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Abstract: Competition experiments were used to determine that the 4-OH of a 2-deoxy-2-azidoglucose derivative
is more reactive than that of the correspondiighthalimido glucose derivative which, in turn, is more easily
glycosylated than thil-acetyl derivative. Glycosylation of the 4-OH groups of tié-diacetyl and\-acetyl-

N-benzyl glucosamine was also found to be superior to that of the siipteetyl substance. The@G-picolinyl

ether of a 4,89-benzylidene-protectdd-acetylglucosamine was shown to have a strong intramolecular hydrogen
bond to the adjacent acetamide group. This interaction does not persist inQfacstinyl-6-O-benzyl
N-acetylglucosamine derivative, owing to a probable competing hydrogen bond between the 4-OH and the
picolinyl ether. However, in the 8-picolinyl-4-O-benzyl N-acetylglucosamine regioisomer the picolinyl-
acetamide hydrogen bond persists and leads to an enhancement of reactivity of the 6-OH, over and above that
in the corresponding 8-benzyl ether, due to disruption of the typical intermolecular amide hydrogen bonding
scheme. It is demonstrated that the picolinyl ether is readily removed by hydrogenolysis at atmospheric pressure
and room temperature.

Introduction which necessitate adjustment of the amino functionality after
glycosylation. Interestingly, given the very widespread applica-
tion of these two derivativesthere appears to have been no
systematic comparison of their reactivityLhe aims of the in-
vestigations set out here were multiple and included: (i) deter-
mination of the relative reactivities df, 2, and3, (ii) under-
standing whyl is such a poor nucleophile, and (iii) using that
understanding to design and develop simpler, better surrogates
for 1.

Part of the perceived wisdom in preparative carbohydrate
chemistry is that the 4-hydroxy group Nfacetyl glucosamine
derivatives (e.g.,1) is a very poor nucleophile (glycosyl
acceptor) in glycosylation reactiohsNe have no reason to
doubt this principle. Indeed in our own work ghmannosy-
lation, methyl 2-acetamido-3,6-@-benzyl-2-deoxys-b-glu-
copyranoside (the anomer bf was by far the least reactive of
a spectrum of primary, secondary, and tertiary alcohols as2ayed.
This lack of reactivity is unfortunate and severely hampers the
synthesis of a very broad spectrum of biologically important
oligosaccharides and glycoconjugates in which glycosidic bonds  \we began our study with the preparation of the two known
to theN-acetyl glucosamine 4-OH are an essential compohiént.  acceptorsl,? and3.1%11 and a third very readily prepared one
Not the least of these is the common core pentasaccharide ofp, which was accessible by standard methtdEach was
the N-linked glycoproteins, the very heart of which is an  coupled under a set of standard conditions with the mannosyl

Results and Discussion

exceptionally difficult B-mannoside ofN-acetylglucosamine
4-OH27% In view of the importance of such linkages numerous
strategies have evolved with the aim of circumventing the lack
of reactivity of the said hydroxy group. Chief among these has
been the use of 2-azido-2-deoxy-glucopyranosides (&.gnd

of N-phthalimido glucosaminopyranosides (e.8), both of
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sulfoxide4,2 which was activated to triflat&' prior to addition
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of the acceptors (Scheme 1). In each case the saccharides were 15: 39%

isolated and shown to be tifieanomers, as anticipated, on the

basis of the mannose H-5 chemical shift and the manhhse and resulted in the isolation of disaccharitiein 39% yield
anomeric coupling constaAfThe byproducts from these reac- (Scheme 3). An experiment in which equimolar quantitie$ of
tions were not quantified but did consist in the main of 2,3-di- and 14 were allowed to compete for triflat& produced
0O-benzyl-4,60-benzylidenes/-p-mannopyranose as is typical disaccharides and15, respectively, in the ratio 1/2.2. No such

in couplings to less reactive alcohols by this method. competition experiment could be conducted betwkand12,
owing to the partial deacetylation of the disaccharide derived
OBn OBn OBn from 12 (vide supra). It is nevertheless evident that bith
Ho/gg\ Ho/é&b Hoﬂ/ _an_d 14 are superior td ar}d somewhat comparable to phth_al-
Bro—— BnO——% OMe  ‘Bno PN OMe imide 3 in terms of reactivity as glycosyl acceptors, but inferior
OMe 3 to azide2. Unfortunately, both harbor undesirable characteris-
1 2 3 tics: the instability of the imide function in2 and the

complication of NMR spectra due to the presence of two amide
With authentic samples @, 7, and8 in hand a competition  rotamers irl4, which render them less attractive in general than
experiment was conducted in whiehwas allowed to react, 3 and, especially?.
via 5, with an equimolar mixture of, 2, and3. Analysis of the

crude reaction mixture by HPLC determined the ratid®0ot8 Ber

to be 0.1:1.0:0.3 with good agreement from two separate ()

experiments. These simple experiments demonstrate that with HO N,

a reactive glycosyl donor, such &sthe azido accepto? is 16

some 10 times more reactive than tii@cetyl acceptot, with

the phthalimido-protected glucosamine accef3dalling be- A final option, the 1,6-anhydro-2-deoxy-2-azido glucose

tween the two. The azid2is therefore clearly the acceptor of  gerivative16 was excluded from our study as, although it is a

choice for such couplings. moderately reactive mannosyl acceptor, fhe-selectivity was
N,N-Diacetylglucosamine derivatives ahbbenzy!N-acetyl- a less than optimal 54 Moreover, the preparation df6 is

glucosamines have been previously employed as glycosyl donorssomewhat lengthy and detracts from its overall usefuless.

but not as acceptors. Accordingly, we prepared the indide Al in all, it is clear that among the spectrum bacetylglu-

and tertiary amidel4 as set out in Scheme 2. - cosamine derivatives currently available as acceptors the
Coupling of12 with sulfoxide4 under the standard conditions 2-azido-2-deoxy-system is the most reactive one, at least in

gave a crude reaction mixture that was complicated by partial 3. mannosylations as practiced in this laboratory.

imide hydrolysis, both at the level of unreacted (giving 1) It is patently obvious that differs from its more reactive

and in terms of the coupled product. The crude reaction mixture surrogate®, 3, 12, 14, and16 by the possession of an amide

was therefore treated with sodium methoxide in methanol to N—H Capab|e of hydrogen bonding_ S|m||ar|y, it requires no

complete hydrolysis of the imides to the acetamides. Subsequenyreat leap of imagination to surmise that it is hydrogen bonding

treatment of the reaction mixture with succinic anhydride, t0 that is in some way responsible for the lack of reactivitylof

render any alcohols present more polar, and chromatographyroliowing this line of thought we reasoned that disrupting any
on silica gel enabled isolation of disacchariglén 47% yield
(14) Tailler, D.; Jacquinet, J.-C.; Noirot, A.-M.; Beau, J.-M.Chem.

