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Synthesis of methyl 3-acetamido-3-deoxy-2-O-j?-D-glucopyranosyl- and -/3-D- 
galactopyranosyl-cr-D-allopyranoside 
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Reduction of methyl 4,6-0-benzylidene-2-0-(2,3,4,6-tetra-O-acetyl-P-D- 

glucopyranosyl)-cY-D-ribs-hexopyranosid-3-ulose (2) with sodium borohydride fol- 

lowed by debenzylidenation gave’ 83% of methyl 2-0-P-D-glucopyranosyl-a-D-al- 

lopyranoside. In a similar manner, methyl 4,6-O-benzylidene-2-O-(2,3,4,6_tetra- 

O-acetyl-P-D-galactopyranosyl)-a-D-ribo-hexopyranosid-3-ulose (11) was con- 

verted into methyl 2-0-/3-D-galactopyranosyl-a-D-allopyranoside. We now report 

syntheses of methyl 3-acetamido-3-deoxy-2-O-P-D-glucopyranosyl-cr-D-allo- 

pyranoside (9) from 2 and methyl 3-acetamido-3-deoxy-2-O-P_D-galacto- 

pyranosyl-cY-D-allopyranoside (17) from 11. 
Oximation of 2 gave a mixture of products from which the major product was 

isolated (85%) crystalline by column chromatography and identified as methyl 4,6- 

O-benzylidene-3-deoxy-3-hydroxyimino-2-0-(2,3,4,6-tetra-O-acetyl-~-D-glucopy- 

ranosyl)-cu-D-ribo-hexopyranoside (3). 13C-N.m.r. spectroscopy indicated that 3 

was an EZ mixture, there being two signals at 6 145.8 and 147.2 for C-3 assigned* 

to the 2 and E isomers, respectively. Also, there were doublets for C-l, C-5, 

PhCH, and the aromatic carbons (see Table I). 

Compound 11 also gave an EZ mixture of methyl 4,6-O-benzylidene- 

3-deoxy-3-hydroxyimino-2-0-(2,3,4,6-tetra-O-acetyl-~-D-galactopyranosyl)-cY-D- 

ribo-hexopyranoside (12). The 13C-n.m.r. data for 12 in Table II paralleled those 

for 3 (Table I). 

The Z and E isomerism of the oximes of methyl 4,6-O-benzylidene-2-deoxy- 

cY-D-erythro- and -three-hexopyranosid-3-uloses3 and of other oximes2,4 has been 

discussed in detail. Attempts to isolate the Z and E isomers of 3 failed. Deacetyla- 

tion of 3 gave a crystalline EZ mixture of methyl 4,6-0-benzylidene-3-deoxy-2-0- 

P-D-glucopyranosyl-3-hydroxyimino-cu-D-r~~~-hexopyranoside. Attempts to re- 

move the benzylidene group from 3, even under mild conditions (acetic acid at 
room temperature), resulted in deoximation, and 2 was a product. Similar results 

were obtained with’12. 

When 3 was hydrogenated at high pressure (100 atm.) over Adams’ catalyst, 

a mixture of products was obtained. Column chromatography then gave the major 

fraction (70%) which was identified as methyl 3-acetamido-4,6-O-benzylidene-3- 

0008.6215/84/$03.00 0 1984 Elsevier Science Publishers B.V. 



332 NOTE 

TABLE I 

“C CHEMICALSHImS (p.p.m.) FORCOMPOUNDS l-8 

Carbon 
atoms 

Compound 

l”,d 26 3b 5b 6b 8’ ye 

C-l 
c-2 
c-3 
c-4 
C-5 
C-6 
c-7 
C-l’ 
C-2’ 
C-3’ 
C-4’ 
C-5’ 
C-6’ 
0-CH3 
C-CH3 

C6Hll 

coo 

100.5 100.1 99.6,98.7 99.15 99.1 98.6 98.9 
82.2 82.2 74.1 74.2 74.4 73.3 74.8 
69.8 194.6 145.8,147.2 56.1 56.0 55.9 68.7 
81.8 78.8 73.4 78.8 78.1 63.4 62.5 
62.5 65.3 65.4,63.9 59.2 59.2 67.9 66.3 
69.4 68.4 68.5 69.2 68.8 62.3 62.3 

