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ABSTRACT 

The reaction of p-nitrophenyl 2,3-0-isopropylidene-a-D-mannopyranoslde 
and 2-methyl-(3,4,6-tri-O-acetyl-1,2-dideoxy-a-~-glucopyrano)-~2,l-r/J-2-oxazol~ne 
gave a crystallme, 6-O-substituted dlsaccharlde derlvatlve which, on de-lsopropyhdena- 

tion followed by saponification, produced the disaccharide p-mtrophenyl 6-0-(2- 
acetamido-2-deoxy-/J-o-glucopyranosyl)-~-D-~~annopyranoside~ Synthesis of methyl 
6-0-(2-acetamido-2-deoxy-~-D-glucopyranosyl)-~-D-mannopyranos~de was also ac- 
complished by a simdar reactlon-sequence. The structures of these disaccharides have 

been established by ‘3C-n.m.r. spectroscopy. 

INTRODUCTION 

Alteration of the levels of the activities of various glycosyltransferases in the 
sera of cancer patients has been reported by various research groups’-‘. Among 
these glycosyltransferases, UDP-Gal . GlcNAc p-4-galactosyltransfera$e (EC 2.4.1 3s) 
seems to be a tumor marker, particularly for monitorin, = the disease status of certain 
cancer patients ‘*’ Welser et n/.6*8 detected an extra component (isoenzyme i1) of _ 

galactosyltransferase by discontinuous, poly(acrylamide) electrophoresls of the sera 
of cancer patients, in addition to a major component (isoenzyme L) which also exists 
in normal human sera. Interestingly, these investigators have also Isolated and purified 

an endogenous acceptor from pooled, malignant effusion’. The purified, cancer- 

associated galactosyltransferase acceptor termed CAGA seems to be a better acceptor 
for isoenzyme II than for isoenzyme I. This endogenous acceptor (CAGA) is a low- 
molecular-weight glycopeptide containing 70% of carbohydrates (mannose and 
2-acetamido-2-deoxy-D-glucose) as the main constituents. As a result, a core region 
of an asparagine-linked type of glycoprotein has been suggested, as 2-acetamido-2- 
deoxy-D-galactose is absent. Based on these investigations, and studies reported by 
other investigators”, we have initiated a program of synthesizing compounds in 
which a Zacetamido-2-deoxy-D-D-glucopyranosyl group is glycosidically lmked to a 

*Synthetic Studies in Carbohydrates, Part XVIII. For Part XVII, see ref. 1. 
**To whom correspondence should be addressed_ 
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mannose residue (or residues) which may prove to be a specific acceptor for iso- 
enzyme II. 

ihe activity of the j?-6-N-acetylglucosaminyltransferase present in canine- 
submaxillary gland ‘I has been examined with a variety of synthetic disaccharides 
prepared in our laboratory_ Interestingly, the disaccharide @Gal-(I-3)-a-GlcNAc-I 
+OC,H4N02-o was found to be a better acceptor than b-Gal-( l-3)-a-GalNAc-l+ 
OMe. These observations further suggested to us the desirability of synthesizing the 
disaccharides j?-D-G~cNAc-(l-+6)-a-D-Man-1 4OR (R = C,H,NO,-p and Me) for 
testing the specificity of galactosyltransferase. 

RESULTS AND DISCUSSION 

Reaction of p-nitrophenyl a-D-mannopyranoside (1) with 2,2-dimethoxy- 
propane and anhydrous acetone in the presence of p-toluenesulfonic acid, under 
the conditions described for the preparation of methyl 2,3-O-isopropylidene-a-o- 
mannopyranoside l2 (4) from methyl a-D-mannopyranoside (2), gave p-nitrophenyl 

1 R = ‘=&N02-~ 

2R= Me 

. 
3 R = C&14N02-~ 

4R= Me 

5 R = CgH4N02-P 

6R= Me 

R,oxq*2&R 
NHAc 

7 R = C6H4N02-p . R’ = AC 

8 R=Me,R’=Ac 

9 R = CsH4N02-p , R’ = H 

10 R = Me.R’= H 
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2,3-0-isopropylidene-or-D-mannopyranoside (3) as the major product, The assignment 

of acetal-ring size of isopropylidene acetals by 13C-n.m.r. has recently been described13 
by Buchanan and co-workers. The ‘3C-n.m.r. spectrum of 3 exhibited resonance 
for the acetal carbon atom at 108.49 p-p-m., and the chemical shifts for the methyl 
groups (26.03 and 27.68 p.p.m.) were slightly separated, thereby supporting the 
presence of a five-membered, cyclic ring. Similarly, we confirmed the structure of 
methyl 2,3-0-isopropyiidene-cr-D-mannopyranoside (4) by means of its 13C-n.m.r. 
spectrum_ 

