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Abstract A new, practical, stereoselectJve glycosJdatJon methodology is descrJbed 
where per c-benzylated Z-pyrJdy1 I-thJo-a/Bhexopyranosyl donors of &-gluco- 
(I), D-galacto- (2), D-manno- (3) and L-rhamno- (4) confJgurations have been 
effJc&tly coupled cth dJverse sugar zohols (6,8-11) on actJvatJon by methyl 
Iodide to obtain the a-linked disaccharides (7,12-19). Coupling of donor 1 
wJth the disaccharide acceptor 20 and the disaccharide donor 5 with 8 to 
obtain ctlinked trJsaccharJdes 21 and 22 is also described. A possJble mecha- 
nJsm for the a-selectivity IS also dIscussed. 

Introduction : StereoselectJve synthesis of MJnked OlJgosaccharides ( 1,2-CJS, &gluco-, 

g-galacto-) Js of paramount Importance as they are constJtuents of many biologJcally 

actJve glycoconlugates.' As a consequence much effort IS currently directed to the efficient 

and stereocontrolled synthesJs of such saccharides2. In presence of a C-2 partJcJpatJng 

group the resulting glycoslde IS 1,2-trans; however a non-partJcipatJng group at C-2 gives 

predominantly 1,2-CIS glycosJdes3. Amongst the most satisfactory methods developed so 

far the ‘Jn-situ’ anomerJsatJon (of per g-benzylated o-glycosylbromJde) procedure of Le- 

mJeux et al., has gaJned practical utJlJty 
2a-c . VarJous other methods involvmg use of 

g -N;fm~e_ylacetimrdolyl-2d, n-pentenyl-2J’1, g -thJocyano- 2k , a -fluoro-2g’h, alkyl-4a-c, 

aryl- ’ , and heteroaryl thJoglycosy1 4g-I donors to achJeve a-SeleCtJVJty have also been 

descrJbed5. EarlJer, actJvatJon of varJous thJoglycopyranosy1 donors by N-bromosuccJnJ- 

mlde 
2e , bromine 

Id lb% , thlophlhc metal salts , strong methylating agents such as methyl 

triflate’ and dimethyl (methylthio-) sulfornum triflate (DLMTST)~ has resulted in the for- 

mation of saccharides with not so good o-selectivity. In spite of these developments the 

existmg methods leave a considerable margm for Jmprovement Jn terms of I) formatJon 

of unstable per g-benzylated glycosyl halides, II) acJdJc/basJc reaCtJOn medJa, 111) use 
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of toxrc reagents, IV) crttrcal preparation of anomerrcally pure glycosyl donors and v) 

drastereoselecttvrty. A new practrcal a -glycosrdatton methodology has been developed 

by use of per (7-benzylated 2-pyrrdyl I-thro hexopyranosrdes as donors and methyl iodrde 

as an actrvator8. 

Results and Dicussion : Per g-benzylated 2-pyrrdyl 1-thio- a/B -&-gluco- (1) and -g- 

galacto- (2) and -g-manno- (3) pyranostde donors were prepared m good yreld from the 

correspondmg 2,3,4,6-tetra_0-benzyl-hexopyranosrdes on reactron wrth 2,2’-dtpyrrdyl drsul- 

fide/nBu3P. 2-Pyridyl 2,3,4-trt-e-benzyl I-throa /f3-&-rhamnopyranosrde (4) and 2-pyridyl 

heptabenzyl I-thto- g-&maltosrde (5) were prepared by deacetylatton and benzylatron of 

the correspondmg per g-acetylated derrvatrves 4a and 5a respectrvely. 4a and 5a were 

themselves derrved from the reactron of a-acetobromorhamnose9 and a-acetobromomaltose9 

wrth 2-mercaptopyrtdine. 

X OR 
z 

4. 4a 

1 R = Bn; X, Y’ = H; X’, Y = OBn b) Z = OCH3 

la R = AC; X, Y’ = H; X’, Y = OAc c) Z = OrPr 

2 R : Bn; Y, Y’ = H; X, X’ = OBn d) Z = Ot-Bu 

2a R = AC; Y, Y’ = H; X, X’ = OAc e) Z = OH 

3 R = Bn; X, X’ = H; Y, Y’ = OBn z = 2-S.Py 

4 R = Bn 

4a R = AC 
OR 

R = Bn; X, Y’ = H; X ’ = OBn 40 0 
5 

ti Y= RO 
Z 

5a R = AC; X, Y’ = H; X’ = OAc RO 

I and 2 have been activated by several alkylatmg agents and coupled wrth sample 

alcohols to obtain the a-hnked alkyl glycostdes lb-d and 2b-d respectrvely. Reaction condr- 

ttons for the development of the new glycosrdeatron method were estabhshed based on 

the study of a) role of actrvator, b) effect of solvent, c) rate of reactton of prt., sec. 

