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ABSTRACT 

The synthesis of 1,2-0cyanoethylidene derivatives (CED) of alkyl glyco- 
pyranuronates with the D-Glc, D-Gal, and D-Man configurations is described by 
oxidation of the 3,4-di-0-acetyl-6-O-trityl-CED-hexose analogues with the Jones 
reagent [chromium(VI) oxide-sulfuric acid]. The isopropylidenation of hydroxyl- 
containing triphenylmethyl ethers is demonstrated. 

Uranic acids are widely encountered in many important biopolymers of plant 
and animal origin in the form of glycosiduronic acids. The methods for the chemical 
synthesis of these compounds developed so far are inadequate. The 1,2-O- 
cyanoethylidene derivatives of methyl D-gluco- and D-galacto-pyranuronates have 

been synthesised and shown to be stereospecific glycosylating reagents in the syn- 
thesis of derivatives of aldobiouronic acids2 and homo- and hetero-glycuronans3. 
The synthesis of CED of uranic acids involved the sequence2 uranic acid -+ methyl 
pyranuronate tetra-acetate -+ glycosyl bromide 4 1,2-0-(1-cyanoethylidene) 
derivative. This approach is limited by the availability of the starting uranic acid 
and, moreover, yields methyl esters, which restricts the scope of further conver- 
sions. We now report a new route to the synthesis of CED of uranic acid esters by 
oxidation of the 60-trityl-CED of the corresponding neutral sugars. 

RESUI,TS AND DISCUSSION 

The 3,4,6-tri-0-acetyl-1,2-0-(1-cyanoethylidene) derivatives 1 and 7 
(manno), 15 and 18 (gluco), and 21 and 24 (galacto), prepared4 in high yields (90 
*So/,), were subjected to Zemplen deacetylation in methanol-pyridine as described 
for thio-orthoesterss. The resulting triols of type 2 were treated conventionally with 

*Dedicated to Professor Bengt Lindberg. 
iFor a preliminary communication. see ref. 1. 
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trityl chloride and then acetic anhydride in pyridinc to give the trityl di-acetates 4, 

6,8,16,19,22, and 25, respectively. These compounds could be obtained (in yields 

of 280%) by a “one-pot” procedure without isolation of the intermediate trio1 and 

its trityl ether. Oxidation of the aforementioned trityl ethers to the corresponding 

CED uranic acid (e.g., 11, 12, and 20) with the Jones reagent” and intcrphasc 

alkylation of the resulting acid, as described for the synthesis of amino acid esters’. 

proceeded with yields of 70-80% for each step. 

The first experiments with the Jones reagent involved 6, and the resulting 

mixture of products (primary alcohol 5 and acid 11) was treated with diazomethane 

to give the methyl ester 9. as described for the synthesis of methyl pyranuronates 

starting from partially acetylated glycosides containing an unsubstituted primary 

alcohol functioG. The yields of 9 were 30 22%. and --300/o of 6 was recovered 

together with -15% of 5. The molar ratios of 6, CrO,, and H,SO, were 1:2.4:3.X. 
In seeking to optimise the synthesis of 9, the oxidation of the more acid-labile 

monomethoxytrityl ether 4 and the primary alcohol 5. obtained from 4, were 

studied. The substrate-reagents ratios were 1:2.7: 5 (oxidation A. see Experimen- 

tal) and the yields of 9 were increased to 46 and 41%, respectively. Also. the previ- 

ously described’ methyl CED-glycuronates (17, 23, and 26) were rc-synthesised by 

method A in yields of 31, 45. and 33%) respectively. 

In order to improve further the synthesis of 9, a large excess of the Jones 

reagent was used (substrate-reagents ratios, 1:5:7.5; oxidation R) and another 

method of isolating the uranic acid CED was used (see Experimental). The oxida- 

tion was carried out in 2:3 dichloromethane-acetone, which is better than the use 

of acetone alone, since it is a better solvent for all trityl ethers studied so far. The 

yields of the uranic acid CED 20, 11, and 12 (from 19,6, and 8. respectively) were 

55, 61, and 77%, whereas the overall yields for the detritylation-oxidatic,n-csterifi. 

cation sequence increased to >50% (with the exception of benzyl uronate 10). In 

this way, the methyl esters of the D-mannuronic (9 and 13), n-glucuronic (17). and 

D-galacturonic (23 and 26) acid CED were synthesised as well as the benzyl esters 

10 and 14. 

The sequence primary trityl ether -+ primary alcohol -+ acid -+ ester can be 

carried out also with derivatives of alkyl glycosides of the type 28 and 34. On at- 

tempted oxidation of the trityl isopropylidene derivative 32 using conditions A and 

B, detritylation was accompanied by loss of the isopropylidene group. However, 

the required methyl galactopyranuronate derivative 35 was synthesised without iso- 

lation of the corresponding acid, in a yield of 71%, by using the more acid-labile 

dimethoxytrityl ether 34 and substrate-reagents ratios of 1:2.5:3.3 (oxidation C). 

Thus, when the substrate contains acid-labile groups (e.g., isopropylidene). 

the Jones oxidation can bc performed by increasing the acid lability of the trityl 

ether function (e.g., trityl + monomethoxytrityl -+ dimethoxytrityl). 

The trityl ether of the isopropylidene derivative 31 was synthesised by (a) 

isopropylidenation of methyl /3-D-galactopyranoside followed by tritylation (the di- 
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methoxytrityl ether 33 was prepared also in this way), and (6) by isopropylidena- 

tion of the trityl ether 27 with acetone-2,2-dimethoxypropane in the presence of 

copper(I1) sulphate. This exemplifies the possibility of isopropylidenation of 

primary trityl ethers of polyhydroxyl compounds. 

The structures of all the compounds obtained were supported by ‘H- and 

13C-n.m.r. data. 

1 R’ = CN, R2 = Me, R3 = R4= AC 
2 R’ = CN. R’ = Me, R’ = R4= H 
3 R’ = CN, R’ = Me, R3 = H, R4 = C(Ph),C,H,-p-OMe 

4 R’ = CN, R2 = Me, R3 = AC, R4 = C(Ph),CsHd-p - OMe 

5 R’ = CN. R” = Me. R3 = AC. @= H 
6 R’ = CN. R2 = Me, R3 = AC. R4 = Tr 

7 R’ = Me, R2=CN. R3= R4= AC 

6 R’ = Me, R’=CN, R3= AC, R4 = Tr 

9 R’ = CN, R2 = Me, R3 = Me 

R’ = CN, R* = Me, R3 = Bn 

R’ = CN, I?*= Me, R3= H 

R’ = Me, R’ = CN, R3 = H 

R’ = Me, R2= CN, R’= Me 

R’ = Me, R2= CN, R3= Bn 

15 R’ = CN. R2 = Me, R3 = CH,OAc 21 

16 R’ = CN, R* = Me, R3= CH,OTr 
R3 

22 

17 R’ = CN, R’ = Me, R3 = COOMe 23 

18 R’ =M~.R* =CN. d=CH,oAc 24 

19 R’ = Me, R’ = CN, R3 = CH,OTr 25 

20 R’ = Me, R2 = CN, R3 = COOH R’ 

R’=Me, R2=CN, R3=COOMe 26 

27 R’ = R2 = R3 = H, R4 = CH,OTr 

26 R’ = R2 = R3 = AC, R4 = CH20Tr 

29 R’ = R2 = R3 = AC, R4 = COOMe 

30 R’ = H. R’ond R3= C(Me& , R4 = CH,OH 

31 R’ = H, R* and R3 = C(Me), , R4 = CH,OTr 

32 R’ = AC, R”and R3= C(Me), , R4 = CH,OTr 

33 R’ = H, R2and R3= C(Me), , R4 = CH20C(C6H4-p-OMe&Ph 

34 R’ = AC, R2 and R3 = C(Me), , R4 = CH,OC(C,H,-p-OMe),Ph 

35 R’ = AC, R2and R3 = C(Me),, R4 = COOMe 

EXPERIMENTAL 

When previously described crystalline compounds contained, according to 

the ‘H- and 13C-n.m.r. data, no impurities and showed correct [(~]u values, no 

attempts were made to crystallise to constant m.p. In order not to decrease prepara- 

tive yields of these analytically pure compounds, they were characterised in the 

form (solid, foam, etc.) isolated initially. 