(Scheme 3). Coupling qf:l.4 and s_quOX|de4 was more Soc.. Perkin Trans, 1092 3163-3164.
straightforward, although it was again necessary to derivatize = (15 Hori, H.; Nishida, Y.; Ohrui, H.; Meguro, Hl. Org. Chem1989
the residual alcohols as hemisuccinates to facilitate separation 54, 1346-1353.
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Figure 2. Chemical shift temperature dependence of tieiNa 0.05
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hydrogen bonding would increase the reactivitylaind thus,
perhaps, enable us to design a simple readivacetylglu-
cosamine derivative. Ideally, such a derivative would not require
deprotection of any latent amide after coupling, such as is

required with each of the surrogates studied above. An essentia
prerequisite to design is understanding, and therefore, we first

investigated the nature of any hydrogen bonding, intra- or
intermolecular, inl. Vasella has conducted an extensive study
of hydrogen bonding in a wide range Nfacetylglycosamine
derivatives and has found examples of both intra- and inter-
molecular hydrogen bonding, in nonpolar solvents, depending
on the configuration at the two flanking ring carbdfsd’ We

therefore investigated the concentration and temperature de-

pendence of the N in CDCl; solution for 1. At room
temperaturény of 1 fell off almost linearly with concentration
(Figure 1) which strongly suggests an intermolecular phenom-
enon. Linear regression of te)/AT plot (Figure 2) taken for

a 0.05 M solution ofl. gave a “reduced temperature coefficient”
of —2.1. In nonpolar solvents such as CBh@l coefficient of
this magnitude is usually interpreted as being characteristic of
an intramolecular hydrogen bond or of a non-hydrogen-bonded
statel®~19 We note that the interpretation &f0/AT values is

not as straightforward in relatively nonpolar solvents as it is in

(16) Fowler, P.; Bernet, B.; Vasella, Mely. Chim. Actal996 79, 269—
287.

(17) Vasella, A.; Witzig, CHelv. Chim. Actal995 78, 1971-1982.

(18) Gellman, S. H.; Dado, G. P.; Liang, G.-B.; Adams, B.JRAm.
Chem. Soc1991, 113 1164-1173.

(19) Stevens, E. S.; Sugawara, N.; Bonora, G. M.; TonioloJ.CAm.
Chem. Soc198Q 102, 7048-7050.
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both DMSO and watet® It seems apparent that there is neither
a pure intermolecular nor a pure intramolecular hydrogen-
bonding scheme in CDgkolutions ofl. Rather it is likely that

a dynamic situation, incorporating both, exists and that this will
increasingly favor the intermolecular system at the lower
temperatures and higher concentrations of the glycosylation
reaction.

We therefore focused on a method of disrupting an intermo-

lecular hydrogen-bonding network. The addition of simple
heterocycles, capable of binding amides, to the reaction medium
was briefly considered and dismissed on the grounds that any
group sufficiently exposed to bind the amide would almost
certainly also be a competing nucleophile in glycosylation
reactions. We therefore turned to the design of novel protecting
groups incorporating hydrogen-bond acceptors. Specifically we
hypothesized that a @-(2-picolinyl) ether, replacing a benzyl
ther, would be ideally poised to form a hydrogen bond with
he adjacent acetamide-\lthereby disrupting the intermolecular
hydrogen-bonding system. Toward this end a solution of alcohol
9in THF was treated with an excess of sodium hydride followed
by o-picolinyl chloride hydrochloride. The resulting G-Pic
ether17 was isolated in 96% yield as a crystalline solid. In
CDCls solution at room temperature a 0.04 M solution1af

had oyy of 7.60, which, when contrasted with that &fy of
5.35 for 10 under the same conditions of temperature and
concentration, was suggestive of the formation of a strong
intramolecular hydrogen bond (Figure 3). Reductiod dfvith
sodium cyanoborohydride and HCI in ether, according to the
standard Garegg conditioRsafforded 60-benzyl derivative

18 in 75% yield. Unfortunately, the intramolecular hydrogen
bond was not nearly as strong 18 as demonstrated by the
Onn Of 6.20. We attribute this to both the 4Hand the 2-N
competing to form a hydrogen bond with the picolinyl group
which has the effect of restoring the intermolecular hydrogen-
bonding capabilities of the amide (Figure 3). This, in retrospect,
obvious problem was confirmed by reduction 7 with

(20) For application ofA6/AT relationships to carbohydrates in polar
solvents see: Buffington, L. A.; Blackburn, D. W.; Hamilton, C. L.; Jarvis,
T. C.; Knowles, J. J.; Lodwick, P. A.; McAllister, L. M.; Neidhart, D. J.;
Serumgard, J. LJ. Am. Chem. S0d.989 111, 2451-2454.

(21) Garegg P. J.; Hultberg, H.; Wallin, Sarbohydr. Res1982 108,
97-101
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catalyst in methanol/dioxane at room temperature and pressure.
As befits a replacement for a benzyl ether, th®-Bic group

was cleanly removed under these conditions along with the
benzyl and benzylidene groups. To facilitate isolation on the
small scale employed the disaccharide hexol obtained from the
hydrogenolysis was immediately converted to the heptabenzoate
24, which was isolated in 66% overall yield for the two steps.

BzO

BzO O
BzO O
BzO O
Bz AcN
24 B Z/ OMe

All of the couplings employed in the proof of concept
experiments described above were made usingfemnanno-
side adaptatiohof Kahne's sulfoxide metho#f:24This was not

temperature and concentration again suggested a strong inpnly becausg-mannosylation continues to be a focus of our

tramolecular hydrogen bond (Figure 3). This chemical shift is
to be contrasted with that of 5.30 determined for th@-Benzyl
analogue20 under the standard conditions.

The lack of effectiveness of the G-Pic ether in18 was
confirmed on attempted coupling t& under the standard
conditions when the disacchari@d was isolated in only 8%
yield. Evidently, 18 is neither better nor worse thahas a
glycosyl acceptor in the sulfoxide-mediatBemannosylation
sequence.