and tert. alcohols and d) temperature. a) role of actrvator : Glycosyl donor 1 was reacted 

m drchloromethane at 50°C wtth equrmolar amount of methanol and was actrvated by 

3 mole equrvalents of several alkylatmg agents such as methyl rodrde, n-butyl rodtde, 

n-butyl bromrde and methyl trtflate to obtam methyl 2,3,4,6-tetra-g-benzyl-D-glucopyrano- 
-7 

side (lb) (Table 1). Anomertc ratto of lb-d and 2b-d was determmed by H-n.m.r and 

HPLC. Methyl rodrde was found to be the Ideal actrvator m terms of rate of reaction 

and dtastereoselecttvrty. Large excess of methyl Iodide also has been used m these re- 

acttons wrthout affectmg the ytelds. Use of stronger alkylatmg agents such as methyl 
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trlflate resulted m decomposition givmg lb in lower yields (entry IV). b) effect of solvent: 

Glycosidation of 1 with methanol was carried out in various solvents such benzene, dichloro- 

methane, chloroform, N,N-dimethylformamide and tetrahydrofuran using methyl iodide 

(3 mole equivalents) as an activator (Table 2). Dichloromethane was found to be the suit- 

able solvent m terms of good solubihty, yields and stereoselectivity (entry ii). Use of 

DMF and THF resulted in the isolation of hydrolysis product le along with lb due to adven- 

titious water present m the solvent (entry IV, v). Solvent effect on the stereochemical 

outcome of the reaction was studied by use of t-butanol (I mole equivalent) as an acceptor 

as it closely represents the reactivity of a sugar alcohol to obtain t-butyl 2,3,4,6-tetra-O- - 
benzyl-g-glucopyranoside (Id) (Table 2). Anomeric ratlo (o/B) of Id was over 8 m benzene 

and dlchloromethane while 6 m DMF and THF. c) rate of glycosidation of primary, secon- 

dary and tert-alcohols : Methanol, isopropyl alcohol and tert-butyl alcohol (equimolar) 

were severally reacted with 1 m CH2C12 at 50°C to obtam the correspondmg alkyl glyco- 

sides lb-d and the reactivity of alcohols was found in the order MeOH, IPrOH, tBuOH 

(Table 31. A similar reactivity was observed for glycosidation of 2 to obtain the alkyl 

galactosides 2b-d. a-Diastereoselectivity was higher for the galactosides 2b-d compared 

to the glucosides lb-d. 

Table 1 Glycosidation of 1 with MeOH (I mole equivalent) by Use of Various 

Alkylatmg Agents (CH2C12 at 50°C) 

Entry Activator (3 mole 
equivalents) 

Time 
(hl 

96 yield lb @/f$ 

I 

II 

111 

IV 

Me1 

nBuI 

nBuBr 

MeOTf 

22 95 (6/l) 

72 30 (6/l) 55% of 1 recovered 

72 No reaction, 95% of 1 recovered 

24 at 25°C 20 (4/l) decomposition 

Table 2 Effect of Solvent m Glycosidation of 1 (0.25 M) with t-BuOH (equi- 

molar) (Mel, 3 mole equivalents) 

Entry 

I 

‘I 

111 

IV 

V 

Solvent 

C6H6 

CH2C12 

CHC13 

DMF 

THF 

Time (h)/Temp 0°C 

48 / 80 

48 / 50 

48 / 70 

34 / 25 

36 / 70 

% Yield Id (c+‘@ 

80, (85/15) 

82, (89/l I) 

65, (80/20) 

15, (65/351 and 40% of le 

25, (70/30) and 45% of le 
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Table 3 Rate of Glycosrdatron of I and 2 with Varrous Alcohols (1 mole equrva- 

lent) m CH2C12 at 50°C havmg 3 mole equrvalents of Methyl Iodide 

Entry 

1 

II 

111 

iv 

V 

VI 

Glycosyl donor Alcohol Trme (h) Product % yreld (o/B) 

1 MeOH 22 lb 95 (65/35) 

1 IP~OH 34 IC 85 (82/18) 

I tBuOH 48 Id 82 (89/11) 

2 MeOH 23 2b 96 (72/28) 

2 IPrOH 36 2c 87 (87/13) 

2 tBuOH 48 2d 80 (91/9) 

After estabhshing the optimum reaction condltrons for glycosidatlon, stage IS now 

set for apphcatron of thus methodology for the syntheses of olrgosaccharrdes. Methyl 2,3,6- 

tri-g-benzyl-a-Eglucopyranosrde (6) 
10 

whrch has earher been reported 
2d 

to resist glyco- 

srdatron under habde-Ion catalysed glycosldatrons was chosen as the glycosyl acceptor 

and was reacted wrth 1 m dxhloromethane at 50°C (havmg 3% methyl rodrde) and 4A 

molecular sreves to afford (62h) the o-linked drsaccharrde 7 m good yreld (82%) (Scheme-l). 