Optical rotations were determined with an AI-EPO polarimeter (U.S.S.R.) 

at 20 k2” for solutions in chloroform unless otherwise specified. Melting points 

were determined with a Kofler apparatus and are uncorrected. 

N.m.r. spectra were recorded at room temperature for solutions in CDCl, 
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(internal Me,Si), unless otherwise specified, with Bruker WM-250 and AM-300 

instruments (250 and 300 MHz for ‘H, and 62.89 and 75 MHz for ‘XII). Key ‘H 

resonances were assigned by using selective homonuclear resonance. and ‘XZ 

resonances by using selective heteronuclear resonance. 

Column chromatography was performed on Silica Gel L (40-100, 100-160, 

or 100-250 pm, C.S.S.R.). T.1.c. was performed on Silica Gel L (5-40 pm, 

C.S.S.R.) with detection by charring with sulfuric acid. Prior to charring, trityl 

derivatives gave bright-yellow spots, whereas mono- and di-methoxytrityl deriva- 

tives gave bright-orange spots. 

Solvents were prepared as described previously*~‘. Organic solutions were 

dried by filtration through cotton and then concentrated in vacua at <40”. All pro- 

cedures were carried out at ambient temperature unless otherwise stated. 

2,2-O-[Z-(exo-Cyano)ethylidene]-P-o-mannopyranose (2). - To a solution of 

the triacetate 1 (4.66 g, 11.3 mmol) in dry pyridine (59 mL) was added dry methanol 

(15 mL) and methanolic M sodium methoxide (0.6 mL). After 5 min, hl acetic acid 

in toluene (0.8 mL) was added and the mixture was concentrated. Column 

chromatography (chloroform -+ chloroform-ethanol, 9: 1) of the syrupy residue 

gave 2 (R, 0.4; chloroform-methanol, 4: l), which crystallised from acetone to give 

a product (2.38 g, 77%) having m.p. 61”, [cy]n +22.3” (c 1 .O, methanol). N.m.r. 

data (CD,OD): ‘H, 6 I.86 [s, 3 H, Me(CN)C], 3.29 (m, 1 H. J5,(, 2.3. Js,h, 5.6 Hz, 

H-5), 3.59 (t, 1 H, J-1,5 9.1 Hz, H-4), 3.66 (dd, 1 H, J6,,h 11.6 Hz, H-6’), 3.82 (dd, 1 

H, H-6), 3.86 (dd, 1 H, I,,, 9.1 Hz, H-3), 4.45 (dd, 1 H. JZ,j 3.8 Hz, H-2), 5.45 (d, 

1 H, J,,, 2.1 Hz, H-l); 13C, 6 25.8 [CH,(CN)C], 61.4 (C-6), 67.0 (C-4). 70.6 (C-3). 

75.8 (C-5), 80.6 (C-2), 97.0 (C-l), 101.0 [C(CN)CH,], 116.7 (CN). 

Anal. Calc. for C,H,,NO,: C, 46.75; H, 5.61; N, 6.06. Found: C. 47.32; H. 

5.62; N, 6.10. 

1,2-0-[1-(exo-Cyano)ethylidene]-6-0-(4-methox~~trity1~-~-~-ma?~nop}~ranose 

(3). - A solution of 2 (3.3 g, 14.3 mmol) and 4-methoxytrityl chloride (3.96 g. 14.5 

mmol) in dry pyridine (75 mL) was kept for 15 h, then poured into ice-water (900 

mL), and extracted with chloroform (300 mL). The organic layer was washed with 

water (3 X 100 mL), dried, and concentrated to dryness. Column chromatography 

(benzene -+ 30% ether in benzene) of the residue afforded 3 (6.5 g, 90%) as a 

syrup, R, 0.2 (benzene-ether, 3:2). [~]o 1-10.4” (c 5.0). N.m.r. data: ‘H, 6 1.96 [s, 

3 H, Me(CN)C], 3.43 (m, 3 H, H-5,6,6’), 3.88 (dd, 1 H, J.i.j 9.0 Hz, H-3). 3.98 (t, 

1 H, J4,5 9.0 Hz, H-4), 4.55 (dd, 1 H, J2,3 3.7 Hz, H-2), 5.42 (d. 1 H. J,,? 2.2 Hz, 

H-l), 6.90 (d, 2 H, aromatic), 7.2-7.5 (m, 12 H, aromatic); ‘“C, 626.5 [CH,(CN)C], 

55.2 (OMe), 63.5 (C-6), 69.0 (C-4), 71.3 (C-3), 74.1 (C-5), 79.8 (C-2), 87.0 (CPh,), 

97.3 (C-l), 101.3 [C(CN)CH,], 113.4, 127.1, 127.95, 128.3, 130.3, 135.2. 144.1, 

and 158.9 (aromatic), 116.8 (CN). 

3,4-D~-O-acetyl-Z,2-O-[I-(exo-cyano)ethylidene]-6-O-(4-mrthoxytrityf~-~-~- 

mannopyranose (4). - To a solution of 3 (6.0 g, 12 mmol) in pyridine (20 mL) was 

added acetic anhydride (7 mL). The mixture was kept overnight. then poured into 

ice-water (250 mL), and treated as described above. Column chromatography 
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(benzene * 4% ether in benzene) of the residue gave 4 (6-l g, 87%) as a 

chromatographically homogeneous solid, R, 2.0 (benzene-ether, 9: I), which was 
used in all subsequent syntheses. A crystalline analytical sample of 4 had m.p. 146” 

(from ethanol), [lu]n +43.4” (c 2.3). N.m.r. data: ‘Ii, 6 1.86 (s, 3 H, AC), 1.97 [s, 

3 H, Me(CN)C], 2.12 (s, 3 H, AC), 3.07 (dd, 1 H, I,,,, 10.5 HZ, H-W), 3.28 (dd, 1 

H, H-6), 3.58 (m, 1 H, & 2.5, J5,61 4.0 Hz, H-5), 4.58 (dd, 1 H, J2,3 4.0 Hz, H-Z), 

5.22 (dd, 1 H, J3_4 10.0 Hz, H-3), 5.48 (d, 1 H, J,,, 2.3 Hz, H-l), 5.49 (t, 1 H, .IJ,5 

lo+0 HZ, H-4), 6.81 (d, 2 H, aromatic), 7.2-7.5 (m, 12 H, aromatic); 13C, 820.3 and 

20.5 @Z&CO), 26.5 [CH,(CN)Cj, 55.15 (OMe), 62.1 (C-6), 65.8 (C-4), G9.7 (C-3), 

73.4 (C-51, 78.3 (C-2), 86.4 (CPh,), 97.1 (C-l), 101.6 [C(CN)CH,], 113.1, 126.9, 
127.7, 12d.4, 130.3, 135.3, 144.0, and 158.9 (aromatic), 116.1 (CN), 168.9 and 

170.0 (CH,CO). 

Awl. Calc. for Cj3H3,N0,: C, 67.45; H, 5.66; N, 2.38. Found: C, 67.42; H, 
5.56; N, 2.37. 