OBn AcHN QMe
Ph'%"& Q PicO
BrO o

BnO
21

(0]

Although the 6-OH group is somewhat further removed than
the 4-OH from the 2-NHAc, it might reasonably be expected
that the hydrogen-bonding acetamide NH might still have a
detrimental, albeit reduced, effect on the reactivity N
acetylglucosamine 6-OH in glycosylation. Indeed, in our initial
work on f5-mannosylations we noted that methyl 2-acetamido-
3,4-di-O-acetyl-2-deoxye-D-glucopyranoside was significantly
less reactive than methyl 2,3,4-@Hacetylo-D-glucopyrano-
side? This being the case the @-Pic derivativel9 should be
a better glycosyl acceptor than theXBbenzyl analogu0. In

researcPP-26 but also because the Kahne method enables gly-
cosylation of some of the most delicate and unreactive accep-
tors2327yet does not fare well with ths-acetylglucosamines,

as we have demonstrated. Nevertheless, it was felt that a brief
investigation of another popular glycosylation method, namely
Schmidt's trichloroacetimidate methétiywas justified. To this
end, in parallel reactions, the trichloroacetimid&g was
activated in dichloromethane with catalytic TMSOTf in the
presence ofL9 and 20. Coupling with 20 was smooth, and
disaccharide26 was isolated in 26% vyield as a 14/ mix-

ture. With acceptot9, however, no reaction was observed, and
the trichloroacetimidate was found to be essentially un-
changed in the recovered reaction mixture. We rationalize this
observation in terms of the picolinyl group 9 binding the
TMSOTf and so preventing activation of the donor. We
conclude that the picolinyl ethers will not be compatible with
glycosylation methods requiring donor activation by Lewis
acids. On the other hand any method conducted in the presence
of excess base should be compatible with the picolinyl ether.
One such method is the new dehydrative glycosylation, intro-
duced by Gin and co-workers, in which a glycopyranose is
activated with a combination of diphenyl sulfoxide, triflic
anhydride, and a hindered b&8&°To test this hypothesig7

was coupled in separate flasks with 1 equivi8for 20 with
activation by the diphenyl sulfoxide/J® combination in the

the event, in separate couplings under the standard conditionspresence of 2,4,6-ttert-butylpyrimidine (TTBP). With19 an

the isolated yields of disaccharid2®and23were 63 and 39%,

87% isolated yield of disaccharidt8 was obtained, whereas

respectively (Scheme 4). The approximately 50% increase in with 20 the yield of disaccharid@6 was only 18% after the

yield with the 30O-Pic acceptor does not reveal the full extent
of the advantages thdi9 presents oveR0. These reside, in

addition to the increased yield, in the cleaner reaction mixture,

resulting from higher conversion, and thus greatly facilitated
isolation. As with acceptord—3 a set of reactions were
conducted in which the glycosyl triflate derived from4 was
invited to compete for coupling with an equimolar mixture of

19 and 20. In each of three separate competition experiments

19 was found to be approximately twice as reactiv@sWe
consider these experiments wit® and 20, together with the
NH chemical shifts set out in Figure 3, to be a proof of the
principle that successful disruption of intermolecular hydrogen

same reaction time. It is therefore clear that the reactivity-
enhancing advantages of the picolinyl ether are not confined to
the sulfoxide method. We also stress here the application of
the crystalline, hindered base TTBP that we have very re-
cently introduced as cost-effective replacement for the very
widely used, but expensive, low-melting and hygroscopic
DTBMP.31

(23) Kahne, D.; Walker, S.; Cheng, Y.; Engen, D.VAm. Chem. Soc.
1989 111, 6881-6882.

(24) Yan, L.; Kahne, DJ. Am. Chem. S0d.996 118 9239-9248.

(25) Crich, D.; Dudkin, V.Org. Lett.200Q 2, 3941-3943.

(26) Crich, D.; Smith, M.Org. Lett.200Q 2, 4067-4069.

(27) Thompson, C.; Ge, M.; Kahne, D. Am. Chem. So0d.999 121,

bonding inN-acetylglucosamine derivatives renders them better 1237-1244.

glycosyl acceptors.
There is little to be gained from the introduction of a novel
protecting group if it cannot be removed readily. Disaccharide

(28) Schmidt, R. RAngew. Chem., Int. Ed. Engl986 25, 212-235.

(29) Garcia, B. A.; Poole, J. L.; Gin, D. Yd. Am. Chem. Sod 997,
119 75977598.

(30) Garcia, B. A.; Gin, D. YJ. Am. Chem. SoQ00Q 122 4269

22 was therefore subjected to hydrogenolysis over Pearlman’s 4279.

(22) Jiang, L.; Chan, T.-HTetrahedron Lett1998 39, 355-358.

(31) Crich, D.; Smith, M.; Yao, Q.; Picione, $ynthesi2001, 323—
326.
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solution of the glycosyl acceptor (0.4 mmol) in g, (2 mL)
dropwise. The reaction mixture was stirred-at8 °C for 2 h and then
allowed to warm to O°C over 2 h and maintained there for a further
0.5 h before quenching with saturated aqueous Nagl@&shing with
brine, drying, concentrating, and purifying by chromatography on silica
gel.

Methyl 2-Acetamido-2-deoxy-3,6-diO-benzyl-[2,3-di-O-benzyl-
4,6-O-benzylidenef-p-mannopyranosyl]-(1—4)-o-p-glucopyrano-
side (6).Alcohol 1° was coupled to donot, according to the general
protocol to give6 as a white foam in 9% yieldof]p = +22.8 (¢ =

0.50, CHCY): H NMR (300 MHz) & 1.84 (s, 3H), 3.10 (dt) = 4.8,

9.7 Hz, 1H), 3.40 (s, 3H), 3.36 (s, 3H), 3:38.42 (m, 1H), 3.56-

3.63 (m, 5H), 3.71 (dJ = 3.0, 10.7 Hz, 1H), 3.99 (] = 9.7 Hz, 1H),

4.08 (t,J = 9.5 Hz, 1H), 4.1+4.22 (m, 2H), 4.36 (dJ = 12.0 Hz,

1H), 4.46 (s, 1H), 4.57 (d) = 12.1 Hz, 1H), 4.59 (dJ = 12.0 Hz,

1H), 4.65 (d,J = 12.1 Hz, 1H), 4.73 (dJ = 3.7 Hz, 1H), 4.76 (dJ

=11.6 Hz, 1H), 4.84 (dJ = 11.7 Hz, 1H), 4.89 (dJ = 11.7 Hz, 1H),

4.95 (d,J = 12.1 Hz, 1H), 5.23 (br d) = 8.4 Hz, 1H), 5.52 (s, 1H),

7.21-7.50 (m, 25H);3C NMR (75 MHz) 6 52.4, 55.3, 67.4, 68.6,

68.7, 70.5, 72.8, 73.7, 74.4, 75.1, 77.3, 78.0, 78.3, 78.5, 78.9, 98.6,
The experiments presented here establish the principle of101.5, 101.9, 128.3, 128.4, 128.5, 128.7, 128.9, 137.8, 138.8, 138.9,

using 2-picolinyl ethers to disrupt intermolecular hydrogen 139.4,169.9; FAB-HRMS: Calcd fordgHssNOu [M + H] " 846.3853,

bonding of adjacent amides and so of enhancing the reactivity Found: 846.3696. , _

of N-acetylglucosamine hydroxyl groups. The method falls down  Methyl 2-Azido-2-deoxy-3,6-diO-benzyl-{2,3-di-O-benzyl-4,60-

when the picolinyl ether is sandwiched immediately between benzylidene-o-mannopyranosyl]-(+—4)-o-glucopyranaside (7).

