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ABSTRACT 

Syntheses of p-aminophenyl 1-thio-a-L- and /&fucopyranosides are described. 
1,2,3,4-Tetra-O-acetyl-a-L-fucopyranose, on heating with p-nitrothiophenol in the 
presence of p-toluenesulfonic acid under diminished pressure, gave a mixture of 
p-nitrophenyl 2,3,4-tri-O-acetyl-l-tbio-a- and fi-L-fucopyranosides, which was 
separated by chromatography on silica gel. When the reaction was carried out in the 
presence of zinc chloride at atmospheric pressure, the /3-anomer was the exciusive 
product. Deacetylation of the aryl a-L- and ,9-L-thiofucopyranosides with sodium 
methoxide, followed by catalytic hydrogenation in the presence of palladium on 
barium sulfate, afforded the respective aminophenyl l-thiofucopyranosides. The aryl 
tbiofucopyranosides thus synthesized were tested for their inhibitory activity toward 
clam a-r.-fucosidase. The p-aminophenyl 1-thio a-r;fucopyranoside showed a com- 
petitive-type inhibition, with a Ki of 0.71mM. 

IN-lXODUCTION 

In the preceding paper are described syntheses of the 1,atran.s p-aminophenyl 
l-thio-D-glycopyranosides to be used as ligands for the afhnity chromatography of 
P-D-galactosidase and a-D-mannosidase ‘. These syntheses were achieved by con- 
densation of the appropriate acylglycosyl bromides with p-nitrothiophenol in the 
presence of potassium hydroxide, followed by deacetylation and catalytic hydro- 
genation’. This method gives exclusively the 1,2-rraprs glycosides, and, therefore, was 
not suitable for synthesis of the I,Zcisp-aminophenyi I-thio-or-L-fucopyranoside (4a). 
In order to prepare the 1,Zci.v anomer (Za), acid-catalyzed condensation of L-fuco- 
pyranose tetraacetate (1) with p-nitrothiophenol was performed. This type of reaction 
is known to give both the a- and the /3-anomers, whose proportions may vary with the 
nature of the acid catalyst, aglycon, anomeric linkage of the acetyl sugar, temperature, 

2--8 and pressure . Consequently, the prediction of ratios of the two anomeric glycosides 
in such reactions is not possible’-3. 
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The present communication describes details of the syntheses of 1,Zcis (a) and 
-trans (B> p-aminophenyl 1-thio-L-fucopyranosides. Also, the inhibitory activity of the 
thiofucopyranosides for clam ct+fucosidase is described. 

OAc OR 

1 2a R = AC, F?‘= NOp 
30 R=H.R’=NOt 
40 R= H.R’=NH, 

2b R= Ac.R’=N02 
3b R=H.R’=NOs 
4b R=H, R’=NH2 

RESULTS AND DISCUSSION 

Tetra-O-acetyl-a-r_-fucopyranoseg (1) was heated for 45 min at 130” with 
p-nitrothiophenol in 49 acetic acid-acetic anhydride under diminished pressure in the 
presence of p-toluenesulfonic acid, and the two p-nitrophenyl I-thio-L-fucopyrano- 
sides, u- (2a) and /?- (2b), were obtained in 70% yield in a 1:l ratio. The two anomers 
were separated by chromatography on a silica gel column with subsequent pre- 
parative t.1.c. on siiica gel. The /3-anomer (2b) resembled its D-enantiomer’ with 
respect to its m-p., speeifk rotation, i.r. and n.m.r. spectra, and chromatographic 

properties. The two products 2a and 2b conformed to Hudson’s isorotation rules1o 
in that the a-anomer 2a had the more negative rotation of the two. 

Reaction of the fucose tetraacetate 1 with p-nitrothiophenol at atmospheric 

pressure, with zinc chloride in lieu of p-toluenesulfonic acid as the catalyst, gave the 
thfo-fl-fucopyranoside (2b) in a yield of 70% as the sole product. 