3,4- Di-O-acetyl-Z,2-O-[l-(exo-cyano)ethy~idene]-~-~-munnopyranose (5). - 
A solution of 4 (I .2 g, 2 mmol) in aqueous 80% acetic acid (20 mL) was kept for 

20 min at 50”, then poured into ice-water (100 mL), and extracted with chloroform 

(100 mL). The organic layer was washed with water to pH 7, dried, concentrated 

to 2-3 mI,, and diluted with hexane to Eive 5 (0.5 g, 77%), R, 0.15 (benzene-ether, 

l:l), m-p. 151”, [a]u -5.1” (c 2.0). N.m.r. data: lH, 6 1.94 [s, 3 H, Me(CN)C], 

2.08 and 2.15 (2 s, each 3 H, AC), 2.31 (m, 1 H, OH), 3.54 (m, 1 H, H-5), 3.63 (m, 

1 H, H-6’), 3.70 (m, 1 H, H-6), 4.62 (dd, 1 H, J2,3 3.7 Hz, H-2), 5.23 (t, 1 H, J4,5 
9.7 Hz, H-4), 5.32 (dd, 1 H, J2, 9.7 Hz, H-3), 5.50 (d, 1 H, J, , 2.4 Hz, H-l); 13C, 

6 20.6 (2 C, CH,CO), 26.4 [CH,(CN)C], 61.5 (C-6), 66.0 (C-4), 69,3 (C-3), 74.7 

(C-5), 7h.l (C-2), 97.2 (C-l), 101.6 [C(CN)CH,], 116.5 (CN), 170.0 and 170.2 

(CH,CO’I. 

At&. Calc. for C13H17N08: C, 49.52; H, 5.44; N, 4,44. Found: C, 49.57; H, 

5.43; N, 4.37. 

3,4 ~Di-O-acetyl-1,2-O-[l-(exo-cyano)ethylidcne]-6-O-trityl-~-D-mun~~pyra- 

nose (6). - Triacetate l(3.57 g, 10 mmol) was deacetylated as described for 2. The 

syrup obtained after the addition of acetic acid was co-concentrated with dry 

pyridine (3 x 15 mL) and, to a solution in dry pyridine (70 mL), trityl chloride 

(4.16 g, 14.7 mmol) was added. The mixture was kept for several hours at 5MO” 

(t.1.c. co ltrol) and then chilled to -o”, acetic anhydride (15 mL) was added, and, 

after I-2 h at 4@50” (t.1.c. control), the mixture was poured into ice-water (400 

mL). Tire precipitate was collected, the aqueous layer was extracted with 

chlorofo;m (3 x 20 mL), the precipitate was dissolved in the combined extracts, 

and hexdne (120 mL) was added. The organic solution was washed successively 

with SO-mL portions of cold water, aqueous 10% sodium hydrogensulphate (to PH 

<7), saturated aqueous sodium hydrogencarbonate, and water, then dried, and 

concenttated to dryness. Column chromatography (benzene -+ 5% ethyl acetate in 

benzene) of the residue afforded 6 (4.48 g, 80%), R, 2.0 (benzene-ethyl acetate, 

2:1), m-p. 165.5” (from ether-heptane), [a], +4&O” (c 2.0); lit9 m.p. 161-163” 



(ethanol), [cr]n -1-44” (ehloroformj. N.m.r. data: iH, 6 1.78 (s, 3 H, Ac), I .98 [s, 3 

H, Me(CN)C], 2.15 (s, 3 H, Ac), 3.10 (dd. 1 H, J6’,h 10.2 Hz, H-6’). 3.31 (dd, 1 WY 

H-6), 3.60 (ddd, 1 H, JS,h 2.8, J,,G. 4.2 Hz, H-5) 4.60 (dd, 1 H. J1.3 3.7 Hz, H-2). 

5.25 (dd, 1 H, J,,, 9.9 Hz. H-3), 5.49 (d. 1 I-J, J,_, 2.2 Hz, H-l), 5.50 fdd, I H, JJ,j 

9.3 Hz. H-4). 7.2-7.5 (m, 15 H, Ph); W, 6 20.5 and 20.75 (CH,CO), 26.7 

[CH,(CN)C], 62.25 (C-6), 65.7 (C-4). 69.85 (C-3), 73.5 (C-S). 78.5 (C-2). 86.8 

(oh,)> 97.2 (C-l), 101.8 [C(CN)GH,], 116.8 (CN). 127.2. 127.9, 128.8. :md 343.65 

(Ph), 169.0 and 170.2 (CH,CO). 

3.4-Zli-O-uc~t,vl-1,2-0-[1-(cndo-cyano)ethyIi~Prre~-6-O-trityl-~-r~-mnrtrz~~p~~- 
runose (8). - Treatment of 7 (1.20 ,@, as described above for X, and crystallisation 

of the product from chloroform-ether gave 8 (1.40 g), m.p. 215.5”, fcx]t, --0.2” (c 

4.0). Gohnn ehr~matography ctf the mother Liquor gave more ((I.30 g) 8 (total 

yield, 91%). N.m.r. data: ‘H, 6 1.74 (s, 3 H, Ae), 1.82 [s, 3 H, MefCN)Cf, 2.09 (s, 

3 H, Ac), 3.24 (m, 2 H, lh,hO 10.4 Hz, H-6,6’), 3.59 (ddd, 1 I-I, I,, 2.8, Js,cYS 4.1 Hz, 

H-5), 4.43 (dd, 1 II, 12,3 3.7 Hz, H-2). S.13 f&i. 1 E-l. .f,,,s 9.4 HZ, 17-3). 5.42 (t, 1 

H, Jd.5 9.4 Hz, H-4), 5.53 (d, 1 H, J,, 1.9 Hz, H-l), 7.2-7.5 (m, 15 H, Phj; j3C’, ii 

20.5 and 20.7 (C.H,CO), 26.65 [CH,(CN)C]. 62.5 (<I-h), 66. I (Cd), 70.25 (C-3,. 

73.7 (C-S), 77.8 (C-2), 87.0 (-CTh,), 98.3 (C-l), 101.1 [C:(CNjCH?]. 11731 (CNj, 

127.1, 127.9, 128.9, and 143.7 (Ph), 168.0 and 170.4 (C’H,C’O). 

Ad. Calc. for C,,JJ,,NO,: C. 68 93; JJ, 5.58; N, 2.51. Found: (Y, 68.88; H, 

5.57; N. 2.73. 

3,4-ni-O-acpt?il-1,2-0-[l-(exo-c,~ano)ethy(~~.~J-6~O-irit)tl-cu-13-glr.~copyru- 
?zose (1.6). -- Treatment of 15 (1.97 g). as described for 6. afforded lt6 (2.60 g. 

S-l%), m.p. 132” (from ether-hexane), [cl],, +32.7” (1. 4.0); lit.!” m.p. 130--131”. 

[cr]n 133” (chl~r~f~rrn~. N.m.r. data: ‘X-l, S 1.86 is, 3 H. Ac), 1 .%I [s. 3 1-I. 

Me(CN)C], 2.14 (s, 3 H. Re), 3.14 (dd, 1 H, J,,., IO.4 HZ, H-6’). 3.33 (dd, 1 H. J,,, 

4.5 Hz, H-6), 3.81 (ddd, 1 H, .I,,,. 2.4 Hz, H-S), 4.39 (ddd, 1 Ii, .Iz3 2.8, .I?, 0.8 Hz. 

H-2). 5.07 (ddd, 1 H, .T,., 9.2 Hz, H-4). 5.20 (t, 1 If, .I,,, 2.X Hz,‘W), 5.88 (d. 1 

H, J,,, 5.0 Hz, H-l)? 7.2-7.5 (m, 15 H, Ph); 1X, 6 20.7 (2 C, C’H,CC)), 24.5 

[CH,(CN)C], 62.6 (C-6), 68.1 (C-4), 69.0 (C-S), 69.7 (C-3), 74.3 (C-2), 86.8 

(-C’ph,), 97.9 (C-l), 98.7 [C:(CNjCH,], 116.7 (CN), 327.2, 127.9, 128.8, and 143.75 

(Ph), 169.1 and 169.2 (CH,COj. 

.?,4-Di-O-ac~~tyl-l ,2-O-If-fendo-civanc~~cllhylicdPnel-6-0-fritvl-n-t,-gluco~~ra- 

ltcxe (19). -- Treatment of IS (913 mgf, as described for 6, gave X9 (1.20 g, 8 1 o/n). 
m.p. 142” (from ether), [aYfn f81.7" (c 4.5). N.m.r. data: ‘I_(. 6 1.77 [s. 3 f-f. 