102.2 102.0 102.4,102.1 102.2 105.65 
102.2 102.7 99.7 99.6 99.7 99.95 99.2 
71.9 71.0 71.1 71.1 71.1 70.9 70.7 
73.0 72.4 72.7 72.6 72.6 72.6 70.7 
69.0 69.5 69.7 68.4 68.4 68.1 68.1 
72.4 72.1 71.8 72.2 72.1 72.1 72.2 
62.4 61.8 61.9 61.9 61.9 61.7 61.6 
55.8 56.0 56.0 58.2 58.4 59.2 55.1 
20.8 20.6,20.75 20.6,20.75 19.2,20.6 19.3,20.6 19.1,20.5 20.2,20.3 

20.7 20.4,20.6 
126.1,128.4 126.4,128.3 126.1,126.4 126.4,128.2 
129.2,136.6 129.4,136.4 128.2,128.3 129.2,127.3 

129.2,129.4 
136.3,136.8 

25.8,26.4 
27.5,41.8 

169.4,169.8 169.4,169.8 169.4,169.8 169.4,170.2 169.4,170.2 169.5.170.2 169.0,169.2 
170.2,170.3 170.1,170.5 170.2,170.7 170.4,170.7 170.4,170.7 170.5,170.7 169.4,169.6 

170.0,170.1 

‘In CD&. bin CDQ. ‘In (CD3)$S0. dRef. 11. ‘Ref. 1. 

1 R’ = n.d = H.R3Z OH.R4 = Ph 

2 d= n.n2= n3=0.R4= Ph 

3 R’ = A, b-f2 = 2 = N3H,R4 = Ph 

, RI = p_D_Glcp,R2 = R3 = NOH.R4 = Ph 

5 R’ zz A,$ = NHAC.I? = H.d = Ph 

6 R’ = n.d = NHAc,H3= H,R4 = C&l 

10 d = B,R2 = H.R3 = OH.R4 = Ph 

IId= B,#= R'=C.@= Ph 

12 F!’ = B,R2 = f?‘= r.0H.d = Ph 

13R’= B,R’= NHAc.R’= H.R4 = Ph 

14d= B,R2’ NHAc,R~= kl,e= C&ill 

R4 
CH2R4 

0 

% 

2. 

R2 R’“OMe 
7 R’ = A.!? = $ = OAv.R3 = H 

6 R’ = A.$?= NHAC,R3 = H,R4 = OAC 

g R’ = fl-o-Glc,~,R~ = NHAC,R~= H,R4= OH 
15R’ = B,nzZ I?“= 04c,!+= H 

16 R’ = a,$= NHAc,R3= H.R4= OAc 

17 R’ = ,Sd701~,R2 = N”Ac,R3 = H,R4 = OH 

B = 2,3,4,6-tctro-O-occtyl-l)-D-g~l~CtOPy~OnO~Yl 
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TABLE II 

13C CHEMICALSHIFTS (p.p.m.) FORCOMPOUNDS 10-16 

Carbon Compound 

C-l 
c-2 
c-3 
c-4 
C-5 
C-6 
c-7 
C-l’ 
C-2’ 
C-3’ 
C-4’ 
C-5’ 
C-6’ 
0-CH3 
C-CH3 

C6H5 

Wll 

coo 

- 
WC IF 12b 136 146 16b 1YJ 

101.2 102.2 99.5,99.8 99.1 99.15 98.7 98.5 
83.1 82.5 73.6 74.2 74.4 73.5 73.8 
69.9 196.5 145.8,147.2 56.0 56.0 55.8 67.3 
83.1 82.0 73.6 78.7 78.1 63.7 62.6 
63.4 66.6 65.4 59.1 59.1 66.9 65.7 
69.9 69.9 69.6 69.1 69.3 62.3 61.9 

102.4 104.0 102.0,102.3 102.1 105.6 
103.9 104.0 100.4 100.2 100.3 100.6 100.8 
69.9 69.9 69.9 68.6 68.7 68.5 68.1 
71.4 71.7 70.9 70.8 70.8 70.8 70.0 
68.9 68.7 68.6 67.0 66.9 68.1 66.9 
71.4 71.7 70.9 71.1 70.8 71.2 70.0 
62.8 62.6 61.3 61.3 61.3 61.3 61.1 
56.2 56.4 56.1 58.2 58.2 59.2 55.2 
21.8 21.6,21.7. 20.7 19.0,20.5 19.3,20.6 18.9,20.5 20.4,20.7 

