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I-Thioglycopyranosides are known substrate analog inhibitors of glyco- 

sidases I-‘. Thus, thio-D-galactopyranosides \vith long aliphatic agiycons fhexyl and 
octyl)’ and p-aminophenyl l-thio-/j-D-galactopyranoside3 competitively inhibit the 

hydrolysis of o-nitrophenyl /IS-D-galactopyranoside by P-D-galactosidase of Escherichin 

coli. Competitive inhibitors of this type have been covalently attached to agarose and 
polyacrylamide beads, and the resulting adsorbents used for the purification in high 

yields of glycosidases by affinity chromatography Is4 Thioglycosides have also been _ 

applied to investigate other biological interactions’. as well as in glycoside synthesis6. 

The enzymic degradation of cellulose by cellulases [( l-+4)-P-D-glucan 4-glucano- 
hydrolases. EC j-2.1 .a] has received considerable attention, as this process is essential 
to the carbon cycle, beneficial to ruminants, and results in the destruction of timber 

and manufactured cellulosic goods. Cellulases have also found application in the 
controlled modification of foodstuffs and in the ecologically important sacchariti- 
cation of ivaste cellulose_ HoLyever. structural characterization of these enzymes has 
been hindered by the small quantities isolated by the gel electrophoretic and iso- 
electric focusing methods generally used to purify these proteins’. 1-Thio-P-cello- 
biosides are potential competitive inhibitors of cellulases, and, in particular, of eso- 

cellobiohydrolases, and derivatives appropriately substituted in the aglycon moiety 
could be bound to insoluble supporting polymers for the purpose of purifying, by 
affinity chromatography, these environmentally important enzymes. In this work, the 
synthesis of a number of potentially useful al!+, aryl, and aralkyl I-thio-/2-cello- 

biosides is described. 

6-(Trifluoroacetamido)hesyl (3), heptyl 15), benzyl (7), and p-nitrobenzyl (9) 
hepta-O-acetyl-I-thio-/l-cellobioside, as well as methylene bis(hepta- O-acetyl- l- 
thio+-cellobioside) (16). \vere synthesized by reaction of hepta-O-acetyl-l-thio-b- 

cellobiose (2) with the appropriate alkyl or aralkyl halide in the presence of potassium 
carbonate. p-Aminophenyl (12) and p-chlorophenyl (13) hepta-O-acetyl- 1 -thio-/i- 

cellobioside were obtained by condensation of hepta-O-acetyl-a-cellobiosyl bromide’ 
with the appropriate thiophenol in the presence of sodium hydroxide. The p-u 
configuration was confirmed by examination of the 300-lMHz n.m.r. spectrum in 

*To whom inquiries should be addressed. 
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C%OR’ 

-NH2HBr 

12 R = NH2 ,R’ = .at 

13 R = N&,R’ = H 

14 R = Cl , R’ = AC 

15R = Cl,R’= H 

r- C’?P 

2 R = H,R’= Ac 

3 R = (CH,I,NHCOCF,, R’ = AC 

4 R = (CH~)~NH~, R’ = H 

5 R = (CH,l,CH3, R = AC 
, 

6 R = (CH2)&H3, R = H 

7 R = H.Fi= A,t 

a R z R’ = h 

9 R = NO>,R’= AC 

10R = NO*,R’= if 

11 R = Nti2.Ri = H 

16 R = AC 

17R = H 

chloroform (J1 ,Z - IO Hz) (see Experimental). 6-Arninohexyl (4) and p-aminophenyl 
(13) I-thio-j?-cellobioside were prepared by saponification of the corresponding 
heptaacetates with strong anion-eschange resin”, and ri-heptyl (6), benzyl (S), II- 
nitrobenzyl (lo), and p-chlorophenyl (Is), as we11 as methylene bis( l-thio-/)-cello- 
bioside) (17), by catalytic deacetylation (sodium methoxide). Catalytic hydrogenation 
of 10 afforded p-aminobenzyl I-thio-P-cellobioside (II). 

EXPERIhI!ZNTAL 

General methods. - Solutions were evaporated below 50” under diminished 
pressure. Melting points were determined with a Thomas-Hoover .’ Unimelt ‘- 
apparatus and are uncorrected. Optical rotations were measured with a Zeiss 
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polarimeter. N.m.r. spectra were recorded at 60, 100, and 300 MHz with Varian T-60, 
HA-100 and SC-300 n.m.r. spectrometers respectively; chemical shifts are given on 
the r scale; unless otherwise stated, spectra were recorded at ambient temperatures on 

solutions in chloroform-r/, with tetramethylsilane (z 10.00) as the internal standard; 
spectra were analyzed on a first-order basis. T.1.c. was performed on 250~jtm Silica Gel 
GFZsa (Analtech) plates, and indication was effected with a ceric sulfate (l%)- 
sulfuric acid (10%) spray. Column chromatogaphy was conducted with Silica Gel 
No. 7734 (70-230 mesh) (E. Merck). 