Scheme 1 

Syntheses of varrous a-lmked dr- and trlsaccharldes was also carried out by thus 

method. Thus donors 1 and 2 were severally coupled with the glycosyl acceptors such 

as 1,2:3,4-dr-g-lsopropyhdene-o -D_galactopyranosrde (8) and 1,2:5,6-dr-g-lsopropyhdene- 

a-l)-glucofuranosrde (9) to obtam the correspondmg a-linked dlsaccharrdes 12-15 respective- 

ly, couphng of 2 with 1,2:5,6-dr-g-lsopropyhdenea---galactofuranosrde (IO) gave 16; srmr- 

larly couphng of the glycosyl donor 3 wrth 8 gave the a-Imked drsaccharrde 17. Lower 

yrelds of furanosaccharldes (IS ,15,16) (56-6756) compared to the pyranosaccharldes (72-8796) 

(12,14,17-19) IS due to their decomposltron durmg slhca gel chromatography. Couplmg 

of 2-pyrrdyl 1-thro rhamnopyranosyl donor (4) wrth 8 and II gave the correspondmg a-lmked 
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(1,2-trans) disaccharides 19 and 21 respectively. Thus, &manno- (3) and &-rhamno- (4) 

donors lead to the formation of 1,2-trans disaccharides 17-19, which are also the products 

arismg from nelghbouring group asslsted glycosidation procedure. Formation of a-glycosidic 

linkage was based on the relattve chemical shifts In ‘H and I3 C-n.m.r spectra and posltlve 

specific rotations and fmally by comparison of such data with the reported values (Table4). 

Use of anomerrcally pure 1 and 2 m these reactlons did not alter the stereoselectivlty 

or yield of products. 

Syntheses of a-linked trlsaccharldes : The efficacy of this methodology was also demonstra- 

ted by the synthesis of a-hnked trisaccharlde derlvatlve of Panose (21)12. The glycosyl 

donor (1) was coupled with the acceptor 20 
12 to obtam the trlsaccharide 21 as a crystalhne 

soltd. Phystcal charactertsttcs of 21 are tn agreement wtth the reported data (Table-4). 

The genarahty of this method was also illustrated by coupling the dlsaccharlde donor 

(5) with 8 to obtam the a-hnked trisaccharlde 22 m good yield. Formatlon of a-lmkage 

was evident from Its spectral data. 

:o%fio*c 
AcO 

20 OAc 

Mechamsm : Electrophlhc actlvatlon of 2-pyrldyl I-thloglycoslde la by methyl lodtde leads 

to the formatlon of N-methyl quaternary thtopyrldmlum glycoslde23 which by resonance 

stablhzes to form the sulfemum salt 24 (Scheme-2). 24 loses the acidic anomeric proton 

to form the carbamon 25 whrch could be represented by 25a where the lone pair of elec- 

trons on the anomeric carbon align antlpertplanar to the oxygen lone pair 
13e,f 

. 25a can 

further stabilize to form 26. Protonatlon of either 25a or 26 leads preferenttally to the 

formation of &glycostde sulfemum salt 27 due to Its stablhzatlon by reverse anomerlc 

effect13. 27 undergoes a fast S 2 nucleophlhc drsplacement to give a-linked glycoslde 
114 

(28). N-Methyl 2-thiopyridone (29) and its salt 3014 were isolated during these reactions 

indicating the neutrahzation of the hydrolodlc acid hberated. Alternatively a-glycosldes 

may also result via the classical glycosyl cation/ion pair mechanism’. 

6439 
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OBn OBn 

BnO 

OMe 

OAc 

21 OAc - 

0 0 
0 

22 -4 0 

- Ova 
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Table 4 : Physical Data ofa-Linked Saccharides 

Entry 
Selected n.m.r data [aI Deg CHC13 

Saccha- Reactlon 96 m.p. 
ride time (h) yield “C 

‘H, 6 pp m, (J In Hz) 
H-l Hl ‘/-1” C-1 * observed lit. Ref. 

