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We have described the preparation’ of 2-bromoethyl glycosides and now re- 

port on their use for the synthesis of spacer-arm glycosides. A preliminary account 

of this work has been published’. 

Spacer-arm glycosides have been variously prepared’ and used for coupling 

to proteins and other carriers. In this way, semi-artificial glycoconjugates have 

been prepared for the production of carbohydrate-specific antibodies’ and for the 

purification of antibodies and lectins on synthetic affimty-chromatography mat- 

rixes’. Furthermore, artificial glycolipids have been prepared for incorporation 

into liposome?. In all these instances, there is a need for sterrospecitic methods 

that permit the preparation of pure CY- or P-glycosides. IJsually. the spacer-arm has 

been connected to the carbohydrate moiety at an early stage of the synthetic route. 

This approach has drawbacks in that the spacer-arm cannot be baried after the 

completion of the synthesis and, with long spacer-arms, the difference in 

chromatographic mobility between a- and P-glycosides is often too small to permit 

an easy separation. These problems can be avoided by a two-step procedure using 

easily purified (often crystalline) 2-bromoethvl giycosides to alkylate appropriate 

thiols. 

2-Bromoethyl 2,3,4,6-tetra-O-acetyl-P-D-galactopyranoside’ ~ l-bromoethyl 

7,.3.6-tri-O-acetyl-4-0-(2.3.3.6-tetra-O-acetyl-~- and -P-D-gaiaCtopytanOSyI)-P-D- 

galactopyranoside’ , and 3-bromoethyl3,6-di-O-acetyl-2-deoxy-2-phtha~imido-4-0- 

(2.3,4.6-tetra-O-acetyl-~-D-galactopyranosyl)-~-D-gl~lc~~pyran~~sid~’ were vari- 

ously reacted with methyl 3-mercaptopropionate. p-aminothiophenol. octanethiol, 

octadecanethiol, and hexane-1 ,h-dithinl. The methods and product yields are 

shown in Table I. 

The desirable alkylation reaction should be clean and high-yielding. since it 

constitutes a late stage in the synthesis sequence. It should also be posslblc to per- 

l-l.” -- 
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TABLE I 

PRODUCTS OF REACTION OFTHIOLS AND HYDROGEN WITH 2-BROMOETHYL GLYCOSIDES 

ProducP Methodb Yield (‘76)’ 

1 P-D-Galp-O/r/S/YCOZMe A 13 
2 a-D-Galp-(l-+4)-~-D-Galp-O-NS/VC02Me B 80 
3 P-D-Galp-(1+4)-P-D-Glcp-NPhth-O-NSNCOZMe C 81 

4 /3-D-Galp-0-lvS- 0 -NH~ A,E 71,58 
5 P-D-Galp-(l-+4)-P-D-Galp-O-A/S-o -NH2 D 99 
6a a-D-Galp-(l-+4)-/3-D-Galp-O-NS- a-NH2 A 88 
6b D 97 
7 P-D-Galp-O-WS-/ A 70 
8 a-D-Galp-(l-+4)-p-D-Galp-0-/vS-iv%+ B 71 
9 a-D-Galp-( 1+4)-P-D-Galp-O-&S- &WV&-VW c 69 

10 P-D-Galp-O-NS-6 -NO2 D 62 
11 (P-D-Galp-0-N?&(CH&, A 21 
12 [cr-D-Galp-( l-+4)-p-D-Galp-O-NS]2(CH,), A 21 
13 P-D-Galp-0-CH2-CH3 F 68 
14 a-D-Galp-( 1+4)-P-D-Galp-0-CH,-CH3 F 98 
15 fi-D-Galp-( 1+4)-/3-D-Glcp-NPhth-0-CH,-CH3 F 48 

‘Compounds 14, 6a, and 7-15 were isolated m the acetylated form. bA, benzene-water, 

(CsH17)3N+MeBr-, NaOH: B, benzene-water, (CsH,,)jN+MeBr-, Cs,CO3; C, NJ-dimethylfor- 
mamide, CspC03; D, NJ-Dimethylformamide, NaH; E, 10 with methanol, Hz, Pd/C; F, methanol- 
water, NaOH. Hz. PdIC, followed by acetic anhydride-pyridine. %olated compounds. 

form the reaction with protected (e.g., acetylated) sugars, since this would add flex- 

ibility in the choice of chromatographic methods for final purification. 

Two kinds of alkylation reaction fulfil the above criteria, namely, anhydrous 

reaction-conditions with pre-formation of the thiolate ion, and aqueous, phase- 

transfer conditions of catalysis with simultaneous formation of the thiolate ion. The 

former resulted in some deacetylation, so that reacetylation was necessary. How- 

ever, where unwanted acetylation can take place (e.g., the aniline spacer-arm 

glycosides 4-6), only deacetylation before purification was practical. 

Protecting groups were removed from l-4,9, 12, 14, and 15 under standard 

conditions which gave X3-20 and 22-26, respectively, in good yield. Deprotection 

of 3 was complicated by a partial attack of hydrazine (used for dephthaloylation) 

on the methyl ester group. N-Acetylation of the sugar amino group resulted in 

simultaneous acetylation of the hydrazide function, which gave 21. 

It is evident from the literature3 that almost all of the examples of covalent 

attachment of a glycoside to a carrier molecule involves terminal amino and car- 

boxy1 groups and the formation of amide bonds. Hence, p-aminothiophenol and 

methyl 3-mercaptopropionate were selected for the preparation of the complete 

spacer-arm glycosides (16 in Table I). The aniline derivatives can also be prepared 

by catalytic hydrogenation of the corresponding nitro compound (e.g., l&4). 