. . . Alcohol 2 was coupled to donat according to the general protocol to
the amide and the reactive hydroxyl group, a&&owing to a give 7 as a colorless oil in 70% yieldo]o = —38.8' (c = 2.0, CHCH):

competition for the hydrogen bond accepting pyridine nitrogen. 1y nyuvR (300 MHz) 6 3.08 (dt,J = 4.7, 9.7 Hz, 1H), 3.31 (m, 1H),
This renders the method ineffective in terms of enhancing the 3 36 (s, 3H), 3.373.45 (m, 3H), 3.50 (tJ = 10.4 Hz, 1H), 3.58 (s,
reactivity of theN-acetylglucosamine 4-OH, the most important 3H), 3.65 (dd,J = 1.8, 11.1 Hz, 1H), 3.78 (m, 1H), 3.97 @,= 9.0

of the cases considered, by means of @-Bicolinyl ether. In Hz, 1H), 4.0:-4.17 (m, 3H), 4.39 (dJ = 12.3 Hz, 1H), 4.49 (s, 1H),
principle this situation can be overcome by locating a suitable 4.56-4.68 (m, 4H), 4.76 (dJ = 12.5 Hz, 1H), 4.80 (dJ = 12.8 Hz,

hydrogen bond acceptor at the anomeric position Nof 1H), 4.89 (d,J = 12.5 Hz, 1H), 5.11 (dJ = 10.7 Hz, 1H), 5.53 (s,
acetylglucosamine from where hydrogen bonding with the 4-OH 1H), 7.23-7.54 (m, 25H);*C NMR (75 MHz)4 57.3, 65.8, 67.5, 68.6,

group is unlikely to compete. It is unlikely, however, that a 72.8, 73.8, 74.9, 75.3, 77.2, 78.5, 78.9, 81.7, 101.50, 101.53, 103.0,
simple 2-picolinyl glycoside will suffice since, to form a 126.2,127.5,127.7, 128.0, 128.0, 128.1, 128.2, 128.3, 128.5, 128.6,

hydrogen bond with the 2-acetamido group, the exo-anomeric 128.7, 129.0, 129.2, 1378, 138.6, 138.7; FAB-HRMS: Calcd for
C 2 ! . CugHs1N3010 [M + H]* 830.3653, Found: 830.3727.

effect must be overcome. Indeed, plco_llnyl 2-acetam|do-3,_4,6- Methyl 3,6-Di-O-benzyl-2-phthalimido-[2,3-di-O-benzyl-4,60-

tri-O-acetyl-p-glucoside showed no e_w_dence for the formatlc_m benzylidenef-b-mannopyranosyl]-(1—4)-8-o-glucopyranoside (8).

of hydrogen bond between the pyridine and the acetamide. aicohol 31%11was coupled to donat according to the general protocol

Studies directed toward the design and implementation of ato give 8 as a colorless oil in 53% vyielda]p = +7.4° (c = 0.78,

suitable anomeric group are currently underway and will be CHCIg); *H NMR (300 MHz) 6 3.14 (dt,J = 4.2, 9.8 Hz, 1H), 3.40 (s,

reported in due course. 3H), 3.42 (m, 1H), 3.50 (m, 1H), 3.58 (m, 2H), 3.69 (dds 2.8, 10.7

Hz, 1H), 3.75 (dJ = 3.0 Hz, 1H), 4.05 (m, 2H), 4.15 (m, 2H), 4.25

(m, 2H), 4.42 (dJ = 12.1 Hz, 1H), 4.44 (dJ = 12.1 Hz, 1H), 4.54

(brs, 1H), 4.59 (dJ = 12.4 Hz, 1H), 4.68 (d) = 12.8 Hz, 1H), 4.75
General Procedures!H and**C NMR spectra were run at 500 and  (d, J = 12.4 Hz, 1H), 4.87 (dJ = 12.0 Hz, 1H), 4.88 (d) = 12.6 Hz,

125 MHz, respectively, unless otherwise stated. All solvents were dried 1H), 4.91 (d,J = 11.8 Hz, 1H), 5.05 (dJ = 8.4 Hz, 1H), 5.52 (s, 1H),

and distilled by standard procedures. All reactions were run under a 6.82-6.87 (m, 3H), 6.9%6.96 (m, 2H), 7.2%7.52 (m, 20H), 7.66

dry argon atmosphere. Triflic anhydride was distilled from phosphorus 7.80 (m, 4H);**C NMR (75 MHz)$ 55.7, 56.8, 67.4, 68.6, 68.7, 72.7,

pentoxide. 73.7,74.8,74.9,75.1,77.3,78.5, 78.9, 79.6, 99.4, 101.5, 102.0, 107.0,
Methyl 2-Azido-2-deoxy-3,6-diO-benzyl-p-glucopyranoside (2). 123.4, 126.2, 127.1, 127.5, 127.7, 127.9, 128.0, 128.2, 128.3, 129.5,

Methyl 3,6-di-O-benzyl-2-deoxy-2-phthalimidg-p-glucopyranoside 128.7, 129.5, 131.9, 131.8, 137.8, 137.9, 138.7, 138.9; FAB-HRMS:

(3)1°11(471 mg, 0.94 mmol) and ethylenediamine (2.76 mL, 46 mmol) Calcd for GeHssNO12 [M + 2H]* 935.3881, Found: 935.3922.

were dissolved in ethanol (10 mL), and the reaction mixture was  Competition Experiment. The mixture of acceptorg, 2, and 3,

refluxed for 15 h and concentrated. The residue was dissolved in (0.2 mmol each) was mannosylated as described in general protocol

acetonitrile (10 mL) together with DMAP (116 mg, 0.94 mmol), cooled using 0.2 mmol of sulfoxidd. The resulting mixture of products was

to 0°C, and Tf\s (5.88 mL of 0.4 M solution, 2.35 mmol) was added  analyzed using HPLC. The ratio of mannosi@&8 was determined

dropwise. The reaction mixture was stirred for 20 h at room temperature as 0.1:1.0:0.3

and concentrated. The residue was purified by flash chromatography  Methyl N,N-Diacetyl-2-amino-2-deoxy-3,6-di©-benzyl-a-p-glu-

to give azide ) as colorless oil (364 mg, 97%)a]p = —4.0° (c = copyranoside (12).Benzylation of9° gave the known amid&0,°® of