2-S -(2,3,6,2’,3’,4’,6’- Hepta-0-acetd-p-ceIlobiosyl)-?- thiopserrdorwea hydra- 

bromide (1). - A solution of 2,3,6,2’,3’,4’,6’-hepta-O-acetyl-+cellobiosyl bromide* 

(SO g) and thiourea (1 .O g) in dry acetone (15 ml) was boiled under reflux for 45 min 
and then cooIed. The precipitate was filtered off and dried; yield 7.2 p, (79%). An 
analytical sample was obtained by recrystallization from isopropyl alcohol, m-p. 1 S3- 

153” (dec.), [Y]F -26.2 20.9’ (c 0.5, water-). 
And. Calc. for C27H39BrN101iS -H20: C, 40.56; H, 5.21: Br, 10.07: N, 3.53: 

S, 4.04. Found: C, 41.05; H, 5.20; Br, 10.41; N, 3.40; S, 4.07. 
,,3,6,2’:3’,4’,6’-H~~pta-O-~cet~.~-I-tJlio-~-c~~~lobios~~ (2). - A misture of 1 

(S.0 g) and potassium pyrosulhte (4.0 g) in 5:3 (v/v) chloroform-water (40 ml) 
\vas stirred at refiux temperature for 30 min and cooled. The organic layer was 

separated. dried (sodium sulfate). and evaporated to a crystalline solid. Recrystal- 
lization from methanol afforded pure 2 (yield 4.6 g. 70%), m.p. 209-212”, [xl; 
- 10.3 50.5” (c 1, chloroform) {Lit.” mp. 197”, b]p - 12.4” (c 2.4, chloroform)~. 

A17af. Calc. for C26H360, S: C. 47.55; H, 5.56; S, 4.91. Found: C, 47.60: 
H, 5.34: S, 4.59. 

6-( T~ifllrol-oacc~trrrnicio)hcs?-l .?.J.6 .~‘,3’.1’,6’-h~~pta-O-ac~~~~l-I-~i~io-~-~eii~bio.~i~~~~ 

(3). - To a solution of 2 (1.5 s 2.3 mmol) in acetone (10 ml) was added 1-iodo-6- 
(trifluoroacetamido)hesaneg (0.74 g 2.3 mmol) and a solution of potassium carbonate 
(0.32 S 3.3 mmol) in \vater (4 ml). The reaction mixture was stirred at room 

temperature overnight and concentrated, the residue partitioned between dichloro- 
methane and \\aater. and the organic layer washed with water and concentrated. The 

residue was applied to a column of silica gel! and the product was eluted \vith S: 1 (v/v) 
chloroform-ethyl acetate. The soiid obtained was recrystallized from ethanol to 
afford pure3 (yield 1.5 ,“,77%), m.p. 143-144”, @]F -27.0 _tO.5” (c 1.1, chloroform): 
n.m.r.: r 5.47 (d, J1,,2, S Hz. H-I ‘), 5.56 (d, J, .? 10 Hz, H-l), 6.22 (t, JHsn. = Ja,.5, 

9-j HZ H-4’) 6.62 (9 -CkfI,NHCOCF,) 7.36 (m -SCH2-) and 3.35 (broad s 

-NHCOCF3). 

Atal. Calc. for CJ,H,,F,NO,,S: C, 4S.17; H, 5.71 : F, 6.72: N, 1.65: S, 3.7s. 
Found: C, 4S.16: H. 5.65: F, 6.62; N, 1.50; S, 3.U. 

6-Aminolrex~rl I-thio-/kellobioside (4). - A mixture of 3 (0.40 g) in 503b 

ethanol (44 ml) was stirred overnight with Bio-Rad AG l-X2 (OH-) amon-exchange 

resin (22 ml). The resin ~vas filtered off and washed with methanol. The combined 
filtrate and washings M’ere concentrated to a syrup that crystallized after several days 
(yield 0.14 g, 64%). m-p. 129-l 40”, [;(I;’ - 36.2 t_ 1.1 c (c 0.45, water). 
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A&. Calc. for CmHxN01”S .0.5H,O: C, 46.34; F-r, 7.75; N, 3.00; S, 6.87. 
Found: C, 46.70; H, 7.83; N, 2.85; S, 7.05. 