I 

11 

ill 

IV 

” 

VI 

VU 

VIII 

1X 

X 

xi 

7 62 82 

12 72 87 

13 72 56 

14 48 81 

15 72 62 

16 72 67 

17 55 60 

18 48 78 

19 48 72 

21 48 62 

22 52 65 

syrup 

syrup 

9lb 

syrup 

syrup 

120 

syrup 

syrup 

syrup 

151d 

syrup 

5.65(4) 

5.48(5) 

5.86(4) 

5.48(5) 

5.72(4) 

5.80(4) 

5.47(4.5) 

5.32t4.5) 

5.35(brs) 

5.71(8) 

5.67t3.6) 

a 

a 

5.24(4)/ 

a 

5.28(4)/ 

a 

a 

a 

5.28(brs)/ 

a 

a/5.5(4) 

96.5 97.6 

96.5 97.2 

104.9 97.7 

96.2 97.5 

105.2 98.9 

96.4 98.3 

97.6 98.4 

91.6 96.3198.2 

96.2 96.2/96.1 

+48 e,f 

+I0 g,h 

+46 g,h 

+51 i,j 

+32.7 k,l 

+37 m,n 

+39 e,n 

-47 e,f 

-23.9 e,f 

+51.3 e,n 

+25.2 e,n 

+48 2d 

+10.1 2a 

+46 2a 

+2 9 

+33 2d 

+36.8 2a 

_ _ 

_ _ 

_ _ 

+53 10 

_ _ 

a - signal burrled; b - ht. m.p. 90-91°C; c - lit. m.p. 120-121°C; d - lit. m.p. 152-153OC; e - c 1.0; f - 27T; 

g - c 2.0; h - 24°C; i - c 0.9; J - 22T; k - c 1.1; 1 - 2OOc; m - c 0.8; n - 25°C 
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These overall transformatrons involve conversion of the a/g donor (1) to the more 

reactrve &donor (onium salt) 27 and the driving force for such transformation is derived 

through the formation of stable intermediates 25a and 27. In summary, the thermodynamr- 

tally more stable axially linked c-glycosrdes are the products of methyl iodide activation 

method of 2-pyridyl I-thioglycopyranosides. 

Experimental 

Melting points were determined m open capillaries and are uncorrected. 
1 
H-n.m.r 

(90 MHz, 300 MHz) and I3 C-n.m.r (22.63 MHz, 75 MHz) spectra were recorded on Bruker 

WH-90 or Varran MSL 300 instruments m CDC13 usmg TMS as Internal standard. Optrcal 

rotations were recorded on a JASCO DIP181 digrtal polarimeter using sodrum vapour lamp. 

HPLC was performed on HP 3330A Waters Associates, M 440 absorbance detector using 

acetomtrrle/water (70/30) as eluant wrth a flow rate of 2 ml/mm using RCM C-18 column. 

Column chromatography was performed on silica gel (60-120 mesh) (Acme). T.1.c was 

performed on srlica gel G (acme) wrth detectron by spraymg a solutron of 2% phosphomolyb- 

die acrd and 1% Ce2S04.4H20 m 20% H2S04 and heatmg to ca. 140°C. All the reactions 

were carrred out with anhydrous solvents. Distrlled methyl Iodide was used in all the re- 

actrons. 

General Procedures 

Synthesis of per _&wzetylated 2_pyridyl-I-thio-8-D-hexopyranoside : To a solution of 2- 

mercaptopyridme (0.12 mole) m dry acetone (200 ml) was added anhydrous K2C03 (0.12 

mole) and stirred at 40°C for 30 mm. Then a-acetobromohexose (0.1 mole) dissolved m 

dry toluene (150 ml) was added and stirred for 2 h. The reaction mrxture was dduted 

wrth toluene (150 ml), orgamc phase was washed wrth water, 1% aq.KOH, water, dried 

(anhyd.Na2S04) and the solvent was removed on rotary evaporator to yreld the per g- 

acetylated 2-pyrrdyl-I-thro-&D_hexopyranosrdes m 85-95% yields. 

Synthesis of per ~nzylated Z-pyridyl-1-thio-&1_D;hexopyranoside : Method A : Per c- 

acetylated 2-pyridyl-I-thro-8-Ehexopyranoside (5 mmol) was deacetylated in dry methanol 

(15 ml) contammg catalytic amount of sodium methoxide (50 mg, Na metal in 5 ml metha- 

nol) at room temperature for 2 h and then carefully neutrahzed with IR 120 H+ resm. 

The resm was flltered off and solvent removed to obtain a syrupy deacetylated Z-pyrrdyl- 

1-thro+Ehexopyranoside m quantrtative yreld. It was drted at 60°C (2 h) m high vacuum, 

dissolved m dry DMF (5 ml) and added to hexane washed NaH (25 mmol) in DMF (5 ml) 

at O”C, stirred for 30 mm and benzyl bromrde (24 mmol) was added slowly to the reactlon 

mixture and the reactron was brought to room temperature gradually (1 h). When the 

t.1.c indrcated completron of the reactlon (1 h) excess of NaH was decomposed by addrtion 

of methanol (I ml), it was drluted wrth water (200 ml) and extracted mto CH2C12 (100 

ml). The orgamc phase was washed with water, drred (anhy. Na2S04) and evaporated to 

6443 
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yteld a syrup which was purified by frltration on a bed of srlica gel (60-120 mesh, hexanel 

ethyl acetate 10/l) to yield (80-87%) the per CI-benzylated 2-pyrrdyl-l-thro-&--hexopyrano- 

srde. 

