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ABSTRACT 

Treatment of methyl fi-lactoside with triphenylphosphinecarbon tetrabromide in pyridine gave the 

3’,6’-anhydro-6-bromo-6-deoxy derivative, from which 6-thio derivatives were prepared, and methyl 3’,4’- 

O-isopropylidene$-lactoside gave the 6,6’-dibromo-6,6’-dideoxyderivative. Adibromide was prepared also 

from methyl 4’,6’-U-benzylidene-j?-lactoside by bromination with Ph,P-CBr,, acetylation, and then treat- 

ment with N-bromosuccinimide. Various 6,6’-dithio derivatives were prepared from the 6,6’-dibromide by 

nucleophilic substitution reactions. Reaction of the 6,6’-dibromide with thiourea led to the 6,Gepidithio 

derivative and, with potassium trithiocarbonate, the bridged 6,6’-trithiocarbonate was formed. The 6,6’- 

dibromo derivative underwent selective nucleophilic substitution to give a variety of 6’.bromo-6-thio 

derivatives. Likewise, withazide, the 6-azide was formed first, followed by the 6,6’-diazideand the product of 

elimination, the 6-azido-5’-ene. Raney nickel-mediated desulphuration of the various 6,6’-dithio derivatives 

afforded methyl 6,6’-dideoxy-a-lactoside, and desulphuration of the 6’.bromo-6-thio derivatives could be 

accomplished without reductive dehalogenation to give methyl 6’.bromo-6,6’-dideoxylactoside. 

INTRODUCTION 

In studies of sucrose, we found that it is easy to span the 6,6’-positions with a 

single sulphur atom and to synthesis 6,6’-epithiosucrose and 6,6’-epidithiosucrose’. We 
now describe an extension of this work to lactose (1). 

RESULTS AND DISCUSSION 

Impure methyl /3-lactoside (3) was synthesised in poor yield (35%) from the 
glycosyl bromide 2 by treatment with mercuric acetate in methanol*. When lead 

carbonate was used as the acid acceptor in the Koenigs-Knorr reaction, the yield of 3 
was increased to 55% and the work-up procedure was simplified. 

The syntheses of 6,6’-epithio- and -epidithio-sucroses’ suggested that it may also 

be possible to obtain similar derivatives of lactose. Hence, 3 was treated with triphenyl- 
phosphine-carbon tetrabromide3 in pyridine at 70”, but a monobromide 4 was obtained 
rather than the expected dibromide. The 250-MHz ‘H-n.m.r. spectrum of acetylated 4 

(5) revealed four acetyl groups, and the remarkably small values for J,,,,,, J2.,3., J3.,4’, and 

* Chemistry of Maltose and Lactose, Fart 9. For Part 8, see ref. 4. 

+ Dedicated to Professor Grant Buchanan on the occasion of his 65th birthday 
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tetra-acetate (21) of 20 reacted smoothly to give the 4-0-benzoyl-6,6’-dibromo-6,6’- 

dideoxy derivative 22 (76%; 26% from 3). 0-Deacylation of 22 followed by acetylation 
afforded the penta-acetate 24 described above. The route to the 6,6’-dibromide via the 

3’,4’-0-isopropylidene derivative was preferred for large-scale preparation. 
The construction of a 6,6’-epidithio bridge was then attempted as with sucrose’. 

When the 6,6’-dibromide 24 was heated with an excess of thiourea in N,N-dimethylfor- 
mamide for 7 h, it was converted into products which were non-mobile in t.1.c. The 

mixture was then treated with sodium azide for 12 h, to give, after chromatography, 
19% of methyl penta-0-acetyl-6,6’-epidithio-P-lactoside (32), the ‘H-n.m.r. spectrum of 

which indicated that both the rings adopted the usual 4C, conformations. As with 
6,6’-epidithiosucrose’, the broadening of the signals in the ‘H-n.m.r. spectrum due to the 
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/I-lactoside (24) was treated with potassium trithiocarbonate in various solvents, com- 

plex mixtures of products were formed which were not further investigated. However, 

when N,N-dimethylformamide was the solvent, the bridged 6,6’-trithiocarbonate 37 

was isolated (33%). The n.m.r. spectrum of 37 was similar to that of 24 and the 

6,6’-epidithiolactoside 32, but free of the line broadening observed in the latter spec- 

trum. The possibility that this cyclic trithiocarbonate could be dimeric cannot be 

discounted entirely on the spectroscopic evidence available. 

A further possible route to the 6,6’-epithiolactoside was considered in which a 

thio group at one primary position would displace a bromine substituent at the other. 