NepW 

potassium (0.24 g, 1.7 mmol) in water (5 ml). The mixture 
was boiled under reflux for 15 min, cooled, and concentrated. 
extracted with dichloromethane, 

sulfate), and evaporated Recrystallization from ethanol 

gave pure 5 (yield l.Og, 79%), m.p. 162.5-163.5”, b]i7 -31.5 iO.5” (C 1, chloro- 
form): n-n-u.: f 5.49 Cd, J,S,2, 8 Hz, H-l’), 5.54 (d, J,,, 10 Hz, H-l), 6.23 (t, H-4’), 
7.36 (m, -SCH,-), and 9.12 (t, (CH&CH3). 

Anal. Cab for Cs3Hs00r7S: C, 52.79; H, 6.71: S, 4.27. Found: C, 52.42: 
H, 6.56; S, 4.28. 

Hepfyf I-tlrio-lJ-cellobiosi~~e (6). - To a rnisture of 5 (0.9 g) in methanol ( 10 ml) 
was added 0.1~ methanolic sodium methoxide (1 ml). The reaction mixture was 

stirred at room temperature until solution, and then kept overnight at O’.Neutraliza- 
tion with Bio-Rad AG 5OW-X4 (H’) cation-exchange resin, filtration, and con- 
centration Save a solid that was recrystallized from methanol-diethyl ether to afford 
pure 6 (yield 0.53 g, 95%). m.p. 155-156.5Z, b]b’ -39.7 50.5” (c i, methanol). 

Atzal. Calc. for C,,K,,O,,S *0_5H,O: C. 49.02: H, S.01 : S, 6.SS. Found: 
C. 49.16; H, 7.S.5: S, 7.05. 

BeIr=yI 2,3,6,-7’,3’,~‘,6’-f~~~ptcr-O-acer~~~-l-~~~io-~-c~~Ilol~iosi~fe (7). - This com- 

pound was prepared, in a similar fashion as 5, from 2 (1.0 g, 1.5 mmol), benzyl 
bromide (0.2s g, 1.6 mmol), and potassium carbonate (0.2 1 S, 1.5 mmol). The solid 
obtained \vas recrystallized from ethanol co give pure 7 (yield OS5 g, 75%) m.p. 19 1 
-193”, b]i’ - 70.5 50.5’ (c I _ chloroform): n.m.r.: r 5.49 (d, J, ,.‘, S Hz, H-l ‘), 5.73 
(d, J,,, 10.2 Hz, H-l), 6.13 (AB q, SCNzC,H,), 6.22 (t: J,.,,. = J_,,,5, 9.5 Hz. H-4’). 
and 2.67 (m, C,H,). 

Awl. Calc. for C3jH12017S: C, 53.36; H, 5.70: S, 4.32. Found: C, 53.33; 

H, 5.76; S, 4.33. 
Be/rz_r.I I-thio-8-celfobiosirle (8). - Compound 7 (0.40 g) in methanol (IO ml) 

was treated with catalytic sodium methoside for 3 h at room temperature. USU~ 

processing gave a syrup that was crystallized from isopropyl alc01101 (yield 0.24g, 
97%), m-p. lS5-iS6”, b]h’ - 12s 50.5” (c I, methanol). 

AwI. Calc. for C,sHz,010S~0.5HzO: C, 49.SS; K: 6.40: S. 7.01. Found: 
C, 49.84; H, 6.33; S, 7. I I. 

p-Nitrobe~r~~*/ ~,3,6,~~3~,~‘,6’-l~cpra-O-acet~~l-l-l-rhio-~-~~e~~obiosi~~e (9). - This 

compound was prepared, in a similar manner as 5, from 2 (2.2 S, 3.4 mmol), p-nitro- 

benzyl bromide (0.8 1 g, 3.7 mmol), and potassium carbonate (0.47 2, 3-4 mmol). The 

resulting solid was recrystallized from chloroform-diethyl ether to afford pure 9 

(yield 2.1 g, 79%), m.p. 213.5-214.5”, [xl;’ -67.4 f0.5” (_c 1, chloroform): n.m.r.: 

T 5.49 (d, Jr.,,. 7.8 Hz, H-I’), 5.70 jd, J,,? 10 Hz, H-I), ‘LOS (AR 4, SCH,CtiHS), 