Method B : To a solution of 2,3,4,6-tetra-c-benzyl hexopyranoslde (2 mmol) m dry CH2C12 

(10 ml) at room temperature was added 2,2’-drthiodrpyrrdtne (2.2 mmol), followed by nBu3P 

(2.2 mmol) under mtrogen atmosphere. When the t.1.c mdlcated completion of the reactron 

(30 mm) it was concentrated to 3 ml and was column chromatographed (.S102, hexane/ 

ethyl acetate, 8/1.5) to obtam anomerm mixture of per g-benzylated 2-pyrldyl-l-thro- 

o/f?-D_hexopyranosrde m 85-90% yield. 

A typical experimental procedure for glycosidations : In an oven dried round bottom flask 

was taken per g-benzylated 2-pyrrdyl-1-thio-a/8-&hexopyranoside (1 mml) m dry CH2C12 

(4 ml) (0.25 M) havmg 3% methyl iodrde and reacted wrth the alcohol (1 mmol) m presence 

of powdered molecular steves (4A, 200 mg) at 50°C (external, 011 bath temperature) for 

22-72 h. After completion of the reaction, It was filtered on a bed of cehte, washed wrth 

CH2C12 and evaporated to dryness. The resrdue so obtained was purlfred by column chro- 

matography on srhca gel (60-120 mesh) to obtain the u-hnked saccharides m good yield 

(70-90%). 

2-Pyridyl 2,3,4,6-tetra--_0_benzyl-l-thio- B-_~lucopyranoside (1). Method A : Compound 

la (7.4 g, 16.7 mmol) was deacetylated to gave 2-pyrldyl-I-thro-8-D-glucopyranoside (4.3 

g, 16.7 mmol) as a syrup and was subsequently benzylated to obtain I as a low melting 

solid (8.8 g, 87%), m.p. 74-76”C, k+, + 8.8” (c 2.0, CHC13). Anal. Calcd. for C39H39N05S 

: C, 73.93; H, 6.16; N, 2.21; S, 5.05. Found : C, 74.12; H, 6.21; N, 2.20; S, 5.03%. ‘H-n.m.r 

(6 ppm, J in Hz) : 3.4-3.7 (m, 4H, H-2,5,6,6’), 4.33-4.85 (m, IOH, H-3,4 and 0CH2.Phx4), 

5.31 (d, lH, Jl 2= 9, H-l), 6.78-8.50 (m, 24H, aromatic). 
13 

C-n.m.r (6 m ppm) (22.63 MHz, 

: 69.3 (C-6), j3.5, 75.1, 75.5, 75.8 (OCH2Phx4), 78.3, 79.6, 81.2, 84.1 (C-2,3,4,5), 87.0 

(C-l), 120.5-138.5 (aromatlc); Method B : (1) (a/8, 2/3) : ‘H-n.m.r : (selected data, 6 

m ppm, J m Hz) (90 MHz) : 5.31 (d, 2/3H, Jl,2= 9, H-18), 6.62 (d, 1/3H, J1,2= 5, H-lo). 

2-Pyridyl 2,3,4,6-tetra+benzyl-1-thio-B -1_Dgaltopyranoside (2). Method A : Compound 

2a (6.64 g, 15 mmol) was deacetylated to grve 2-pyrldyl-l-thro- 8 -g-galactopyranoslde 

as a syrup (3.36 g, 15 mmol) and was benzylated subsequently to obtam 2 (3.15 g, 82%) 

as a crystalhne sohd, m.p. 82-84”C, [al, +2.76O (c 1.0, CHC13). Anal.Calcd.for C3qH39N05S 

: C, 73.93; H, 6.16; N, 2.21; S, 5.05. Found : C, 73.91; H, 6.19; N, 2.24; S, 5.07%. ‘H-n.m.r 

( d ppm, J m Hz) (90 MHz) : 3.50-4.25 (m, 3H, H-5,6,6’), 4.3-5.1 (m, llH, H-2,3,4 and 

OCH2Phx4), 5.26 (d, IH, J, 2= 10, H-l), 6.72-8.50 (m, 24H, aromatm). 13C-n.m.r (6 ppm) 

(22.63 MHz) : 69.1, 73.1, ;3.8, 74.4, 74.9, 75.8, 77.3, 78.7 (C-2,3,4,5,6 and OCH2Phx4), 

84.6 (C-l), 120.2-139.0 (aromatic). Method B : 2 (a/B, l/l) (syrup) : Reactlon of 2e (1.1 

g, 2 mmol) m CH2C12 (10 ml) wrth 2,2’-dlthlodlpyrldme and nBu3P afforded 2 (o/B, l/l) 