Regioselective 6-substitution in 24 was anticipated to be straightforward’ due to the 

unfavourable steric environment of the 6’-position because of the axial group at the 

4-position. Thus, methyl 6’-bromo-6’-deoxy-6-S-ethoxythiocarbonyl-3’,~-O-isopropy- 

lidene-6-thio$-lactoside (17) was obtained in good yield from 11. Such treatment of 

6,6’-dibromosucrose led directly to 6,6’-epithiosucrose’. However, treatment of 17 with 

methoxide failed to give the 6,6’-epithio derivative, and acetylation ofthe products gave 

25% of a crystalline compound that contained six acetyl groups and no ethoxy groups 

(‘H-n.m.r. data). The mass spectrum also revealed that the Gbromo-6-deoxygalactosyl 

residue was intact [m/z 309,307 (1: 1 ratio)], and the product was identified as the dimeric 

disulphide 36. Similarly, the 6,6’-dibromide 24 underwent selective reaction with potas- 

sium thioacetate, potassium 0-ethyldithiocarbonate, and sodium N.N-dimethyldithio- 

carbamate in acetone or butanone to give the 6-thio derivatives 3!L41, respectively, in 

good yields. The structures of these derivatives were assigned unambiguously on the 

basis of n.m.r. and mass spectral data. This route to the 6,6’-epithiolactoside was not 

investigated thoroughly since 17 failed to give the intramolecular sulphide. 

The failure to form the 6,6’-epithiolactoside was not surprising since molecular 

models revealed that linking the two primary positions by a sulphur atom led to 

unfavourable transannular interactions if the normal 4C, conformation of each ring was 

‘OAc 
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MethyI4-O-P-D-guluctopyranosyl-gD-glucopyranoside (methyl/I-luctoside (3). - 
A suspension of hepta-O-acetylmaltosyl bromide” (2,72 g) and lead carbonate (72 g) in 

methanol (300 mL) was stirred at room temperature for 4 days, when t.1.c. (ether) 

indicated that the reaction was complete. The mixture was filtered through Hyflo 

Supercel and the solvent was evaporated. The resulting syrup, which contained much 

inorganic material, was dissolved in chloroform, the solution was filtered, and the 

solvent was evaporated. The apparent pH of the solution of the resulting clear syrup in 

methanol (80 mL) was adjusted to 9 (Universal Indicator paper) by the addition of 

methanolic M sodium methoxide. A white solid crystallised out, and, after storage for 16 

h at room temperature, the product was collected and recrystallised from aqueous 

ethanol to give 3 (27.5 g, 56% from l), m.p. 213-215” (dec.), [z]~ +3.6” (c 1.4, water); 

lit.” m.p. 206” (dec.), [z]~ +5.6”. 

Methyl 4-O- (3,6-an~zydro-~-D-galact~p_vranos)1~)-6-hromo-6-deoxy-~-D-glucopy- 

ranoside (4). --Methyl fi-lactoside (3; 1.5 g, 4.2 mmol) was dissolved in pyridine (45 mL) 

by heating at 80’. The solution was cooled rapidly to -- 0” and triphenylphosphine (6.6 

g, 25.3 mmol) was added portionwise. A solution of carbon tetrabromide (4.2 g, 12.65 

mmol) in pyridine (10 mL) was added dropwise with stirring over 20 min and the 

mixture was heated at 70” for 2 h. T.1.c. (chloroform-methanol, 3: 1) then revealed one 

major and several minor products. The mixture was cooled, methanol (10 mL) was 

added, the solvents were evaporated, and toluene was evaporated from the residue. 

Column chromatography (chloroform; and then chloroform-methanol, 20: 1) gave the 

major component which crystallised and was recrystallised from ethanol to give 4 (0.8 g, 

47%), m.p. 147-149”, [z], -59” (c 4.5, methanol) (Found: C, 39.0; H, 5.2. C,,H,,BrO, 

talc.: C, 38.9; H, 5.2O/o). 

Acetylation of 4 gave the tetra-acetate 5 (70%), m.p. 228-229” (from ethanol- 

light petroleum), [a], -56” (Found: C, 44.5; H, 5.1. C2,H2,Br0,, talc.: C, 44.3; H, 

5.1°h). ‘H-N.m.r. data (CDCI,): 6 4.45 (d, 1 H, .J,,> 8.0 Hz, H-l), 4.88 (dd, 1 H, J2,3 9.5, 

H-2), 5.22 (t, 1 H, J1,4 9.0, H-3), 4.29 (t, 1 H, J4,5 10.1 Hz, H-4), 3.84 (dd, 1 H, J5,6a -3, 

Jha,hb 10.2 Hz, H-6a), 3.80 (m, I H, H-6b), 5.22(d, 1 H, J,,,? 1.8 Hz, H-l’), 4.65 (s, 1 H,J,,.,, 

OHz, H-2’),4.34(d, 1 H, J1./,,4.8 Hz, H-3’),4.99(t, 1 H,J,..,.4.8Hz, H-4’),4.25(ddd, 1 H, 

J s,ca 1.8, Js,v, 3.0 Hz, H-5’), 3.52 (s, 3 H, OMe), 2.14, 2.09, 2.05, 2.02 (4 s, 12 H, 4 AC). 

