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AESSTRACT 

O-(ZAcetamido-3,4,6-tri-O-acetyl-2-deo~-~-o-glucopyranosyI)-(l -+ 2)-3,4-di-0-acetyl-6-O-methyl- 
a-r)-mannopyranosyl bromide and 0-(2-acetamido-3,4,6-tri-O-acetyl-2-deo~-~-o-glucopyranosyl)-(l -+ 
~)-3-O-a~~I-4,6-di-O-methyl~-D-mannopyranosyI bromide were each condensed with 4-nitrophenyl 
2,3-di-0-aceOllQ-o-glu~p~anoside, and the products were deprotected to yield, respectively, P-D- 

GlcpNAc-(t + 2)-6~O-Me~~o-Man~-(l + 6)-p-o-Glcp and @-D-GkpNAc-(1 + 2)-4,6-di-0-Me~-D- 
Manp_(l + 6)~@&lcp, as their 4nitrophenyl giycosides. These trisaccharides are expected to func- 
tion as inhibitors for N-acetyiglucosaminyltransferase V. 

INTRODUCTION 

N-Acetylglucosaminyltransferase V (GnT-V, EC 2.4.1.155) transfers an N- 
ace~l-~-D-glucosamine C/3-u-GfcpNAc) unit to O-6 of the cu-(1 -+ 6Ninked D- 

Manp residue that forms part of the tr~mannopyranosyl core of asparagine-linked 
N-glycans2. In recent years, this enzyme has been the center of great attention as a 
potential tumor marker because of its increased activity in cells transformed by 
tumor viruses3P4 or oncogene$. Furthermore, work from the laboratory of Dennis 
et aL6,’ has suggested that a decrease in intracellular activity of GnT-V and the 
resulting decrease in specific cell surface structures is correlated with a reduction 

* Synthetic Studies in Carbohydrates, Part 86. For Part 85, see ref 1. This investigation was supported 
by grant No. AI 29326 awarded by the National Institute of Ahergy and Infectious Diseases, NIB. 
i Present address: Applied Biosystems Inc., 850 Lincoln Centre Drive, Foster City, CA 94404, USA. 
* Corresponding authors. 
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of metastatic potential of human and rodent cells. In addition these authors” have 

shown that, by comparison with nonmalignant tissues, increases in the expression 
of GnT-V activity and in the resulting cell-surface [~ligosac~harides are associated 
with a number of h~rn~n ~~r~in~rnas, 

For the past few years, our group ‘-” has been actively engaged with the . 

synthesis of acceptor substrates for GnT-V, Now we have focussed our attention 
on the design, synthesis, and biological evaluation of inhibitors for this particular 
enzyme I’. Our strategy for the creation of inhibitors involved defining tht: specific 
acceptor substrate for the enzyme, then chemically sy~t~esi~i~~ an analog having a 

masking group on the hydroxyl that would normally serve as the point of attach- 
ment for the transferred glycosyl unit, as shown in Scheme I. On the basis of this 
rationale, we have envisioned p-o-GlcpNAc-( 1 --+ 2)-&O-Me-o-u-Man p-t 1 3 O)- 

P-~-Glcp-oC,H,(4-N0,) (2) as a potential inhibitor for GnT-V. A similar. pre- 
sumably equally useful tr~sac~haride p-o-Glc pNAc-( 1 -+ ~~-4,6-di-~-Me-~-~- 

Man&? -+ ~)-~-D-G~c~-OC,H,(~-NO,) (3) was also synthesized. We preferred 
the incorporation of a P-u-glucopyranose residue at the reducing terminus in place 

of the naturally occurring fl-u-mannopyranose residue, since the latter is not a 
prerequisite “,” for recognition by GnT-V and its incorporation in the synthesis 
would be far from simple. Recently, the laboratories of Paicic and Hindsgaul have 
reported”*“’ the synthesis of a similar trisaccharidc, ,8-n-GlcpNAc-(I -+ 2)-6- 

deoxy-cu-o-Manp-tl * 6)$3-~-Glcp-0-fCH~f,CH,, and have shown it to be a 
competitive inhibitor for &T-V. Compounds 2 and 3 also proved usefuli in 
specificity studies of the ~-1,4-~-acetylglu~osaminyltransf~rase (GnT-VI’) acting 

on the o-3 and a-h arms of N-linked o~igosacchar~des. 