The two anomers 2a and 2b were deacetylated with catalytic amounts of 
sodium methoxide in methanol. Catalytic reduction of 3a and 3b, thus obtained, 

[I] =25mM 

[1]=1.25mM 

5 10 15 20 

l/s [mM“] 

Fig. 1. Competitive inhibition of clam a-r-fucosidase by p-arninophenyl l-thio-a+fucopyranoside 
@a). Unc!er the standard assay-conditions of the enzyme (see EkperimentaI) the inhibitor concentra- 
tion was either 1.25 or 2.50 mhf. Each tube contained 0.023 units of a-r-fucosidase in 24.1 pg of the 
protein. 
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with hydrogen over palladium on barium sulfate, afforded the p-aminophenyl 
l-thio-L-fucopyranosides 4a and 4b in 75-85% yields from 2a and 2b. 

Inhibition of clam or-L-fucosidase by various concentrations of p-aminophenyl 
I-thio-a-L-fucopyranoside was studied under standard assay-conditions for the 
enzyme. The Lineweaver-Burke plot of l/u versus l/s shown in Fig. 1, indicated a 
competitive-type inhibition. The values for K,,, and Ki calculated from the plot are 
0.085 and 0.71m~, respectively. Neither p-nitrophenyl I-thio-a-L (2a) and fi-r_.-(2b) 
fucopyranosides, nor p-aminophenyl l-thio+L-fucopyranoside (4b), iqhibited the 
enzyme. Preliminary studies indicate that p-aminophenyl l-thio-a-L-fucopyranoside 
(4a) is a suitable ligand for the affinity chromatography of clam a-L-fucosidase. 

General. - Melting points were determined with a Fisher-Johns apparatus and 
are uncorrected. Specific rotations were measured in a I-dm cell with a Perkin-Elmer 
Model 141 automatic polarimeter. N-m-r. spectra were recorded at 100 MHz with 
chloroform-d as solvent and tetramethylsilane as internal reference. 1-r. spectra were 
recorded with a Perkin-Elmer Model 237 i.r. spectrophotometer. Thin-layer chro- 
matography was performed on plates precoated with silica gel H (Analtech Inc., 
Newark, Delaware) with the following solvents: (A, 4:l benzene-ethyl acetate; B, 
3:l:l ethyl acetate-acetic acid-water. Solvent A was employed for the t.1.c. of the 
acetylated and solvent B of the deacetylated derivatives. The spots were deteeted 
either by exposure to iodine vapor or under short-wave U.V. light. 

Silica gel, Davison, grade 923, 100-200 mesh, was used for coIumn chromato- 
graphy without pretreatment. The fractions were monitored by t.1.c. on microscope 
slides precoated with siiica gel H, with solvent A. Microanalyses were performed by 
Galbraith Laboratories, Inc., Knoxville, Tennesee. p-Nitrothiophenol (Aldrich 
Chemical Co., Inc., Cedar Knolls, N.J.) was of 80 + % purity and was used without 
purification. p-Nitrophenyl a-L-fucopyranoside was obtained from Pierce Chemical 
Company, Rockford, Ill. A Perkin-Elmer double-beam spectrophotometer Model 
124 was used for enzyme assays. 

p-Nitrophenyl 2,3,4-tri-O-acetyl-I-t&o-a-L and /3-r_-fucopyranosides (2a, 2b). - 
A. By using p-toluenesulfonic acid. 1,2,3&Tetra- 0-acetyl-L-fucopyranoseg (1, 1 .O g) 
and p-nitrothiophenol (2.0 g) were added to a mixture of acetic anhydride (0.5 ml), 
acetic acid (2.0 ml), and p-toluenesulfonic acid monohydrate (0.5 g). The mixture was 
stirred for 45 min at 130’ under diminished pressure (water aspirator). It was then 
cooled to room temperature and partitioned between ice-water (25 ml) and chloro- 
form (25 ml). The aqueous layer was further extracted with chloroform (25 ml). The 
combined chloroform extracts were washed successively with cold, saturated sodium 
hydrogen carbonate solution and water, dried (CaCl,), and evaporated to dryness. 
T.1.c. revealed the presence of the a-anomer (2a, RF 0.66), &anomer (2b, RF 0.58), 