Methyl 2,3-di-O-acetyl-6-S-cyano-4-0-(2,4-di-O-acetyl-3,6-an~~ydro-~-D-gala~- 

topyranosylj-4-thio-/?-D-glucopyranoside (6). - A solution of 4 (0.5 g, 1.25 mmol) and 

potassium thiocyanate (0.5 g) in NJ-dimethylformamide (10 mL) was heated at 

95P100” for 2 h, when t.1.c. (chloroform-methanol, 5:l) revealed one major product 

together with a faster-moving minor product. The mixture was cooled (ice-bath), and 

pyridine (5 mL) and acetic anhydride (1 mL) were added; after 16 h, t.1.c. revealed a 

single product. The mixture was poured into water, and the product was extracted with 

chloroform and purified by dry-pack” column chromatography (ether-light petroleum, 

2: 1) to give 6 (0.37 g, 73%), m.p. 16&170’ (from ethanol-light petroleum), [a], - 61” 

(Found: C, 48.35; H, 5.5; N, 2.55. C,,H,,NO,,S talc.: C, 48.25; H, 5.3: N, 2.55%). 

Methyl 2,3-di-0-acetyl-6-S-acetyl-4-O-{2,4-di-O-acet~l-3,6-anhydro-~-~~-gala~- 
topyranosylj-6-thio-/?-D-glucopq’ranoside (7). - The above reaction of 4 was repeated, 
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with acetic anhydride (6 mL) and pyridine (30 mL) to give 24 (4.0 g, 75%), m.p. 

183-185” (from ethanol), [a], - 15” (Found: C, 40.3; H, 4.95. C,,H,,Br,O,, talc.: C, 
39.9; H, 4.60%). Mass spectrum: m/z 325, 323 (4.4%, ratio l:l, GlcpAc,Br+), 353, 351 

(52%,ratio l:l,GalpAc,Br+). ‘H-N.m.r. data(250MHz, CDCl,):64.46(d, 1 H, J,.,8.0 

Hz,H-l),4.90(dd,1H,J2,39.3H~,H-2),5.24(dd,1H,J1,49.1H~,H-3),3.88(t,1H,J4,5 
9.OHz,H-4),3.55-3.8(m,3H,H-5,6a,6b),4.65(d, 1 H, J,,,2,7.7Hz,H-l’),5.11(dd, 1 H, 
J2’,3’ 10.2Hz, H-2’) 5.01 (dd, 1 H, J,.,,.3.3 Hz,H-3’), 5.56(dd, 1 H,J,.,,. 1.5Hz, H-4’),3.85 

(ddd, 1 H, Js.,,5.8, J,.,,,S.OHz, H-5’), 3.37(dd, 1 H, J6’a,6’b 10.2Hz, H-6’a),3.27(dd, 1 H, 
H-6’b), 3.51 (s, 3 H, OMe), 2.18, 2.10, 1.98 (3 s, 9 H, 3 AC), 2.06 (s, 6 H, 2 AC). 

(6) The acetal 11 (1.2 g, 2.3 mmol) was stirred vigorously with aqueous 90% 
trifluoroacetic acid (2.5 mL) for 10 min, ether (20 mL) was added, and the precipitated 
solid was collected and acetylated to give 24 (1.25 g, 78%). 

Methyl 4-0-(4,6-O-benzyIidene-P_~-galactop~~r~nosyl)-6-bromo-6-deoxy-~-~- 

glucopyranoside (20). - To an ice-cold solution of methyl 4-0-(4,6-U-benzylidene-D-D- 
galactopyranosyl)-~-D-glucopyranoside’3 (19; 4.44 g, 10 mmol) in pyridine (200 mL) 

was added slowly triphenylphosphine (10.48 g, 40 mmol) followed by a solution of 
carbon tetrabromide (6.5 g, 19.58 mmol) in pyridine (50 mL). The mixture was then 

heated at 70” for 1 h, methanol (25 mL) was added, the solvent was evaporated, and 
toluene was evaporated several times from the residue. Column chromatography 

(chloroform; then chloroform-methanol, 1O:l) gave 20 (3.4 g, 67%), m.p. 164-166” 

(from ethanol), [a]n - 18” (c 1, water) (Found: C, 47.3; H, 6.1. C,,H,,BrO,, talc.: C, 
47.35; H, 5.35%). 