RESULTS AND DISCUSSION 

For the synthesis of the title trisaccharide 2 we employed the known 4- 
nitrophenyl 2,3-di-0-acetyl-P-o-glucopyranoside” 18 as a glycosyl acceptor and 
0-(2-acetamido-3,4,6-tri-O-acetyl-2-deoxy-~-o-g~ucopyranos~~~-(l -+ 2f-3,4-di-O- 
acetyl-6-~-methyl-~-D-mannopyranosyl bromide 17 as a glycosyl donor. Bromide 
17 was readily prepared from 0-(2-acetamido-3,4,6-tri-O-acetyl-2-deo~-~-o-g~uco- 
pyranosylf-(1 + 2)-~,3,4-tri-O-acety~-6-~-methy~-~-D-mannopyranose 16. Com- 
pound 16 was obtained by condensation of phenyl 3,4,6-tri-0-acetyl-2-deoxy-2- 
phthalimido-l-thio-p-o-glucopyranoside” 10 with methyl 3,4-di-O-benzyl-6-O- 

methyl-cu-u-mannopyranoside 9. The latter was obtained from methyl 6-O-tert- 
butyldiphenylsilyl-2,3-O-isopropylidene-~-~-mannopyranoside1~ 4 through a suc- 
cession of chemical steps. Thus, benzylation’* of compound 4 followed by cleavage 
of the tert-butyldiphenylsiiyl ether group at C-6 and subsequent methylationr9 gave 
syrupy &O-methyl derivative 7 (77%). Deisopropylidenation of 7 gave 8 (63%) 
which was converted into the desired 9 by treatment of its stannylene derivative 
with benzyi bromidem. 

R’ R* R’ R” 
__-.___-._.-.-_~- 

4 -CMq H Bu’Ph# OAC 

.Ckk~ B&l Bu’Ph# 
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5 si% 

6 -CMe*- Bn H 
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Giycosylation of 9 with thiogiycoside $0 promoted by N-iodosuccinimide and 
trifluoromethanesulfonic (triflic) acid”,“’ gave 11 (86%). Treatment of the disac- 

charide 11 with hydrazine hydrate, followed by acetylation, gave intermediate 12, 

which was not characterized. Hydrogenolysis of benzyl groups of 12 gave, after 
chromatographic purifi~atit~n, 13 (91%) which was acetytated (Py-AczO) to afford 

the hexacetate 15 (93%). This compound was subjected to acetolysis to furnish 16 
(89%). The ‘H NMR spectrum of 16 contained a low-field signal at 8 5.98 (1 H. J 
2.0 Hz), suggesting that it existed almost exclusively as the ~‘-1) anomer. A small 
portion of 13 was O-deacetylated to afford 14 (73%). Treatment of 16 with HBr in 

glacial acetic acid gave amorphous bromide 17 (87%). 
Glycosylation of the dial I8 with bromide 17 promoted by silver tri- 

flur~methanesulfonate ~tri~ate} and s~~~-coll~dille, gave the protected trisaccha- 
ride derivative 19 (62%). ~~-Deacety~ation of 19 furnished the title trisac~harid~ 2 
t%%X 

The synthesis of trisaccharide 3 followed a procedure analogous to that de- 
scribed for the preparation of 2. Thus the reaction of thiogtycoside 10 with alcohol 

23 (prepared from methyl ?,3-O-isopropylidene-cu-I,-mannopyranoside’Z 20 in three 
steps), promoted again by ~-iodosu~cinimide and triflic acid, gave the p-t1 --) 2)- 
linked disaccharide derivative 24 (76%) which was convert& to the glycosyl 
bromide 30 in five steps, in a rnanll~r andogous to that described for conversion of 

t i 
r- .7 I 2 1-7 3 

Scheme 3. 
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Scheme 4. 

11 to 17. The free disaccharide 27 (78%) was obtained by deprotection of a small 
portion of 26. 

Condensation of the diol 18 with the glycosyl donor 30 under conditions similar 
to those described for the reaction of 17 with 18 gave the partially protected 
trisaccharide 31 (78%), from which the acetyl groups were removed by ZemplCn 
transesterification to afford the desired trisaccharide 3 (71%). 

Preliminary evaluation of trisaccharides 2 and 3 shows that they are, as ex- 
pected, potential inhibitors for GnT-V. These results will be reported in detail 
elsewhere. 

EXPERIMENTAL 

General methods. -Unless otherwise indicated, all reactions were carried out at 
ambient temperatures. Solutions were dried with Na,SO, and concentrated at 
40-5O”C/2 kPa. TLC was conducted on aluminum sheets, precoated with 0.2~mm 
layers of Silica Gel 60F-254 (Merck); the compounds were located by UV light 
and/or by charring with 5% H,SO,. Column chromatography was performed on 
silica gel (Baker Analyzed, 60-200 mesh). The following solvent systems (v/v) were 



used for chromatography: A, 2: I hcxanc-CHCI,, Iy, i : 1 hexanc-CHCI!. C, 3: 1 

hcxane--EtOAc, I), 19: 1 CHCI,-acetone, E, 4: 1 CHCI,-acetone, F, 1 : I hcx- 
ane-EtOAc, G, 2: 1 hexane-EtOAc, H, 99: 1 G-ICI,-MeOH, I, 49: 1 CHCI,- 

McOH. .I, IO: I CHCI,-MeOH. K, 13:6:1 CHCl,-MeOH-H,O, L. 3:2 
CHCI,-acetone, M. 2: 1 CH,Cl,-acetone, h’. 4: 1 CH,Ci,-MeOH. 0, 19: 1 
CH,CI,-McOH. Optical rotations wcrc measured at 22 t 2” with a Perkin-Elmer 
241 polarimeter. ‘H NMR spectra wcrc recorded either at 90 (Varian EM-3%)). 