As reported earher, reaction of 1,2,3,4-tetra-0-acetyl_P-D-mannopyranose with 

2-methyl-(3,4,6-tri-O-acetyl-I ,2-dideoxy-cr-D-glucopyrano)-[2, I-d]-Zoxazoline gave 
the corresponding 6-U-substituted derivative in almost 30 % yieldr4, whereas treatment 
of the same oxazoiine with p-nitrophenyl 2,3-di-0-acetyl-P-D-galactopyranoside 
gave the disaccharide product in -54% yieldr5. According to Okuyama16, reaction 
of 2,3,4,6-tetra-0-acetyI-cc-D-gaIactopyranosyI bromide with 2-acetamido-I ,3-dl-O- 
acetyl-2-deoxy-c.+D-gIucopyranose (instead of 2-acetamido-1,3,&t&O-acetyI-E-D- 

glucopyranose) gave the disaccharide product in almost double the yield. Based upon 
such observations, we have preferred the use of dioIs 3 and 4 for the synthesis of the 
title compounds. Moreover, it has become evident from investigations emanating 

TABLE I 

'W-N.M.R. CHEMICAL SHIF~S~ (25.2 MHz) IN p-p-m_ DOWNFIELD FROM Me&i 

AtOff Compound 

1 3 9 2 4 10 

C-l 
c-2 
c-3 
c-4 
c-5 
C-6 
C-l ‘ 
c-2 
C-3’ 
C-4’ 
C-5’ 
C-6’ 
COCH3 
c=o 
OCHI 
>C(CH3)1 

> C(CH& 

98.51 95.3 1 
70.38 74.51 
69.53 72 65 
66.40 67.16 
75.29 77 98 
60.80 59.95 

26.03 
27 68 

108.49 

99.04 
70.14” 
69.48 
66.65 
73 21 
68.83d 

101.23 
55 25 
74 33 
70 376 
76.82 
60.86 
23.00 

168.84 

101.89 98.55 
71.68 7631 
71 03 71.26 
67.88 69.40 
73 63 78 98 
62 08 61.72 

55 84 55.97 
26 59 
28.19 

111.38 

101.88 
71.09= 
70 9.5= 
67 92 
72 43 
70.23d 

102 64 
56.69 
74.91 
71.72’ 
76.95 
61 91 
23.40 

175 47 
55.77 

=Solvent Me&iO-&, except for DzO for 2, 4, and 10. The reference (Me&i) is internal for solutions 
in Me&O-do, and external for solutions in DrO. *The assignments for C-2 and C-4’ may be reversed. 
clndistinguishable. May be interchanged_ aInter-sugar aglyconic hnkage. 
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from various laboratories”7’8 that, in such appropriately protected sugar alcohols 
having both the 4- and the 6-hydroxyl group free, the 4-hydroxyl group shows less 
reactivity towards glycosylation. 

Reaction of diols 3 and 4 with 2-methyl-(3,4,6-tri-U-acetyl-I,2-dideoxy-cr-o- 
glucopyrano)-[2,1-d]-2-oxazoline Is in 1 : 1 nitromethane-toluene, in the presence 
of a catalytic amount of p-toluenesulfonic acid at 120-125”, proceeded readily, to 
give the disaccharide derivatives 5 and 6. respectively. Removal of the isopropylidene 
group, particularly from 5, with trifluoroacetic acid was found to be quite drastic_ 
However, deacetonation was satisfactorily achieved with 65% acetic acid at 60”, 
to give 7 from 5, and 8 from 6. Deacetylation of compounds 7 and 8 in methanol in 
the presence of triethylamine and water provided the disaccharides 9 and 10, respec- 

tively. 
It is well establishedI that the carbon atoms of the hydroxymethyl group of 

aldohexopyranoses provide their signals in the regron of 60-63 p-p-m_ from Me,Si 
(external) with D,O as the solvent. and this region is generally free from signals 
from other types of carbon atoms that occur in carbohydrate structures. It is also 
well established” that alkylation of a hydroxyl group causes a 7-IO-p.p.m. downfield 
shift in the resonance of the carbon atom bearing the hydroxyl group. Inspection of 
Table I shows that thus is the case. Thus, the absence of a signal for C-6 at 60-63 

p-p-m., and a downfield shift of 8.03 p-p-m. in the spectrum of 9, and of 8.15 p_p.m_ 
in that of 10. relative to that of that carbon atom in 1 and 2, confirm the position of 
the glycosidic Iinkage in disaccharides 9 and 10, respectively. The complete absence 

of a C-6 signal in the region of 60-63 p-p-m- also confirmed that glycosylation had 
occurred only at the 6-hydroxyl group of acetals 3 and 4. The ’ H-n.m.r_ spectrum of 
9 showed a clear doublet for an anomeric proton (H-l’) at B 4.31 (J 7.5 Hz), thereby 
establishing the /I-D configuration at the inter-sugar linkage. The C-l’ resonance at 
6 101.23 in the r3C-n-m-r. spectrum of 9 further supported the /SD configuration_ 
Similarly, the ‘H- and r3C-n.m.r. data are consistent with the structure assigned 
disaccharide 10. 