127.8,129.4 127.7,129.5 126.1,126.4 126.4,128.1 
130.2,139.2 130.5,138.5 128.2,129.2 129.0,137.3 

129.4,136.1 
136.9 

25.7,26.4 
27.5,41.8 

170.8,171.2 170.6,170.9 169.7,170.1 169.3, 169.9 169.4,170.2 169.4,169.9 169.3,169.5 
173.3 171.3 170.3,170.6 170.0,170.6 170.4,170.6 169.9,170.4 

“In (CD&SO. bin CDQ. CRef. 11. dRef. 1. 

deoxy-2-0-(2,3,4,6-tetra-O-acetyi-~-D-glucopyranosyl)-~-D-allopyranoside (5). 
The ‘3C-n.m.r. spectrum of 5 contained a signal for C-NHAc at S 56.1, in place of 

the signals (6 145.8 and 147.2) due to C-3 in 3. Also, for 5, the signal for C-4 was 

shifted downfield by 5.4 p.p.m. and that for C-5 was shifted upfield by 4-7 p.p.m. 

in comparison with the corresponding signals for 3. The minor fraction (16%) was 

identified as methyl 3-acetamido-4,6-O-cyclohexylmethylene-3-deoxy-2-0- 

(2,3,4,6-tetra-O-acetyl-~-D-glucopyranosyl)-a-D-allopyranoside (6). The 13C- 

n.m.r. spectrum of 6, in addition to the changes observed for 5, contained no sig- 

nals for aromatic carbons but signals in the range 6 25-41 corresponding’ to the 
cyclohexane ring. Also, the signal at 6 102.2 for Ph-C’H in 5 was replaced by one 

at 6 105.65. 

Likewise, reduction of 12 gave methyl 3-acetamido-4,6-O-benzylidene-3- 

deoxy-2-0-(2,3,4,6-tetra-O-acetyl-~-D-galactopyranosyl)-a-D-allopyranoside (13, 

72%) and methyl 3-acetamido-4,6-O-cyclohexylmethylene-3-deoxy-2-0-(2,3,4,6- 

tetra-O-acetyl-~-D-galactopyranosyl)-cy-D-allopyranoside (14,15%). 

Debenzylidenation of 5 with methanolic hydrogen chloride followed by 

acetylation gave methyl 3-acetamido-4,6-di-O-acetyl-3-deoxy-2-0-(2,3,4,6-tetra- 
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O-acetyl-/3-D-glucopyranosyl)-a-D-allopyranoside (8). Deacetylation of 8 afforded 

methyl 3-acetamido-3-deoxy-2-O-P_D-glucopyranosyl-~-D-allopyranoside (9). 

Likewise, 13 was converted into methyl 3-acetamido-4,6-di-0-acetyl-3-deoxy-2-0- 

(2,3,4,6-tetra-o-acetyl-P_D-galactopyranosyl)-~-D-allopyranoside (16) and thence 

into methyl 3-acetamido-3-deoxy-2-O-P_D-galactopyranosyl-~-D-allopyranoside 

(17). 
Hydrolysis of 8 with 4M HCl gave (g.1.c.) glucose and 3-amino-3-deoxy-D-al- 

lose6. Likewise, hydrolysis of 16 gave D-gahCtOSe and 3-amino-3-deoxy-D-allose’. 

EXPERIMENTAL 

General methods. - T.1.c. was performed on Kieselgel 60 Fzs4 with A, 

chloroform-acetone (4: 1); and 5, l-propanol-ethyl acetate-water (3:2: 1). Amino 

sugars were detected with ninhydrin, and others by charring with sulphuric acid. 

Column chromatography was performed on Kieselgel 60 (230-400 mesh). G.1.c. 

was performed with a Pye Unicam 104 gas chromatograph equipped with a flame- 

ionisation detector and a column packed with 15% of XE-60 on Gas Chrom Q 

(100-120 mesh) at 180”. Optical rotations were determined with a Perkin-Elmer 

Model 242 polarimeter. 1.r. spectra were recorded with a UR-20 Zeiss apparatus. 

