4, 138.7, 139.6, 170.4; MS (EI): m/z 805 (M+1), 804 (M*). Anal. Calcd for
Cs,H,,0,.2H,0: C, 72.83; H, 8.15. Found: C, 72.41; H, 7.75.

Methyl 2,3,4-Tri-O-acetyi-6-0-(2,3-di-O-benzyi-4,6-O-benzylidene-B-D-mannopyranosyl)-
(1—6)-a-D-galactopyranoside (83). [a]p?0 = +16.7 (c = 3.4); IH-NMR, & 1.95 (s, 3H), 2.07 (s,
fo 21X 2 ON

2AIN Y2 1N fe 2T 2 1&_ 2 7Q (0~ 1IN 2 A1 N\ 2&E&N AA T _ 2N 10N LT 11N\ fv T I\A 1Y
JELJ, L. AU \D, OKL), J.1J-3.40 \ill, 1K1}, D.5¢1 \D, J1x), 2.0U \UQ, J = SV, 1V.V 11Z, 111}, 2.7V \{, J = 1U.4 1NZ,
1 A.m{hd I—‘znn~, THY 403410 im 1HY 411420 (m AHY 440 (44 T =42 114 > TH)
ALR)y TUV WV Rdbuy AAAJy TTHUITTeAU Wby 2ALJy TR ATTudws \Ridy TAL )y TTU MUy I Feudy X L.\J KRiuy AR1),
4.45 (br s, 1H),460(d,]—124Hz 1H), 4.69 (d, J = 12.4 Hz, 1H), 4.88 (d, J = 12.1 Hz, 1H), 4.97-5.05

(m, 2H), 5.24 (dd, J = 3.4, 10.8 Hz, 1H), 5.34 (dd, J = 3.4, 10.8 Hz, 1H), 5.61 (s, 1H), 7.20-7.59 (m,
15H); I13C-NMR, §: 20.7, 20.8 (2), 63.6, 67.6, 67.7, 68.3, 68.4, 69.8, 72.1, 74.0, 74.7, 75.6, 78.2, 97.0,
101.3, 102.4, 125.9, 127.5, 128.1, 1282, 128.5, 128.8, 137.4, 138.1, 138.2, 169.7, 170.2, 170.5; MS
(ED: m/z 751 M+1), 750 (M), 749 (M-1), 719 (M-OMe), 718 (M-1-OMe), 708 (M+1-COMe), 707 (M-
COMe), 691 (M-O0OCMe), 660 (M+1-PhCH?2), 659 (M-PhCHj); HRMS Calcd for C33H39014 (M-PhCH2):
659.2340; Found: 659.2331.

Methyl 3-0-(Ethoxycarbonyi) Ta-(2,3,4,6-tetra-0-pivaloyl-3-D-glucopyranosyloxyl)-
chenodeoxycholate (87)36. [a]Dw = +12.2° (c = 5.4); 'H-NMR, &: 0.61 (s, 3H), 0.80-2.48 (m, 71H),
3.60-3.78 (m, 4H), 3.93 (dd, J = 5.5, 12.3 Hz, 1H), 3.98-4.07 (m, 1H), 4.10-4.28 (m, 3H), 4.32-4.49 (m,

&

A

34.0, 34.9, 35.0, 35.3, 38.6, 38.7, 39.5, 40.7, 1.7, 6
77.6, 95.3, 154.9, 174.6, 176.5, 176.7, 176.8, 178 O MS (E) m/z 978 (M+1), 977 (M), 945 (M-1-OMe),
876 (M-BulCOO), 875 (M-1-Bub).

2,6-Dimethylphenyl 2,3,4,6-Tetra-0-pivaloyl-B-D-glucopyranoside (90)36. [a]p20 = +3.7° (c =
1.7); IH-NMR, &: 1.09 (s, 9H), 1.13 (s, 9H), 1.14 (s, 9H), 1.21 (s, 9H), 2.27 (s, 6H), 3.58 (ddd, J = 2.1,
5.2, 10.0 Hz, 1H), 5.98 (dd, J = 5.2, 12.2 Hz, 1H), 4.06 (dd, J = 2.1, 12.2 Hz, 1H), 496 (d, ] = 7.8 Hz,
1H), 5.19 (t, J = 9.4 Hz, 1H), 5.35-5.41 (m, 2H), 6.90-7.00 (m, 3H); 13C-NMR, &: 16.9, 26.8, 26.9, 27.1,
27.2, 38.7, 38.8, 61.4, 68.0, 71.7, 72.6, 100.7, 124.7, 128.7, 131.4, 1519, 176.3, 176.5, 177.2, 177.9;

MS (ED: m/z 620 (M), 619 (M-1), 605 (M-Me).