2.00, CHC#); 'H NMR (300 MHz) 6 2.73 (br s, 1H), 3.28 (dd] = which 230 mg, (0.56 mmol) and Hunig's base (0.5 mL) were placed

10.0, 11.5 Hz, 1H), 3.353.43 (m, 2H), 3.57 (s, 3H) 3.66 {,= 11.0 in 50 mL flask, and acetyl chloride (1.0 mL) was added, followed by

Hz, 1H), 3.74-3.79 (m, 2H), 4.19 (dJ) = 8.3 Hz, 1H), 457 (dJ = 30 mL of dichloromethane. The resulting solution was stirred for 12 h

12.8 Hz, 1H), 4.65 (d) = 12.8 Hz, 1H), 4.80 (dJ = 11.0 Hz, 1H), and then poured into saturated aqueous NakjCG@tracted with

4.93 (d,J = 11.0 Hz, 1H), 7.36-7.52 (m, 10H); FAB-HRMS: Calcd dichloromethane, washed with brine, and concentrated. Short column

for Co1H2sN3Os [M + NaJ* 422.1692, Found: 422.1693. chromatography afforded methi},N-diacetyl-2-amino-2-deoxy-4,6-
General Mannosylation Protocol.To a stirred solution of sulfoxide O-benzylidene-32-benzyla-p-glucopyranosidel(l) (220 mg, 86%),

42 (0.2 mmol) and DTBMP (82.1 mg, 0.4 mmol) in GEl, (8.0 mL) which was immediately used in the next stég.NMR (300 MHz) 6

at—78°C was added O (37.0 mL, 0.22 mmol) and, 5 min later, the  2.27 (s, 6H), 3.36 (s, 3H), 3.723.85 (m, 2H), 3.88 (dd) = 4.6, 9.8

TTBP DTBMP

Experimental Section
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Hz, 1H), 4.30 (ddJ = 4.6, 10.0 Hz, 1H), 4.564.65 (m, 2H), 4.71 (d,
J = 11.4 Hz, 1H), 4.73 (dJ = 3.5 Hz, 1H), 4.91 (dJ = 11.4 Hz,
1H), 5.59 (s, 1H), 7.237.51 (m, 10H). The above diacetatelf and
NaBH;CN (250 mg, 4 mmol) were dissolved in 15 mL of THF and
cooled to 0°C, and a 1 Msolution of HCI in diethyl ether was added

Crich and Dudkin

chloride hydrochloride in DMF (15 mL) was then added slowly with
vigorous stirring during 1 h. Stirring was continued f h atwhich

point the reaction was quenched with methanol, concentrated to about
half of the volume, and diluted with water. Extraction with ethyl acetate,
drying, and concentration afforded a solid residue which, after flash

dropwise until gas evolution ceased. The reaction mixture was stirred chromatography, gave the title compoutitias a white solid (796 mg,

at this temperature for 1 h, quenched with saturated aqueous NgHCO

96%): mp 232-233°C; [o]p = +84.1° (c = 2.0, CHC); 'H NMR o

extracted with dichloromethane, washed with brine, and concentrated.2.05 (s, 3H), 3.39 (s, 3H), 3.763.85 (m, 3H), 3.97 (dd) = 8.6, 10.0

Column chromatography gave monoaceta{@10 mg, 50%) and title
diacetatel? (87 mg, 39%) as colorless oil, which decomposed on
standing and was therefore used immediately in the next$tedMR
(300 MHz) 6 2.30 (s, 6H), 2.49 (br s, 1H), 3.35 (s, 3H), 3-68678
(m, 4H), 4.26 (ddJ = 3.6, 10.9 Hz, 1H), 4.47 (dd} = 7.6, 10.9 Hz,
1H), 4.55 (d,J = 12.1 Hz, 1H), 4.62 (dJ = 12.1 Hz, 1H), 4.73 (dJ

= 3.6 Hz, 1H), 4.75 (dJ = 11.6 Hz, 1H), 4.80 (dJ = 11.6 Hz, 1H),
7.25-7.38 (m, 10H);**C NMR (75 MHz) 6 26.6, 55.5, 59.9, 69.8,

70.3, 73.2, 73.6, 73.9, 78.8, 99.8, 127.9, 128.1, 128.7, 138.5, 139.4,

175.9.

Methyl N-Acetyl-N-benzyl-2-amino-2-deoxy-39-benzyl-4,6-O-
benzylidenee-p-glucopyranoside (13)Alcohol 9° (3.89 g, 12.0 mmol)
was dissolved in DMF (100 mL) and treated with NaH (1.0 g, 25 mmol)
followed by benzyl bromide (3.0 mL, 25 mmol). The reaction mixture

Hz, 1H), 4.15-4.19 (m, 1H), 4.284.31 (m, 1H), 4.93 (dJ = 15.0
Hz, 1H), 5.05 (dJ = 3.6 Hz, 1H), 5.06 (dJ = 15.0 Hz, 1H), 5.61 (s,
1H), 7.22 (ddJ = 5.5, 6.8 Hz, 1H), 7.30 (8} = 7.5 Hz, 1H), 7.3%
7.42 (m, 3H), 7.487.52 (m, 2H), 7.61 (dJ = 6.2 Hz, 1H), 7.68 (dt,
J=1.7,7.5Hz, 1H), 8.57 (d] = 5.0 Hz, 1H);**C NMR 6 23.7, 52.4,
55.1,70.0,70.4,71.4,72.8,73.6,84.0,99.0, 121.9, 123.0, 127.7, 128.6,
137.5, 138.5, 148.8, 158.5, 170.2; FAB-HRMS: Calcd fasHzN20s
[M + H]* 491.2182, Found: 491.2226.

Methyl 2-Acetamido-2-deoxy-60-benzyl-3-O-(2-picolinyl)-a-p-
glucopyranoside (18)4,6-O-Benzylidene-protected compoutdwas
treated with NaBHCN as described fot4 to produce alcohol8 in
75% yield as a white solid: mp 12224°C; [a]p = +50.1° (c = 1.0,
CHCl3); *H NMR 6 2.06 (s, 3H), 3.39 (s, 3H), 3.663.89 (m, 6H),
4.23-4.30 (m, 1H), 4.63 (s, 2H), 4.75 (d,= 15.0 Hz, 1H), 4.78 (d,

was stirred for 15 h at room temperature and poured into saturatedJ = 3.8 Hz, 1H), 4.95 (dJ = 15.0 Hz, 1H), 6.21 (dJ = 8.9 Hz, 1H),

aqueous NaHCg) extracted with chloroform, washed with brine, and

7.17 (d,d = 7.7 Hz, 1H), 7.26-7.39 (m, 6H), 7.68 (dt) = 1.7, 8.0

concentrated. The residue was separated by column chromatographyHz, 1H), 8.54 (dJ = 5.1 Hz, 1H);**C NMR ¢ 23.7, 52.4, 55.1, 70.0,

to give acetatelO (860 mg, 16%) and title compount (4.230 g,
71%). oo = +184.8 (c = 1.25, CHCH); *H NMR 6 1.94 and 2.35
(s, 3H), 2.84 and 2.94 (s, 3H), 3.78.95 and 4.0+4.21 (m, 5H),
4.23-4.42 (m, 3H), 4.63+4.88 and 5.16'5.22 (m, 3H), 5.62 (s, 3H),
7.00-7.55 (m, 15H):33C NMR (75 MHz) § 22.0, 45.6, 48.2, 52.1,

70.4, 71.4, 72.8, 73.6, 84.0, 98.8, 122.0, 123.0, 127.7, 128.5, 137.5,
138.5, 148.8, 158.5, 170.2; FAB-HRMS: Calcd forsN-0s [M +
H]*™ 417.2026, Found: 417.2047.