(0.94 g, 80%) as a syrup. ‘H-n.m.r ( 6 ppm, J m Hz) (selected data) (90 MHz) : 5.26 (d, 

1/2H, Jl 2= 10, H-l@, 6.46 (d, 1/2H, J, 2= 5, H-lo). 
, , 
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2-Pyridyl 2,3,4,6-tetraecetyl-I-thio-B-~~kopyranoside (la) : The reaction of o -aceto- 

bromoglucose (12.3 g, 30 mmol) with 2_mercaptopyridine, K2C03 in acetone/toluene af- 

forded la (10 g, 72%) as yellow needles after recrystallization from hexane-dichloromethane, 

m.p. 120-123°C, [al, - 2.9O (c 1.1, CHC13). Anal. Calcd. for C19H23NOqS : C, 51.70; 

H, 5.21; N, 3.17; S, 7.25. Found : C, 51.69; H, 5.23; N, 3.15; S, 7.21%. ‘H-n.m.r (6 ppm, 

J m Hz) (90 MHz) : 1.94, 2.00, 2.04 (4s, 12H, Ct13COx4), 3.6-4.4 (m, 3H, H-5,6,6’), 4.8-5.6 

(m, 3H, H-2,3,4), 5.75 (d, IH, Jl 2= 10, H-l), 6.9-8.5 (m, 4H, Spy). 13C-n.m.r (6 ppm): 

(22.63 MHz) : 20.2 (&H3COx4), 7’1.7 (C-6), 68.1, 69.2, 73.8, 75.6 (C-2,3,4,5), 81.3 (C-l), 

120.0-155.0 (Spy), 169.0-170.0 (CHGOx4). 

2-Pyridyl 2,3,4,6-tetra+acetyl-l-thio-fI-~-gaIactopyranoside (2a) : Reactlon of a-aceto- 

bromogalactose (3.6 g, 8.7 mmol) with 2-mercaptopyrldine/K2C03 m acetone-toluene 

afforded 2a(2.63 g,85%) as a syrup. [al,, -2.0” (c 1.0, CHC13). Anal. Calcd. for C H 

C, 51.70; H, 5.21; N, 3.17; S, 7.25. Found : 
19 13 NOqS: 

C, 51.61; H, 5.23; N, 3.18; S, 7.21%. H-n.m.r 

(6 m ppm, J m Hz) (90 MHz) : 1.97 (s, 6H, CIi3COx2), 2.04, 2.17 (2s, 6H, Cfi3COx2), 

4.00-4.45 (m, 3H, H-5,6,6’), 5.18 (dd, IH, J2 3= 10, J3 4= 3.5, H-3), 5.35 (t, lH, Jl 2= 

10, H-2), 5.47 (br.s, IH, H-4), 5.88 (d, IH, H-1),‘7.0-8.5 (m: 4H, Spy). 
t 

Methyl 2,3,4,6-tetra+xnzyl-~-glucopyranoside (lb) : Reaction of I with methanol for 

22 h afforded lb as a syrup (95%) (o/f!, 65/35 by ‘H-n.m.r and HPLC). (See general procedure) 

Isopropyl 2,3,4,6-tetra-Q-benzyl-~-&copyranoside (1~) : Reactlon of 1 with Isopropyl 

alcohol for 34 h afforded lc as a syrup (a/B, 82/18 by ‘H-n.m.r and HPLC). ‘H-n.m.r 

(6 m ppm, J m Hz) (90 MHz) : 1.08, 1.14, 1.16, 1.18, 1.22 (d, 6H, 0CHfie2), 3.0-5.1 (m, 

16H, H-1,2,3,4,5,6,6’, OcHMe&H2Phx4), 7.0-7.9 (m, 20H, aromatlc). 
13 C-n.m.r (6 in ppm) 

(22.63 MHz) : (a/B) 21.5, 22.4, 23.4, 23.9 (OCHBe2), 69.2, 69.7, 70.5, 73.2, 73.7, 75.3, 

75.8, 78.4, 80.5, 82.4 (C-2,3,4,5,6,6’ and gH2Ph), 95.3 (C-l), 102.5 (C-l), 120.0-139.5 (aro- 

matlc). 

t.Butyl 2,3,4,6-tetra+benzyl---&copyranosicIe (Id) : Reactron of I with t.butanol for 

48 h ylelded Id (82%) as a syrup, [al, + 37.8” (C 1.0, CHC13) (U/g, 89/11 by ‘H-n.m.r and 

HPLC). ‘H-n.m.r (6 m ppm, J m Hz) (90 IMHz) : 1.20, 1.24 (2s, 9H, CEe3, afi), 3.00-4.95 

(m, 14H, H-2 9 3 , 4 , 5 , 6 , 6’ and 0Cl+2Phx4), 5.08 (d, 0.9H, Jl , 2= 3.5, H-l), 6.9-7.7 (m, 2OH, 

aromatlc). 