We have already reported a facile method for the preparation of 6-(benzyloxy- 
carbonylamino)hexyl 2-acetamido-2-deoxy-/J-D-glucopyranoside”, which, on hydro- 

genation, can provide 6-amino-1-hexyl 2-acetamido-2-deoxy-P_D-glucopyranoside, a 
ligand for the purification of galactosyltransferase”. 

EXPERIMENTAL 

General method.~. - Melting points were determined with a Frsher-Johns 
apparatus and are uncorrected_ Optical rotations were measured with a Perkin- 
Elmer 241 polarimeter at room temperature_ Ascending t.1.c. was conducted on plates 
coated with a 0.2%mm layer of Silica Gel 60 PF-254 (E. Merck, Darmstadt, Germany); 
the components were located by exposure to U.V. light, or by spraying the plate with 
5% sulfuric acid in ethanol and heating. Elemental analyses were performed by 

Robertson Laboratory, Florham Park, NJ, U.S.A. N.m.r. spectra were recorded wnh 
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a Varian XL-100 instrument; ‘H-n.m.r. spectra at 100 MHz and 13C-n m-r. spectra 

at 25.2 MHz were determined by the Fourier-transform (F-t.) mode; the posrtions of 

the peaks are expressed as 6 values from the tetramethylstlane signal 

p-iVilro&etryl 2,3-O-isopropylidene-ct-%mamopyrauoside (3). - To a suspen- 
sion of 1 (0.5 g) in dry acetone (5 mL) were added 2,2_dimethoxypropane (5 mL) 
and p-toIuenesuIfonic acid (100 mg). The mixture was stu-red at room temperature 

until dissolution occurred, and then water (10 mL) was added, and stirring was 

continued for 3 h. The mixture was made neutral wrth &I NaHCO, solution and 
evaporated. A solution of the residue in chloroform was washed with water, dried, 

and evaporated, to give a syrup that crystallized from chloroform-ether-hexane to 

afford 3 in 69 oA yieId (0.391 g); m-p. 150-151 O, [~]n -I- 110.3 o (c I, chloroform); 

R, 0.65 in 3 :2 chloroform-acetone; n.m.r. data (Me,SO-d,)- 6 1.36 and 1 48 (s each, 
2 x 3 H, isopropyhdene methyls), 3.50 (m. 4 H, H-4,5,6,6’), 4.18 (t, 1 H, Jze3 = 

J3.4 = 6 Hz, H-3), 4.39 (dd, 1 H, J,., - 1, Jze3 6 Hz, H-2), 4.60 (t, 1 H, J 5.5 Hz, 
D,O-exchangeable, OH-6), 5.36 (d, 1 H, J 4.5 Hz, D,O-exchangeable, OH-4), 6.01 

(d, 1 H, J,., w I Hz, H-l), and 7.38 and 8.28 (2 m, 2 x 2 H, aromatrc). 

Anal. Calc. for ClsHIsNOs: C, 52.78; H, 5.61; N, 4.11. Found: C, 52.82, 

H, 5.52; N, 4.02. 
p-Nirropher~yl6-0-(2-acetamido-3,4,6-tri-O-acetyI-2-deo_~y-~-D-g~~lcopyra~~os~ I)- 

2,3-0-isopropylidetze-tx-tbmamzopyranoside (5). - A solution of oxazoline’” (790 mg, 
2.4 mmol), 3 (682 mg, 2 mmol), and p-toluenesulfonic acid (10 mg) in 1 : 1 nitro- 
methane-toluene (30 mL) was stirred at 120-125”, and the reaction was monitored 

by t.l.c. After - 1.5 h, the acid was neutrahzed with a few drops of pyridrne, and the 

solution was evaporated to a brown residue which was drssolved in chloroform 
(100 mL), and the solution washed with water (2 x 20 mL), dried, and evaporated. 

The solid residue was purified by chromatography on a column of sihca gel, wrth 
elution with 2 : 1 (v/v) chloroform-acetone, to grve 5 (0.792 g, 51%), m.p. 115-l 18” 

(dec.), [~]n f34.3 o (c 1, chloroform); t.1.c. in 3 :2 chloroform-acetone: R, 0.46; 
n.m.r. data (Me$O-d,): 6 1.34 and 1.46 (s each, 2 x 3 H, isopropylidene methyls), 
1.78 (s, 3 H, NAc), 1.92, 1.98 and 2.02 (s each, 3 x 3 H, AC), 4.40 (dd, 1 H, J, .’ 