Acetylation of 20 afforded the 2,3,2’,3’-tetra-acetate 21 (90%), m.p. 246248” 
(from ethanol), [a], +29” (Found: C, 47.95; H, 5.2. C,,H,,BrO,, talc.: C, 49.8; H, 5.2%). 
Mass spectrum: m/z 676,674 (0.2%, ratio 1 :l, Mi), 335 (6.2, GalpAc,PhCH+), 325,323 
(0.2%, ratio l:l, GlcpAc,BrOMe+). ‘H-N.m.r. data (250 MHz, CDCl,): 6 4.48 (d, 1 H, 

J,,,7.9Hz,H-l),4.92(dd,1H,Jz,,8.1Hz,H-2),5.24(t,1H,J,,,9.1Hz,H-3),3.83(t,1H, 
J 

(;A, 
-9 Hz, H-4), 3.48 (m, 1 H, H-5), 3.78 (dd, 1 H, J5,6a -5, Jsa,hb - 11 Hz, H-6a), 3.59 
1 H, JShb -3 Hz, H-6b), 4.65 (d, 1 H, J,.,,. 7.9 Hz, H-l’), 5.27 (dd, 1 H, J2s,3’ 10.3 Hz, 

H-2’),4.93~dd,1H,J,.,,.3.2Hz,H-3’),4.33(m,1H,H-4’),3.49(m,1H,H-5’),4.30(dd,1 

H, Js,ca -2, Jb’a,cb 12.7Hz,H#a),4.04(dd, 1 H, J5r,6’b - 2Hz,H#b),3.51 (s, 3H,OMe), 
2.09 (s, 3 H, AC), 2.05 (s, 9 H, 3 AC), 5.47 (s, 1 H, CHPh), 7.3-7.5 (m, 5 H, Ph). 

Methyl 2,3-di-O-acetyZ-6-bromo-6-deoxy-4-O-f2,3-di-O-acetyl-4-0-benzoyl-6- 
bromo-6-deoxy-/?-D-galactopyranosyl) -/?-D-glucopyranoside (22). - A mixture of 20 

(3.0 g, 4.44 mmol), N-bromosuccinimide (1 g, 5.62 mmol), barium carbonate (3 g, 15.23 
mmol), and carbon tetrachloride (90 mL) was stirred and heated under reflux for 2.5 h, 
then filtered through Hyflo Supercel, and the solvent was evaporated. The syrupy 
residue, which crystallised, was recrystalhsed from ethanol to give 22 (2.5 g, 75%), m.p. 

100102”, [tl],, f7.2” (c 3.6, chloroform)(Found C, 44.6; H, 4.45. C,,H,,Br,O,, talc.: C, 
44.55; H, 4.5%). Mass spectrum: m/z 728,726,724 [ 1 O%, ratio 1:2: 1, (M + + 1 - OMe)], 

637, 635, 633 [12.4, ratio 1:2:1, (M+- OMe-OAc)], 415, 413 (23.6, ratio l:l, Galp- 
Ac,BzBr+), 325,323 (12.1, ratio l:l, GlcpAc,BrOMe+). ‘H-N.m.r. data (CDCI,): 6 4.48 
(d, 1 H, J,,? 7.8 Hz, H-l), 4.93 (dd, 1 H, J2,3 9.3 Hz, H-2), 5.28 (t, 1 H, J3/, 9.1 Hz, H-3), 





nno IIERIVATIVESOF METHYL~TIACT~~IDE 281 

J,.,,. 3.3 Hz, H-3’), 5.45 (dd, 1 H, J4.,5. 1.3 Hz, H-4’), 3.98 (ddd, 1 H, J5.,ha = Js,6’b = 7.9 Hz, 
H-5’), 3.15(dd, 1 H,J,.,,,., 13.5Hz,H-6’a), 3.07(dd, 1 H, H-6’b), 3.55(s, 3 H,OMe),2.19, 
2.09, 2.07, 2.06. 1.99 (5 s, 15 H, 5 AC). 

Methyl 2,3-di-O-acety1-6-S-acetyl-6-thio-4-0-(2,3,4-tri-O-~~cety~-6-S-acetyl-6- 

thio-,8-D-galactopyranosyl)-P-D-glucopyranoside (28). ~-- A mixture of 24 (1 g), excess of 
potassium thioacetate (1 g), and N,N-dimethylformamide (10 mL) was heated at 
95-100” for 30 min and then poured into ice-water. The brown solid was collected and 
purified by column chromatography (ether-light petroleum 2: 1) to give 28 as a syrup 