Methyl and ethyl glycosides have been used as agglutination inhibitors for 

specificity studies of carbohydrates towards antibodies’ and lectins’. Hydro- 
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genolysis of the bromine atom in the I!-bromoethql glycosides gave the correspond- 

ing ethyl glycosides in good yield (1315 in Table I). The basic reaction-conditions 

used leave benzyl protecting-groups intact. whereas the use of :lcidic conditions 

permits the removal of such protecting groups wlthnut affecting the I!-hromocthyl 

aglycon’.“. 

The use of 24, 25, and 26 a4 agglutination inhibitors. 5, 19, and 20 for cou- 

pling to proteins and particles. and 23 for coating elf cell membranes will be rt‘- 

ported elsewhere. 

Melting points are uncorrected. Optical rotations were measured with a Per- 

kin-Elmer 241 polarimeter. N.m.r. spectra were recorded with a Harlan XL-200 

spectrometer, with Me,Si or codium I%( trimethylsilyl)propionatc-d, (TSP) as intcr- 

nal reference. N.m.r. assignments were based on double-resonance and INEPT ex- 

periments. Solvents were removed with ;I rotary evaporator and then at 4!. I Torr. 

2- (2 - ,Illrtho.r\~c~urh~~rl~leth~ltlzioIeth~I ~,S,~,rS-f~~t~~l-o-N~~‘t~l-~~-l1~-~~:(ll~lCfO~~~- 

runosi& (I). - A mixture of 2-hromoethyl ~.3.-1.6-tetra-f.~-acet~l-~-~-~alac- 

topyranoside’ ( I .76 g. 3.00 mmolj. methyl 3-rnercaptopropion~~t~“’ ( I .O ml,. 9.1 

mmol). methyltrioctylammonlum chloride (-- IO mg). xod~um hydroxide (0.36 g. 

9.0 mmol), benzene (5 ml..). and water (5 ml ,1 was stlncd vigorousi) :lt room tem- 

perature. The reaction. which V.QS 5(J ‘-i complete after ---tO min (c.li.c SiO,: ethyl 

acetate-iso-octane . 2: 1). wa\ continued overnight: no deacetvlation occurred. The 

aqueous phase was extracted with benzene, and the combined benzene solutions 

were washed once with water. dried (NalSO.,). and concrntratcd. (_‘hrematop- 

raphp (SiO,: ethyl acetate-~iso-octane, 1: 1) gave 1 ( I .11 g. 7.3”; j. and recrystallisa- 

tion from ethanol gave material having m.p. XI--X?. [LY]~: - i0.F” (i- I, chloro- 

form). ‘H-N.m.r. data (CDC’lI, Me$i): S 5.42 (d, 1 13. J,,, 3.5 Hz. H-4). 5,24 (dd. 

1 H, II,- 7.8, J7,3 10.5 Hz. H-3). 5.05 (dd. 1 H. H-3). 4.5-l (d. 1 H. H-l ), 3.3G.1.65 

(m. 5 H, H-5.6.6’ and O-C-rZIJ-CH,), 3.7.3 (4. 3 H. Me). 2.8X--1.54 (m. h H, CH?-S- 

C’tI!. <‘H1-(‘0). 7.1:. 1.114. 7.06. and 7.00 i-is, each .i H. 1 A~:(:~). 

Anul. C’alc. for C~IIH_IoOilS: (~‘. 4S.58; F-1. 6. Il. Found: C’. IS.S.;: H, 6.22. 

~-(~-~2~rthox~c(~rhonvlet/lvlthio~eth~l _‘,.3.6-tri-O-rrc-era’l-l-C)-~-7,.1.I,(i-tetrrr-O- _ 
acetvf-cr-D-galrrcmp!lrano.s?~l~-P-u-galactopyranoside (2). --- A mixture ot 7-bromo- 

cthvl ~..3,6-tri-O-acctyl-il-C~-(‘.3,3.6-tetra-O-acetyi-tr-l~-gala~t~~pyr~~n~~syl)-~-r~-ga- 

lactopyranoside’ (151 mg. O._UX mmol). methyl 3-mercaptopropionat~” (3X pL, 

0.35 mmol), methyltrioctyiammonium chloride (-,I0 mg). ct’slum carbonate (1 13 

mg. 0.35 mmol). benzene (0 5 mL). and water (0.S ml<) was stirred overnight. 

T.1.c. (SiO,; ethyl acetates-lxo-nctane. 4: I) then revealed reaction to he 60-70% 

complete. More methyl 3-mercaptopropionate (-70 ,uL) was added and the mix- 

ture was stirred for 34 h; reaction was then complete (t.1.c.). The aqueous phase 

was extracted twice with dichloromethane, and the combined organic phases were 

dried (NaZSOI) and concentrated. The resulting syrup was suhlectcd to chromatog- _ _ 
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raphy (SiOZ; ethyl acetate-iso-octane, 2: l), to give 2 as a syrup (211 mg, 80%), 

[a]:: +70” (c 0.6, chloroform). ‘H-N.m.r. data (CDCls, Me&G): S 5.57 (d, 1 H, 

J3’,4, 3.0 Hz, H-4’) 5.39 (dd, 1 H, J1,.X, 11.0 Hz, H-2’), 5.19 (dd, 1 H, H-3’). 5.17 

(dd, 1 H, J2,3 11 Hz, H-2). 5.00 (d, 1 H, J,,,2, 4.0 Hz. H-l’), 4.80 (dd, 1 H, J3,4 3.0 

Hz, H-3). 4.51 (d, 1 H, J1,2 8.0 Hz, H-l), 3.70 (s, 3 H, MeO), 2.82, 2.75, 2.63 (3 

t, each 2 H. J 7 Hz, CH2-S-CH2, CH,-CO), 2.13, 2.11, 2.08, 2.08,2.06, 2.04, and 

1.98 (7 s, each 3 H, 7 AcO). 