300 (Bruker AM-30(I), or 500 MHz (Brukcr AM-SC!()) for solutions in CDC13 
(internal Me,Si) or D,O fintcrnal acetone, 6 7 135). liC NMR spectra wcrc -.-__ 
recorded at 50.3 (Bruker WP-l,OO) or 75.5 MHz (Bruker AM-3001 ior solutions in 
CDC13 (internal Me,Sif c)r D,O (external 1% 1,-l--dioxanc in D,O, 8 h7.3). Only 

partial NMR data are reported, but ail values wcrc in accord with the proposed 
structures. The ~tssi~nni~l~ts of “C ~hen?i~~f shifts arc t~nt~~tiv~. FAB-mass spectra 
wcrc obtained using an AEI MS-9 ~ilstrument with Xe as the b~rn~ardi1~~ gas and 

5 : I I ,4-dithi~~thr~itol- I ,4-dithi~le~thrit~)I as a matrix. Elemental anal~scs were 
performed by the Robertson Laboratory, 29 Samson Ave., Madison. NJ OX940 
(USA). 

Methyl f-O-h~nz~l-6-O-tert-bz~t~l~~p~~~~z~l~~i~~l-~,.~-O-~,~~~p~o~~~l~~~~~~~e-c~-n-~~~~~~~- 
izol-‘!‘rvrrlo.vi~f~~ (9-A mixture of 3”’ (5.5 g, I I .6 mm&. freshly prcparcd Ag,O ( 10 
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TABLE III 

Selected ‘H and 13C NMR data for protected and unprotected trisaccharides “ 

Nucleus ” Chemical shifts (6) and coupling constants (Hz) 

19 2 31 3 

M-l U,,*) 
I-I-I’ U,,,,,) 
H-l" (J,.,,w) 
OC H,-4 
OC H,“6 

NAc 
OAC 

C-l 
C-l’ 
C-1” 

C-2’ 
C_? fJ 

C-X 
C-6’ 
C-6” 
DCH,-4 
OCH,“6 
comi 3 

COCH, 

CNO, 
CO (phenolicf 
Aromatic 

n.d. ( 

4.77 ( < 1) 
5.10 (9.0) 

3.25 
1.84 
I.Yl, 2.02, 2.05, 2.08 
2.09, 2.11,2.13 
8.23 (9.0) 

7.24 (YB) 

97.68 Ii 
97.38 li 
98.43 
75.37 
ss.72 
66.55 
69.55 
62.10 

58.92 
171.45, 170.97, 170.65 
170.43, 169.60, 169.45 
23.14, 20.76, 20.60 
20.30 

161.7Y 
142.88 
125.88, 116.41 

5.31 (5.4) 
4.85 
4.51 (8.4) 

3.33 
2.00 

8.30 (9.0) 
7.28 (9.0) 

loo.02 
47.81 

100.17 
76.80 
56.1 I 
66.17 
72.82 
61.43 

59.05 
175.44 

23.05 

162.39 
143.42 

n.d. ’ 
4.69 (2.0) 
4.74 (8.5) 
3.38 
3.32 
1.85 
2.01, 2.02,2.17,2.10 
2.12,2.13 
8.22 (9.0) 
7.0x (9.0) 

97.86 f 
97.75 ( 
9Y.65 
75.70 
55.1x 
66.07 
12.02 
62.18 
60.17 
SY.Oll 

171.25, 170.83, 170.72 
170.64, 169.51, 169.48 
23.30, 21.06, 20.87 
20.71, 20.63 

161.20 
143.11 

127.01.117.23 126.11, 116.45 

5.31 (5.5) 
n.d. ’ 
4.51 (K.4) 
3.40 
3.31 
2.00 

8.29 (9.01 
7.25 (9.0) 

Y9.81 
97.57 

lOO.12 
78.22 
56.16 
66.96 
72.41 
61.43 
50.Y8 
59.00 

175.47 

23.06 

162.35 
143.25 
127.07, 117.20 

’ Spectra were recorded at 3M1) MHz (‘H in CDCI,, compounds 19 and 31) or 500 MHz i’H in D,O, 
compounds 2 and 3) and 75.5 MHz (‘“C in CDCI, for compounds 19 and 31 and in D,O for t and 3). 
” Locants: unprimed, @-D-Glcp; single primed, a+Manp, double primed, B-D-GlcpNAc. ‘. Could not 
be determined due to spectral overlap. I’.’ Values with the Same superscripts may he interchanged. 