‘H-N.m r spectra (80 MHz) were recorded at room temperature with a Tesla . . 
Model BS 407 spectrometer, and 13C-n.m.r. spectra (22.53 MHz) with a Jeol FX 

90Q spectrometer for solutions in CDC13 (internal Me,Si). 

Methyl 4,6-0-benzylidene-3-deoxy-3-hydroxyimino-2-0-(2,3,4,6-tetra-O- 

acetyl-P-D-glucopyranosyl)-cY-D-ribo-hexopyranoside (3). - To a solution of 2s 

(3.06 g, 5 mmol) in dichloromethane (20 mL) was added, with stirring, a solution 

of hydroxylamine hydrochloride (0.58 g, 8.3 mmol) in pyridine (15 mL). After 24 

h at room temperature, the mixture was poured into ice-water and extracted with 

chloroform. The extract was washed successively with dilute sulfuric acid, water, 

aqueous sodium hydrogencarbonate, and water, dried (MgS04), and concen- 

trated. Column chromatography (solvent A) of the syrupy residue yielded crystal- 

line 3 (2.70 g, 87%), which was pure by t.1.c. and which, after recrystallisation from 

ethanol, had m.p. 192-195”, [a]2 -10.5” (c 1, chloroform), RF0.5 (solvent A). ‘H- 

N.m.r. data: S 11.60 and 11.85 (2 s, 1 H, Z- and E-NOH), 7.35-7.65 (m, 5 H, Ph), 

5.76 (s, 1 H, PhCH), 4.90 (d, 1 H, & 4 Hz, H-l), 4.50 (d, 1 H, J1,,2, 8 Hz, H-l’), 

3.45 (s, 3 H, OMe), and 2.05-1.95 (m, 12 H, 4 OAc). 

Anal. Calc. for C&H35N015: C, 53.76; H, 5.64; N, 2.24. Found: C, 53.66; H, 

5.52; N, 2.22. 

Methyl 4,6-O-benzylidene-3-deoxy-2-O-P_~-glucopyranosyf-3-hydroxyimino- 

a-D-ribo-hexopyrunoside (4). - A solution of 3 (0.313 g; 0.5 mmol) in methanol 

(30 mL) was mixed with methanolic sodium methoxide (from 30 mL of methanol 
and 0.5 g of sodium). The mixture was left at room temperature overnight, 
neutralised with Dowex 50 (H+) resin, and concentrated to dryness. The residue 

crystallised from ethanol, to give 4 (0.214 g, 93%), m.p. 219-220”, [LY]~ -10” (c 1, 
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methyl sulphoxide), RF 0.7 (solvent B). N.m.r. data (Me$O): ‘H, 6 11.23 (s, 1 H, 

NOH), 7.30-7.40 (m, 5 H, Ph), 5.62 (s, 1 H, PhH), and 3.32 (s, 3 H, OMe); 13C, 

S 145.8 and 145.0 (C=NOH Z and E isomers), 137.4-126.3 (Ph), 100.6, 99.3 (C- 

l,l’), 77.0 (C-3’), 76.7, 76.4 (C-2,4), 73.7, 73.2 (C-2’,4’), 69.0 (C-6), 65.2 (C-5), 

60.9 (C-6’), and 54.6 (OMe). 

Methyl 3-acetamido-4,6-O-benzylidene-3-deoxy-2-0-(2,3,4,6-tetra-O-acetyl- 
/3-D-glucopyranosylj-a-D-allopyranoside (5). - A solution of 3 (0.625 g, 1 mmol) 

in tetrahydrofuran (30 mL) was shaken with pre-reduced Adams’ catalyst (0.5 g) 

and hydrogen at 100 atm. for 24 h at room temperature, filtered, and concentrated. 

