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Methyl 2-carbamoyl-2-deoxyglycopyranosides’ (1) represent a new class of 

branched monosaccharides’ that provide a ready access to various 2-deoxy-ZC-sub- 
stituted glycosides. The protected anomeric centre and the carbamoyl group in 1 form a 
masked malonyl unit suitable for the synthesis of sugar derivatives that have a fused 

heterocyclic system. 
We have reported’ the synthesis of the title compounds by cycloaddition of 

trichloroacetyl isocyanate to trimethylsilylated or benzylated glycals, followed by 

methanolysis of the intermediate [2 + 21 and [4 + 21 cycloadducts, 2 and 3, respectively. 
We now report an alternative synthesis of 2-carbamoyl-2-deoxyglycosides, using 

tosyl isocyanate and the benzylated glycals 46. Only the [2 + 21 cycloadduct was 

formed in the first step of these reactions. 
The glycals 4-6 were each treated with 2 molar equiv. of tosyl isocyanate, to give 

the respective unstable cycloadducts 7-9, which were not isolated but methanolysed to 

afford the glycosides l&12. The benzyl and tosyl groups were removed simultaneously 
from 10-12 by reduction with sodium in liquid ammonia to give lS15. 

The tosyl substituent could be removed selectively from 10-12 by reduction with 

sodium naphthalene in 1,2-dimethoxyethane, to give the respective glycosides l&18. 
The carbamoyl-branched carbohydrates 1618 are useful intermediates for the 

synthesis of 2-C-cyano and 2-C-acetamidomethyl derivatives. The usual methods for 

the introduction of cyano groups involve addition or substitution reactions and a 
variety of cyanide nucleophiles’. However, there are examples that involve a photocar- 
bamoylationdehydration process3S4. 2-C-Aminomethyl derivatives have been obtained 

by hydrogenolysis of the 2-C-cyano precursor5. 

Compounds 16-18 were each reduced with lithium aluminium hydride in tetra- 
hydrofuran to give, in good or moderate yields, the respective 2-C-aminomethyl-2- 
deoxyglycosides, characterised as the N-acetyl derivatives 22-24. Reduction of 1618 
with the borane-methyl sulfide complex afforded amines in a lower yield. Dehydration 
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of 16-18 with thionyl chloride produced the respective nitriles 19-21 in good yield. 
Reduction of 22-24 with lithium aluminum hydride followed by acetylation yielded the 

amides 1%21. Derivatives of 2-cyano-2-deoxyglycosides with the/?-p-g&z&o5 (25) and 

a-p-glz.& (26) configuration, as well as the 2-C-acetamidomethyi-2-deoxyglycoside 
with the /?-D-galucfo’ configuration (27), are known. 

The cycloaddition of isocyanates to glycals enables regio- and stereo-specific 
functionalisation of the double bond. The chemistry of the carbamoyl group is normal 
for such structures and allows the introduction of a desired function at C-2 of the 
pyranoside ring. 

EXPERIMENTAL 

All melting points are uncorrected. Optical rotations were measured using a 
Perkin-Elmer 141 spectropolarimeter. ‘H-N.m.r. spectra (500 MHz) were recorded 
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with a Bruker AM 500 spectrometer, and i-r. spectra with a Beckman 4240 spectropho- 

tometer. 
Column chromatography was carried out using Merck Kieselgel 7W230 or 

230400 mesh. 

Glycals 4-6 were prepared by the benzylation method7. Glycosides 16 and 17 were 
prepared previously, using the trichloroacetyl isocyanate method. 

2-Deoxy-2-(tosylcarbamoyl)gZycosides. - To a solution of the glycal (4-6, 10 

mmol) in dry acetonitrile (30 mL) was addedp-toluenesulphonyl isocyanate (20 mmol) 
with stirring. After disappearance of the substrate (‘H-n.m.r. spectroscopy), the reac- 
tion was stopped by the addition of methanol (30 mL). The solvents were evaporated, a 

solution of the residue in methanol was left overnight and then concentrated, and the 
glycosides were purified by column chromatography. The following compounds were 
prepared in this manner. 