(0.75 g, 76%), [c(], + 14” (Found: C, 47.4; H, 5.4. C2,H,,0,,S, talc.: C, 47.5; H, 5.55%). 
Mass spectrum: m/z 651 [O.l%, (M+ -OCH,)], 579 [0.7, (M’ -AcOH-AC)], 347 (6.4, 
GalpAc,SAc ’ ), 3 19 (2.7, GlcpAczOMeSAc +). ‘H-N.m.r. data (CDCI,): 6 4.36 (d, 1 H, 
J,,,S.OHz,H-1),4.91 (dd, 1 H, J2,39.7H~,H-2),5.17(dd, 1 H, J,,d8.4Hz,H-3),3.66(t, 1 
H, J,,,9.0Hz, H-4),3.5-3.6(m,2H,H-5,6a),2.97(dd, 1 H, J,,,,5.5, Jha,hb 14.0Hz,H-6b), 
4.54 (d, 1 H, J,,,2. 7.7 Hz, H-l’), 5.10 (dd, 1 H, J2’,3’ 10.0 Hz, H-2’) 4.96 (dd, 1 H, J3’,4’ 3.7 
Hz, H-3’). 5.38 (dd, 1 H, J4’,s 1.1 Hz, H-4’), 3.66 (ddd, 1 H, Js,h,a = J5.,6.b = 7.0 Hz, H-5’), 
3.08 (dd, 1 H, Jh’a,h.b 14.0 Hz, H-6’a), 3.00(dd, 1 H, H-6/b), 3.48 (s, 3 H, OMe), 2.17,2.10, 
2.07, 2.05, 1.96 (5 s, 15 H, 5 Ac), 2.36, 2.35 (2 s, 6 H, 2 AC). 

Methyl 2,3-di-O-acetyl-6-S-(N,N-ciimethylaminothiocarbon~~l)-6-thio-4-0-[2,3, 

4-tri-O-acetyf-6-S-(N,N-dimethylaminothiocarhon,vlj-6-thio-~-D-galactopyrano.~yl]-~- 

D-gh.Kopyranoside (29). - A mixture of 24 (2 g), excess of sodium N,N-dimethyl- 
aminodithiocarbamate (2 g), and N,N-dimethylformamide (20 mL) was heated at 
955100” for 2 h, then poured into ice-water. The solid was collected, purified by column 
chromatography (ether-light petroleum, 3: l), and crystallised from ether-light pet- 
roleum to give 29 (1.8 g, 81%) m.p. 99-lOl’, [a], - 12.6” (Found: C, 44.7; H, 5.95; N, 
3.65. C29H44N20,3S4 talc.: C, 45.1; H, 5.7; N, 3.65%). Mass spectrum: m/z 653 [0.3%, 
(Mt -AcOH -OAc)], 652 [l.l, (M+-2AcOH)], 392 (13.7, GalpAc,SCSNMe,+), 364 
(1.2, GlcyAczOMeSCSNMez+). ‘H-N.m.r data (CDCI,: 64.37 (d, 1 H, J,,? 7.7 Hz, H-l), 
4.94(dd, 1 H, J2,) lO.OHz,H-2),5.18(dd, 1 H, J,,,9.7Hz,H-3),3.83(dd, 1 H, J,,,8.4Hz, 
H-4), 3.78 (m, 1 H, H-5), 3.3-3.5 (m, 4 H, H_6a,6b,6’a,6’b), 4.61 (d, 1 H, J,.,,. 7.3 Hz, 
H-l’), 5.08 (dd, 1 H, JZ.,3. 10.0 Hz, H-2’), 4.98 (dd, 1 H, Ji.,4. 3.3 Hz, H-3’), 5.44 (dd, 1 H, 

J,.~,.l.1Hz,H-4’),3.95(m,lH,H-5’),3.49(s,3H,OMe),2.l7,2.l0,2.08,2.05,1.96(5s, 
15 H, 5 AC), 3.56 (s, 6 H, NMe,), 3.42, 3.39 (2 s, 6 H, NMe,). 

O-Deacetylation of 29 gave methyl 6-S-(N,N-dimethylaminothiocarbonyl)-4-O- 
[6-S-(N,N-dimethylaminothiocarbonyl)-6-thio-~-D-galactopyranosyl]-6-thio-~-D-glu- 
copyranoside (30,92%) as a powdery solid from ethanol; m.p. 13 1-l 33”, [~]n + 66” (c 1, 
methanol) (Found: C, 39.9; H, 6.05; N, 4.7. C,,H,,N,O,S, talc.: C, 40.55; H, 6.05; N, 
5.0%). 

Re-acetylation of 30 afforded 29 in high yield. 
Methyl 2,3,2’,3’,1’-penta-O-acetyl-6,6’-epidithio-p-lactoside (32). - A mixture of 

24 (3 g), thiourea (3 g), and N,N-dimethylformamide (20 mL) was stirred and heated at 
95-100” for 7 h, when t.1.c. (ether) revealed the absence of 24 and the presence of 
product(s) which were non-mobile. Sodium azide (2 g) was added to the mixture and 
heating was continued for 12 h. The mixture was then poured into water, and the 
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Mass spectrum: m/z 567 [O.l%, (M+ - OMe)], 3 19 (0.4, GlcpAc,SAcOMe+), 263 