g), and benzyl bromide (10 mL) in DMF (80 mL) was stirred for 48 h at 45°C. The 
solids were filtered off (Celite bed), washed with DIVE, and the combined filtrate 

was concentrated. The residue was stirred in CHCl, (200 mL), and the precipi- 
tated silver salts were filtered off and washed with CHCl,. The CHCI, solution 
was successively washed with water, aq NaHCO,. and water, dried, and concen- 
trated. The crude product was chromatographcd (Solvent .4 + 8) to give 5 as a 
syrup (4.20 g, 64.1%); [cY&~ i9.6” (c 1.7, CHCl,); R, 1X7 koivent B); ‘H NMR (90 
h&k, CDCI,): S 7.80-7.23 (m, 15 H, aram.), 4.90(s, 1 H, H-21, 3.33 (s, 3 H, OMe), 
1.50, 1.35 (2 s, 6 H, CMez), and I.07 fs, 9 H, CMe,). Anal. C&cd for C,2H,,0& 
C, 70.43; H, 7.52. Found: C, 70.69; H, 7.58, 

Methy/ ~-O-henzyl-2,3-O-i.sopr~~yyli~~iene-cu-o-mannopyrunoside (6).--To a solu- 
tion of 5 (4.52 g, 8.03 mmol) in anhyd oxolane (XI mL) was added tetrabutylammo- 
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nium fluoride in oxolane (18 mL), and the mixture was stirred for 6 h at room 
temperature. After indentation the residue was chromatographed (solvent C), 
providing 6 as a syrup (2.13 g, 82%); Ecu&, + 54.3” fc 1.2, CHCI,); R, 0.3 (solvent 
C); ‘H NMR (90 MHz, CDCI,): 6 7.33 (br s, 5 H, arom.), 4.89 (s, 1 H, H-l), 3.31 
(s, 3 H, OMe), 1.44, and 1.33 (2 s, 6 H, CMe,). Anat. Calcd for C,,H,O,: C, 
62.95; H, 7.46. Found: C, 63.03; H, 7.49. 

Methyl 4-0-benzyl-2,3-O-isoprupylidene-6-O-methyl-fu-~-mannopyranoside (7).- 

A solution of 6 (2.1 g, 6.5 mmol) in DMF (40 mL) was stirred for 16 h at room 
temperature in the presence of BaO (8 g), Ba(OH), * 8 H,O (8 g), and Me1 (11 
mL). The mixture was cooled (WC) and diluted with an equal volume of CHCl,, 
and the insolubles were filtered off (Celite bed) and washed with CHCI,. The 
CHCl, solution was successively washed with water, aq Na,S,O,, and water, 
dried, and concentrated to afford 7 as a syrup (1.69 g, 77%); [cw]n + 44.8” (c 1.1, 
CHCl,); Rf 0.3 (solvent C); ‘H NMR (90 MHz, CDCl,): S 7.25 (br s, 5 H, arom.), 
3.34 (s, 6 H, OMe-6 and OMe-1), 1.46, and 1.33 (2 s, 6 H, CMe,). Ana/. Calcd for 
ClgH2606: C, 63.89; H, 7.74. Found: C, 64.19; H, 7.77. 

Methyl 4-O-ben~i-6-O-methyl-~-~-ma~opyra~~side (8).-A solution of 7 (3.79 
g, 11.2 mmol) in CHCl, (13 mL) containing trifluoroacetic acid (13 mL) and water 
(1.3 mL) was stirred for 1 h at room temperature. After concentration, and 
successive additions and evaporations of toluene, the crude product was chro- 
matographed (CHCI s + solvent L)) to provide 8 as a syrup (2.11 g, 63%); [cul, + 75” 
(c 1.1, CHCl,); R, 0.2 (solvent E); ‘H NMR (300 MHz, CDCl,): 6 7.40-7.24 (m, 5 
H, arom.), 4.71 (d, 1 H, J,,, 1.5 Hz, H-l), 3.36 (s, 3 H, OMe-6) and 3.33 (s, 3 H, 
OMe-1); r3C (75.5 MHz): 6 138.42 (arom. ipso), 100.77 (C-l), 74.62 (PhCH,), 71.31 
(C-6), 59.10 (OCH,-6), and 54.81 (OCH,-1). Anal. Calcd for C,,H,,O,: C, 60.39; 
H, 7.43. Found: C, 60.46; H, 7.37. 