Methyl 2,3,4,6-tetra+benzyl-_~alactopyranoside (2b) : Reactron of 2 with methanol 

for 23 h afforded 2b as a syrup (a/B, 72/28, ‘H-n.m.r and HPLC). ‘H-n.m.r (6 m ppm, 

J m Hz) (90 IMHz) (selected data) : 3.32, 3.52 (2s, 3H, 0CH3). 

Isopropyl 2,3,4,6-tetra+benzyl-_~alactopyranoside (2~) : Reactron of 2 with lsopropanol 

for 36 h afforded 2b as a syrup (a/ , 87/13, ‘H-n.m.r and HPLC), [al, 

‘H-n.m.r (6 m ppm, J in Hz) (90 MHz) (a/g) 

+33.8O (c 1.0, CHC13). 

: 1.15, 1.19, 1.21, 1.25 (2d, 6H, CHxe2), 3.26- 

5.26 (m, 15H, H-1,2,3,4,5,6,6’ and 0W2Phx4), 7.0-7.6 (m, 20H, aromatic). 
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t.Butyl 2,3,4,6-tetra-CJ-benzyl-_~alactopyranoside (2d) : Reaction of 2 with t-butanol 

for 48 h afforded 2d as a syrup (o& 91/9, lH-n.m.r and HPLC), PI, + 38.8“ (c 1.2, CHC13), 

lH-n.m.r (6 in ppm, J m Hz) (90 MHz) : 1.22, 1.26 (2s, 9H, CMe3,a/B), 3.22-5.06 (m, 14H, 

H-2 3 4 5 6 6’ t , , , , and 0CX2Phx4), 5.14 (d, IH, Jl 2= 3, H-l), 6.9-7.4 (m, 20H, aromatrc). 

13C-n.m.r ( 6 In ppm) (22.63 MHz) (a/8) : 28.9,‘29.2 (CAe3), 69.2, 69.5, 73.2, 73.4, 73.7, 

75.0, 75.8, 77.1, 79.5 (C-2,3,4,5,6,6’ and gH2Phx4), 92.6 (C-l), 127.0-139.5 (aromatic). 

2Pyridyl 2,3,4,6-tetra-C&benzyl-l-thio-a/B-~mannopyranoside (3) : 2,3,4,6-Tetra-O-benzyl- 

&-mannose (1 g, 1.8 mmol) was reacted with 2,2’-dithrodrpyridyl (0.43 g, 1.98 mmol) and 

nBu3P (0.48 g, 1.98 mmol) to afford 3 (0.98 g, 82%) as a syrup (o/8, l/l). Anal. Calcd. 

for C39H39y5S : C, 73.93; H, 6.16; N, 2.21; S, 5.05. Found : C, 73.91; H, 6.18; N, 2.18; 

s, 5.03%. H-n.m.r (90 MHz) ( 6 m ppm, J in Hz) : 3.55-5.0 (m, 14H, H-2,3,4,5,6 and 

0Ck+2Phx4), 5.6 (d, 1/2H, Jl 2= 1.8, H-18), 6.44 (d, 1/2H, J, 2= 0.4, H-la), 7.0-8.5 (m, 
f , 

24H, aromatic). 

2-Pyridyl 2,3,4,-tri-O_benzyl-I-thio-a/f? -&hamnopyranoside (4 ) : a-Acetobromorhamnose 

(3.1 g, 8.8 mmol) and 2-mercaptopyrldine were reacted to obtain 2-pyrrdyl 2,3,4-trr-g- 

acetyl-I-thio-a/&-rhamnopyranosrde (4a) (2.5 g, 75%, a/B, l/l) as a syrup. Anal. Calcd. 

for C H 
17 24 

N07S : C, 53.24; H, 5.53; N, 3.65; S, 8.36. Found : C, 53.46; H, 5.49; N, 3.67; 

S, 8.31%. H-n.m.r (90 MHz) ( 6 m ppm, J in Hz) : 1.22, 1.29 (2d, 3H, J5 6= 6.2, H-6), 

1.95-2.20 (6s, 9H, 0COCH3x3), 3.6-3.8, 4.05-4.30 (m, lH, H-5), 5.0-5.7 (m,‘3H, H-2,3,4), 

6.12 (d, 1/2H, Jl 2= 1.8, H-l), 6.51 (d, 1/2H, Jl 2= 3.1, H-l), 7.0-8.5 (m, 4H, Spy). (4a) 

(2.5 g, 6.8 mmolj was deacetylated and benzylaied to obtam 4 (2.72 g, 75%) (a/B, l/l), 

and the anomeric mixture was separated by srhca gel column chromatography (60-120 

mesh, hexane/EtOAc, 4/l) to obtam 4 (a) (1.3 g) as a syrup, [al, - 44.3” (c 1.0, CHC13). 