The crude, syrupy amine was treated conventionally with pyridine (10 mL) and 

acetic anhydride (10 mL) for 24 h at room temperature. The residue was subjected 

to column chromatography (chloroform-acetone, 9:l) to give, first, 6 (0.103 g, 

16%) and then 5 (0.446 g, 70%). Recrystallisation of 5 from ethanol gave material 

having m.p. 172-174”, [a]g +1.3” (c 5, chloroform), RF 0.43 (solvent A). ‘H- 

N.m.r. data: S 7.95 (d, 1 H, NH), 7.48-7.35 (m, 5 H, Ph), 5.50 (s, 1 H, PhCH), 

4.95 (d, 1 H, J1,2 4 Hz, H-l), 4.45 (d, 1 H, JIf,zz 8 Hz, H-l’), 3.35 (s, 3 H, OMe), 

2.12-2.02 (m, 12 H, 4 OAc), and 1.87 (s, 3 H, NAc). 

Anal. Calc. for C30H39N014: C, 56.51; H, 6.16; N, 2.20. Found: C, 56.40; H, 

6.09; N, 2.25. 

Recrystallisation of 6 from ethanol gave methyl 3-acetamido-4,6-O-cyclo- 

hexylmethylene-3-deoxy-2-0-(2,3,4,6-tetra-~-acety~-~-D-g~ucopyranosy~)-~-D-a~- 

lopyranoside, m.p. 173-175”, [a]g +25” (c 1, chloroform), RF 0.70 (solvent A). 
‘H-N.m.r. data: 6 8.05 (d, 1 H, JNH,3 2 Hz, NH), 5.55 (s, 1 H, C6H,,CH), 4.95 (d, 

1 H, J,,z 4 Hz, H-l), 4.76 (d, 1 H, 5,,,2, 8 Hz, H-l’), 3.47 (s, 3 H, OMe), 2.07-1.97 

(m, 21 H, 7 AC), and 1.78-1.12 (m, 11 H, C6H1 ,). 

Anal. Calc. for C30H45N014: C, 55.98; H, 7.05; N, 2.17. Found: C, 55.68; H, 

7.03; N, 2.05. 

Methyl 3-acetamido-4,6-di-O-acetyl-3-deoxy-2-0-(2,3,4,6-tetra-O-acetyl-~- 
D-glucopyranosylj-a-D-allopyranoside (8). -Compound 5 (0.320 g, 0.5 mmol) was 

treated with methanolic 1% hydrogen chloride (20 mL) at room temperature over- 

night. The mixture was concentrated to dryness, and methanol was distilled several 

times from the residue which was then treated conventionally with pyridine (10 

mL) and acetic anhydride (10 mL) at room temperature overnight. The product 

was purified by column chromatography (chloroform-acetone, 9:1), to yield 

amorphous 8 (0.307 g, 95%), [a]g +29” (c 1, chloroform), RF 0.48 (solvent A). 
lH-N.m.r. data: 6 7.86 (d, 1 H, NH), 4.95 (d, 1 H, 51,2 4 Hz, H-l), 4.60 (d, 1 H, 

J1,,2, SHz, H-l’), 3.35 (s, 3 H, OMe), and 2.06-1.97 (m, 21 H, 7 AC). 

Anal. Calc. for C27H39 NOI,: C, 49.92; H, 6.05; N, 2.16. Found: C, 50.09; H, 
6.19; N, 2.05. 

Methyl 3-acetamido-3-deoxy-2-O-P_D-g~ucopyranosyl-~-D-allopyranoside 
(9). - A solution of 8 (0.130 g, 0.2 mmol) in methanol (5 mL) containing freshly 

prepared sodium methoxide (from 0.1 g of sodium) was kept overnight at room 

temperature, neutralised with Dowex 50 (Hf) resin, and concentrated, to yield 
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syrupy 9 (0.061 g, 87%) which, after purification by p.c. (solvent B), had [(Y]E 

+ 12” (c 1, water), RF 0.54 (solvent B). 

Methyl 4,6-O-benzylidene-3-deoxy-3-hydroxyimino-2-0-(2,3,4,6-tetru-O- 
ucetyf-P-D-guluctopyranosyl)-cY-D-ribo-hexopyrunoside (12). - The oxime 12 was 

prepared from 119 (3.06 g, 5 mmol) as outlined above for the oxime of 3. Column 

chromatography (chloroform-acetone 9: 1) of the product gave 12 (2.63 g, 85%), 
m.p. 184-186” (from ethanol), [LY]~ -41” (c 1, chloroform), RF 0.56 (solvent A). 
‘H-N.m.r. data (Me2 SO): 6 11.42 (s, 1 H, NOH), 7.42-7.25 (m, 5 H, Ph), 5.55 (s, 

1 H, PhCH), 5.00 (d, 1 H, 11.2 4 Hz, H-l), 4.85 (d, 1 H, J1,,2, 8 Hz, H-l’), 3.50 (s, 

3 H, OMe), and 2.15-2.00 (m, 12 H, 4 AC). 

Anal. Calc. for C,8H35N015: C, 53.76; H, 5.64; N, 2.24. Found: C, 53.82; H, 
5.51; N, 2.20. 