Me(CN)C], 1.84 and 2.09 (2 s, each 3 H, Ac), 3.14 (dd, 1 H, Jh.,h 10.3. J6,.5 2.1 HZ. 
H-Q 3.42 (dd, 1 H. Jb,i 3.8 Hz, H-h), 4.16 (ddd, 1 IS, El-S), 4.38 (t, I 11. .A3 4.3 

Hz, H-2), 5.22 (dd, 1 Fi. JJ.s 9.1 Hz, H-4). 5.48 (dd, I Ii, .I,,., 6.7 Hz. H-3), 5.82 (d, 

1 I-X, J,,z 4.8 Hz, H-l), 7.2.--7.5 (m, 15 H, Ph); it<‘, 8 20.7 (2 C. CF?,CO). 27.3 

[C-Ij,(CN)CJ, 62.1 (C-6) 67.2 (C-4), 71.0 (C~!?), 71.5 (C-3) 76.8 (C-2), 86.8 

(mh,j, 98.7 (C-l), 99.9 [C(CN)CH,l, 11’7.3 (CN), 127.2, 127.95, 128.9. and 143.65 
(Ph), 169.3 and 169.4 (CH,CO). 

Anal. Calc for C&H,,NO,: C, 68.93; H, 5.58; N, 2,5?. FwI~: C, 69.84; H, 
5.81: N, 2.53. 
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3,4-Di-O-ucetyi-1,2-O-[l-(exo-cyano)ethylidene]-6-0-trityl-cu-~-galuctopyra- 
nose (22). - Treatment of 21 (880 mg), as described for 6, and crystallisation of 

product from methanol (25 mL) gave 22 (940 mg). Column chromatography of the 

mother liquor gave more (175 mg) of 22 (total yield, 84%), m.p. and mixture m.p. 
214”; lit.” m.p. 214”, [(~]u -,- 28.5” (chloroform). N.m.r. data: ‘H, 6 1.86 [s, 3 H, 

Me(CN)C], 1.88 and 2.06 (2 s, each 3 H, AC), 3.07 (dd, 1 H, J,,, 9.1 Hz, H-6’), 

3.37 (dd, 1 H, J6,5 5.6 Hz, H-6), 4.20 (m, 1 H, J5,6s 7.8 Hz, H-S), 4.22 (dd, 1 H, J2,3 
7.0 Hz, H-2)) 4.95 (dd, 1 H, J,,, 3.5 Hz, H-3), 5.56 (dd, 1 H, J4,5 2.0 Hz, H-4), 5.77 

(d, 1 H, J,,, 5.0 Hz, H-l), 7.2-7.4 (m, 15 H, Ph); t3C, 6 20.3 (2 C, CH,CO), 26.05 

[C’H,(CN)C], 60.85 (C-6), 65.8 (C-4), 71.4 (C-5). 71.9 (C-3), 73.0 (C-2), 87.1 

(CI’h,), 97.15 [C(CN)CH,], 99.25 (C-l), 117.0 (CN), 127.25, 127.9, 128.65, and 

143.3 (Ph), 169.3 and 169.8 (CH,CO). 

3,4-Di-O-acetyZ-l,2-O-[l-~endo-cyano)ethy~idene]-6-O-trity~-~-D-guZuctopyru- 
nose (25). -Treatment of 24 (690 mg), as described for 6, gave 25 (860 mg, 80%), 

m.p. 150” (from ether-hexane), [aID +25.8” (c 5.6). N.m.r. data: ‘H, 6 1.76 [s, 3 

H, Me(CN)C], 1.88 and 2.06 (2 s, each 3 H, AC), 3.07 (dd, 1 H, J6,,6 9.2 Hz, H-6’), 

3.38 (dd, 1 H, J6,5 7.7 Hz, H-6), 4.30 (dd, 1 H, J2,3 7.3 Hz, H-2), 4.31 (ddd, 1 H, 

J5,6, 5.4 Hz, H-5), 5.42 (dd, 1 H, J,,, 3.1 Hz, H-3), 5.61 (d, 1 H, J,,, 4.3 Hz, H-l), 

5.67 (dd, 1 H, J4,5 2.1 Hz, H-4), 7.2-7.4 (m, 15 H, Ph); 13C, F 20.5 and 20.65 

(C&CO), 27.2 [CH,(CN)C], 61.0 (C-6), 66.S5 (C-4), 69.9 (C-3), 71.5 (C-5), 76.4 

(C-2), 87.3 (CPh,), 98.9 (C-l), 98.55 [C(CN)CH,], 117.7 (CN), 127.3,128.0,128.8, 
and 143.5 (Ph), 169.2 and 169.4 (CH,CO). 

Anal. Calc. for C,,H,,NO,: C, 68.93; H, 5.58; N, 2.51. Found: C, 69.42; H, 
5.5’7; N, 2.45. 

Methyl 3,4-di-O-acetyl-I,2-O-[l-( exo-cyano)ethylidene]-P-D-mannopyranuro- 
nute (9). - Oxidation A. To a solution of 4 (0.90 g, 1.5 mmol) in acetone (7.5 mL) 

was added, at 0”, 2.2 mL of Jones reagent [0.4 g of chromium(V1) oxide was dis- 

solved in 1.6 mL of water and 0.4 mL of cont. sulphuric acid was added], and the 

mixture was stirred for 1 h at room temperature. Ethanol (3 mL) was then added, 

the mixture was filtered, and sodium hydrogencarbonate (1.5 g) was stirred with 

the filtrate, which was then filtered and concentrated to dryness. A solution of the 

residue in chloroform (10 mL) was stirred with KU-2 (H+) resin (2-3 mL) to pH 

2-3, then filtered, and concentrated to dryness. The residue was treated with a 

solution (7.5 mL) of diazomethane in dichloromethane12 for 30 min and then con- 

centrated to dryness. Column chromatography (hexane + ethyl acetate-hexane, 

1:2) of the residue gave 9 (0.24 g, 46%), R, 0.7 (benzene-ethyl acetate, 1:l). 

Likewise, 5 (100 mg) was converted into 9 (45 mg, 41%). 

Oxidation B. To a solution of 6 (560 mg, 1 mmol) in dichloromethane (2 mL) 

and acetone (3 mL) was added, with stirring and chilling to 65”, 2 mL of Jones 

reagent [0.5 g of chromium(W) oxide was dissolved in 1.5 mL of water and 0.4 mL 

of cont. sulphuric acid was added], chilling was terminated, and the mixture was 

stirred for l-l.5 h, then poured into ice-water (30 mL), and extracted with 

chloroform (3 x 10 mL). The combined extracts were washed with water (2 X 15 
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mL) and concentrated, and to the residue was added saturated aqueous sodium 

hydrogencarbonate (2 ml_), tetrabutylammonium iodide (370 mg, 1 mmol). and a 

solution of methyl iodide (0.5 mL, 7 mmol) in dichloromethane (1 mL). The 

mixture was stirred vigorously for 3-5 h (t.1.c. control) and then diluted with I :2 

chloroform-hexane (30 m1,). and the organic layer was washed with water (5 x 10 

mL<), dried, and concentrated to dryness. Column chromatography of the residue 

gave 9 (180 mg, 53’S), n1.p. 127.5” (from ether-hexanc), [a],, -14.3” ((, 4.4). 

N.m.r.data: ‘H.61.Yl [~,3H,Me(CN)C],2.06and2.16(2s.each?H.Ac),3.77 

(s, 3 H, OMe), 4.19 (d, 1 H, Js,, 7.1 Hz, H-5), 4.66 (t. 1 H, .I?,; 3.7 Hz. H-Z), 5.X 

(dd, 1 H. .I,,, 9.9 Hz, H-3), 5.64 (dd, 1 H, JJ,5 7.1 Hz, H-4). 5.68 (d. I H, .I,.? 4.0 

Hz, H-l); liC. 5 20.6 (2 C. CH,CO). 24.7 [C’H,(CN)CJ, 52.5 (,OMe), 66.2 (C-4). 

68.5 (C-3), 73.7 (C-5), 76.1 (C-2), 98.1 (C-l), 100.6 [C(CN)CHJ. 116.3 (C’N), 

167.7 (C-6), 169.4 and 170.1 (CH,CO). 