Methyl 2-Acetamido-2-deoxy-40©-benzyl-3-O-(2-picolinyl)-o-bp-
glucopyranoside (19)4,6-O-Benzylidene-protected compoufd (750

54.7,55.8,62.0,62.5, 69.1, 72.7, 73.1, 74.5, 84.0, 100.0, 100.7, 101.2,mg, 1.8 mmol) was placed in 100 mL flask and treated with solution

125.2-128.9, 137.5, 138.0, 139.0, 138.5, 172.8, 173.0; FAB-HRMS:
Calcd for GoHzaNOg [M + H*] 504.2386, Found: 504.2372.

Methyl N-Acetyl-N-benzyl-2-amino-2-deoxy-3,6-d®-benzyl-a-
D-glucopyranoside (14).4,6-O-Benzylidene-protected compouri®
(1.11 g, 2.21 mmol) and NaB#&N (1.39 g, 22.1 mmol) were dissolved
in THF (70 mL) and cooled to OC, and a 1 Msolution of HCI in

of BHz in THF (1.0 M, 18 mL, 18 mmol). After 5 min stirring the
reaction mixture was cooled to @, and a solution of BBOTf in
dichloromethane (1.0 M, 1.8 mL, 1.8 mmol) was added dropwise.
Stirring was continued fol h at 0°C, and then a solution of HCI in
diethyl ether (1.0 M, 30 mL) was carefully added; the reaction mixture
was left stirring overnight at room temperature, concentrated, redis-

diethyl ether was added dropwise until gas evolution ceased. The solved in dichloromethane, and washed with saturated aqueous
reaction mixture was stirred at this temperature for 2 h, quenched with NaHCGQ;, dried, and concentrated. Column chromatography of the

saturated aqueous NaHg@xtracted with dichloromethane, washed

residue afforded alcohal9 as a white solid (653 mg, 87%): mp

with brine, and concentrated. Column chromatography gave title alcohol 158-160 °C; [o]p = +84.0° (c = 0.4, CHC}); *H NMR 6 1.99 (s,

14 (810 mg, 73%). §]o = +200.3 (c = 1.05, CHC}); IH NMR o
1.90 and 2.31 (s, 3H), 2.71 and 2.82 (s, 3H), 2.95 (br s, 1H),-3.62
3.83 (m, 2H), 4.12 and 4.25 (d,= 17.1, 15.5 Hz, 1H), 4.454.61
(m, 3H), 4.62-4.68 and 5.16 (m, 2H), 4.82 and 4.96 M= 11.9,
15.5 Hz, 7.0+7.40 (m, 15H)C NMR (75 MHz) 6 22.5, 22.8, 46.1,

3H), 2.34 (br s, 1H), 3.35 (s, 3H), 3.66 (dt= 9.5, 3.3 Hz, 1H), 3.73
(t, J= 9.5 Hz, 1H), 3.79 (m, 1H), 3.85 (dd, = 1.7, 11.7 Hz, 1H),
3.91 (dd,J = 8.8, 10.7 Hz, 1H), 4.09 (m, 1H), 4.74 (d,= 10.8 Hz,
1H), 4.89 (d,J = 11.8 Hz, 1H), 4.99 (dt) = 14.3 Hz, 1H), 4.97 (d,
J= 3.8 Hz, 1H), 5.01 (dJ = 14.3 Hz, 1H), 7.23 (dd] = 5.0, 7.1 Hz,

48.3,54.7,54.79, 54.83, 61.3, 65.3, 69.9, 70.8, 72.2, 72.7, 73.85, 73.90,1H), 7.28-7.38 (m, 6H), 7.43 (dJ = 6.9 Hz, 1H), 7.69 (dtJ = 1.3,

74.06, 74.9, 76.5, 76.9, 99.5, 99.7, 125128.8, 137.8-139.6, 172.8,
173.9; FAB-HRMS: Calcd for @H3sNOg [M + Na'] 528.2362,
Found: 528.2369.

Methyl N-Acetyl-N-benzyl-2-amino-2-deoxy-3,6-dD-benzyl-[2,3-
di-O-benzyl-4,60-benzylidenef-p-mannopyranosyl]-(1—4)-o-b-
glucopyranoside (15).Alcohol 14 was coupled to donot according

7.7 Hz, 1H), 8.58 (br dJ = 5.1 Hz, 1H);3C NMR 6 23.8, 54.4, 55.5,
62.0,71.7,75.1,75.4,79.2,80.8,98.6, 122.0, 122.9, 128.3, 128.4, 128.9,
137.4,138.4,149.1, 159.1, 170.9, FAB-HRMS: Calcd fesHzsN20¢
[M + H]* 417.2026, Found: 417.2029.

Methyl 2-Acetamido-2-deoxy-60-benzyl-3-O-(2-picolinyl)-[2,3-
di-O-benzyl-4,60-benzylidenef-p-mannopyranosyl]-(1—4)-a-p-

to the general protocol, and the crude residue was dissolved in glucopyranoside (21).Alcohol 18 was coupled to donot according

dichloromethane (5 mL) together with succinic anhydride (2.0 mmol),
MgBr-OEt (258 mg, 1.0 mmol), and triethylamine (0.2 mL, 1.5 mmol).
The resulting mixture was stirred for 3 days, filtered, and subjected to
column chromatography to afford title disaccharide(73 mg, 39%).
[a]p = +39.4 (c = 1.47, CHC}); 'H NMR 6 1.86 and 2.29 (s, 3H),
2.77 and 2.86 (s, 3H), 3.08 (m, 1H), 3:38.71 (m, 6H), 3.844.14