6.24 (t, .J3,,4s = J4.,5. 9.6 HZ, H-4’), I .SO and 2.5 1 (2 d, -CgI#4-NOZ). 
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(5.6 ml, 8.6 mmol) was added a solution of hepta-O-acetyl-z-cellobiosyl bromide* 

(3.0 g, 4.3 mol) in acetone (20 ml). The reaction mixture was boiled under reflux 
for 30 min, cooled, and concentrated. The residue was partitioned between dichloro- 

methane and water, and the organic layer dried (sodium sulfate) and evaporated to 
give a crystalline solid. Recrystallization from chloroform-diethyl ether gave pure 14 
(yield 2.3 g, 70%), m-p. 231-232.5”, [z]: -32.6 f0.5” (c I, chloroform): n.m.r.: 
r 5.40 (d, J,,, 10 Hz, H-l), 5.51 (d, J,.,,. S Hz, H-l’), 6.30 (t, J,.,,. = J4sa5c 9.5 Hz. 
H-4’), 2.56 and 2.70 (2 d, S-C,H,-Cl). 

Anal. Calc. for Cs,H,,CIO, ,S: C, 50.36; H, 5.15; Cl, 4.65; S, 4.20. Found: 
C, 50.47; H, 5.32; Cl, 4.66: S, 4.43. 

p-C/dorophen,-l I-tJzio-/I-ce//obioside (15). - A solution of 14 (1.5 ,e) in chloro- 
form (20 ml) was diluted with methanol (25 ml) and treated Lvith 0. I \I methanoiic 

sodium methoside (2 ml). The reaction mixture was stirred overnight at room 

temperature, neutralized with Bio-Rad AG 5OW-X4 (H +) cation-exchnn_re resin. and 
filtered. The filtrate was concentrated to a syrup that \vas applied to a column of 

silica gel and eluted with 40: 10: 1 (v/v) chloroform-meth~~noi-~\~~lter. Purr 15 was 
obtained as a syrup that crystallized after several days (yield 0.75 ,r, S3?&), m.p. 19 I - 

i93”, b] 2 - 52.4 + 1.1’ (c 0.5, lvater). 

Anal. Calc. for C,,H2SCI0,0S -0.5H,O: C. 45.24: H. 5.1s: CL 7.42: S, 6.71. 
Found: C, 45.27; H, 5.34: Cl, 7.45; S. 6.62. 

~\lrtl~_rietre bis(2,336,2’3’,4’,6’-heJ~tcr-O-acet~.~-I-t~~io-~-e~~~lo~~io~~i~~~~~ (16). - TO a 

solution of 2 (3.0 S, 4.6 mmol) in acetone (15 ml) was added diiodomethane (0.62 g, 

2.3 mmol) and a solution of potassium carbonate (0.64 g_ 4.6 mmol) in Lvater (5 ml). 
The reaction mixture was boiled under reflus temperature for 15 min. cooled_ and 
concentrated. The residue was partitioned betlveen dichlorornethane and l\ster, and 

the organic layer dried (sodium sulfate) and evaporated to Si\e a solid that lvas 

recrystallized from chloroform-ethyl acetate-ethanol (yield 2.6 g. S~‘!,;I), 111.~. 266- 

369’, [&’ - 9S.S 10.5” (.c I_ chloroform): n.rn.r.: r 5.32 (d. J, _? IO HZ, H-l ). 5.49 

(d, J, s.2’ S Hz, H-l’), 6.12 (s, -SCI-I,S-), and 6.20 (t, J3..A, = Ja,.js 10 Hz. H-4’). 
- - 

AJ&_ Calc. for C5JH71034S2: C, 45.33: H, 5.51: S. 4.S7. Found: C. 4S.06: 

H. 5.47; S. 4.S4. 
_kZer/~J+ene bi.~(f-tlzio-lJ-cel/~)bioJic/e) (17). - A solution of 16 t-2.0 g) in chho- 

form (20 ml) \v\ras diluted \yith dry methanol (50 ml) and treated with 0.1 \I methanotic 
sodium methoside (2 1111) oyerni#t at room temperature. The precipitated amorphous 

solid was filtered offand dried; yield O.SO g (70%), [xl? - 121 t 1.1 5 (C 0.9, metIJ~lnol)- 

Aqua/_ Calc_ for C,,H,,O,,S, *1.5H,O: C. 39.73: H. 6.37: S, S.4S. FoLIlld: 

C. 39.77: H, 6.32; S, S.54. 
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