Methyl 3,4-di-0-benzyl-6-0-methyl-~~rnannopyranoside (9).-A solution of 8 
(0.9 g, 3.02 mmol) and dibutyltin oxide (0.75 g, 3.01 mmol) in MeOH (40 mL) was 
boiled for 1 h. The solvent was then evaporated, the residue was dissolved in DMF 
(10 mL), and benzyl bromide (OS mL, 4.21 mmol) was added. The mixture was 
stirred for 5 h at llo”C, then poured into water. The aqueous mixture was 
extracted with CHCl,, and the CHCl, solution was washed several times with 
water, dried, and concentrated. The residue was chromatographed (solvent C) to 
provide 9 as a syrup (0.49 g, 42%); [a], + 36.1” (c 1.1, CHCl,); R, 0.6 (solvent F); 
‘H NMR (300 MHz, CDCf,): 6 7.37-7.25 (m, 10 H, arom.), 4.76 (d, 1 H, J,,, 1.5 
Hz, H-l), 3.38 (s, 3 H, OMe-6) and 3.34 (s, 3 H, OMe-1); ‘sC (75.5 MHz): S 138.39 
and 137.94 (arom., @SO), 100.34 (C-l), 75.01 and 72.82 (PhCH,), 71.36 (C-6), 59.16 
(OCH,-6), and 54.76 (OCH,-1). Anal. CaIcd for C,,H,,O,: C, 68.02; H, 7.27, 
Found: C, 68.18; H,7.19. 

methyl 0-(3,4,6-tri-O-acetyt-2-deu~-2-phtha~~midu-~-~-~~~copyranosy~~-~~ -+ 2k 
3,4-di-O-ben~~-6-O-methy~-ff-D-man~opyranoside (IQ.-Phenyl 3,4,6-tri-@acetyl- 
2-deoxy-2-phthalimido-l-thio-P-D-glucopyranoside” 10 (2.64 g, 4.99 mmol) and 
alcohol 9 (1.57 g, 4.04 mmol) were dissolved in dry CH,Cl, (26 mL), pulverized, 



activated 4A molecular sieves (1.9 g) and ~~-iodosuccin~mid~ (2.54 g, 11.3 mmol) 
were added, and the mixture was stirred in the dark for 30 min under Ar. After 
cooling (0°C; bath), a solution of trit~uoromethanes~llfonic acid (0.1 mL1 in CH&l, 

(37 mL) was added dropwise, and the stirring was continue~i for 2 h. 
Dichloromethan~ (200 mL) was added, and the solids were filtered off (Celite bed) 
and washed with CH,CIZ. The combined filtrate was successively washed with 

water, aq NaHCO,, aq Na,S,O,, and water. Evaporation of the solvent and 

purification of the residue by chromatography (solvent C -+ G -+ F) gave amor- 

phous 11 (2.8 g, X6%:,); [aID -8.2” (c 1.3. CHCI,); R, 0.1 (solvent E’). /Inal. Calcd 
for CJ2H,,N0,,: C, 62.60; H, 5.88; N, 1.74. Found: C, 62.22: H. 5.86; N, 1.86. 

Metby I~-~2-acetarnido-.3.4,6-tri-O-uce~l-2-d~oxy-~-~~-~l~~c~~~~~~~~n~~~~~l~~~l + 21-k 

0-nzethyl-a-n-vnarznop~;runosidc (13).-A mixture of 11 (2.7 g) and hydrazine 
hydrate (11 mL) in EtOH (37 mL) was rcfluxed for 3 h. The mixture was 
concentrated, the residue was dissolved in pyridine (50 ml,), and Ac,O (25 mL) 
was added. After being stirred overnight at room temperature the mixture was 
cooled to o”C, and the excess AGO was decomposed by dropwise addition of 
MeOH. After concentration, a solution of the residue in CHCl, QOO mL) was 

successively washed with water, aq NaHCO,, and water. Evaporation of the 

solvent and chr~)matograph}~ (CHCI, -9 solvent E) gave 12 (2.0 g), which was 

sLlffici~ntly pure for the next step. 
A mixture of 12 (2.0 g) and 10% Pd-C (2.0 gf in glacial acetic acid (30 mL) was 

shaken under I-i, at 345 kPa for 2 days at room temperature. The suspension was 

filtered (Celite bed), the solid was thoroughly washed with MeOH. and the filtrate 
and washings were combined and concentrated. The residual syrup was chro- 
matographed (solvent I-f --+ 1) to yield amorphous 13 (1.36 g, 01%): [cy],) i- 8.3” (c 

1.2, CHCI,~); K, 0.1 (solvent J). Anal. Calcd for CZZHjsNOll: C, 49.lh: H. h.56; 
N, 2.61. Found: C, 48.92; H, 6.49; N. 2.73. 

Methyl O-~2-acetamido-Z-deoxy-p-~-~h~copyrunosyl)-~l + 2)-li-O-methyl-a-I,- 

manntqpvw~oside (14X--A solution of 13 (0.18 g) in 20 mM methanolic NaOMe 

(25 mL) was stirred overnight at room temperature. The base was neutralized with 
a few drops of glacial acetic acid, and the solution was deionized with Amberiitc 
IR-120 (I-l’) cation-exchange resin. The resin was filtered off (Celite bed) and 
thoroughly washed with MeOH. The combined filtrate was concentrated, and a 

solution of the residue in water was lyophiiized to give amorphous 14 (0.1 g: 73%?; 