2,6-Dimethylphenyl 2,3,4,6-Tetra-O-pivaloyl-a-D-glucopyranoside (91). [a]p20 = +20.8° (c =
1+ 7, ey arnan < 1 17 7 NY I 1 1 A4 7 NY TN 1 1L - NY Ty 1T AN 7. NITY N MO s AT IN Le Bio Lo BV 4 "N 23 8 Y D AL
1.7); *H-NMR, 0: 1.13 (5, YH), 1.14 (s, ¥1), 1.16 (5, ¥, 1.2Y (5, ¥H), 2.28 (bs, 31), 2.32 (bs, 5H), 3.45
fAA T _ ALY 1IN ANN A 18 (e 2L\ A Q0D+ T QO 1T~ 1IN & NO /3 T _ £ 0 LY. 1LIN & 112 743 T
(aa, J = 4.2 11Z, 1n), «.Uu-4%.1J \IN, o11), 4.07 (\{, J = 0.0 I1Z, 111}, J.v0 \{d, J = J.0 1Z, 111}, J.12 (Qq, s =
4.2, 8.8 Hz, 1H); 13C-NMR, &: 17.4, 17.5, 25.5, 26.7, 27.0, 38.5, 38.6, 38.7, 39.8, 62.4, 65.9, 69.8,
73.2, 78.5, 97.4, 124.7, 128.7, 128.9, 129.3, 150.0, 176.6, 176.7, 177.8; MS (EI): m/z 619 (M-1), 605 (M-
Me), 564 (M+1-But), 563 (M-But). Anal. Calcd for C,H,,0,,.0.5H,0: C, 64.84; H, 8.48. Found: C

65.05; 8.46.
1-Adamantanyl 2,3,4,6-Tetra-O-pivaloyl-B-D-glucopyranoside (92). Mp = 215-217 °C; [a]p?20 =
+3.8 (c = 3.2); ITH-NMR, §: 1.09 (s, 9 H), 1.14 (2s, 18H), 1.20 (s, 9H), 1.50-1.88 (m, 12H), 2.06-2.18 (m,
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3H), 3.67-3.76 (m, 1H), 3.91 (dd, J = 7.6, 12.0 Hz, 1H), 4.20 (dd, J = 1.6, 12.0 Hz, 1H), 4.84 (d, ] = 8.0
Hz, 1H), 4.94-5.02 (m, 2H), 532 (1, J = 9.4 Hz, 1H); !3C-NMR, &: 26.9, 27.0, 27.2, 30.5, 36.0, 38.7,
42.5, 62.7, 68.6, 71.2, 71.9, 72.5, 75.5, 94.0, 176.2, 176.6, 177.1, 178.0; MS (EI): nyz 635 (M-Me), 594
(M+1-But), 593 (M-But), 549 (M-Bu'COO). Anal. Calcd for C,.H,,0,,: C, 66.44; H, 8.98. Found: C, 66.52;
9.05. '

Methyl 3-0-(Ethoxy arbg!!y!)-7@-(2;3,4i6-tetra-0-henzy! -a-D-glu mnyranesylexy!)c..enee
deoxycholate (95)36. [a]p20 = +33.2° (c = 3.9); IH-NMR, 8&: 0.56 (s, 3H), 0.65-2.34 (m, 34H), 2.50