2-(2-Methoxycarbonylethylthio)ethyl 3,6-di-0-acetyl-2-deoxy-2-phthalimido- 
4-0-(2,3,4,6-tetra-O-acetyl-P-D-galactopyranosyl)-P-D-glucopyranoside (3). - A 

suspension of 2-bromoethyl 3,6-di-O-acetyl-2-deoxy-2-phthalimido-4-0-(2,3.4,6- 

tetra-O-acetyl-P-D-galactopyranosyl)-P-D-glucopyranoside’ (2.5 g, 3.01 mmol), 

methyl 3-mercaptopropionate”‘(l.96 g, 16.3 mmol), and cesium carbonate (1.96 g, 

6.02 mmol) in dry NJ-dimethylformamide (20 mL) was stirred at room tempera- 

ture for 2 h, and then partitioned between ether and water. The aqueous phase was 

extracted with ether, and the combined ether solutions were dried (Na$O,), 

filtered, and concentrated. The residue was subjected to chromatography (SiO,; 

toluene-ethyl acetate, l:l), to give 3 (2.13 g, 81%) as an amorphous solid, [a];’ 

+13” (c 1.1, chloroform). ‘H-N.m.r. data (CDC13, Me,Si): S 7.78 (m, 4 H, aroma- 

tic), 5.75 (dd, 1 H, J 7.8 and 10.6 Hz, H-3), 5.40 (d, 1 H, J,,z 8.4 Hz, H-l), 5.34 

(d, 1 H, J.Y.J, 3.2 Hz, H-4’), 5.13 (dd, 1 H, J,,,2’ 7.7, J2,,3, 10.4 Hz, H-2’), 4.97 (dd, 

1 H, H-3’), 4.55 (d, 1 H, J1,,2, 7.7 Hz, H-l’). 3.62 (s, 3 H, MeO), 2.60 (m. 4 H, 

CH2-S-CHJ, 2.44 ( m, 2 H, CH,CO), 2.16, 2.14, 2.07, 2.04, 1.97, and 1.91 (6 s, 

each 3 H, 6 AcO). 

2-(p-Aminophenylthio)ethyl 2,3,4,6-tetra-0-acetyl-P-D-galactopyranoside 
(4). - (a) A mixture of 2-bromoethyl 2,3,4,6-tetra-O-acetyl_P-D-galac- 

topyranoside’ (2.05 g, 4.50 mmol), p-aminothiophenol (1.2 g, 9.6 mmol), methyl- 

trioctylammonium chloride (20 mg), sodium hydroxide (0.3 g, 7.5 mmol), benzene 

(5 mL), and water (5 mL) was stirred vigorously for 9 h and then worked-up as de- 

scribed above. Chromatography (Si02; ethyl acetate-iso-octane, 2:l) gave 4 (1.6 

g. 71%) as an amorphous solid. [a]: +8” (c 1, chloroform). ‘H-N.m.r. data 

(CDQ, Me,Si): 6 7.25, 6.63 (ABq, 4 H, JAB 8.6 Hz, aromatic), 5.39 (d, 1 H, J3,4 
3.5 Hz, H-4), 5.22 (dd, 1 H, J,,2 7.9, J2,3 10.4 Hz, H-2), 5.01 (dd, 1 H, H-3), 4.45 

(d, 1 H, H-l), 2.92 (t, 1 H, J 6.8 Hz, S-CH2), 2.15, 2.08, 2.05, and 2.00 (4 s, each 

3 H, 4 AcO). 

(b) 2-(p-Nitrophenylthio)ethyl 2,3,4.6-tetra-O-acetyl p-D-galactopyranoside 

(10; 90 mg, 0.18 mmol) was hydrogenated overnight (4 atm. H,. 10% Pd/C, 90 mg) 

in methanol (75 mL), to give 4 (58%, after chromatography). 

2 - (p - Aminophenylthio)ethyl 4 - 0 - p- D - galactopyranosyl- /? - D - galactopy- 
ranoside (5). - To a solution of p-aminothiophenol (205 mg, 1.64 mmol) in N,N- 
dimethylformamide (4 mL) was added sodium hydride (70 mg, 2.9 mmol). and the 

mixture was stirred under nitrogen for 20 min at room temperature. A solution of 

2-bromoethyl 2.3.6-tri-O-acetyl-4-0-(2.3.4.6-tetra-O-acetyl-~-D-ga~actopyrano- 

syl)-P-D-galactopyranoside’ (640 mg. 0.86 mmol) in N,N-dimethylformamide (7 
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mL) was then added, and the mixture was stured under nitrogen for 2 h and poured 

into cold water (40 mL). The aqueous solution was extracted with ether (4 x 70 

mL), and the combined ether solution\ were washed wtth water (10 ml.). dried 

{NaZSO,). and concentr&ctl. The rcyldue contarned part11 dcacetylated com- 

pounds. Concentration ,>,I the aqueous solution ga\c more partly deacetylatcd ma- 

terial. I’hc combined residues were dracetylated (methanolic ~diuni mcthosidc) 

and the product was filtered through a column (SiO,: cthyi ~lcetate--methanol, 2:3), 

to give 5 (115 mg, 49!; j. Recryatallisation trom methanol gave material ha\ing 

m.p. lO&100’. [cy];)’ -. 1“ (c I. I. water). ‘H-N.m.r. data i(CI1,ilSO plub D,O. 50”. 