(0.1, GalpAcSAc ‘). ‘H-N.m.r. data (250 MHz, CDCI,): 6 4.37 (d, 1 H, J,,, 8.1 Hz, H-l), 

4.91(dd,1H,J~,39.8Hz,H-2),5.16(t,1H,J,,~9.4Hz,H-3),3.82(t,1H,J,,,9.3Hz,H-4), 

2.6-3.7 (m, 7 H, H_3’,5,5’,6a,6’a,6b,6’b), 4.46 (d, 1 H, J,s,T 7.8 Hz, H-l’), 4.84 (dd, 1 H, 

J2s.3. 9.9 Hz, H-2’), 4.06 (d, 1 H, J4.,5. -3, J4.,5 N 1.5 Hz, H-4’), 3.48 (s, 3 H, OMe), 2.23, 

2.19 (s, 6 H, 2 SAC), 2.14 (s, 3 H, AC), 2.09 (2 s, 6 H, 2 AC), 1.54, 1.34 (2 s, 6 H, Me&). 

(6) From 28. A solution of 28 (1.2 g) in methanolic 0.12~ sodium methoxide (15 

mL) was heated under reflux for 5 h, then treated with Amberlite IR-120 (H’) resin, and 

filtered, and the solvent was evaporated. The syrupy residue was acetylated to give 7 (0.7 

g, 71%), m.p. 221-223” (from ethanol), [cz], -61”, identical to the compound described 

above. 

Methyl-#-0-(6-bromo-6-deoxy-3,4-0-isopropylidene-&~-galuctopyranosy1)-6-S- 

ethoxythiocarbonyl-dthio-fl-D-glucopyranoside (17). - A mixture of 11 (4 g), ethyl 

potassium xanthate (4 g), and acetone (40 mL) was heated under reflux for 1 h, when 

t.1.c. (chloroform-methanol, 12: 1) revealed one major and several minor products, and 

a little 11. The mixture was then filtered through Hyflo supercel and the solvent was 

evaporated. Column chromatography (light petroleum-ethyl acetate, 3:2, then 1:l) of 

the residue afforded an impure product which was again chromatographed, using a 

short column and the same solvents, to give 17 (0.95 g, 22%), [z]~ + 50” (Found: C, 39.9; 

H, 5.5. C,,H,,BrO,&calc.: C,40.5; H, 5.5%). 

Acetylation of 17 gave the syrupy 2,3.2’-triacetate 18 (&O%), [cx], +4.8” (Found: 

C, 43.1; H, 5.3. C2,H,,Br0,,S2 talc.: C, 43.5; H, 5.35%). Mass spectrum: 365 (O.l%, 

GlcpAc,SCSOEtOMe’), 309,307 (10.9, 1:l ratio. GalpAcBr’). ‘H-N.m.r. data 

(CDCI,): 84.36(d. 1 H, J,,, 7.9 Hz. H-l), 4.88 (dd, 1 H, J2,3 9.5 Hz, H-2), 5.20 (t, 1 H, J3,4 

9.5Hz,H-3), 3.72(m,2H,H-4,5),3.81 (dd, 1 H, J5,& -2, J6a,6b -13.7Hz,H-6a), 3.30(m, 

1 H,H-6b),4.49(d, 1 H,J,,,?‘7.5Hz,H-1’),4.90(dd, 1 H,JY.3’7.1 Hz, H-2’), 3.25(dd, 1 H, 

J3.,4. 5.6 Hz, H-3’), 4.32 (dd, 1 H, J4’.5, 1.9 Hz, H-4’), 3.92 (td, 1 H, JS.,h’a 7.5, J5.,6.b 7.0 Hz, 

H-5’), 3.60(dd, 1 H, Jh.a,h’b lO.OHz,H-6’a), 3.47(dd, 1 H,H-6’b), 3.49(s,3H,OMe),2.10, 

2.06, 2.04 (3 s, 9 H, 3 AC), 1.55, 1.34 (2 s, 6 H, CMe,), 1.43 and 4.67 (t and q, 5 H, Et). 

Selective displacement reactions of methyl 2,3-di-0-acetyl-6-bromo-6-deoxy-4-0- 

(2,3,4-tri-O-acetyl-6-bromo-6-deoxy-~-~-galactopyrunosyl)-~-~-glucopyranoside (24). 