Anul. Calc. for C,,H,,NO,: C, 4X.98; H, 4.96; N, 4.08. Found: C. S0.33: H. 

4.87; N, 4.04. 

Methyl 3,4-di-0-aceryl-Z,2-0-I l-( exo-c_vuno)ethylidme]-~-~~-~~ll~~,oJ~yrat~ur~~- 

nate (17). - Application of oxidation A to 16 (270 mg) gave syrupy 17 (50 mg, 

31%). [LY],~ -6.8” (c 4.3); lit.’ [alI’,? -7.0” (chloroform). N.m.r. data: ‘H. 6 1.96 [s. 

3 H, Me(CN)C], 2.12 and 2.14 (2 s. each 3 H. AC), 3.79 (s, 3 H. OMe). 4.24 (d, 1 

H, Js,4 8.0 Hz, H-S), 4.42 (ddd, 1 H, J,,j 2.5, J,,, 1 .O Hz, H-2), 5.17 (ddd, 1 H. H-4). 

5.28 (dd. 1 H, J,,, 1.8 Hz. H-3), 5.93 (d, 1 H. J,,, 4.6 Hz, H-l); “C, 6 20.6 (2 C, 

cH,CO), 24.7 [CH,(CN)C], 52.9 (OMe), 68.1 (2 C, C-4.5). 69.2 (C-3,), 74.3 (C-2), 

99.6 (C-l), 99.7 [C(CN)CH,]. 116.4 (CN), 168.3, 168.8, and 169.1 (C-6 and 

CH,CO). 

Methyl .~,4-di-O-ucetyl-J,2-0-[1-(exo-cyano)ethylidene]-cw-r,-gu(acropyr~~~~ur~~- 

nute (23). - Application of oxidation A to 22 (345 mg) gave syrupy 23 (155 mg, 

45%). [a],, +Yl.S” (c 1.4); lit.’ [cr];’ +8Y.o” (chloroform). N.m.r. data: ‘H, S 1.91 

[s, 3 H, Me(CN)C]. 2.10 and 2.12 (2 s. each 3 H. AC), 3.78 (s. 3 H, OMe), 4.44 

(dd. 1 H, & 5.7 Hz, H-2). 4.77 (d, 1 H, Jj,.r 4.0 Hz, H-S). S. IO (dd. 1 H, ,J;,A 2.7 

HZ, H-3), 5.77 (dd, I H, H-4). 5.95 (d, 1 H,J,,, 4.0 Hz, H-l); V. 620.4 and 20.55 

(CH,CO), 25.8 [CH,(CN)C], 52.55 (OMc). 66.3 (C-4), 70.7 (C-3), 72.1 (C-5). 

76.65 (C-2), 97.7 (C-l). YY.6 [C‘(CN)CH,], 116.7 (CN). 167.1 (C-6). 16Y.0 and 

169.65 (CHJ’O). 

Methyl 3,4-di-O-ucetyl-1,2-O-[Z-(endo-cyano)e- 

ronute (26). - Application of oxidation A to 25 (840 mg) gave 26 (170 mg, 33%). 

m.p. 135-137” (from ether-hexane), [a][) +153” (c 1.0); lit.’ syrup. [a]I’,? ti19.5” 

(chloroform). N.m.r. data: ‘H. 6 1.84 [s, 3 H, Me(CN)C]. 2.08 and 2.09 (2 s, each 

3 H, AC), 3.77 (s, 3 H. OMe), 4.46 (dd, 1 H. Jz,? 6.7 Hz, H-2). 4.94 (d, I H, I,,, 

4.5 Hz, H-5), 5.32 (dd, 1 FI, .I;., 2.6 Hz, H-3), 5.87 (dd, 1 H. H-4), 6.06 (d. 1 H. 

J,,, 4.0 Hz. H-l); *%, 6 20.4 and 20.5 (2 C. CH,CO), 26.2 (C’H,(CN)C], 52.4 

(GMe), 66.8 (C-4), 70.4 (C-3), 72.5 (C-5). 79.0 (C-2). Y8.4 (C-l), 99.~ 

[C(CN)CH,], 117.55 (CN), 167.65 (C-6), 168.8 and 169.55 (CH,C‘O). 

Anal. Calc. for C,,H,,NO,: C, 48.Y8: H, 4.96: N. 4.08. Found: C, 49.66; H, 
4.33; N. 4.05. 
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Benzyl3,4-di-O-acetyl-1,2-O-[I-( exo-cyano)ethylidene]-P-D-mannopyranuro- 
nate (10). - Application of oxidation B to 6 (560 mg), then alkylation with benzyl 

bromide (0.14 mL, 1.2 mmol), and column chromatography (benzene -+ 25% ether 

in benzene) of the product afforded 10 (200 mg, 48%), R, 0.6 (benzene-ethyl 

acetate, 3:2), m.p. 117” (from methanol), [a], +8.0” (c 0.8). N.m.r. data: ‘H, 6 

1.77 [s, 3 H, Me(CN)C], 1.91 and 2.12 (2 s, each 3 H, AC), 4.23 (dd, 1 H, J5,4 7.4 

Hz, H-5) 4.63 (t, 1 H, Jz,3 3.4 Hz, H-2), 5.16 (s, 2 H, CH,Ph), 5.26 (dd, 1 H, J3,4 
10.0 Hz, H-3), 5.65 (dd, 1 H, H-4), 5.67 (d, 1 H, J,,, 4.2 Hz, H-l), 7.37 (s, 5 H, 

Ph); ‘“C, 6 20.4 and 20.5 (CH,CO), 24.7 [CH,(CN)C], 66.2 (C-4), 67.0 (CH,Ph), 

68.6 (C-3), 78.8 (C-5), 76.2 (C-2), 98.0 (C-l), 100.6 [C(CN)CH,], 116.2 (CN), 
128.7 and 135.0 (Ph), 167.1 (C-6), 169.2 and 169.1 (CH,CO). 

Anal. Calc. for C,,H,,NO,: C, 57.28; H, 5.01; N, 3.34. Found: C, 57.00; H, 
5.20; N, 3.28. 

Similarly, application of oxidation B to 8 (880 mg), followed by esterification 

with benzyl bromide, gave 14 (370 mg, 56%), R, 0.6 (benzene-ethyl acetate, 7:3). 

3,4-Di-O-acetyl-l,2-0-[1-(endo-cyano)ethylidene]-P_D-mannopyranuronic 
acid (12). - Application of oxidation B to 8 (880 mg) gave a product, a solution of 

which in chloroform (2-3 mL) was diluted with an excess of hexane to give 12 

which was re-precipitated 2-3 times to give material (400 mg, 77%) having R, 0.3 

(benzene-ethyl acetate, 1: 1). An analytical sample of 12, prepared by recrystallisa- 

tion from chloroform-hexane-ether, had m.p. lOlo, [a],, -45.5” (c 1.8, acetone). 

N.m.r. data: ‘H, 6 1.85 [s, 3 H, Me(CN)C], 2.11 and 2.17 (2 s, each 3 H, AC), 4.32 

(d, 1 H, J5,4 6.0 Hz, H-5), 4.54 (dd, 1 H, J2,3 4.4 Hz, H-2), 5.42 (dd, 1 H, J3,4 8.0 

Hz, H-3), 5.52 (t, 1 H, H-4), 5.74 (d, 1 H, J,,, 2.4 Hz, H-l), 8.1 (broads, 1 H, OH); 

‘T, 6 20.65 (2 C, CH,CO), 26.05 [CH,(CN)C], 66.4 (C-4), 67.1 (C-3), 73.2 (C-5), 

76.95 (C-2), 98.2 (C-l), 101.65 [C(CN)CH,], 117.7 (CN), 167.45 (C-6), 168.9 and 

169.8 (CH,CO). 

Anal. Calc. for C,,H,,NO,: C, 47.42; H, 4.56; N, 4.25. Found: C, 47.61; H, 

4.70; N, 4.05. 