TSP]: 6 7. I?, 6.58 (I! cl. each2 ~I..i,Y,5r_lz,aromati~).1,1S(ci. 1 ll,.IT !)Il?, H-l’), 

1.3X(d. 1 H..I~.~Hz,~~-I).~~~~.~O(~.~H.J~O~~~,CI--I~-S). 

2 - (p - Aminopher~~~lthic~~eth~/ 2,.?.6 - tr; - 0 - dcpIJ~1 - -I - 0 t,‘..J.4,6 - tetm - 0 - 

acrt)‘~-cy-D-gafactop~rano.~~~~-~-D-gafa~top~rano.sidr (&I). -- 7-13romnethyl 2,3,h- 

tri-O-acetyl-l-0-(3,3,~.h-tetra-O-acetyl-tu-r~-galactc~p~ranos~l)-~-D-galactopyra- 

nosidc’ (3.72 g. 5 mmol) was treated as in (u) above. The crude product was sub- 

jected to chromatography (SiO,; ethyl acetate-iso-octane. 3: 11, to gi\,c 6a (3.46 g. 

88%). [a]:; -t75” (r0.55. chloroform). ‘H-N.m.r. data (CDCli. Me,Sl): 8 7.16 (cf. 

3 H. J X.5 Hz, aromatic), h.63 (d . 2 Ii. ./ X.5 Hz, aromatic). 5.57 (hd. 1 H. J 3 Hz. 

H-3’). 5.38 (dd. 1 H. J 11 and 3 Hz, H-3’). 5.20 (dd. I H. J : I and 3.5 Hz. M-2’). 

5.17 (dd. 1 H, J 10.5 and 7.7 Hz. H-2). 5.00 (d. 1 FI, .I 3.3 Hz, H-l ‘1. 3.80 (dd, t 

H, .I 10.5 and 3 Hz. H-3), 3.15 (d. 1 H. J 7.7 Hz, H-l). 4 6&4..%-4 (m. 3 H), 4.2~- 

3.53 (m, 9 H), 7.95 (t, 3 H. J 7.5 Hz. CH,S). 2.17. 11.10, 2 08, 7 Oh. 2.06, 2.01. and 

1.99(7s,each3H,7AcO). 

,’ - (p - Aminupherz~lthio)ethvl 4 - 0 - a - D - galactop_wanos~l- /3-r) - galactop!- 
ranoside (6b). - (N) ?-Uromoethyl 2.3,6-tri-O-acetyl-4-0-(2,.3.4.6-tctra-0-acetyl- 

Lu-D-galactopyranosyl)~,!3-D-gaiactopyranoside’ (170 mg. 0.73 mmol) was treated as 

described above for 5. The crude. deacetylated product was filtered through a col- 

umn (SO,; ethyl acetate-methanol, 2:3). to give 6b ( 1 IO mg, 075 1 ah an amorph- 

ous solid. 

(h) A solution of 6a (3.2 g) in methanol (37 mL) and methanolic sodium 

methoxide (2 mL, 0.1~) was stored for 6 h. A trace of 6b was added and the mix- 

ture was left overnight. The precipitate 6b (1 .S g. 75’) ) was collected and had m.p. 

10~~103”. [cy];Z +68” (I’ 1.7, water). ‘I-I-N.m.r. data [(C‘DJ)ZSO plus lJ,O, 50”. 

TSP]: 6 7.13, 6.56 (2 J, each 2 H. JX.4 Hz. aromatic). 4.83 (d. 1 IH. .I 3.3 Hz, H-l’). 

3.13(d. 1 H.J7.hHz.H-l).and2.89(t.7H,J7.5Hz.CH,-S). 

Anal. Calc. for C7J-II,N0, ,S: C, 48.67; H, 6.33. Found: <‘, 1X.31: H. 6.62. 

2-f Oct_vlthio)eth_yl 7,3,3,h-tt)tra-O-uret~l-~-D-,~~~~a~t~)~~~~a~~o.si~t~ (7). --- A 
mixture of 3-bromoethyl 7.1,~,6-tetra-O-acrtyl-p-n-galact~~pyran~~side’ (7.0 g, 4.1 

mmol), octanethiol (0.7 g, 4.X mmol). methyltlioctylammonium chloride (20 mg), 

sodium hydroxide (0.3 g, 7.5 mmol). benzene (4, mL), and water (8 ml.) was stirred 

vigorously for 3 h and then worked-up as described for 1. Chromatography (SiO,; 

ethyl acetate-iso-octane . 7: 1) of the product gave 7 ( L.6 g. 7Ocri~) as a colourleas oil. 

[a]$ -9” (c 1.2. chloroform). ‘H-N.m.r. data (CDCI1, M&G): 8 5.40 (dd. 1 H. Jj,5 



NOTE 297 

1.0 Hz, H-4), 5.23 (dd, 1 H, J2,3 10.5 Hz, H-2), 5.03 (dd, 1 H, JX/r 3.5 Hz, H-3), 

4.52 (d, 1 H, Jr ,2 8.0 Hz, H-l), 2.71, 2.53 (2 t, each 2 H, J 7.0 Hz, CH?-S-CH2), 

2.16,2.08,2.06, 1.99 (4 s, each 3 H, 4 AcO), and 0.88 (t, 3 H, J 7.0 Hz, CHs-CH2). 