1.5, J2,3 6 Hz, H-2), 5.93 (d, I H, J,,, 1.5 Hz, H-l), 7.36 and 8 30 (2 m, 2 x 2 H, 

aromatic), and 7.84 (d, 1 H, JNw,zn 9 Hz, NH). 

Anal. Calc. for CZSH3sN20r6: C, 51.94; H, 5.71; N, 4.18. Found: C, 51.69; 

H, 5.61; N, 4.09. 
p-Nitroplzen_vl6-O-(2- acetamldo-3,4,6-tr~-O-acet~‘l-2-deeos),-P-D-glrtcopyra~zosyi)- 

u-D-nlannopyranoside (7). - A mixture of 5 (300 mg) with 65% acetic acid (30 mL) 

was stirred for 1.5 h at 60”, cooled, and evaporated_ Several additions and evapora- 

tions of tohrene gave a sohd mass which was purified by chromatography on a column 

of silica gel, wrth elution with 6 : 1 (v/v) chloroform-ethanol, to give 7 (0 228 g, 8 I %), 

m-p. 121-122” (acetone-ether), b-Jr, +55.3” (c I, Me,SO); n.m.r. data (MezSO-d,): 

6 1.80 (s, 3 H, NAc), 1.95, 1.98 and 2.02 (s each, 3 x 3 H, 3 AC), 5.52 (d, 1 H, 
J l.z 1.5 Hz, H-l), 7.30 and 8.31 (2 m, 2 x 2 H, aromatic), and 7.86 (d, 1 H, JNHsZ, 

9 Hz, NH)_ 
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Anal. Calc. for Cz6H34N1016: C, 49 52; H, 5.43; N, 4.44. Found: C, 49.36; 

H, 5.59; N, 4.34. 
p-Nitropheny[ 6-0-(2-acetafnido-2-deo.uy-~-D-g~zfcopyranosy~)-~-D-mannopyra- 

noside (9)_ - A solution of 7 (0.3 g) in a mixture of methanol (9 mL), triethylamine 

(3 mL), and water (2.5 mL) was kept for 24 h at 4”, and then evaporated to dryness. 

Toluene was added to, and evaporated from, the residue, and the resuhing material 
crystallized from methanol-ether to afford disaccharide 9 (0.202 g, 84%), m-p. 

189-191 O, [u],, +71_5’ (c 1, Me?SO): n-m-r. data (Me,SO-&): 6 1.83 (s, 3 H, NAc), 
4.31 (d, 1 H, J 7.5 Hz, H-l’), 5.50 (d, 1 H, J,,t 1.5 Hz, H-l), 7.32 and 8.32 (2 m, 
2 x 2 H, aromatic), and 7.60 (d, 1 H, JNH_‘, 9 Hz, NH)_ 

Anal. Calc. for C,0H2sN,0,J: C, 47.62; H, 5.59; N, 5.55. Found: C, 47.44; 

H, 5.84; N, 5.49. 

MethI’ 2,3-0-isopropJ&fene-cc-D-nrannop~v-anoside (4). - Compound 4 was 
prepared from 2 as described by Evans and Parrish”. 

Methy/ 6-0-(2-acetatnido-3,4,6-tri-O-acety~-2-deo.~~~-~-~-gl~~copyranosy~)-2,3- 

0-isopropylidene-cr-D-mannopyranoside (6). - Compound 6 was prepared from 4 
(0.468 s, 2 mmol) as described for 5, and was used as such for the next reactlon. 

Methyl 6-0-(2-acetantido-3,4,6-tri-O-acetLI-2-deo_~y-~-D-g~l~copyranosyi)-a-D- 
ntannopyranoside (S). - The isopropylidene group of compound 6 was removed as 

described for the preparation of 7, to give a solid residue which was purified by 
chromatography on a column of silica gel, with elution with 9: 1 (v/v) chloroform- 
methanol, to afford amorphous 8 in 48 o? yield (from 4); [ct]n + 10.3” (c 1, MeOH); 

n.m.r. data (I&O): 6 2.46 (s, 3 H, NAc), 2.54, 2.57 and 2.61 (s each, 3 x 3 H, 3 AC), 
and 3.86 (s, 3 H, OMe). 

Methyl 6-0-(2-acetanzido-2-deoxy-p-D-giacopyranosyl) - CL-D -mannopyranoside 

(10). - Deacetylation of compound 8 (0.4 g) as described for 9 gave amorphous 10 
(0.21 g, 70x), [ctID f11.2” (c 1, water); n.m.r. data (D,O): 6 2.5 (s, 3 H, NAc) 
and 3.85 (s, 3 H, OMe). 

Anal. Calc. for C,sH2,NO11 - HzO: C, 43.37; H, 7.04; N, 3.37. Found: C, 
43.67; H, 6.87; N, 3.40. 
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