3,4-Di-O-acetyl-1,2-O-[l-(exo-cyano)ethylidene]-~-D-munnopyrunuronic acid 
(11). - Application of oxidation B to 6 (560 mg) gave a product, R, 0.3, R, 1.8 

(benzene-ethyl acetate, 3:2), which was crystallised from -3 mL of chloroform- 

hexane (-2:l) to give 11 (200 mg, 61%), m.p. 123”, [LY]~ -8.5” (c 2.5). N.m.r. 

data: ‘H, 6 1.91 [s, 3 H, Me(CN)C], 2.08 and 2.16 (2 s, each 3 H, AC), 4.24 (d, 1 

H, J5,4 7.3 Hz, H-5), 4.68 (dd, 1 H, J,,, 3.1 Hz, H-2), 5.30 (dd, 1 H, J3/, 9.0 Hz, 

H-3), 5.60 (dd, 1 H, H-4), 5.70 (d, 1 H, J,,, 3.6 Hz, H-l), 8.69 (broads, 1 H, OH); 

‘T, 6 20.6 (2 C, CH,CO), 24.9 [CH,(CN)C], 66.05 (C-4), 68.5 (C-3), 73.1 (C-5), 

76.2 (C-2), 97.9 (C-l), 100.7 [C(CN)CH,], 116.2 (CN), 169.8” (C-6), 170.2* and 

170.6 (CH,CO) (* indicates that the assignments may be interchanged). 

Anal. Calc. for C,,H,,NO,: C, 47.42; H, 4.56; N, 4.25. Found: C, 47.52; H, 

4.76; N, 4.34. 
3,4-Di-0-acetyl-1,2-O-[l-(endo-cyano)ethylidene]-~-~-~lucopyranuronic acid 

(20). - Application of oxidation B to 19 (560 mg) gave a product, R, 0.3 (benzene- 
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ethyl acetate, 1: 1). which was crystallised from chloroform to give 20 (180 mg. 

55%). m.p. 171”, [a],, + 118” (c 2.0, acetone). N.m.r. data [CDCI, + (CD,)JY~]: 

‘H, 6 1.80 [s, 3 H, Me(CN)CJ. 2.04 and 2.13 (2 s, each 3 H. AC). 4.31 (t, 1 H. J2,{ 

3.5 Hz, H-2), 4.75 (d, 1 H, sIj,q 3.5 Hz, H-5), 5.24 (t, 1 H, H-4), 5.32 (t. 1 H. J,,, 

3.5 Hz, H-3), 6.20 (d, 1 H, J,,, 3.5 11~. H-l); 13C, 6 20.4 and 30.6 (C‘H,CO), 26.0 

[CH,(CN)C]. 66.7 (2 C, C-3,4), 73.2 (C-5). 76.2 (C-2). 95.95 (C-l). 100.6 

[C(CN)CH,], 118.0 (CN), 169.5 (C-6), 169.9 (2 C. C’H,CO). 

Anul. Calc. for C,,H,,NO,: C. 47.42; H, 3.56; N. 4.25. Found: C. 48.57: H. 

4.66; N, 4.42. 

Renzyl 3,4-di-O-acet)ll-1,2,.0-[ I-(endo-cyano)ethylidene]-P-n-mannoyzl- 

ronate (14). - To 12 (400 mg, 1.2 mmol) was added saturated aqueous sodium 

hydrogencarbonate (1.2 mL), tetrabutylammonium iodide (450 mg. 1.2 mmol). di- 

chloromethane (1.2 mL). and benzyl bromide (0.17 mL. 1 .I mmol). The mixture 

was stirred vigorously for 3 h (t.1.c. control) and then processed as described for 9. 

Chromatography of the product, as described for 10, gave syrupy 14 (370 mg. 

74%), [crlD -29.0” (c 2.5). N.m.r. data: ‘H. 6 1 .81 [s. 3 FT. Me(CN)CJ, 1.85 and 

2.08 (2 s, each 3 H, AC), 4.14 (d, 1 H, & X.6 Hz, H-5): 4.47 (dd, 1 H. J2,3 4.2 Hz, 

H-2), 5.20 (d, 2 H, J 2.7 Hz, CH,Ph), S.26 (dd, 1 H, .I,,, 9.2 Hz. H-3). 5.53 (t, 1 H. 

H-4), 5.60 (d? 1 H, J,,, 2.4 Hz, H-l), 7.3-7.4 (m, 5 H, Ph): “C. (2 20.3 and 20.6 

(CH,CO), 26.5 [CH,(CN)C]: 66.5 (C-4), 67.7 (CH2Ph), 6X.7 (C-3). 72.85 (C-5). 

77.2 (C-2), 98.1 (C-l), 101.25 [C(CN)CH,], 116.7 (CN). 128.1. 128.5, and 135.(! 

(Ph), 165.9 (C-6), 168.9 and 170.0 (CH,jCO). 

Methyl 3,4-di-0-lxcetyl-1,2-O-[ I-( d - 3 en 0 c ~ann)et~~~lidene]-P-r,-r7lclnrlc~~,~mrlrr- 

ronate (13). - endo-Acid 12 (75 mg) was alkylated with methy1 iodide (0.3 mL,) for 

28 h, as described above. Treatment of the reaction mixture, as described for 9 

(oxidation R), afforded 13 (58 mg, 72%). m.p. 1’72” (from ethyl acetate---ether-17ep- 

tane), [4, -63.5” (c 0.9). N.m.r. data: ‘H, tC 1.83 Is_ 3 H, Mc(CN)C], 2.07 and 

2.15 (2 s, each 3 F-I, AC), 3.80 (s, 3 H, OMe), 4.1 I (d, 1 H, .I,,, 8.5 Hz, H.-5). -1.50 

(dd, 1 E-i, J1,3 4.2 Hz, H-2), 5.26 (dri, 1 FT. *I?., 9.2 Hz, H--3), 5.4-1 (dd, 1 tl, H-J), 

5.61 (d, 1 H, J1,2 2.5 Hz, H-.1); ‘Y, 6 20.7 (2 C, CH,CO). 26.6 [C7_1,(CN)C], 53.0 

(OMe), 66.6 (C-4), 68.75 (C-3), 73.05 (C-S). 77.1 (C.2). 98.1 (C-l). 101.1 

[C(CN)CH,], 166.6 (C-6). 169.0 and 170.1 (CHJO). 

Am/. Calc. for C,,H,,NO,: C, 48.98; H. 4.96: N, 4.08. Found: C, 4X.96: H. 

5.44; N, 4.75. 

Methyl 6-0-trifyl-P-r)-grrlactop),ranoside (27). - A solution of methyl P-n- 

galactopyranoside (400 mg, 2 mmol, m .p. 380” (from methanol). [nln -0.6” (c 2.8. 
water), -14.2” (C 2.6. methanol)} and trityl chloride (700 mg. 2.5 mmol) in dry 

pyridine (5 rnL) was kept for a few h at So” (t.1.c. control). Methanol (2 mk) was 

then added, and the solution was conccntratcd to l/3 volume and co-evaporated 

with 5: 1 : I toluene-ethanol--heptane (3 x 10 mL). Column chromatography 

(hexane + ethyl acetate) of the residue gave 27 (680 mg, 74%). R,. 0.8 (benzne- 

ethyl acetate-methanol. .5:5:1). m.p. 179” (from ethyl acetate-hexane). [“Y],) 

-37.5” (C 1.5); lit.13 m.p. 18&1X5’. [a];’ -38” (chloroform) N.m.r. clat;r (C’lX‘l, 

+ I)@): ‘I--l, 6 3.28 (d. i H. .I,, i 5.4 Hz, H-h’), 3.43 (d. I IJ. .I,,., 6.2, ,I, (\, (1 2 Hz. 
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H-6). 3.48 (dd, 1 H, 33,4 3.4 Hz, H-3}, 3.48 (m, I H, H-5),3.50(s, 3 H, UMe), 3.58 
fdd, 1 H,.&9.6Hz, H-2),3.85 (d, 1 H,&3.4Hz, H-4),4.35(d, 1 H,J,,,7.4Hz, 
H-l), 7.2-7.5 (m, 1S H, Ph); 13C, 656.9 @Me), 62.9 (C-6), 69.3 (C-4), 71.9 (C-2), 
73.9 (2 C, C-3,5), 87.1 (CPh,), 104.1 (C-l), 127.2, 128.0, 128.8, and 143.9 (Ph). 