Methyl 3-ucetumido-4,6-O-benzylidene-3-deoxy-2-0-(2,3,4,6-tetru-O-ucetyl- 
P-D-guluctopyrunosy~j--a-D-ulfopyrunoside (13). - Compound 12 (0.625 g, 1 mmol) 

was hydrogenated as described above for the preparation of 5. Column chromatog- 

raphy (chloroform-acetone, 9:l) of the product gave 14 (0.096 g, 15%) and 13 

(0.460 g, 72%). Recrystallisation of 13 from ethanol gave material having m.p. 

138-140”, [a]$$ +16.5” (c 1, chloroform), RF 0.52 (solvent A). ‘H-N.m.r. data: S 

8.12 (d, 1 H, NH), 7.42-7.30 (m, 5 H, Ph), 5.50 (s, 1 H, PhCH), 4.98 (d, 1 H, J,,z 

3.5 Hz, H-l), 4.70 (d, 1 H, 5,,,2, 8 Hz, H-l’), 3.47 (s, 3 H, OMe), 2.16-1.97 (m, 12 

H, 4 OAc), and 1.87 (s, 3 H, NAc). 

Anal. Calc. for C30H39N014: C, 56.51; H, 6.16; N, 2.20. Found: C, 56.66; H, 

6.05; N, 2.16. 

Methyl 3-acetamido-4,6-O-cyclohexylmethylene-3-deoxy-2-0-(2,3,4,6-tetra- 

O-acetyl-P-D-galactopyranosyl)-a-D-allopyranoside (14) was amorphous, [(~]g 

+30” (c 1, chloroform), RF 0.60. ‘H-N.m.r. data: S 8.00 (d, 1 H, JNH,s 4 Hz, NH), 

5.55 (s, 1 H, GH,,CH), 5.12 (d, 1 H, J1,2 4 Hz, H-l), 4.67 (d, 1 H, Jr’,*’ 8 Hz, H- 

l’), 3.42 (s, 3 H, OMe), 2.12-1.92 (m, 15 H, 5 AC), and 1.72-1.12 (m, 11 H, 

C6I-w 

Anal. Calc. for C3,$14sNO14: C, 55.98; H, 7.05; N, 2.17. Found: C, 55.92; H, 
7.06; N, 2.20. 

Methyl 3-ucetumido-4,6-di-O-ucetyl-3-deoxy-2-O-(2,3,4,6-tetru-O-ucetyl-~-D- 
guluctopyrunosyl)-a-D-al[opyrunoside (16). - Treatment of 13 (0.32 g, 0.5 mmol) 

with acid, as described above for the preparation of 8, afforded syrupy 16 (0.29 g, 

90%), [a]$? +17” (c 1, chloroform), RF 0.52 (solvent A). ‘H-N.m.r. data: S 7.95 (d, 

1 H, JNH.3 2 Hz, NH), 5.07 (d, 1 H, J1,2 3 Hz, H-l), 4.57 (d, 1 H, J1e,2, 7 Hz, H-l’), 

3.40 (s, 3 H, OMe), and 2.15-1.95 (m, 21 H, 7 AC). 

Anal. Calc. for C27H39N017: C, 49.92; H, 6.05; N, 2.16. Found: C, 49.87; H, 

6.11; N, 2.13. 
Methyl 3-ucetumido-3-deoxy-2-O-P_D-guluctopyrunosyl-~-D-u~lopyrunoside 

(17). - Compound 16 (0.130 g, 0.2 mmol) was treated with methanolic sodium 
methoxide as described for the preparation of 9. After purification, 17 was ob- 
tained as a syrup (0.066 g, 95%), [(Y]E +12” (c 1, water), R, 0.50 (solvent B). 
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