2-(Octylthio)ethyl 2,3,6-tri-O-acetyl-4-0-(2,3,4,6-tetra-O-acetyl-cY-D-galac- 
topyranosyl)+?-D-galactopyranoside (8). - A mixture of 2-bromoethyl 

2,3,6-tri-O-acetyl-4-0-(2,3,4,6-tetra-O-acetyl-~-D-galactopyranosyl)-~-D-ga~acto- 

pyranoside’ (484 mg, 0.65 mmol), octanethiol (110 mg, 0.75 mmol, 130 pL), 

methyltrioctylammonium chloride (-10 mg), cesium carbonate (245 mg, 0.75 

mmol), benzene (1 mL), and water (1 mL) was treated as described for 7. 

Chromatography of the product gave 8 (250 mg, 71% based on reacted starting- 

material). [LY]$~ +65” (c 1.4, chloroform). ‘H-N.m.r. data (CDCI,, Me,Si): S 5.57 

(dd, 1 H, Jc,s 1 Hz, H-4’), 5.39 (dd, 1 H, J1,,j, 11, J3,/,, 3.5 Hz, H-3’) 5.20 (dd, 

1 H, J,,,z 3.5Hz, H-2’), 5.19(dd, 1 H, Jz,j 11, JI,z7.5 Hz, H-2), 5.01 (d, 1 H, J,,,2, 
3.5 Hz, H-l’), 4.81 (dd, 1 H, J3,4 3 Hz, H-3), 4.51 (d, 1 H, J,,z 7.5 Hz, H-l), 2.73, 

2.53(t,each2H, J7Hz, CH,-S-CH,),2.13.2.11,2.08,2.08,2.07.2.04,and1.99 

(7 s, each 3 H, 7 AcO). 

2-(0ctadecylthio)ethyl 2,3,6-tri-O-acetyl-4-0-(2,3,4,6-tetra-O-acetyE-ru-D- 
galactopyranosyf)-P-D-galactopyranoside (9). - A mixture of 2-bromoethyl 

2,3,6-tri-0-acetyl-4-0-(2,3.4,6-tetra-O-acetyl-~-D-galactopyranosy~)-~-D-galac- 

topyranoside’ (743 mg, 1 mmol), octadecanethiol (315 mg. 1.1 mmol), cesium car- 

bonate (391 mg, 1.2 mmol), and dry N,N-dimethylformamide (8 mL) was stored at 

room temperature under nitrogen for 24 h, and then partitioned between water and 

ether. The ether phase was dried (Na,SO,) and concentrated, and the residue was 

subjected to chromatography (ethyl acetate-iso-octane, 1: 1) to give 9 (300 mg, 

69%), [ali +55” (c 0.5, chloroform). The main part of the spectrum (6 1.9-5.6) 

was practically identical with that of 8. 

2-(p-Nitrophenylthio)ethyl 2,3,4,6-tetra-O-acetyl-P-D-galactopyranoside (10). 

- p-Nitrothiophenol (50 mg, 0.32 mmol) was stirred with a suspension of sodium 

hydride (oil-free, 11 mg, 0.46 mmol) in N,N-dimethylformamide (3 mL) at room 

temperature. A solution of 2-bromoethyl 2,3,4,6-tetra-O-acetyl-P-D-galac- 

topyranoside’ (110 mg, 0.24 mmol) in N,N-dimethylformamide (3 mL) was added 

during 10 min, and the mixture was stirred for another 75 min and then poured into 

ice-water (20 mL) and ether (40 mL). The aqueous phase was extracted with ether 

(40 mL), and the combined organic phases were washed with cold water (20 mL), 

dried (Na,SO,), and concentrated. Chromatography (SiO,; ethyl acetate-iso-oc- 

tane, 1: 1) of the product gave 10 (80 mg, 62%) as a light-yellow oil, [a]$ -15” (c 

1.1, chloroform). ‘H-N.m.r. data (CDCI,, Me,Si): S 8.14,7.36 (ABq, 4 H, JAB 9.2 

Hz, aromatic), 5.40 (dd, 1 H, J4,s 1.0 Hz, H-4), 5.22 (dd, 1 H, J2,3 10.5 Hz, H-2), 

5.01 (dd, 1 H, J3,‘, 3.4 Hz, H-3), 4.52 (d, 1 H, J,,z 7.8 Hz, H-l), 3.25 (t, 2 H, J6.5 
Hz, S-CH2), 2.17,2.05,2.04, and 1.99 (4 s, each 3 H, 4 AcO). 