and the byproducts of the reaction. 
The syrupy mixture (1.71 g) was dissolved in benzene (5 ml) and applied to a 
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coIumn (60 x 1 cm) of silica gel (28 g) packed in benzene. Elution with benzene 
(300ml) removed most of the byproducts. The elution was then continued with 
solvent A to give a mixture of 2a, 2b, and traces of the byproducts. This mixture was 
then separated on 4 preparative thin-layer plates (20 x40 cm) with solvent A. The 
bands containing 2a and 2b were scraped off separately, and eluted with ethyl acetate. 
The solvent was evaporated and the residual syrups were crystallized from methanol. 

a-Anumer (2a): yield, 0.45 g (35%); m-p. 133-134”. Recrystallization from 
methanol afforded the analytical sampie without any change in m-p., [aID -273.5” 
(c 1.0, chloroform); RF 0.66; ei 1748 (GO), 1590, 1580, and 1477 (aromatic), 1515 
and 1333 (Not), 1380 (C-CH,), 1230-1260 (acetate C-O-C), 850 (C-N), 830 
Cp-disubstituted phenyl), 740 (C-N-O), 880, 827 (shoulder), and 760 cm-‘; n.m.r. 
data: z 1.92 (2 H, doublet, J 9.0 Hz; Wo-,,irro ) 2.42 (2 H, doublet) (H _ . )- 3.80 m IUrr0 2 
(1 H, doublet, Jl,z 4.2 Hz, H-l), 4.40-4.80 (3 H, muhiplet, H-2,3,4), 5.47 (1 H, 
quartet, J5,6 6.5 Hz, H-5), 8.87 (3 H, doublet, H-6), 7.81 (3 H, 4-OAc), 7.90 and 7.98 
(6 H, 2,3-OAc). 

Anal. Calc. for C,,H,,NO$: C, 50.58; H, 4.95; N, 3.28. Found: C, 50.30; 
H, 4.89; N, 3.23. 

fl-Anomer (2b): yield, 0.45 g (35%); m.p. 141-141.5”. The analytical sample of 
2b was obtained by recrystallization from methanol; m-p. 141-141.5” (reported’ for 
fl-D-isomer, 139-140”), [oc]n +4.7” (c 1.0, chloroform) (lit.’ -4.3” for the D- 

enantiomer); RF 0.58 (identical with that of J-D-isomer). The i-r. and n.m.r. spectra 
were indistinguishable from those of the o-enantiomer. 

The proportions of anomers 2a and 2b, and their overall yields, were essentially 
the same when the reaction was scaled up 15-fold. In another experiment 2a and 2b 
were obtained in a yield of 97%. 

p-Ntrophenyl 2,3,4-tri-O-acetyZ-I-thio-/3-r_.-fucopyrunoside. - B. By using zinc 
chloride. Reaction of 1,2,3,4-tetra-U-acetyl-a-L-fucopyranose (1, 1 .O g) with p- 
nitrothiophenol (2.0 g) at atmospheric pressure at 130“ in 4~11 acetic acid-acetic 
anhydride (2.5 ml) gave the thio-fi-fucopyranoside (2b) (0.90 g, 70%) exclusively 
when anbydrous zinc chloride (0.5 g) was employed as the catalyst. Its m.p., speciiic 
rotation, i.r. spectrum, and RF value were identical with those of 2b already described. 