MethyZ 3,4,6-tri-O-benzyl-2-deoxy-2- (tosylcarbamoyl)-8-Dglucopyranoside (10). 
-Prepared from 1,5-anhydro-3,4,6-tri-O-benzyl-2-deoxy-~-arabino-hex-l-enitol’ (tri- 
O-benzyl-D-glucal, 4; 22-h reaction), 10 (47%) had m.p. 170-171”, [a], + 30” (c 1, 

dichloromethane); viz 3140 (NH) and 1710 cm-’ (C =O). ‘H-N.m.r. data (CDCI,): S 
2.39(s, 3 H,TsMe), 2.46 (dd, 1 H,J,,,8.4, J2,3 10.6 Hz, H-2), 3.38 (s, 3 H, OMe), 3.41 (dt, 
1 H, J4,5 9.7 Hz, H-5) 3.58 (t, 1 H, H-4), 3.69 (m, 2 H, H-6,6’), 3.95 (dd, 1 H, J3,4 9.0 Hz, 
H-3), 4.32 (d, 1 H, H-l). 

Anal. Calc. for C,,H,,NO,S: C, 66.95; H, 6.1; N, 2.2. Found: C, 66.9; H, 6.1; N, 
2.2. 

Methyl 3,4,6-tri-0-benzyl-2-deoxy;2- (tosylcarbamoyl)-fi-D-galactopyranoside 
(11). - Prepared from 1,5-anhydro-3,4,6-tri-0-benzyl-2-deoxy-~-Zyxo-hex-l-entiol7 
(tri-0-benzyl-D-galactal, 5; 5-h reaction), 11(50%) had m.p. 175-176”, [a]n + 32” (c 1, 
dichloromethane); 2: 3200 (NH) and 1720 cm-’ (C = 0). ‘H-N.m.r. data (CDCI,): S 
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2.37(s,3H,TsMe),2.84(dd,1H,J,~,8.4,J,,,10.9Hz,H-2),3.31(s,3H,OMe),3.47(m, 

1 H, H-5), 3.57 (dd, 1 H, J5,6 5.6, J6,6’ 9.3 Hz, H-6), 3.59 (dd, 1 H, J5,# 7.5 Hz, H-6’), 3.75 
(dd, 1 H, J3,4 2.7 Hz, H-3), 3.81 (dd, 1 H, H-4), 4.30 (d, 1 H, H-l). 

Anal. Calc. for C,,H,,NO,S: C, 66.95; H, 6.1; N, 2.2. Found: C, 67.3; H, 5.8; N, 
2.3. 

Methyl 3,4-di-O-benzyl-2-deoxy-2-(tosylcarbamoyl)-a-L-arabinopyranoside (12). 
- Prepared from 1 ,5-anhydro-3,4-di-O-benzyl-2-deoxy-L-thro-pent-l-enitol7 (6, 4-h 

reaction), 12 (76%) had m.p. 69-70”, [a],, + 68” (c 1, dichloromethane); vzz:‘3 3200 (NH) 
and 1735cm-’ (C=O). ‘H-N.m.r. data (CDCl,): 62.39(s, 3 H,TsMe), 2.82(dd,J,,Z 8.3, 

J,,, 11 .O Hz, H-2), 3.19 (dd, 1 H, J4,5 0.7, J5,s 13.0 Hz, H-5), 3.37 (s, 3 H, OMe), 3.56 (m, 1 

H, H-4), 3.69 (dd, J3,4 3.1 Hz, H-3), 4.10 (dd, 1 H, J4,5’ 2.1 Hz, H-5’), 4.24 (d, 1 H, H-l). 
Anal. Calc. for C,,H,,NO,S: C, 64.0; H, 5.9; N, 2.7. Found: C, 63.7; H, 5.6; N, 2.9. 
Removal in the N-tosylando-benzylgroups. - To a solution of the N-tosylglyco- 

side (l&12,0.3 mmol) in refluxing ammonia (10 mL) was added sodium in pieces until 
the blue colour persisted for 20 min. Ammonium chloride was then added until the blue 

colour disappeared, the ammonia was allowed to evaporate, and the residue was 

purified by column chromatography (ethyl acetate-2-propanol, 2: 1). The following 
compounds were prepared in this way. 