1,12-B&(2,3,4,6 - tetra - 0 -acetyl -/!I-D-galactopyranosyloxy) -3,10-dithiado- 
decane (11). - A mixture of 2-bromoethyl 2,3,4,6-tetra-O-acetyl-P-D-galac- 

topyranoside’ (915 mg, 2.0 mmol), hexane-1,6-dithiol(150 mg, 1.0 mmol, 153pL), 
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benzene (3 mL). and potassium hydroxide (112 mg. 7 mmol). water (3 mL). and 
methyltrioctylammonium chloride (--lo mg) has stirred under nitrogen for 24 h 
The aqueous phase was extracted with dichloromrthane. and the combmed organic 
phases were washed with water. dried (Na,S04). and concentrated. fhc rcsiduc 
was subjected to chromatography I SiO,: ethyl acetate-iso-octane. ! * I I. to gikc the 
starting 2-bromoethyl glycosidc f 120 mg). 11 (IW mg. 21 Pi 1. and _‘-(h-mercap 
tohexylthio)ethyl 9.3.S.h-tetra-O-acetvl-P_n-gala~I(~~~~n~~~ide ( 16: 30 mg. Y i 1 

Compound 11 was a syrup. Icr]f,’ - 1W (c I .-I. chlorufurm-(11 ‘iI-3.tn.r data 

(CDQ. Me,Si): 6 S.40 (d. .! H. H-4). 5.22 (rid. 2 H. J;., 1II.i lid. l-l-2). 5 (11 (dtl. 
2 H.& 3.5 Hz. H-3). 4.51 (d. 2 H. Jl_? tc.0 Hz. H-l). 2.70. 2.S? !I. ritch 4 H. J 7 II 
Hz. CH+CH,). 2.16.2.W,Z.O6. and I .95,(-l s. each 6 H. 4 .W 1). 

Compound 16 was a syrup. [(RI? --!I’ (c 1.3. chlorr,h~rml. ‘H-N.rn.r. data 
(CDCII. Me$i): ~55.41 (d. I H. H-l). 5.W(Jd. 1 H.J.._, Ill.5 H7. H-2). S.W(dd. 
I H. JJ., 3.5 Hz, H-3). 4.53 (d. 1 H. 1,: 8.0 HI. H-l). 2.7’ (t. 2 H. Ii 0 Hr. S- 
CH,). 7.fik2.30 (m. 1 H. (‘HI-S and Cl-II-W). ?. ‘Ih ?.rlX. :! lb :rnrl 1 .‘)Q (4 \. each 
3H.4AcOr. 

1.15 - Bi$2.3,6 - tri - 0 - rrW_vl- 4 - 0 - (?.3,4ti - wtra - ( I - m-~t~l -II - I) - gulrrcx )- 

p~rano.~~l)-P-I>-ltalnct~jp~runc,s~h).rv]-_?. i-t-~itlliapcntatlt.ane ( 12 ). - 2-Rromcr- 
ethyl ?.3.6-tri-&lCtZt) I-&()-( ~.3.~.h-tetril-~-acety)-f~-l,-palactopyS~))-~-~:- 

galactopyranoside’ ( 1386 mg . 2.0 mmol) and nonanc-I .I)-dlthrol were treated ah 
described for Il. Chromatography (SK&: ethyl acetate-Iso-octane 4: I I oi the 
product gave the starting 2-hrornoethyl glycosidr: (457 mg). 12 (3 12 mg. 21 f-f ). and 

2-(9-mercaptononylthio)ethyl ~.3.6-tri-O-acetvl~-~~-~~.r.l.h-terra-f J-acetyl-n-I)- 
gakK!topyranosyl)-p-D-gaktopyrdnohlde (17: 335 mg. ‘or; ). 

Compound 12 wdh a syrup. [u): +h2’ (c 11.9. chlon>form). ‘H-V.m.r. data 

(CD& Me,Si): S 5.56 (d. 2 H. Jiv,4. 34 HI. H 1’;. $._W tdd. .? H. .I, .,. 11.1) HI. 
H-2’). 5.20 Idd. 2 H. J?, 11.0 Hz. H-2). 5.18 (dd, 2 H. H-3’). S.lWl (11. 2 11. J,._:. 
4.0 Hz. H-l’). 4.81 (dd. 2 H. JJ,4 10.5 Hz. H-3). 4.50 (d. 2 H. .I,,, h.0 Hz. H-1). 
2.72. 2.S3 (2 t. each 4 H. J 7.1) Ha. CHI-S-C’H?). 2 12. .’ IO. 2 11;. >.(H. 2,lU. and 
1.98(6s.cach3H.6AcOI. 

Compound 17 was ii syrup. [a]:: +6V (c I .9. chloroform). ‘H-N.m.r. data 
(CDCl3. Me*Si): 8 S.SH (d. I H. J1*,$ 3.0 Hz. H-4’), 5 41 (dd. I H. JIV,Iu I l.rt H7. 

H-2’). 5.21 (dd. 1 H. H-3’). 5.19 (dd. 1 H.Jl_c II.0 HZ. H-2). 5.01 (J. I tl. J,-_ls 

4.t-l Hz. H-l’). 4.83 (dd. 1 H.Jl_4 3.0 Hz. H-3). 4.51 (d. I H. J,_, X.!I Hjr, H-l ). 2.74. 
2.55. 2.52 (3 t. each 2 H. J 7 Hz. CH2-SH, CH+rH.). 2.14. 2 I I. 2.Oti. Xi. 
2.04. and 1 .Q9 (6 s. each 3 H. 6 A&). 

Ethyf 2,3,4.6-retru-C)-ac~f~l-B-1,-~lulacr~~p~runo).s/f~~~ ( 13). -- - A solution of 2- 
bromoethyl 2.3.4.6-tetri~-0-act~tyl-~-D-galactopvr~idc’ (98 mp. 0.X mmol) in 
methanol (5 mL) and 0.3~ potassium hydrox1d-c (S mL) sas hjdrogcnated I Wi 

PdK. 47 mg) al atmospheric pressure for 3 h. The mixture (pH 6) vvw filtered and 
concentrated. to give il residue that was pure b> t I r (Sic 1,. c4~loroform- 
methanol-water. 65:35: IOj. The residue was convcntlonnlly ,tcct>l,rred (xetic 
anhydnde-pyndine 1: 1. h0”. I.5 11). CrvstitaXsation crt thr p11~1uc1 trorn ether- iuo- 
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octane gave 13 (55 mg, 68%), m.p. 92-93”, [o]h2 -31” (c 1.2, benzene); lit.” m.p. 