[cu&, - 102” ic 11.5, H20); R, 0.3 (solvent K). FABMS: J?I/Z 412 [IIS%, 
(M + l)+] and 434 (IOK%, (M + Na)‘]. A&. Calcd for C,,H3~,N01,: C, 4671; H, 
7.11; N, 3.41. Found: C, 46.35; H, 7.11; N, 3.05. 

~~~~t~l~~ O-~~-uceft??~~~o-.?, 4,(i-tl-i-O-ncer?il-2-dcux~~-~-~-~l~co~yrffi7~~~~~~-i~ + 2). 

.~,4-d~-O-acet~~~-6-O-met~~yl-cu-r~-marrn~pyr~rz~~s~de (15).-A solution of 13 (1.1 I g) in 
I : 2 Ac,O-pyridine (45 mL) was stirred overnight at room temperature. Methanol 
was added dropwise at O”C, the solution was concentrated, and the residue was 

subjected to additions and evaporations of toluene to give amorphous 15 (1.2 g 



93%); [c& -6.2” (c 1.2, CHCl,)t R, 0.3 (sotvent 1). Anal. Calcd for C,H,,NO,,: 
C, 50.24; H, 6.32; N, 2.25. Found: C, 50.02; H, 6.19; N, 1.98. 

O-~Z-Acetamido-3,4~6-tr~-O-acetyl-2-deo~y-~-~-gi~co~yran~syl)-~l -+ 2)-1,3,4-t& 
O-ncetyl-6-O-met~~~~-~-D-~~u~~Q~yra (16).-A solution of compound 15 (1.17 
g> in Ac,O (30 mL) containing 1% (v/v) of coned. HSO, was stirred for 17 h at 
room temperature. The mixture was diluted with CH,Cl, (200 mL), successively 
washed with water, satd NaHCO,, and water, dried, and concentrated, The 
residue was dissolved in a small amount of EtOAc, and the solution diluted with 
ether to cause the precipitation of amorphous 16 (1.09 g, 89%); [tv]n -7.6” (c 1.1, 
CHCI,); R, 0.3 (solvent L). Anal. Calcd for C,,H,,NO,,: C, 49.92; H, 6.05; N, 
2.16. Found: C, 49.82; H, 6.01; N, 2.07. 

4-Nitrophenyi 0-t 2-acetamido-3,4,6- tri-O-acetyl-2-decxy-/3-D-glucopyranosyl)- (I 
-+ ~)-O-~3,4-di-O-acely~-6-O-methvE_cY-~-man~opyra~~sy~)-~l -+ 6)-2,3-di-O-acetyl- 

p-D-ghzopyrunoside (19).-To a cold (WC, bath), stirred solution of 16 (0.97 g) in 
CH,Cl, (12 mL> was added a 31% solution of HBr in gIacia1 acetic acid (12 mL), 
and stirring was continued for 12 h at 0°C. The mixture was then poured into 
ice-water and the product was extracted into CH,Cl,. The extract was succes- 
sively washed with coId water, cold satd NaHCO,, and cold water, dried, and 
concentrated to give 0-(2-acetamido-3,4,6-tri-U-acetyl-2-deox- 
syl)-(1 + 2)-3,4-di-0-acetyl-6O-methyl-a-D-mannopyranosyi bromide (17) as an 
amorphous solid (0.87 g, 87%); [cy],, +54.3” cc 0.9, CHCI,), R, 0.2 (solvent El; ‘H 
NMR (90 MHz, CDCl,): 6 7.28 (d, 1 H, J 9 Hz, NN), 6.45 (s, 1 H, H-l), 3.26 (s, 3 
H, OMe-61, and 2.10-1.98 (cluster of s, 18 H, 5 OAc and 1 NAc). 

A solution of the gfycosyt bromide 17 (0.86 g, 1.28 mmoif in CH,Cl, (30 mL) 
was added at 0°C to a stirred mixture of 4-nitrophenyl 2,3-di-~-acetyl-~-~-gluco- 
pyranoside’ (18, 0.47 g, 1.22 mmol), sym-collidine (0.22 mL, 1.65 mmol), silver 
trifluoromcthanesulfonate (0.47 g, 1.83 mmol), and pulverized 4A molecular sieves 
(1.3 g) in CH,CI, (20 mL). After 6 h, CH,Cl, (200 mL) was added, the mixture 
was filtered (Celite bed), the solids were washed with CH,Cl, (100 mL), and the 
combined filtrate was concentrated. Chromatography (solvent M > gave unreacted 
