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ABSTRACT 

Reaction of 2,3,4-tri-O-acetyl-a+fucopyranosyl bromide with p-nitrophenyl 
3,4-O-isopropylidene-p-o-fucopyranoside in the presence of mercuric cyanide in 
acetonitrile, followed by removal of the ~sopropylidene group under mild conditions~ 
gave a mixture of ~-niirophenyl 2-~-(2,3~4-tri-U-acetyl-~- and -~-L~fu~opyranosyl)- 
@+fucopyranoside. These compounds were convenientIy separated by preparative, 
thin-layer chromatography, and, on deacetylation, gave the title disaccharides, whose 
structures were estabfish~d by “H- and 13C-n.m.r. spectroscopy. 

INTRODUCTION 

Highly specific (142~-~-L-fu~osidases have been found to occur in various 
biological som-cesz-5. These specific fucosidases do not act on simple aryl or alkyl 
~-~-fucopyranosides, but specifically cleave an ~-L-fucopyranosy~ group linked at O-2 
of galactose in saccharides, g~y~olipids, and glycoproteins. Availability of che~nically 
synthesized p-nitrophenyl 2-~-~-L-fucopyranosyl-~-~-gaIacto~yranos~de in our 
laboratory led us to develop a rapid assa~pro~~dure for the enzyme”. For further 
specificity studies on (1~2)-a-L,-fucosidase, we here describe the preparation of the 
title disaccharides. 

RESULTS AND DISCUSSION 

Reaction of 2,3,4-tri-~-acetyl-~-D-fu~op~a~osyl bromide (1) with p-nitro- 
phenol in aqueous acetone in the presence of alkali is known to give ~-nitrophenyl 
2,3,4-tri-~-acetyl-~-~-fucopyranoside (2) as a gummy material, as reported by Levvy 
and McAllan7. Recently, we reported’ that, when it reacts with sodium p-nitro- 
phenoxide in anhydrous ~,~-dimethylforman~ide, 2,3,4,6-tetra-O-acetyl-a-D-galacto- 
~yranosyl bromide gives ~-nitrophenyl 2,3~4,~-tetra-~-acetyl-~-~-galactopyr~os~de 
which, when submitted to 0-deacetylation, gives pure g-nitrophenyl j&D-gala&o- 

*Synthetic Studies in ~~bohydrates, Part XXVI. For Part XXV, see ref. 1. 
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pyranoside’. In the present studies, sugar halide 1 gave, under the latter conditions, 

a semisolid material that readily crystallized from ethanol, to give pure 2. We did 

not attempt to isolate any tri-0-acetyl-(hydroxyfucal) derivative, likely to be formed 

in minor yield under these reaction conditions, and in a previous investigation’, 

during the preparation ofp-nitrophenyl 2,3,4,6-tetra-0-acetyl-/?-D-galactopyranoside, 

we did not try to isolate the tetra-0-acetyl-(hydroxy-D-galactal) derivative. It has 

been well documented that, when acetylated sugar halides react with phenoxide in the 

presence of an aprotic solvent (e.g., HCONMe,), the proportion of hydroxyglycal 

derivative is considerably increased’*“. The tendency to afford such derivatives 

seems to depend on the nature of the acetylated sugar halide employed’,“. Recently, 

the use of phase-transfer catalysis r1 has been recommended for the preparation of 

certain aryl glycopyranosides. The structure of our synthetic compound 2 was clearly 

supported by its n.m.r. spectrum (see Experimental section). Conventional O- 

deacetylation of compound 2 gave p-nitrophenyl j-D-fucopyranoside (3) as a crystal- 

line compound. 

Treatment of 3 with acetone in the presence of anhydrous copper sulfate for 

18 h provided p-nitrophenyl 3,4-0-isopropylidene+D-fucopyranoside (6) in 66 % 

yield. However, compound 6 was conveniently obtained in higher yield when 3 

reacted with 2,2_dimethoxypropane in the presence of p-toluenesulfonic acid as the 

catalyst”. Compound 6 was characterized by conventional acetylation, to give 7, 

which on deacetonation, gave p-nitrophenyl 2-O-acetyl+D-fucopyranoside (4). On 

reaction with triethyl orthoacetate in the presence of p-toluenesulfonic acid1 j, com- 

pound 4 gave a 3,4-O-(ethyl orthoacetyl) derivative (not isolated) which, on treat- 

ment with aqueous acetic acid, gavep-nitrophenyl2,4-di-O-acetyl-/?-D-fucopyranoside 

5. Conversion of 4 into a 3,4-orthoacetyl derivative clearly suggests that the O- 

acetyl group did not migrate during the deacetonation of 7. It may further be men- 

tioned that the n.m.r. spectrum of the 2-0-acetyl compound 4 showed the presence of 

an equatorial acetoxyl signal at 6 2.06, whereas the spectrum of 2,4-di-0-acetyl 

derivative 5 exhibited signals for acetoxyl groups at 6 2.04 (equatorial) and 6 2.16 

(axial). The n.m.r. spectrum of 2 clearly showed the presence of an axial (6 2.20) 

and two equatorial (6 1.98 and 2.06) acetoxyl groups. 