88”, [@ -29.8” (c 10, benzene). 

Ethyl 2,3,6-tri-O-acetyl-4-0-(2,3,4,6-tetra-0-acetyl-ff-D-galactopyranosyl~-~- 
D-galactopyranoside (14). - To a solution of 2-bromoethyl 2,3,6-tri-O-acetyl-4-0- 

(2,3,4,6-tetra-O-acetyl-cw-D-galactopyranosyl)-~-D-galactopyranoside’ (740 mg, 1 

mmol) in methanol (14 mL) was added methanolic 0.1~ sodium methoxide in 

methanol (2 mL), and the mixture was stirred at room temperature for 2 h. Sodium 

hydroxide (87 mg, 2.2 mmol) in water (2 mL) was added together with 10% Pd/C 

(120 mg), and the mixture was hydrogenated (15 h) at atmospheric pressure. Filtra- 

tion (Celite) and concentration (<O. 1 Torr) then gave a colourless, amorphous re- 

sidue that was conventionally acetylated with acetic anhydride-pyridine. Recrystal- 

lisation of the product (650 mg, 98%) gave 14 as needles, m.p. 13>135”, [a]k2 

+81” (c 0.9, chloroform). ‘H-N.m.r. data (CDCI,, Me,Si): 6 5.57 (d, 1 H, H-4’), 

5.39 (dd, 1 H, J3,,4, 3.2 Hz, H-3’), 5.20 (dd, 1 H, J1-,.3’ 11.0 Hz, H-2’), 5.18 (dd, 1 

H, .I*.3 10.8 Hz, H-2), 5.01 (d, 1 H, J1,,2, 3.5 Hz, H-l’), 4.82 (dd, 1 H, J3.4 2.6 Hz, 

H-3), 4.48 (d, 1 H, Ji.2 7.9 Hz, H-l), 4.06 (d, 1 H, H-4). 3.92, 3.59 (2 dq. each 1 

H,J9.7and7.1Hz,CH,-CH,-O),2.13,2.11,2.08.2.07.2.06,2.04,1.99(7s,each 

3 H, 7 AcO), and 1.22 (t, 3 H, J 7.1 Hz, CH,-CH,-0). 

Anal. Calc. for C&Ha50,s: C, 50.06; H, 6.07. Found: C, 50.43: H, 6.09. 

Ethyl 3,6-di-O-acetyl-2-deoxy-2-phthalimido-4-0-~2,3,4,6-tetra-O-acetyl-~- 
D-gafactopyranosyl)-P-D-glucopyranoside’2 (15). - To a solution of 2-bromoethyl 

3,6-di-O-acetyl-2-deoxy-2-phthalimido-4-0-(2,3,4.6-tetra-O-acetyl-P_~-galactopy- 

ranosyl)-P-D-glucopyranoside’ (138 mg, 0.17 mmol) in methanol (6 mL) was added 

sodium methoxide (10 mg) and, after 1 h, 0.1~ sodium hydroxide (10 mL). The 

mixture was hydrogenated (1.5 atm., 10% Pd/C), filtered (Celite), and concen- 

trated, and the residue was conventionally acetylated with acetic anhydride- 

pyridine. Chromatography (SiO,; tolueneethyl acetate, 3:2) of the product gave 

15 (60 mg, 48%), m.p. 239-240”, [(Y]:~ +12” (c 1, chloroform); lit.12 m.p. 239-240”, 

[a]? + 12” (c 0.2, chloroform). 

2-(2-Methoxycarbonylethylthio)ethyl P-D-galactopyranoside (18). - To a sol- 

ution of 1 (1 g, 2.32 mmol) in dry methanol (25 mL) was added methanolic sodium 

methoxide from sodium (0.05 g) in methanol (10 mL). After 4 h, the mixture was 

neutralised with Duolite (H+) resin, filtered, and concentrated, to give 18 (590 mg, 

78%), which was pure according to t.1.c. (SiO,; chloroform-methanol-water, 

65:35: 10) and had [(~]o -3” (c 1. water). ‘H-N.m.r. data (D20, external Me,Si): 

S 4.44 (d, 1 H. J1,2 7.62 Hz, H-l), 4.08 ( m, 1 H, OCH2-CH2). 3.72 (s. 3 H, OMe), 

3.52 (dd, 1 H, H-2), and 2.92-2.70 (m, 6 H, CH,-S-CH,, CHzCO). 

2-(2- Methoxycarbonylethylthio)ethyl 4-O-c~-D-galactopyranosyl-P_D-galac- 
topyranoside (19). -By essentially the above procedure, 2 (300 mg) was converted 

into 19 (140 mg, 75%), [(~]g +75” (c 1.4, water). ‘H-N.m.r. data (D20, TSP): 6 

4.97(d, lH,J3.5Hz,H-1’),4.50(d, 1 H,J7.6Hz.H-l),and3.74(~,3H,MeO). 