18 (0.15 g>, followed by amorphous 19 (0.5 g 62%, based on 18 consumed); [cu], 
- 11.3” (c 1.1, CHCL,); R, 0.4 (solvent MI. Anal. Calcd for C4,H54N202s: C, 
50.51; H, 5.58; N, 2.87. Found: C, 50.69; H, 5.70; N, 2.71. 

4-~itro~~e~yl O-i2-ucetam~d~-2-deo~y-~-~-gll~cupyra~osy~)-(l -3 21-0-(6-O- 
metr”l}}t-cr-D-mannopyranosyl)-(I + 6)-B-n-grucoprranoside (2).-Compound 19 (0.1 
g) was O-deacetylated in 10 mM methanolic NaOMe 111 mL) cxactty as described 
for the preparation of 14 to give, after freeze-drying, amorphous 2 (0.06 g, 86%); 
[a]n -55.8” fc 0.5, H,O); R, 0.3 (solvent K); FABMS: m/z 681 [2.5%, (M -I- I)‘] 
and 703 [1.6%, (M + Na)‘]. Anal. Calcd for C,H,N,O,,: C, 47.65; H, 5.92; N, 
4.12. Found: C, 47.68; H, 6.12; N, 3.94. 

methyl 2,3-O-isopropylidene-4,6-di-O-met~yl-ff-u-D-tnanno~yranoside ~2~).-~ethyl 
2,3-~-isopropylidene~-~-mannopyranoside*~ (20, 1.56 g, 6.66 mmol) was meth- 
ylated as described for the preparation of 7 to give 21 as a syrup (1.6 g, 92%); [a], 



i-38.9” (c 3.7, CHCI,); {lit.*’ [a]: + 40” (c 1, CHCI,)f; R, OS3 (solvent Gk ‘H 
NMR (90 JMHz, CDCI,): 6 4.86 (s, 1 H, H-l), 3.50 (s, 3 H, OMe-41, 3.40 (s, 3 H, 
OMe-61, 3.36 (s, 3 H, OMe-11, 1.52, and 1.33 (2 s, 6 H, We,). AIZUL Calcd for 

C,,W,,O,,: C, 54.95; H, 8.45. Found: C, 55.06; H, 8.52. 
~~t~~yl ~,6-LZi-O-rnetfiyl-tu-~-rn~~rzu~~yr~~zo~~~~~ (22f.-Reacetonation of 21 (8.16 

g) as described for the pre~~r~ti(~~ of 8, gave after chromatography (solvent E), 
compound 22 as a syrup (5.5 g, SO%}; [alo + 79.2” (e 1.1, CHCI,); (Lit.‘” [~y]$ -I- 99” 

(a 2, CH,OH)j; Rf 0.1 (solvent f?); ‘H NMR (90 MHz, CDCIJ: 6 3.52 (5, I I-I, 

H-l), X.55 (s, 3 H, OMc-4), 3.43 (s, 3 H, OMe-61, 3.35 (s, 3 H, OMc-1); “C (SO.3 

MHz): S 101.12 (C-l), 60.53 (OMe-4), 59.18 (OMe-h1, and 54.97 (OMe-1). Anal. 
Calcd for C,,H,KO,: C, 48.64; H, 8.16. Found: C, 48.59; I-1, X.32. 

Methyl 3-O-benzyl-;l,h-lii-O-metlzyl-cu-n-mannopyruno.~i~e (WI.--Benzylation of 

22 (4.32 g, 19.0 mmol) as described for the preparation of 9 gave, after chromato- 
gaphy koivent 0, compound 23 as a syrup (3.9 g, 66%); [cY&, 1-45.7” (c. 1.3, 
CHCI,); Hj 0.2 (solvent Fj; ‘H NMR (90 MHz, CDCl,f: S 7.43-7.07 (m, 5 H, 
arom.), 4.51 (s, 1 H, H-11, 3.48 (s, 3 H, OMe-41, 3.35 (s, 3 )-I, OMe-61, 3.28 (s, 3 II, 
OMe-1); ‘“C (50.3 MHz): S 100.51 CC-11, 60.79 (OMc-41, 59.29 (OMe-6). and 54.99 

tOMe-I). Ana!. Calcd for C,,H,,O,: C, 61.52; H, 7.74. Found: C, 61.59; H, 7.68. 
Methyl 0-(3,~~6-lvi-O-u~e~i-2-~~~~~-~-p~~lTff~iin~~[~-~-i~-~~~~~~p~~~~~~t).~~~~-~~ --) .?I- 

3-O-i)enz)il-~,6-~f~-O-n?ethyf-cr-u-ntannc7pymnoside (24).-A reaction of alcuhol 23 
(1.72 g, 5.51 mmol) with the thioglycoside” 10 0.68 g, 6.96 mmol) as described for 

the preparation of 11 gave, after chromat~)graphy (solvent C --+ G), disaccharide 24 
as an amorphous solid (3.0% g, 76%l; [al,, +4.1” (c 2.7, CHCI,): Rj 0.2 (solvent 

Fj. A&. Catcd for C,,H,NO,,: C, 59.17; H, 6.07: N, 1.92. Found: c’, 59.06; H, 
6.11; N, 2.04. 