(bgq, J = 11.9 Hz, 1H), 3.55 (dd, J = 3.4, 9.9 Hz, 1H), 3.60-3.70 (m, 5H), 3.71- 389 (m, 3H), 3.91-4.06
(m, 3H), 4.38-4.55 (m, 3H), 4.62 (d, J = 12.0 Hz, 1H), 4.68-4.87 (m, 4H), 4.95 (d, J = 10.8 Hz, 1H), 5.09
(d, J = 3.5 Hz, 1H), 7.10-7.40 (m, 20H); 13C-NMR, §: 11.6, 14.1 18.2, 20.3, 225, 24.9, 26.5, 28.0, 30.8,
31.1, 32.1, 32.4, 34.9, 35.1, 35.2, 38.6, 40.2, 41.4, 42.5, 48.7, 51.4, 54.8, 63.2, 68.3, 71.2, 72.8, 73.4,
74.5, 75.7, 76.2, 77.8, 80.5, 82.0, 97.5, 126.8, 127.3, 127.5, 127.8, 128.0, 128.1, 128.2, 137.9, 138.6,
138.8, 154.7, 174.6; MS (EI): m/z 1000 (M), 910 (M+1-PhCH2), 909 (M-PhCHy), 895 (M+1-Me-PhCH>).
2,6-Dimeihyiphenyi Z ,.1 4,b-letra-u benzyl-p-u glucopyranosnde (96). Mp = 140-141 oC (ht°°
1AN 141 orw, 1.1 ) £0 7. 1 AW 4 IR A0 260y, 11T ATR ATy FTYIN M A o~

{c = 1.7) (lit. +25%8; 435.769); IH-NMR, &: 2.39 (s, 6H), 3.26-3.35 (m, 1H),
=1 2.1 Hz, 1H), 4.54 (d, J = 12.1 Hz, 1H), 4.62 (d, I = 11.0 Hz, 1H), 4.77-

140-141 °C); {ajpV = +21

4.90 (m, 4H), 5.00 (d, T = 11.0 Hz, 1H), 5.16 (@, J = 11.0 Hz, 1H), 7.10-7.45 (m, 20 H); ’C.NMR, 5
17.1, 68.8, 73.4, 749, 75.3, 75.6, 77.7, 82.7, 84.7, 104.1, 1245, 127.5, 127.9, 128.1, 128.3, 128.7,

138.1, 138.2, 138.6.

2,6-Dimethylphenyl 2,3,4,6-Tetra-O-benzyl-o-D-glucopyranoside (97). [a]p20 = +36.7° (c =
4.2) (lit. +4668; +48.269); TH-NMR, &: 2.36 (s, 6H), 3,65-3.74 (m, 2H), 3.77-3.88 (m, 2H), 4.23-4.34 (m,
2H), 4.44-4.74 (m, 5H), 4.92 (2d, J = 11.1 Hz, 2H), 5.30 (d, J = 3.3 Hz, 1H), 7.20-7.45 (m, 20 H); 13C-
NMR, &: 17.7, 68.4, 71.6, 73.4, 73.8, 75.1, 75.6, 77.6, 80.7, 81.6, 99.5, 123.4, 127.6, 127.8, 128.0,
128.2, 128.3, 129.2, 130.0, 135.6, 137.7, 137.8, 138.2, 138.6.

1-Adamantanyl 2,3,4,6-Tetra-O-benzyl-B-D-glucopyranoside (98). Mp = 125-127 °C; [a]p20 =

+14.1 (c=6.1); 1"»"MR, o: 1.60-2.30 (m, 15H), 3.40-3.81 (m, 6H), 4.58 (d, J = 11.0 Hz, 1H), 459 (d, J
=12.2 Hz, 1H), 4.64 (d,J =122 Hz, 1H), 474 (d,J =7.8 Hz, 1H), 476 (d, J = 11.0 Hz, 1H), 482 d, J

=11.0 Hz, 1H), 4.87 (d, J = 11.0 Hz, 1H), 496 (d, J = 11.0 Hz, 1H), 5.06 (d, ] = 11.0 Hz, 1H), 7.20-7.48
(m, 20H); 13C-NMR, &: 30.6, 36.2, 42.7, 69.4, 73.3, 74.5, 74.9, 75.3, 75.7, 78.2, 82.3, 85.1, 96.2,
127.4, 127.5, 127.7, 127 .8, 1279, 128.2, 128.3, 138.1, 138.4, 138.5, 138.6; MS (EI): m/z 675 (M+1), 674
(M), 673 (M-1), 583 (M+1-PhCHy), 582 (M-PhCHj,), 581 (M-1-PhCH;). Anal. Calcd for C, H O, C,

78.31; H, 7.47. Found: C, 78.43; H, 7.53.
Acknowledgment. We thank the NSF (CHE 9625256) for support of this work.
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