Methyl 2-carbamoyl-2-deoxy-D-D-glucopyranoside (13). - Prepared from l&l3 

(71%) had m.p. 199-200”, [or&, -28” (c 1, water; vE$‘3400 (OH), 1680 and 1630 cm-’ 

(amide). ‘H-N.m.r. data (D,O): 6 2.49 (dd, 1 H, J,_, 8.6, J2,3 10.8 Hz, H-2), 3.41 (t, 1 H, 
H-4),3SO(ddd, 1 H, J,,,9.9, J,,,5.9, J,,U2.2Hz,H-5),3.54(s,3H,0Me),3.78(dd, 1 H, 

J6,6’ 12.3 Hz, H-6), 3.84 (dd, 1 H, J3,4 9.0 Hz, H-3), 3.97 (dd, 1 H, H-6’), 4.65 (d, 1 H, H- 1). 
Anal. Calc. for C,H,,NO,: C, 43.4; H, 6.8; N, 6.3. Found: C, 43.4; H, 7.0; N, 6.1. 
Methyl 2-carbamoyl-2-deoxy-J3-D-galactopyranoside (14). - Prepared from 11, 

14 (70%) had m.p. 201-203”, [a]u +3.0” (c 1, water); e;,“: 3420 (OH), 1670 and 1625 
cm-’ (amide). ‘H-N.m.r. data (D,O): 6 2.64 (dd, 1 H, J,,? 8.7, J,,, 11.1 Hz, H-2), 3.54 (s, 3 
H,OMe),3.69(dd,lH,J,,~4.5,J,,.7.7Hz,H-6),3.75-3.94(m,3H,H-4,5,6’),3.99(dd, 
J3,4 3.2 Hz, H-3), 4.56 (d, 1 H, H-l). 

Anal. Calc. for C,H,,NO,: C, 43.4; H, 6.8; N, 6.3. Found: C, 43.5; H, 7.1; N, 6.4. 
Methyl 2-carbamoyl-2-deoxy-cr+arabinopyranoside (15). - Prepared from 12, 

15 (50%) had m.p. 194-196, [a], + 21” (c 1, water); viz 3400 (OH), 1680, 1665 and 1620 
cm-’ (amide). ‘H-N .m.r.data(D,O):62.67(dd, 1 H, J,,,8.6, J2,3 ll.OHz,H-2),3.52(s, 3 

H, OMe), 3.69(dd, 1 H, J4,5 1.2, J5,s 13.1 Hz, H-5), 3.90 (m, 1 H, H-4), 4.01 (dd, 1 H, JXV4 
3.2 Hz, H-3), 4.02 (dd, 1 H, J4,s 2.1 Hz, H-5’), 4.99 (d, 1 H, H-l). 

Anal. Calc. for C,H,,NO,: C, 43.9; H, 6.8; N, 7.3. Found: C, 43.9; H, 7.2; N, 7.1. 
Removal of the N-tosyl group. - A solution of naphthalene (0.48 mmol) in dry 

1 ,Zdimethoxyethane (2 mL) was stirred with sodium (0.01 g) under nitrogen for 30 min, 
then cooled to -3O”, and a solution of the glycoside (l&12, 0.08 mmol) in 1,2- 
dimethoxyethane (1 mL) was added slowly. Stirring and cooling were continued for 10 
min, water was added dropwise until the blue colour disappeared, and the mixture was 
diluted with water and extracted with dichloromethane (3 x 10 mL). The combined 
extracts were dried and concentrated, and the residue was purified by chromatography, 
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to give the product (M-18,45-70%). Methyl 3,4,6-tri-U-benzyl-2-carbamoyl-Zdeoxy- 

p-D-glucopyranoside (16) and methyl 3,4,6-tri-0-benzyl-2-carbamoyl-2-deoxy-j&o-ga- 

lactopyranoside (17) were identical with those obtained previously’. 
Methyl 3,4-di-O-benzyl-2-carbamoyl-2-deoxy-a-L-arabinopyr~oside (18). - Pre- 

pared from 12, 18 had m.p. 195197”, [aID +43.5” (c 1, dichloromethane), vE!$‘3 3410 

(NH,), 1690 and 16OOcn-’ (amide). ‘H-N.m.r. data (CDCl,): 6 2_84(dd, 1 H, J,,, 8.4, J2,3 
ll.OHz,H-2),3.30(dd, lH, J,,,O.9, J5,s 13.0Hz,H-5),3.49(~,3H,OMe),3.61 (m, 1 H, 
H-4), 3.85 (dd, 1 H, J3,4 3.1 Hz, H-3), 4.14 (dd, 1 H, J4,s 2.2 Hz, H-5’), 4.43 (d, 1 H, H-l). 