~~~~zyl O-l,3-~cetnmi~fo-3,1;ti-tri-O-acetyl-~-~e~.~~~-~-~-~fucopyr~nus~~l~-~~ -+ L?)- 

4,6-di-O-methyf-c~-l,-~~~~~~~yru~~~~i~e (26).-Compound 24 (1.97 g) was treated 

with hydrazine hydrate and then acctylated as described for the conversion OF 11 
into 12 to give, after chromatography (CHCI 3 --) solvent E’), the amorphous disac- 
charide 25 (1.37 6); R, 0.1 (solvent E), which was sufficiently pure for the next 
step. 

Hydrogenolysis of 25 f 1.31 g), as described for the preparation of 23, gave, after 
chromatography (CHCI, + solvent HI, the amorphous disaccharide 25 (1.0 g, 
89%): f(~&, f 17.5” (c 2.1, CHCI,), R,. 0.2 (solvent f). Anal. Cakd for C1,H,,NO,,: 
C, 50.09; H, 6.76; N, 2.54. Found: C, 49.89, H, 6.53, N, 2.39. 

~ef~t?~~ O-~2-acefamido-2-cleo.~-~-~~-~f~~c~~~~~a~zo~yf~-~~ --) 2!-~,ccl-fdi-O-methyf-t- 

~-~z~n,lop~jmnosi (27).--Deacetylation of 26 (0.2 g) and Iyophilization of the 
resulting product as described for the preparation of 14 gave the amorphous 

disaccharide 27 (0.12 g, 785%); IN& -7.6” (c 1.1, HZO); R, 0.3 (solvent iv); 
FARMS: PZ/Z 426 [2R%, iM f l)+] and 448 [lOW& fM i Na)‘]. An& C’alcd for 

C,,~~~NO~~: C, 47.99; I-it 7.35; N, 3.29. Found: C, 47.62; H, 7.72; N, 2.96. 
~f~t~~l O-t2-ucrtnmi~o-~~,4,~-tr~-O-~cet~l-2-~e~~-~-~~-~fuc~~pyr~~~~~~s~f~-~~ -+ 2)-J- 

O-nce~k’,6-Iii-O-metii);Z-cu-~-mannopyrr~rzosi (28).--Compound 26 (0.3h g) was 



acetylated as described for the preparation of 15 to give the arnorphc~us disaccha- 
ride 28 (0.38 g, 98%); [a], - 14.3” cc 0.9, CHCI,); Hf 0.3 (sslv~nt J>. Anal. Calcd 
fur C,,H,9NQ,,: C, 50.59; H, 662; N, 2.35, Exmd: C, 5&43; H, 6.159; N, 2,22, 

4-NitrophenyE 0-~2-ncetamid~-3,4,6-tri-O-acstyl-2-deoxy-~-D-gl~c#pyru~~syl~-~l 

-+ 2~-Q-~3-0-acetyl-4,6-di-O-methyl-cu-~-ma~~~pyranosyl)-~l + 6)-2,3-di-O-acetyl- 
/3-D-gb.uqqvanuside (?I).-Reaction of 29 (0.3 g) with HBr as described for the 
preparation of 17 gave O-(2-acetaPnido-3,4,6rri-O-acetyl-2-deouc~- 

~~~nusyl~-~~ -+ 2~-3-U-acety~-4,~-43-Q-methyI-ar-~-mannapyranosyl bromide 30 as 
an amorphous solid (0.28 g, 90%); [a& + 13&’ (c 0.5, CHCI,); ‘H NMR (90 MHz, 
CDCi,): 6 8.03 fd, 1 W, J 9 Hz, NH), 6.36 (d, 1 H, 1 < 1 Hz, H-l), 3.46 (s, 3 H, 
OMe-4), 3.35 (s, 3 WI, QMe-B), 2.07 (s, 9 H, 3 UAc), and 1.98 (s, 6 H, OAc arid 
NAC). 

A reaction of the aicah# 18 (0.13 g, 0.34 mm& with gfycosyl donor 30 (0.27 g, 
Ox42 mm& as described fur the preparation of 19 gave, after chromatography 
fsolvent J), th e a~~~phu~s trisaccharide 31: (0.25 g, 78%); Ia], - 13.9” (c 1.1, 
CEKI,); R[ 0.2 (solvent 0). AE& Cafcd for C,oH,,N,O,,: C, 50.74; H, 5.75; N, 
2.96. Found: C, 51.04; H, 5.59; N, 2AS. 

MVitropherzyE 0-(2-acetamido-Z-deu~-P-D-gtuc~~yra~~~~~-~~ -+ 2)-O-(4,6-di-0 
meblyl-a- D-mannupymnosyl) - (1 + 6)-p-o-g~uco~yranc>side (3X--Deacetyltation of 31 
(0.27 g) as described for the preparation of 2 gave, after chromatography Csolvent 
K), the amorphous trisaccharide 3 (0.14 g, 71%); [aIn -61.5” CC 0.6, H,Q); Rj 0.5 
(solvent K). FABMS: KQ,/Z 717 [I?%, CM + Na)‘]. AWL Calcd fsx C2&I,,N2Qts: 
C, 4K41; H, 609; N, 4.03, Fuund: C, 48.33; H, 6.19; N, 3.89. 
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