Methyl 2,3,#-tri-O-acetyl-6-O-tty~-~-D-galactupyrun~side (28). - Methyl /3- 
D-galactopyranoside (3.7 g) was tritylated and acetylated, and the resulting mixture 
was treated as described for 6. Column chromatography (hexane + 10% ethyl 
acetate in hexane) gave 28 (7.9 g, 78%) as a ~hromatographically homogeneous 
white solid, RF 0.7 (benzene~thyi acetate, 9:1), [cvfn -50.7” (c 2.1); lit? m-p. 
143-145”, [ty]h5 -52.7” (chloroform), N.m.r. data: IH, 6 1.90,2.00, and 2.07 (3 s, 
each 3 K, AC), 3.13 (dd, I H, J6’,6 8.5 Hz, H-6’), 3.43 fdd, 1 H, J6,5 5.4 Hz, H-6), 
3.50 (s, 3 H, OMe), 3.86 (ddd, 1 H, J,,, 7.9 Hz, H-51, 4.40 (d, 1 H, d,,* 7.3 Hz, 
H-l), 5.09 (dd, 1 H, f3,4 3.1 Hz, H-31, 5.17 (dd, 1 H, J2,s 10.1 Hz, H-2), 5.61 (dd, 
1 H, J4,5 1.1 HZ, H-4), 7.25-7.45 (m, 15 H, Ph); W, S 20.5, 20.6, and 20.8 (3 C, 
CH,CO), 56.9 (OMe), 60.9 (G-6), 67.4 (C-4), 69.2 (C-2), 71.3 (C-3), 72.1 (C-51, 
86.51 (CPh,), 102.1 (C-l), 127.2, 127.9, 128.9, and 143.4 (Ph), 169.2, 169.5, and 
170.2 (CHJO). 

Methyl {methyl 2,3,4-tri-O-ace~l-P-D-galactopyranosidjuronate (29). - Trityl 
ether 28 (6.4 g) was oxidised and methylated as described for 9 (oxidation B). A 
solution af the reaction mixture in chloroform (150 mL) was washed with water (‘3 
x 50 mL), concentrated to -5 mL, diluted with ether 1-25 mL), filtered, and 
concentrated. Column chromatography (benzene--ethyl acetate) of the residue gave 
29 (1.9 g, 45%), as a white foam, RF 0.46 (benzene-ether, l:l), [EY]~ +15.2” (c 
3.0); lit.‘* m.p. 118-320”, [o]g +15.3” (chloroform). N.m.r. data: ‘H, 6 1.962.04, 
and 2.09 (3 s, each 3 H. AC), 3.54 (s, 3 I-I, OMe), 3.74 (s, 3 H, MeOOC), 4.32 (d, 
1 H, JssI 1.4 Hz, H-S), 4.41 (d, 1 H, J,.z7.8 Hz, H-l), 5.05 (dd, 1 H, J3,4 3.2 Hz, 
H-3), 5.22 (dd, 1 M, J,,, 10.2 Hz, H-2), 5.68 (dd, 1 H, H-4); lit.r5, X, S 20.5 and 
20.7 (C’H,CO), 52.7 (CH,OOC), 57.2 @Me), 48.4 (C-41, 68.5 (C-Z), 70.6 (C-3), 
72.4 (C-S), 101.9 (C-l), 166.5 (C-6), 169.3, 169.8, and 170.0 (CH,CO). 

Methyl 3,4-O-impropylidene-P-D-galactopyramside (30). - Methyl /3-D- 
galactopyranoside (2.6 g> was stirred with acetone (80 mL) and 2,2-dimethoxy- 
propane (8 mL) in the presence of toluene-p-sulphonic acid monohydrate (400 mg) 
for 16 h (t.1.c. control). The mixture was then passed through a layer of alumina (2 
x 3 cm) and concentrated, and the syrupy residue (3.1 g) was crystallised from 
acetone (50 mL) and hexane (50 mL) to give 30 (1.83 g, SO%), m.p. 136.5”, [a]n 
t-17.5” (c 4.0); lki6 m.p. 1X&-t34”, ]cz]+-j4 t21” (water). N.m.r. data (CDQ + 
D,O): *H, 6 1.36 and 1.52 (2 s, each 3 H, Me&), 3.53 (dd, 1 H, J2,3 7.2 Hz, H-Z), 
3.58 (s, 3 H, OMe), 3.85 (dd, 1 H, 36’,6 8.8 Hz, H-6’), 3.89 (dd, 1 H, J5,& 3.8 Hz, 
H-51, 3.99 (dd; 1 H, & 3.8 Hz, H-6), 4.10 (t, 1 H, J3/, 5.6 Hz, H-3), 4.12 (d, 1 H, 
J,,, 8.3 Hz, H-l), 4.17 (dd, 1 H, J4,$ 2.0 Hz, H-4); 13C, 6 26.4 and 28.1 [C(CT-Q2], 
57.1 (OMe), 62.4 (C-6), 73.6 (C-5), 73.7 (C-2),74.1 (C-4), 79.1 (C-3), 103.5 (C-l), 
110.6 [C(CH,),]. 

Methyl 3,4-0-isopropyiidene-dO-trityl-~D-gaZact~~yranost’de (31). - A 
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solution of 27 (2.2 g, 5 mmol) in acetone (SO mL), containing 2,2-dimethoxy- 

propane (2.5 mL), was stirred with anhydrous copper(I1) sulphate (12.5 g) for 3.5 

h (t.1.c. control), then decanted, and concentrated, and a solution of the residue in 

chloroform (120 mL) was washed with water (40 mL) and concentrated. Column 

chromatography (hexane + ethyl acetate) of the residue gave 31 (1.Y g, X6%), 

m.p. 160” (from ether-hexane), [a]n -20.5” (c 1.0); lit.th m.p. l62-164”, [cr]ij 

-20.4” (chloroform). N.m.r. data: ‘H, 6 1.40 and 1.52 (2 s, each 3 H: MqC), 2.73 

(s, 1 H, OH), 3.51 (m, 2 I-i, J,,,, 9.2 Hz, H-6,6’), 3.57 (s, 3 H, OMe), 3.57 (d, 1 H, 

.& 7.2 Hz, H-2), 3.84 (ddd, 1 H, J5,, = J,,,. 6.3 Hz, H-5), 4.09 (d, 1 H, J,,, 8.2 Hz, 

H-l), 4.09 (dd, 1 H, & 5.4 Hz, H-3), 4.28 (dd, 1 H, J,., 2.1 Hz, H-3), 7.3-7.5 (m. 

15 H, Ph); 13C, 6 26.4 and 28.2 [C(CH,),], 56.8 (OMe), 62.X (C-6), 72.6 (C-S), 73.8 

(C-4), 73.95 (C-2), 78.9 (C-3). 86.9 (CPh,), 103.5 (C-l), 110.1 [C(CH3)2], 127.1, 

127.9, 128.9, and 144.1 (Ph). 