Anal. Calc. for C,,H,,NO,: C, 67.9; H, 6.8; N, 3.8. Found: C, 67.8; H, 6.6; N, 4.0. 
Preparation off-cyano-bdeoxyglycosides. - A suspension of substrate (1618, 

15 mmol) in benzene (25 mL) was treated with pyridine (0.5 mL) and thionyl chloride 

(0.5 mL). The mixture was stirred overnight at room temperature, then washed with 
water, aqueous sodium hydrogen carbonate, and brine, dried, and concentrated. The 
product was purified by column chromatography (hexaneether, 7:3), The following 
compounds were prepared in this way. 

Methyl 3,4,6-tri-O-benzyl-2-cyano-2-deoxy-B-D-gZucopyranoside (19). - Pre- 

pared from 16, 19 (85%) was a syrup, [a], + 17.5” (c 1, chloroform); c!j.. 2240 cm-’ 
(C~N).‘H-N.m.r.data(CDCl,):62.8l(dd,lH,J,,~8.5,J,,,1l.0Hz,H-2),3.45(dt,lH, 
J4,s 9.8, J5,6 + J5,6, 6.2 Hz, H-5), 3.57 (t, 3 H, OMe), 3.58 (dd, 1 H, J,,4 8.7 Hz, H-4), 3.72 
(m, 2 H, H-6,6’), 3.82 (dd, 1 H, H-3) ,4.48 (d, 1 H, H-l). 

Anal. Calc. for C,H,,NO,: C, 73.55; H, 6.6; N, 2.95. Found: C, 73.2; H, 6.6; N, 
2.9. 

Methyl 3,4,6-tri-O-benzyl-2-cyano-2-deoxy-B_D-galactopyranoside (20). - Pre- 
pared from 17,20 (79%) had m.p. 128-130”, [a], + 8” (c 1, chloroform); vE:i 2240 cm-’ 
(C = N). ‘H-N.m.r. data (CDCl,): 6 3.22 (dd, 1 H, J,,Z 8.5, J2,3 11.4 Hz, H-2), 3.52 (ddd, 1 
H, Jbv5 1 .O, J5,6 4.5, J5,# 2.5 Hz, H-5), 3.53 (s, 3 H, OMe), 3.58 (dd, 1 H, Js,# 8.2 Hz, H-6), 
3.61 (dd, 1 H, H-6’), 3.66 (dd, 1 H, J3,4 2.5 Hz, H-3), 3.89 (d, 1 H, H-4), 4.42 (d, 1 H, H- 1). 

Anal. Calc. for C,H,,NO,: C, 73.55; H, 6.6; N, 2.95. Found: C, 73.4; H, 6.4; N, 
2.9. 

Methyl 3,4-di-O-benzyl-2-cyano-2-deoxy-a-L-arabinopyranoside (21). - Pre- 
pared from 18,21(76%) had m-p. 102-104”, [aID + 55” (c 1, chloroform); I$$: 2280 cm-’ 

(C=N). ‘H-N.m.r. data (CDCl,): 6 3.23 (dd, 1 H, J,,, 8.3, JIv3 10.5 Hz, H-2), 3.28 (dd, 1 
H, J.,s 1.0, J,,,. 13.0 Hz, H-5), 3.55 (s, 3 H, OMe), 3.65 (m, 2 H, H-3,4), 4.13 (dd, 1 H, J.,5S 
2.3 Hz, H-5’), 4.37 (d, 1 H, H-l). 

Anal. Calc. for C,,H,,NO,: C, 71.4; H, 6.5; N, 4.0. Found: C, 71.2; H, 6.6; N, 3.9. 
Formation of methyl 2-C-acetamidomethyl-2-deoxyglycosides. - (a). A solution 

ofcarbamoylglycoside (l&18,1 mmol) in dry tetrahydrofuran (20 mL) was treated with 
lithium aluminum hydride (4 mmol). The mixture was heated to reflux until the 
substrate has disappeared (t.l.c.), then cooled. Saturated aqueous sodium sulphate was 
added dropwise, followed by solid sodium sulphate. The mixture was diluted with ether, 
and organic layer was dried (Na,SO.,) and concentrated. The residue was treated with 
2: 1 pyridine-acetic anhydride (3 mL) and left overnight. The solution was poured into 
cold water and extracted with chloroform, and the extract was washed with brine and 
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dried. The product was purified by column chromatography (hexane-ether-methanol, 
1:l: 0.01). Yields, 42-52%. 