Anal. Calcd. for C32H33N04S : C, 72.72; H, 6.29; N, 2.65; S, 6.07. Found : C, 72.65; 

H, 6.23; N, 2.63; S, 6.02%. ’ H-n.m.r (90 MHz) (6 m ppm, J In Hz) : 1.34 (d, 3H, J5 6= 

6.2, H-6), 3.6-5.1 (m, lOH, H-2,3,4,5 and 0CH2Phx3), 6.48 (d, IH, J, 2= 2.8, H-l), 7.0~k.5 

(m, 18~, aromatrc); and 4 (8) (1.32 g) as a syrup. [al,, + 17.7’ (c 1.2, ‘CHC13). Anal. Found: 

C, 72.69; H, 6.22; N, 2.66; S, 6.01%. ‘I-l-n.m.r (90 MHz) ( 6 in ppm, J in Hz) : 1.36 (d, 

3H, J5 6= 6.2, H-6), 3.10-5.28 (m, lOH, H-2,3,4,5 and OCk12Phx3), 5.68 (d, IH, J, 2= 1.4, 

H-l), 71.0-8.6 (m, 19H, aromatlc). 
, 

2-Pyridyl 2,3,6-tri~~yl~~2,3,4,6-tetra~~nzyl~_~l~~yr~~yl)-l-thi~_~luco- 

pyranoside (5) : a-Acetobromomaltose9 (3.8 g, 5.4 mmol) was reacted with 2-mercaptopyri- 

dine to afford 2-pyrrdyl 2,3,6-trr-(I-acetyl)-I-thio-8-g-glucopyranosrde (5a) as a yellow 

crystalline sohd, m.p. 1 IO-11 3 “C. [al, +50.5O (c 1.0, CHC13). Anal.Calcd. for C H 31 3p N017S: 

C, 50.98; H, 5.39; N, 1.89; S, 4.39, Found : C, 51.08; H, 5.37; N, 1.89; S, 4.39%. H-n.m.r 

(6 m ppm, J m Hz) (300 MHz) : 1.99, 2.04, 2.05 x 2, 2.06, 2.07, 2.10 (6s, 2lH, OCOCH3x7), 

3.8-5.5 (m, 13H, H-2 3 4 5 6 1’,2’,3’,4’,5’,6’), 5.85 (d, IH, t t f , , J, 2= 10.2, H-l), 7.0-8.5 (m, 

4H, Spy), 13C-n.m.r (22.63 MHz) (6 m ppm) (selected data) t 80.9 (C-l), 95.3 (C-l’). 5a 

(2.75 g) was deacetylated and benzylated to give 5 (2.0 g, 61%) as a colourless syrup. 
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(6 m ppm, 3 m Hz) : 1.98-2.06 (4s, ISH, OCOCH3x6), 5.71 (d, lH, Jl 2= 8, H-l); 13C-n.m.r 

’ (75 MHz) fl m ppm) (selected data) : 91.6, 96.3, 98 2 (C-l, I’, I”). . 

_W2,3,4,6-TetraXI_-benzyl- a -_~hcopyranosyl~l-4)-CJ-(2,3,6-tri+benzyl- a -_lIJhcopyram- 

syl)_(1-6)_1,2:3,4~~~~yli~-~-~-Ralactopyranoside (27) : The coupling of 5 (0.36 

g, 0.33 mmol) with 13 (0.1 g, 0.4 mmol) (52 h) gave 27 (0.15 g, 65%) as a syrup after 

column chromatographrc puriftcatron &02, hexane/EtOAc/drethyl ether, 5/0.6/2), [o ID 

+ 25.2” (c 1.0, CHC13), Anal. Calcd. for C73H82016 : C, 72.14; H, 6.80, Found : C, 72.01; 

H, 6.91%. ‘H-n.m.r (300 MHz) (6 m ppm, J in Hz) : 1.30, 1.45, 1.57, 1.60 (4s, 12H, 02CEe2 

x2), 3.3-5.1 (m, lVH, pyranosrdrc), 5.5 (d, IH, J, 2= 5, H-l), 5.67 (d, IH, J,,,2,,= 3.6, H-l”), 

7.0-7.4 (m, 35H, aromatic), 13 C-n.m.r (75 MHz; (6 m ppm) (selected data) : 24.5, 24.7, 

25.9, 26.0 (4s, 02CEe2x2), 96.1, 96.4, 96.8 (3d, C-l, I’, I”), 108.3, 109.0 (2s, 0fiMe2x2). 
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