Use of 0-acylated sugar halides having a participating substituent at C-2 has 

been widely applied for the synthesis of glycosides14*‘5. There is no doubt that such 

halides tend to give mainly 1,2-tram glycosides. Nevertheless, the formation of 1,Zci.r 

glycosides under such conditions has also been observed. In fact, the anomeric 

configuration of the resulting glycosides seems to depend upon various factors: 

(~7) the position of a hydroxyl group of an aglycon hydroxide, (b) the nature of the 

groups protecting the other hydroxyl groups in the sugar, (c) the solvent used for the 

reaction, and (d) the nature of the catalyst. 

Reaction of 2,3,4-tri-0-acetyl-a-L-fucopyranosyl bromide (8) with benzyl 2- 

acetamido-3,4-di-O-acetyl-2-deoxy-P-D-glucopyranoside gives benzyl 2-acetamido- 

3,4-di-O-acetyl-2-deoxy-6-0-(2,3,4-tri-O-acetyl-~-~-fucopyranosyl)-~-D-glucopyrano- 

side16, whereas the same halide (8) with benzyl 6-O-benzoyl-3,4-O-isopropylidene- 
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When kept overnight at 4’, the clear sofution thus obtained afforded a thick pre&pi- 
t&e of 3. The mixture was made neutral with acetic acid, filtered, and the solid 
recrystallized from absolute ethanol, to give chromatographically pure 3 (2.2 g, 

83.5%); m.p. 186-189” (lit7 m.p. 186-188”); v,,: KB 3450 (OH), 1605, 1590 (aromatic), 
1510, 1340 (NO,), and 750 cm-’ (aromatic); IH-n.m.r. data (Me,SO-d,): 6 1.16 
Id, 3 H, J 6 Hz, CMe), 3.86 (4, 1 H, J 6 Hz, H-5), 5.06 (d, I H, & 7 Hz, H-l), 
and 7.16 and 8.36 (2 m, 2 x 2 H, aromatic). 

p-Nitrophenyl 3,4-O-~~opropyIidene-~-D~fu~opyrQno~ide (6). - Method A. A 
solution of 3 (6 g) in anhydrous acetone (420 mL) was stirred with anhydrous copper 
sulfate (70 g) for 18 h at room temperature. The mixture was filtered through a 
Celite pad, and the filtrate was evaporated to dryness. The residue was stirred with 
dic~oromethane (200 mL), and the suspension filtered, to remove unreacted 3 (0.7 g). 

The filtrate was washed with water, dried (Na,SO,), evaporated, and the residue 
crystallized from benzene-petroleum ether to give 6 (4 g, 66%); m.p. 137-138”, 
[a-Jr, -36.7” (c 1, chloroform); yrnax KBr 3450 (OH), 1605, 1590 (Ph), 1510, 1345 (NO,), 
and 750 cm-l (aromatic); “H-n.m.r. data (CDCI,): 6 1.48 (d, 3 H, J 6 Hz, CMe), 
1.40 and 1.58 (s each, 2 x 3 H, isopropylidene methyls), 2.88 (1 H, OH), 3.8-4.3 

(4 H, H-2,3,4,5), 5.96 (d, 1 H, 51,2 7 Hz, H-l), and 7.02 and 8.30 (2 m, 2 x 2 H, 
aromatic), 

AnaE. Calc. for C,,H1,NO,: C, 55.38; H, 5.89; N, 4.31. Found: C, 55.68; 
H, 6.00; N, 4.26. 

Method B. A solution of 3 (2.85 g, 10 mmol) in anhydrous ~,~-dimethyl- 
formamide (20 mL) and 2,2-dimethoxypropane (3 mL) was m~nt~ned at 80”. 