(m, 5H), 4.16-4.48 (m, 4H), 4.555.20 (m, 8H), 5.48 and 5.51 (s,
1H), 6.98-7.53 (m, 30H);*3C NMR ¢ 22.3, 22.8, 29.1, 29.7, 54.7,

to the general protocol to giv&l as a colorless oil in 8% yieldo]p
= +7.4 (c = 0.74);'H NMR 6 2.05 (s, 3H), 3.17 (dt) = 4.8, 9.5
Hz, 1H), 3.39 (s, 3H), 3.43 (dd,= 3.0, 10.0 Hz, 1H), 3.573.62 (m,
2H), 3.69 (d,J = 3.0 Hz, 1H), 3.73-3.85 (m, 3H), 3.9%3.97 (m,
1H), 4.01 (t,J = 9.1 Hz, 1H), 4.1+4.17 (m, 1H), 4.28 (ddJ = 4.7,
10.2 Hz, 1H), 4.39 (dJ = 12.2 Hz, 1H), 4.46 (br s, 1H), 4.62 (A=
12.4 Hz, 1H), 4.68 (dJ = 14.6 Hz, 1H), 4.75 (dJ = 11.3 Hz, 1H),
4.79 (d,J = 12.6 Hz, 1H), 4.83 (dJ = 11.7 Hz, 1H), 4.94 (dJ =

54.8, 67.2, 67.3, 68.2, 68.4, 69.8, 70.3, 72.5, 73.3, 73.6, 73.8, 74.3,15.7 Hz, 1H), 5.07 (dJ = 15.5 Hz, 1H), 5.20 (dJ = 3.4 Hz, 1H),

74.86, 74.91, 75.0, 75.2, 78.16, 78.22, 78.6, 79.0, 79.3, 99.4, 99.7,

101.25,101.31, 101.7, 125:228.9, 137.6-139.8, 172.7, 173.7; FAB-
HRMS: Calcd for G/HeNO11 [M + H]* 936.4323, Found: 936.4384.
Methyl 2-Acetamido-4,6-O-benzylidene-2-deoxy-32-(2-picolinyl)-
o-D-glucopyranoside (17).To the suspension of NaH (400 mg, 10.0
mmol) in THF (5 mL) was added dropwise the solution of alcobol
(647 mg, 2 mmol) in the mixture of THF (15 mL) and DMF (15 mL),
and the whole was stirred to homogeneity. A solution of 2-picolinyl

5.62 (s, 1H), 6.99 (d) = 7.8 Hz, 1H), 7.26-7.45 (m, 20H), 7.52 (dd,
J=2.1,8.1Hz, 1H), 7.61 (d = 1.4, 7.7 Hz, 1H), 8.43 (d] = 4.6

Hz, 1H), 8.57 (dJ = 4.6 Hz, 1H);*3C NMR ¢ 23.6, 54.6, 55.6, 67.4,
68.5, 68.9, 70.4, 72.8, 73.9, 75.4, 77.4, 78.1, 78.5, 78.6, 79.0, 98.1,
101.6, 101.7, 122.0, 122.6, 126.3, 127.5, 127.6, 127.7, 127.8, 128.0,
128.3, 128.4, 128.5, 128.6, 128.8, 129.1, 137.8, 137.9, 138.8, 170.9;
FAB-HRMS: Calcd for GgHs4N2O11 [M+Na+] 869.3625, Found:
869.3700.
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Methyl 2-Acetamido-2-deoxy-40-benzyl-3-O-(2-picolinyl)-[2,3-
di-O-benzyl-4,60-benzylidenef-p-mannopyranosyl]-(1—6)-o-b-
glucopyranoside (22).Alcohol 19 was coupled to donof according
to the general protocol to give2 as a white solid in 63% yield: mp
215-217°C; *H NMR ¢ 1.97 (s, 3H), 3.273.33 (m, 1H), 3.31 (s,
3H), 3.50-3.57 (m, 3H), 3.82 (ddd] = 1.5, 5.5, 10.0 Hz, 1H), 3.84
(d, 3= 3.5 Hz, 1H), 3.91 (ddJ = 9.0, 11.0 Hz, 1H), 3.97 (] = 10.0
Hz, 1H), 4.16-4.23 (m, 3H), 4.25 (br s, 1H), 4.31 (dd= 4.5, 10.5
Hz, 1H), 4.56 (dJ = 11.5 Hz, 1H), 4.63 (dJ = 12.5 Hz, 1H), 4.74
(d, J=12.5 Hz, 1H), 4.86 (d) = 11.5 Hz, 1H), 4.88 (dJ = 12.0 Hz,
1H), 4.93 (d,J = 3.0 Hz, 1H), 4.94 (dJ = 14.0 Hz, 1H), 4.99 (dJ
= 12.0 Hz, 1H), 5.03 (dJ = 14.0 Hz, 1H), 5.64 (s, 1H), 7.09 (d,=
8.0 Hz, 1H), 7.22-7.52 (m, 21H), 7.53 (dd] = 1.5, 8.0 Hz, 1H), 7.72
(dt, J= 1.5, 8.0 Hz, 1H), 8.59 (m, 1H}3C NMR ¢ 23.9, 54.1, 55.4,

68.0, 68.9, 69.0, 70.7, 72.9, 75.1, 75.4, 76.1, 78.2, 79.1, 79.5, 81.5,
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J=12.0 Hz, 1H), 5.39 (dd) = 4.5, 14.0 Hz, 1H), 5.59 (dd] = 4.0,

13.0 Hz, 1H), 5.976.03 (m, 2H), 6.39 (ddJ = 12.0, 14.0 Hz, 1H),
7.22-7.58 (m, 21H), 7.748.08 (m, 14H)C NMR (75 MHz) 4 29.8,

54.8, 57.3, 63.0, 67.0, 69.7, 69.8, 71.0, 71.8, 72.1, 72.6, 77.3, 98.7,
100.0, 128.4, 128.6, 129.0, 129.2, 129.6, 129.8, 129.9, 130.0, 130.2,
133.0, 133.1, 133.3, 133.4, 133.6, 135.7, 142.8, 165.0, 165.4, 165.5,
165.7, 165.9, 166.2, 169.9, 173.6; FAB-HRMS: Calcd feiHzsNO;g

[M + H]* 1126.3498, Found: 1126.3670.