- (a) A solution of 24 (1.4 g) and potassium thioacetate (0.23 g) in acetone was heated 

under reflux for 45 min, after which t.1.c. (ether-light petroleum, 9: 1) revealed some 24 

and a little of the 6,6’-di(thioacetate). The solvent was evaporated and column chroma- 

tography [ether-light petroleum, 1: 1) of the residue gave 24 (0.15 g, 1 l%), followed by 

methyl 2,3-di-0-acetyl-6-S-acetyl-6-thio-4-0-(2,3,4-tri-O-acetyl-6-bromo-6-deoxy-~- 

D-galaCtOpyraUOSyl)-~-D-glUCOpyranOSide (38;0.76g,55%),m.p. 127-128”(frometha- 

nol),[~]~+2.1”(Found:C,44.05;H,4.95.C,,H,,BrO,,Scalc.:C,43.65;H,5.1%).Mass 

spectrum: m/z 585, 583 [O.l%, ratio l:l, (M+-AcOH-AC)], 353, 351 (9.2, 1:l ratio, 

GalpAc,Br+), 319 (1.8, GlcpAc,SAcOMe+). ‘H-N.m.r. data (250 MHz, CDCl,): 6 4.36 

(d,1H;J,,,7.7Hz,H-1),4.88(dd,1H,JZ,,9.5Hz,H-2),5.18(t,1H,J,,,9.1Hz,H-3); 

3.68 (t, 1 H, J4,5 8.8 Hz, H-4), 3.55 (m, 2 H, H-5,6a), 2.99(dd, 1 H, J,,,, 8.0, J6a,6h 13.5 Hz, 

H-6b), 4.57 (d, 1 H, J,.,,. 7.3 Hz, H-l’), 5.13 (dd, 1 H, J2.,3’ 10.6 Hz, H-2’), 5.02 (dd, 1 H, 
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Attemptedformation of methyl 6,6’-epithio+lactoside. -A solution of 17 (0.7 g) 

in methanolic 0.1 M sodium methoxide (15 mL) was stored overnight at room tempera- 

ture, then neutralised with Amberlite IR-120 (H+) resin. and the solvent was evaporat- 

ed. Column chromatography (ethyl acetate-light petroleum, 6: 1) gave bis[methyl4-O- 

(6-bromo-6-deoxy-3,4-O-isopropylidene-B-D-galactopyranosyl)-Bnosid- 

6-yl] disulphide (35; 0.3 g, 51%) m.p. 128P130” (from ethanol), [a], + 127” (Found: C, 

39.85; H, 5.35. C,,Hs2Brz0,,Sz talc.: C, 40.5; H, 5.5%). 

Acetylation of 35 provided the 2,2.3,3,2’,2’-hexa-acetate 36 (66%) m.p. 108- 

1 lo”, [a],, 1-25’ (Found C, 43.15; H, 5.15. C44H64Brz024S? talc.: C, 44.0; H, 5.35%). 

Mass spectrum: m/z 309,307 (11.8%, I : 1 ratio, GalpAcBr+). ‘H-N.m.r. data (CDCI,): 6 

4.39 (d, 1 H, J,,? 8.0 Hz, H-l), 4.89 (dd, 1 H. J,,l 9.6 Hz, H-2), 5.21 (t, 1 H, J3,4 8.9 Hz, 

H-3), 3.73(m, 2H, H-4,5), 3.29(dd, 1 H,J,,,,~.O,J,,,,,~.~HZ, H-6a),2.99(dd, 1 H,J,,,h, 

13.9Hz,H-6b),4.49(d,1H,J,.,2.7.5H~,H-l’),4.88(dd,lH,J2.,3~6.7H~,H-2’),4.18(dd, 

1 H, Ji,,4, 5.6 Hz, H-3’), 4.32 (dd, 1 H, Je,5. 2.0 Hz, H-4’), 3.95 (td, 1 H, J5,,6.a = Js.,,+ = 4.8 

Hz, H-5’), 3.60 (dd, 1 H, J6.a,6.b 10.3 Hz, H-6/a), 3.51 (dd, 1 H, H-6’b), 3.50 (s, 3 H, OMe), 

2.12, 2.06, 2.05 (3 s, 9 H, 3 AC), 1.98, 1.34 (2 s, 6 H, CMe2). 

Methyl 2,3,2’,3’,4’-pentu-O-acet.~l-6,6’-dithio-6,6’-S,S-thiocarbon~l-~-luctoside 

(37). - A solution of 24 (1 g) and potassium trithiocarbonate (0.85 g) in N,N- 

dimethylformamide (10 mL) was heated at 95-100” for 1 h, when t.1.c. (ether-light 

petroleum, 9:l) indicated that the reaction was complete. The reaction mixture was 

poured into water and the product was extracted with chloroform. Column chromato- 

graphy of the impure product (ether-light petroleum, 2:l) gave 37 (0.3 g, 35O/,) as 

needles from ethanol; m.p. 182-183”, [a], -2.2” (Found: C, 45.3; H, 5.3. Cz4H3~0,& 

talc.: C, 45.0; H, 5.0%). Mass spectrum: m/z 609 [O.l%, (M+-OMe)], 549 [O.l, 

(M’ -OMe-HOAc)]. ‘H-N.m.r. data (CDCI,): 6 4.42 (d, 1 H, J,~> 0.0 Hz, H-l), 4.88 

(dd,l H,J~,~0.0Hz,H-2),5.21(t,1H,J7,40.0Hz,H-3),3.90(t, lH,J,,,O.OHz,H-4),3.55 

(ddd, 1 H, J5,&. 0.0, J5,6h 0.0 Hz, H-5), 3.03 (1 H), 2.70 (2 H), 2.50 (1 H), (3 m, 