(b) To a solution of 2-cyano-2-deoxyglycoside (W-21, 1 mmol) in dry tetra- 
hydrofuran (15 mL) was .added lithium aluminum hydride (4 mmol). The mixture was 
stirred at room temperature for 2 days, and saturated aqueous sodium sulphate was 
added dropwise, followed by solid sodium sulphate. The mixture was diluted with ether 

(20 mL), and the organic phase was dried and concentrated. The residue was acetylated 
and the product was isolated as in (a). Yields, 38-54%. 

The following compounds were prepared is this way. 
Methyl 2-acetamidomethyl-3,4,6-tri-O-benzyf-2-deoxy-~-D-gIucopyranosi~ (22). 

- Prepared from 16,22 had m.p. 98-loo”, [aID + 30” (c 1, chloroform); e,,“,’ 3460,332O 
(NH), 1660, and 1640cm-’ (C=O). ‘H-N.m.r. data (toluene-d,; 90”): 6 1.53 (s, 3 H, AC), 
1.78 (m, 1 H, H-2), 3.20 (bm, 1 H, CH,H,NHAc), 3.27 (dd, 1 H, J,,, 10.6, .73,4 8.5, Hz, 
H-3), 3.30 (ddd, 1 H, J.,5 9.2, J5,6 2.7, JS,b, 4.4 Hz, H-5), 3.32 (s, 3 H, OMe), 3.60 (t, 1 H, 
H-4), 3.63 (bm, 1 H, CH,H,NHAc), 3.66 (dd, 1 H, J6,# 10.9 Hz, H-6), 3.68 (dd, 1 H, 
H-6’), 3.98 (d, 1 H, J,,2 8.4 Hz, H-l). 

Anal. Calc. forC,,H,,NO,: C, 71.65; H, 7.2;N,2.7. Found: C, 71.7; H,7.4;N, 2.7. 
Methyl 2-acetamidomethyI-3,4,6-tr~-O-benzyl-2-deoxy-~-~-galactopyr~oside 

(23). - Prepared from 17,23 had m.p. 8485”, [a], + 32” (c 1, chloroform), vz,“,’ 3500, 
3280 (NH), 1650, and 1570 cm-’ (C=O). ‘H-N.m.r. data (C,D,; 50”): 6 2.42 (m, 1 H, 
H-2), 3.05 (dd, 1 H, J2,3 11.2, J3+ 2.6 Hz, H-3), 3.35 (s, 3 H, OMe), 3.36 (m, 2 H, H-5 and 
CH,H,NHAc), 3.65 (dd, 1 H, JS,6 5.5, J6,& 9.0 Hz, H-6), 3.72 (dd, 1 H, J,,,4.6, JA,B 13.7 
Hz, CH,H,NHAc), 3.82 (dd, 1 H, J5.@ 7.6Hz, H-6’), 3.83 (bs, 1 H, H-4), 3.94(d, 1 H, J,,, 
8.6 Hz, H-l). 

Anal.Calc.forC,,H,,NO,;C,71.65;H,7.2;N,2.7.Found:C,71.2;H,7.4;N,2.7. 

Methyl 2-acetamidomethyl-3,4-di-O-benzyl-2-deoxy-a-~-arabinopyranoside (24). 
- Prepared from 18,24 had m.p. 99-loo”, [aID + 70” (c 1, chloroform); YE: 3340 (NH,), 
1650and 1570 cm-’ (C = 0). ‘H-N.m.r. data (C,D,. 50”): 6 2.43 (m, 1 H, H-2), 2.88 (bd, 1 
H, J5.5, 12.6 Hz, H-5), 3.05 (bd, 1 H, J2,3 9.0 Hz, H-3), 3.34 (s, 4 H, OMe and H-4), 3.43 

(dd, 1 H, J2,* 6.0, JA,B 13.5 Hz, CH,H,NHAc), 3.64 (dd, 1 H, J2,B 5.0 Hz, CH,If,,HAc), 
3.88 (d, 1 H, J,,, 7.8 Hz, H-l), 3.97 (bd, 1 H, H-5’). 

Anal. Calc. for C,,H,,NO,: C, 69.15; H, 7.3; N, 3.5. Found: C, 68.8; H, 7.3; N, 3.5. 
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