Methyl 2-Acetamido-2-deoxy-40-benzyl-3-O-(2-picolinyl)-[2,3,4,6-
tetra-O-benzyl#-p-mannopyranosyl]-(1—6)-o-D-glucopyranoside (28).
Triflic anhydride (24uL, 0.14 mmol) was added to a solution of 2,3,4,6-
tetraO-benzylp-glucopyranos€ (54 mg, 0.1 mmol) and diphenyl
sulfoxide (57 mg, 0.28 mmol) in a mixture of toluene and dichlo-
romethane (3:1, 1.0 mL) at78 °C. After stirring at this temperature
for 10 min and then at40 °C for 1 h, TTBP (124 mg, 0.5 mmol) in

98.4, 101.8, 102.7, 122.1, 123.0, 126.5, 128.1, 128.2, 128.3, 128.4,gichioromethane (0.5 mL) and a solution of accedi®(42 mg, 0.1
128.6, 128.7, 128.8, 128.9, 129.0, 129.3, 137.4, 138.0, 138.4, 138.8mmo]) in dichloromethane (1.0 mL) were added sequentially-40

149.2, 159.0, 170.7; FAB-HRMS: Calcd foudEls:N,O11 [M + H]*
847.3806, Found: 847.3887.

Methyl 2-Acetamido-2-deoxy-3,4-diO-benzyl-[2,3-di-O-benzyl-
4,6-0O-benzylidenef-p-mannopyranosyl]-(1—6)-o-p-glucopyrano-
side (23).Alcohol 20°2was coupled to donat according to the general
protocol to give8 as a colorless oil in 39% yield: mp 230°C; [op
= +30.2° (c = 1.0, CHCE); H NMR 6 1.87 (s, 3H), 3.28 (dt) =
4.6, 9.5 Hz, 1H), 3.31 (s, 3H), 3.48.57 (m, 3H), 3.72 (ddJ = 8.9,
10.6 Hz, 1H), 3.79-3.83 (m, 2H), 3.96 (t) = 10.2 Hz, 1H), 4.17 (dd,
J=1.8,10.3 Hz, 1H), 4.264.29 (m, 3H), 4.32 (dd]) = 5.3, 11.1 Hz,
1H), 4.55 (d,J = 11.8 Hz, 1H), 4.62 (d) = 12.6 Hz, 1H), 4.654.70
(m, 2H), 4.73 (dJ = 12.4 Hz, 1H), 4.83-4.89 (m, 3H), 4.99 (dJ =
11.9 Hz, 1H), 5.47 (dJ = 9.5 Hz, 1H), 5.64 (s, 1H), 7.427.50 (m,

°C. The solution was then stirred at this temperature for 30 min and
then at 0°C for 25 min and finally at room temperaturer #& h before

the addition of excess triethylamine (0.1 mL). The reaction was diluted
with dichloromethane and washed sequentially with saturated aqueous
NaHCQ; and brine, dried, and concentrated. The residue was purified
by column chromatography to give the title disaccharide as a 1/1.2
o/ff mixture of anomers (81.5 mg, 87%H NMR 6 1.88 (s, 3H), 3.28

and 3.31 (s, 3H), 3.463.89 (m, 10H), 3.964.13 (m, 2H), 4.46-5.06

(m, 14H), 5.33 (dJ = 8.5 Hz, 1H), 7.1+7.42 (m, 30H)*C NMR ¢

23.9, 30.1, 52.9, 53.1, 53.4, 69.1, 69.4, 70.7, 70.8, 71.1, 73.2, 73.8,
73.9, 75.1, 75.2, 75.28, 75.33, 75.4, 75.9, 76.9, 78.0, 78.2, 78.3, 79.1,
79.12,80.3, 80.7, 80.8, 82.2, 82.5, 85.2, 97.6, 98.8, 98.9, 104.2,-127.9
128.9, 138.3-138.9, 170.3; FAB-HRMS: Calcd forggHs2N2011 [M

75.3,75.4,76.1,78.1,78.4,79.0, 81.1, 98.8, 101.8, 102.6, 126.5, 128.0,

128.3, 128.5, 128.6, 128.7, 128.8, 128.9, 128.96, 129.0, 129.3, 138.0
138.4, 138.7, 170.1; FAB-HRMS: Calcd forsgElssNO;1 [M + H] T
846.3853, Found: 846.3696.

Methyl N-Acetyl-N-benzoyl-3,4-diO-benzoyl-[2,3,4,6-tetra®©-
benzoylf#-p-mannopyranosyl]-(+—6)-a-b-glucopyranoside (24)Dis-
accharide22 (4.5 mg, 0.0053 mmol) was dissolved in the mixture of
1,4-dioxane (2 mL), and methanol (10 mL) and 10% Pd($E&)5.0
mg) was added. The reaction mixture was stirred for 20 h under

atmospheric pressure of hydrogen and then concentrated. The residu

was dried carefully and then dissolved in pyridine (0.5 mL) and treated
with benzoyl chloride (0.2 mL). After overnight stirring the reaction
mixture was poured into saturated aqueous Nakj@Rtracted with
chloroform, washed with brine, and concentrated. Preparative TLC of
the residue provided perbenzoylated compo2#h(#.0 mg, 66%). §p

= —10.5 (c = 0.2, CHC}); IH NMR 6 1.75 (s, 3H), 2.84 (s, 3H),
3.79 (dd,J = 11.0, 14.0 Hz, 1H), 4.04 (dd] = 2.0, 14.0 Hz, 1H),
4.08 (m, 1H), 4.15 (m, 1H), 4.44 (dd,= 5.5, 15.0 Hz, 1H), 4.64 (dd,
J= 3.0, 15.0 Hz, 1H), 4.92 (dl = 4.5 Hz, 1H), 5.04 (s, 1H), 5.23 (t,

Methyl 2-Acetamido-2-deoxy-3,4-di©-benzyl-[2,3,4,6-tetraO-

'benzylf-p-mannopyranosyl]-(1—6)-o-p-glucopyranoside (26)Ac-

ceptor20 was reacted with 2,3,4,6-tet@-benzylp-glucopyranos&

exactly as in previous experiment to give the 1(2/4 anomeric mixture

of 26 (17.0 mg, 18%)*H NMR 6 2.0 (s, 3H), 3.32 and 3.35 (s, 3H),

3.42-3.87 (m, 10H), 3.954.23 (m, 2H), 4.46-4.62 (m, 5H), 4.67

4.83 (m, 4H), 4.855.20 (m, 5H), 7.16-7.44 (m, 33H), 7.767.77

(m, 1H), 8.56-8.59 (m, 1H);**C NMR ¢ 23.9, 30.1, 54.0, 54.2, 55.5,
6.1, 68.9, 68.94, 69.5, 70.7, 70.72, 71.2, 73.1, 73.9, 74.1, 75.1, 75.3,
5.33, 75.4, 75.5, 75.9, 76.2, 78.0, 78.3, 79.4, 79.6, 80.3, 80.31, 81.3,

81.3, 82.2, 82.5, 85.2, 97.6, 98.5, 98.6, 104.2, 122.8, 122.9, 123.3,

127.8-128.8, 138.4139.2, 147.5, 147.6, 158.3, 170.8; FAB-HRMS:

Calcd for G7HesNOy1 [M + Na'] 960.4300, Found: 960.4330.
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