2-(2-Methoxycarbonylethylthio)ethyl 2-acetamido-2-deoxy-4-0-/3-D-galac- 
topyranosyl - /3 - D - glucopyranoside (20). -To a solution of 3 (2.01 g, 2.3 mmol) in 
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methanol (50 mL) was added sodium methoxlde (50 mg). The mixture was stirred 

overnight, neutralised with Duolite (Ht ) resin. filtered. and concentrated. The re- 

sidue was heated (reflux) with hydrazine hydrate (990 mg, 19.X mmnl. 0.95 mL) in 

ethanol (I00 mL) for 3.5 h. Evaporation of the solvent and co-concentration with 

I-butanol gave the free amino sugar as a yellow solid. a solution of which in ethanol 

(100 mL) and water (30 mL.) was stirred with acetic anhqdndr (20 ml_) at room 

temperature for 3 h. T.1.c. (ethvl acetate-methanol-hater. A:?: 1) then revealed 

two products. The solvent w;k removed and the residue was subjected to 

chromatography (SiO,; chloroform-methanol. 7: I ), to give 20 (482 mg. 39% ) and 

I!-[3-(I!-acetylhydrazino)carhonylethylthm]ethyl 2-acctamido-7-dco7cy-j-C)-P-u-ga- 

lactopyrano$P-D-glucopyranoside (21; I X0 mg, 14% ). 

Compound 20 had [aIf: -14” (c 11.8. water). ‘H-N.m.r. data (D,O. TSP): 6 

4.54 (bd. I H. .I 7.0 Hz. H-1). A.35 (d. I H, J 7.4 Hz. H-l’). 3.70 (s. .i H. Me(>). 

2.X5-7.65 (m, 6 H, CH?-S-CH? and CH,CO). and 3.03 (5, 3 H, AcN). 

Compound 21 had [n]$ -13” (c 0.5, water). ‘H-N.m.r. data (D,O, TSP): 6 

-1.60 (bd. I H. J 7.5 Hz. H-l), A.59 (d, I H. .I 7.6 Hz, H-l’). 2.9?_-.Z.K! (m, h H, 

CH+CH,. CH,CO). 9.0X. and 3.Oh (2 s. each i H. 2 AcN). 

~-fp-Aminophenylthzo)rr~z~l p-r>-~calactop~rarzoszde (22). -- Deacetylation of 

4 (1 g), essentially as described above, gave 22 (SlO mg. 77C;;.) as a glass, [a];: -2” 

(c I .X. water). ‘H-N.m.r. data [(CDJ)$C) plus D1O. W, TSP]: fi 7.14. 6.58 (2 d. 

each 7 H. / X.4 Hz. aromatic). 1.1 1 (m. virtual coupling. 1 H, H-l ). and 1.91 (t. 2 

H. J 7.3 Hz, CH2-S). 

2-(Octrzdec~lthio)eth)‘l 3-O-cu-~~-~akrctop~r~ztz~~.~~l-~-~~-~crlactopyrmnr~szde 

(23). - Deacetylation of 9 (280 mg). essentially as described above. gave 23 (183 

mg, 95%). in];; +33.5” (c 0.8, methano-chloroform. 1: 1 ). ’ FI-N.m.r. data 

(CD?OD-CDC& I :I, Me&): ci 5.01 (d. I H, J3.8 Hz, H-i’). 4.31 (d. I H. .I 7.2 

Hz, H-l), 3.78 (t. 2 H, J 7.2 Hz. c’HY-S). 2.57 (t . I! H, .I 7.3 Hz. CH,-S). and 0.89 

(tq3H.J6.5Hz,Me). 

I, lS- Ris(4-O-Lu-1~-gLllactopvranos~I_P- D-Rulactop)‘rlrrzr,.s~io.~~) -.;. I_?-dzthiu- 

pentadecane (24). - Deacetylation of 12 (300 mg). essentially as described abobe, 

gave 24 (135 mg. 7YG), [u]-;: +5V’(cO.X, methanol). ‘H-N.m.r. data (DIO. TSP): 

6 3.96 (d, 2 H, J 3.7 Hz. H-l’), 4.48 (d , 2 H.J7.hHz, fI-I). ‘.X1 (t.J H.Jh.5 fk. 

CH,-S-CH,). and 2.62 (t. 1 H, J7.3 Hz, CH,-S-CH?). 

Ethyl 4-O-a!-D-gaIuctop~rano.~/II-P-n-gulnctop~ranosirlr~ (25). - Deacetyla- 

tion of 14 (4.80 g). essentially as described above, gave 25 (2.69 g. 605: ) as ;I foam. 
[a]2 +106” (c 1.1, water). ‘H-N.m.r. data [(CD,),SO plus D,O. TSP]: 8 3.83 (d, 

lH.J3.SHz.H-l’).-1.13(d. 1H,J7.0Hz,H-l).andl.14it.iH.J7.OH7,Me). 

Ethyl 2-ucrtarnido-2 -rieo.~~--l-O-~-~-galzz~t~p~r~ztz~~,~~l-~-~~-~~lzz~~~~p~~r~zrzo.~ide 

(26). --- Deacetylation. dephthaloylation. and N-acetylation of 15 1 I .KT g). essen- 
tially as described for 3. gave 26 (501 mg, -IV%), [u]$ -22” (C 11.3. \vater). ‘H- 

N.m.r.data(D,O.TSP): &1.5-l(hd, I H, H-1).3.4h(d. 1 H.J7 8 Hz.H-l’).~.lh 

(s. 3 H. MeCO). and I. 15 (t. 3 H. .I 7.0 H7. CFIXH,). 
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