p-Nitrophenyi I-thio-cr+fucopyranoside (3a). - To a suspension of 2a (2.03 g) 
in methanol (12.2 ml) was added 0.5~ methanolic sodium methoxide (1.42 ml). The 
mixture was stirred for 1.5 h at room temperature. The product @a) partially crystal- 
lized from the solution and was dissolved in methanol. The solution was then passed 
through a column (0.5 x 30 cm) of methanol-washed Amberlite IR-120 (Hf) resin 
(5 g). The resin was eluted with methanol, and the eluates were evaporated to dryness. 
The crystalline residue, on trituration with ether, gave colorless crystals of 3a; yield, 
1.34 g (97%); m.p. 224-226”. Recrystallization from methanol afforded the analytical 
sample without ahering the m.p.; [& -382” (c 1.0, methanol); RF 0.88; ez 3330 
(OH), 1600, 1585, and 1480 (aromatic), 1515 and 1350 (NO,), 855 (C-N), 840 
(shoulder, p-disubstituted phenyl), 745 (C-N-O), 1382 (shoulder), 880, 770, and 
685 cm- ‘. 
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Anal. Calc. for C12H15N06S: C, 47.84; H, 5.02; N, 4.65. Found: C, 47.91; 
H, 5.08; N, 4.68. 

p-llritroplzenyl I-thio-J-L-fucopyranoside (3b). - Deacetylation of 2b (1.0 g) as 
described for 3a gave 0.68 g (96.5%) of /l-r_-thiofucopyranoside 3b; m.p. 177-178” 
(same as reported ’ for the D-enantiomer), [aID + 116.0” (c 1.0, methanol), - 113.2” for 
the D-isomer (Shah and Bahl’). The R, value and the i.r. spectrum of 3b were 
identical to those of the j?-D-enantiomerl. 

p-Aminophenyl I-thio-u-L-jkopyranoside (4a). - The a-L-thiofucopyranoside 
3a (0.15 g) was hydrogenated overnight with 5% palladium on barium sulfate (0.10 g) 
in methanol (50 ml) at an initial pressure of 50 Ib.in-‘. The catalyst was removed by 
filtration through Celite. The filtrate was evaporated and the syrupy residue crystal- 
lized from propyl alcohol to yield 4a as almost colorless crystals yield, 0.11 g (78%); 
m.p. 138-139”, [aID -357” (c 1.0, methanol); RF 0.66; Ei 3300 (OH and NH), 1615 
(shoulder, NH,), 1590 and 1575 (aromatic), and 830 cm- ’ (p-disubstituted phenyl). 

Anal. Calc. for C12H, ,NO,S: C, 53.12; H, 6.32; N, 5.16. Found: C, 53.03; 
H, 6.35; N, 5.08. 

p-Anzinophenyl I-Go-P-L-fucopyranoside (4b). - Hydrogenation of 3b (0.40 g) 
as described for 4a afforded 0.32 g (88%) of pale-yellow crystals of 4b; m.p. 65-78”, 

[cc]~ +66.0”; for /3-D-enantiomer m.p. 75-78” and [oc] ,, -76.6” (Shah and Bahl’). The 
i.r. spectrum and the mobility on a thin-layer plate of 4b were indistinguishable from 
those of the &o-isomer’. 

A&ay for a-+cosidase. - The enzyme assay was carried out essentially 
according to the procedure described earlier I1 A mixture of 50 ~1 of 2m~ aqueous . 

p-nitrophenyl a-L-fucopyranoside and 50 pl of 0.2~ sodium acetate buffer @H 5.0) 
was preincubated for 5 min at 37”. After the addition of 50 p1 of the enzyme 
(0.023 units), the reaction mixture was incubated for another 15 min. The enzymic 
reaction was stopped by the addition of 1 ml of 0.2~ sodium carbonate solution and 
absorbance was read at 400 nm against a suitable blank. 

One unit of the enzyme is defined as the amount that liberates 1 pmole of 
p-nitrophenol per min at 37”. Protein was determined by the method of Lowry, 
el al”. 
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