H_6a,6’a,6b,6’b), 4.58 (d, I H, J,,,?, 0.0 Hz, H-l’), 5.10 (dd, I H, J2.,3. 0.0 Hz, H-2’), 5.00 

(dd, 1 H, J,.,,.O.OHz. H-3’),5.50(dd, 1 H, J<,,,O.OHz, H-4’).3.66(& 1 H, Js..6.a0.0. J5.,6.b0.0 

Hz, H-5’), 3.51 (s, 3 H, OMe), 2.17, 2.06, 1.98 (3 s, 9 H, 3 AC), 2.05 (s, 6 H, 2 AC). 

Methyl 2,3,2’,3’,4’-pentu-O-acetyl-6,6’-d~deo.~y-~-lactoside (42). - Raney nickel 

( -4 g) was added to a solution of 27 (0.2 g), and the mixture was heated under reflux for 

30 min, when t.1.c. (ether) indicated that the reaction was complete. The mixture was 

filtered through Hyflo-supercel and the solvent was evaporated to give 42 (0.12 g, 73%) 

m.p. 170-171” (from ethanol), [x], -25’ (Found: C. 51.85; H, 6.1. CzIH,,O,, talc.: C, 

51.7; H, 6.35%). 

Mass spectrum: m/z 503 [0.2%, (M’ -OMe)], 443 [O.l, (M’-OMe-HOAc)], 

273 (15.1, deoxyGalpAc, +), 245 (3.6, deoxyGlcpAc,OMe+). ‘H-N.m.r. data (CDCI,): 6 

4.36 (d, 1 H, J,,, 8.0 Hz, H-l), 4.87 (dd, I H, J,,, 9.7 Hz, H-2), 5.10 (t, 1 H, Jj,4 9.5 Hz, 

H-3),3.37-3.52(m,2H,H-4,5),1.34(d,1H,J,,,6.5Hz,H-6),4.51(d,lH,J,~,,.7.6Hz, 

H-l’), 5.10 (dd, 1 H, J,,3, 10.3 Hz, H-2’) 4.97 (dd, 1 H, J3,,, 3.4 Hz, H-3’), 5.19 (dd, 1 H, 

JJ’,5 1.0 Hz, H-4’) 3.75 (dt, 1 H, J5,,h 6.3 Hz, H-5’), 1.19 (d, 1 H, H-6’a), 3.48 (s, 3 H, 

OMe), 2.17, 2.05, 2.04, 2.03, 1.97 (5 s, 15 H, 5 AC). 
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4-0-(2,3,4-tri-O-acetyl-6-azido-6-deoxy-~-~-galactopyranosyl)-~-o-glucopyranoside 

(45; 0.6 g, 34%), m.p. 1277129” (from ethanol), [a], 1-2.3” (Found: C, 44.7; H, 5.2; N, 

13.3.C2,H,,N,0,,calc.:C,44.8;H,5.2;N, 13.6%).Massspectrum:m/z617[0.1%,(M+ 

+ l)], 616 (0.2, Mt), 314 (59.0, GalpAc,N,+), 286 (12.2, GlcpAc,N,+). ‘H-N.m.r. data 

(CDCl,):64.44(d,lH,J,,,7.9Hz,H-1),4.91 (dd, 1 H,Jz,,9.5Hz,H-2),5.21 (t,lH,J,,, 

9.3Hz,H-3),3.85(t,lH,J,,,9.4Hz,H-4),3.61(ddd,lH,J,,~,2.0,J,,,,4.9Hz,H-S),3.56 

(dd, 1 H, J6a,6b 13.5 Hz, H-6a), 3.38 (dd, 1 H, H-6b), 4.54 (d, 1 H, J,.,,. 7.5 Hz, H-l’), 5.09 

(dd, 1 H, J,,,, 10.4 Hz, H-2’), 4.98 (dd, 1 H, J3..# 3.1 Hz, H-3’), 5.36 (dd, 1 H, J4.,5. 0.9 Hz, 

H-4’), 3.74 (t, 1 H, J5.,6.a= Js,6.b= 6.7 Hz, H-5’), 3.48 (dd, 1 H, J6.a,6.b 13.3 Hz, H-6’a), 3.27 

(dd, 1 H, H-6’b), 3.50 (s, 3 H, OMe), 2.17,2.05, 1.97 (3 s, 9 H, 3 AC), 2.06 (s, 6 H, 2 AC). 
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