Methyl 2-O-acetyl-3, 4-O-isopropyZidene-6-O-trit~~I-~-~-galuctopyrc~noside (32). 
- Treatment of 31 (1.44 g) with pyridine (6 mL) and acetic anhydride (1 .S mL), as 

described for 6. gave chromatographically homogeneous, syrupy 32 (1.5 g). R, 0.55 

(benzene-ethyl acetate, 9: 1). Crystallisation from ether-hexane afforded 32 (1.1 g, 

70%). m.p. 159”, [a],, -12.0” (c 4.3). N. m.r. data: ‘H, 6 1.38 and 1.56 (2 s, each 3 

H, Me&), 2.13 (s, 3 H, AC), 3.51 (s, 3 H, OMe), 3.46 (dd, 1 H. H-O’), 3.54 (dd, I 

H, J6,6, 9.3 Hz, H-6), 3.85 (ddd, 1 H, J5,6’ = Js,6 = 6.1 Hz. H-5), 4.17 (dd, 1 H, J,,, 

5.2 Hz, H-3), 4.24 (d, 1 H, J, z 8.2 Hz, H-l), 4.28 (dd, 1 H, J,,j 2.0 Hz. H-4). 4.99 

(dd, 1 H, & 7.4 Hz. H-2), 7.25-7.5 (m, 15 H, Ph); lzC, S 21.1 (CH,CO), 26.4 and 

27.7 [C(CH,),], 56.4 (OMe), 62.7 (C-6), 72.4 (C-5), 73.1 (C-2), 73.9 (C-4), 77.2 

(C-3), 86.8 (CPh,), 101.4 (C-l), 110.4 [C(CH&]. 127.1, 127.8, 128.8, and 143.95 

(Ph), 169.7 (CH,CO). 

Anal. Calc. for C,,H,,O,: C, 71.81; H, 6.56. Found: C, 71.66; H, 6.79. 

Methyl 6-0-/4,4’-dimethoxytrit~1)-3,4-O-isopropylidene-~-n-galuctopyrano- 
side (33). -TO a solution of 30 (6.3 g, 27 mmol) in dry pyridine (20 mL) was added 

a solution of 4,4’-dimethoxytrityl chloride (13.5 g, 40 mmol) in dry pyridine (SO 

mL). The mixture was kept overnight, methanol (2 mL) was then added. and, after 

30 min, the mixture was poured with vigorous stirring into ice-water (1 L). The 

precipitate was collected and dried, and a solution in chloroform (350 mL) was 

washed with cold aqueous 5% potassium hydrogensulphate (2 x 75 mL), dried, 

and concentrated to give 33 (20.2 g; R, 0.7, R,,, 6.6, benzene-ethyl acetate, 1: 1). 

The product, which contained a non-carbohydrate impurity with R, >0.9, was used 

in the next step. A syrupy analytical sample, prepared by column chromatography 

(hexane -+ 50% ethyl acetate in hexane), had [cx],, -17.7” (c 2.5). N.m.r. data: ‘H, 

6 1.38 and 1.50 (2 s, each 3 H, Me&), 2.80 (s, 1 H, OH), 3.46 (m, 2 H, J,,,. 9.1 Hz, 

H-6,6’), 3.54 (dd, 1 H, J2,3 7.2 Hz, H-2), 3.56 (s, 3 H, OMe), 3.80 (s, 6 H, 4,4’- 

OMe), 3.84 (ddd, 1 H, Jj,r,j = Js.(, = 6.6 Hz, H-5), 4.08 (dd, 1 H, J,,, 5.3 HZ. H-3), 

4.09 (d, 1 H, J,., 8.3 Hz, H-l), 4.26 (dd, 1 H, J,,, 1.9 Hz. H-4), 6.84 (d, 4 H, 

aromatic), 7.25-7.5 (m. 9 H, aromatic); 13C, 6 26.4 and 28.2 [C(CH,),]. 55.3 (4.4’- 

OMe), 56.8 (OMe), 62.7 (C-6), 72.8 (C-5), 73.9 (C-4), 74.0 (C-2), 7Y.0 (C-3), 86.3 
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(CPh,), 103.5 (C-l), 110.1 [C(CH,),], 113.2, 126.8, 127.8, 130.3, 136.3, 145.1, and 
158.7 (aromatic). 

Methyl 2-O-acetyl-6-0-(4,4’-dimethoxytrityl)-3,4-O-isopropylidene-P-D-ga- 

lactopyranoside (34). - Conventional treatment of 33 (20 g) with pyridine (50 mL) 

and acetic anhydride (5 mL) and column chromatography (toluene -+ 50% ethyl 

acetate in hexane) of the product gave 34 (15.0 g, 95% from 30), as a syrup, R, 0.5 

(benzene-ethyl acetate, 9: l), [o]n -8.0” (c 0.6). N.m.r. data: ‘H, 6 1.37 and 1.54 

(2 s, each 3 H, Me&), 2.12 (s, 3 H, AC), 3.41 (dd, 1 H, J6,,6 9.2 Hz, H-6’), 3.50 

(dd, 1 H, J6,5 6.3 Hz, H-6), 3.50 (s, 3 H, OMe), 3.82 (ddd, 1 H, J,.,, = J5,h = 6.3 

Hz, H-5), 3.82 (s, 6 H, 4,4’-OMe), 4.16 (dd, 1 H, J3,4 5.2 Hz, H-3), 4.24 (d, 1 H, 

J,,, 8.2 Hz, H-l), 4.26 (dd, 1 H, J4,5 1.8 Hz, H-4), 4.97 (dd, 1 H, J2,1 7.4 Hz, H-2), 

6.85 (d, 4 H, aromatic), 7.25-7.5 (m, 9 H, aromatic); 13C, 6 21.1 (C’H,CO), 26.5 

and 27.8 [C(CH,),], 55.3 (4,4’-OMe), 56.4 (OMe), 62.65 (C-6), 72.6 (C-5), 73.2 

(C-2), 74.0 (C-4), 77.3 (C-3), 86.4 (CPh,), 101.5 (C-l), 110.5 [C(CH,),], 113.3, 

126.9, 127.9, 128.4, 130.3, 136.3, 145.1, 158.7 (aromatic). 

Methyl (methyl 2-O-acetyl-3,4-O-isopropylidene-~-D-galactopyranos~d)uro- 

nate (35). - Oxidation C. To a solution of 34 (1.8 g, 3 mmol) in 2: 3 dichloro- 

methane-acetone (27 mL) was added, dropwise at -O”, 3 mL of Jones reagent 

[0.75 g of chromium(V1) oxide was dissolved in 3 mL of 3.5~ sulphuric acid]. The 

chilling was terminated, and the mixture was stirred for 1.5 h (t.1.c. control); the 

temperature rose to 15”. Ethanol (6 mL) was added, and, after 0.5 h, the precipitate 

was collected and washed with acetone (10 mL). Saturated aqueous sodium 

hydrogencarbonate (30 mL) was added to the combined filtrate and washings, and 

the mixture was concentrated to 30 mL and extracted with chloroform (3 x 30 

mL). The aqueous layer was concentrated to 10 mL, dichloromethane (3 mL), 

methyl iodide (1.5 mL), and tetrabutylammonium bromide (1 g) were added, and 

the mixture was stirred vigorously for 20 h (t.1.c. control) and then extracted with 

chloroform (3 x 20 mL). The combined extracts were washed with water (3 x 20 

mL) and concentrated. Column chromatography (7% ethyl acetate in hexane -+ 

30% ethyl acetate in hexane) of the residue gave 35 (570 mg), R, 0.5 (benzene- 

ethyl acetate 4:1), which crystallised on concentration of the fractions. More (100 

mg) 35 was obtained from the mother liquor (total yield, 71%), m.p. 148Y170.5” 

(from ethyl acetate-hexane), [(Y],, -17.1”(c5.1). N.m.r. data: ‘H, 61.33and 1.54 

(2 s, each 3 H, Me&), 2.09 (s, 3 H, AC), 3.51 (s, 3 H, OMe), 3.85 (s, 3 H, 

MeOOC), 4.24 (dd, 1 H, J3,4 5.4 Hz, H-3), 4.33 (d, 1 H, J,,, 7.6 Hz, H-l), 4.43 (d, 

1 H, J+, 2.2 Hz, H-5), 4.50 (dd, 1 H, H-4), 5.01 (dd, 1 H, J2,3 7.0 Hz, H-2); i3C, 6 

20.95 (CH,CO), 26.3 and 27.3 [C(CH,),], 52.55 (CH,OOC), 56.8 (OMe), 72.2 (2 

C, C-2,5), 73.9 (C-4), 76.6 (C-3), 101.5 (C-l), 111.1 [C(CH,),], 167.5 (C-6), 169.5 

(CH,CO). 

Anal. Calc. for C,,H,,O,: C, 51.32; H, 6.58. Found: C, 50.39; H, 7.02. 
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