A catalytic amount (20 mg) of p-toluenesulfonic acid was introduced, and the 
solution was stirred for 40 min at the same temperature, and cooled; triethylamine 
(1 mL) was added, the mixture was evaporated in VUCUO, and the residual syrup was 
stirred with dichloromethane (100 mL). The organic solution was successively 
washed with cold, aqueous sodium hy~ogencarbonate and water, dried (Na,SO,), 
and filtered. The solid residue obtained on evaporation crystallized as before, to 
give 6 (3.1 g, 95.4%). 

p_Nitrophenyl 2-0-acetyi-3,4-0-isoprop~~lidene-~-D-fucopyranoside (7). - A 
solution of compound 6 (1 g) in anhydrous pyridine (10 mL) and acetic anhydride 
(6 mL) was stirred for 24 h at room temperature. Absolute ethanol (IO mL> was 
added, and the solution was evaporated under diminished pressure. Traces of acetic 
anhydride and acetic acid were removed by co-distillation with toluene, and the 
resulting solid was recrystallized from acetone-ether-hexane, to give 7 (1.1 g, 97%); 
m.p. 148”, [a& +5.8’ (c 1, chloroform); vmax KBr 1750 (AC), 1605, 1590 (aromatic), 
1510, 1340 (NO,), and 750 cm-l (aromatic); IH-n.m.r. data (CDCI,): 6 1.40 and 
1.60 (2 s, 2 x 3 H, isopropylidene methyls), 1.50 (d, 3 H, J 6 Hz, CMe), 2.14 (s, 
3 H, AC), 4.28 (q, 1 H, J 6 Hz, H-5), 5.34 (d, 1 H, J,,Z 7 Hz, H-l), and 7.1 and 8.2 
(2 m, 2 x 2 H, aromatic). 

Anal. Calc. for C,,H,,NOs: C, 55.58; H, 5.76; N, 3.81. Found: C, 55.53; 
H, 5.71; N, 3.69. 
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p-Nitrophenl~l ~-O-acrt~,/-P-~-fil~ol?l’~.~~~o.sid~~ (4). ~~~~ A solution of 7 (I g) in 

chloroform (90 mL) was diluted with trifluoroacetic acid (IO mL) containing watcl 

(0.1 mL), stirred for 1 h at room temperature, evaporated. and traces of trifluoro- 

acetic acid removed by co-distillation with toluene. The resulting. l\hite residue 

crystallized from ethyl acetate-hcxanc to give chrc)matogr:tphic.alI~ pure 4 (0.73 g. 

X2”,): m.p. IS9-~191 . [Ix],, IT.7 Cc I, methanol 1: \,,\;: 3-tiO (OH ). 1735 (Ac), 

1605, 1590 (aromatic), 1510, 1345 (NO,), and 750 cn-’ (aromatic); ‘H-n.m.r. 

data (Me,SO-r/(,): ii 1.22 (d, 3 H. .I 6 HZ. C’Mej. 2.06 (s. 3 H. AC). 3.96 (q, I H. 

J 6 Hz. H-5), and 7.2 and 8.25 (2 m. 2 x 2 H. aromatic). 

AIIN/. Calc. for C,,H,-NO,: C. 51.37; H, 5.34; N. J.18. Found, C. 51.57; 

H, 5.45; N, 4.50. 

p-Nitmplwn~I ~,4-~i-O-n~ct?‘/-/~-D-f~irc’ol~~’~NI~o.\.i~/f’ (5 ). A suspension of j 

(0.63 g) in triethyl orthoacetate (40 mL) containing /I-toluencsult’onic acid (25 mg) 

was stirred at room temperature. After 3 h. t.l.c. of the clear x~~lut~on indicated 

almost complete absence of 4. Triethylamine (3 mL) was added, and the solution 

was poured into kc-water. Extraction with dichloromethanc in the usual w‘ty. follo\\ed 

by evaporation. gave a syrupy product containing triethyl orthoacelatc \\ hich. with- 

out characterization, was dissolved in X0”,, acetic acid (50 mL ). and the solution 

kept for 30 min at room temperature. The solution was cvaporatcd to dryness, giving 

a solid residue which was recrystallized from ethyl acetate-heuane. to afhrd 5 (0.62 3. 

87”;): m.p. 193-195 ‘, [Y]~ 8.2’ (c 0.5, chloroform); I$!:: 3410 (OH ). 17.10 (Ac), 

1600, 1595 (aromatic). 1512, 1350 (NO?), and 750 cm V’ (aromatic): ‘H-n.m.r. 

data (MezSO-db): (5 1.0X (d, 3 H. J 6 Hz, CMe). 7.04 and 2. Ih (s each, 2 y 3 H. 

2 AC), 4.20 (q, I H; ,I 6 Hz, H-5). 5.46 (cl. I H. <I,,, 7 Hz, 1-1-l 1. and 7.10 and X “5 .-. 

(2 m. 2 x 2 H. aromatic). 

,4nul. Calc. for CI,,H,<,N09: C, 52.03: H, 5.19: N. 3.79. Found: C. 52.25: 

H, 5.32: N, 3.72. 

p-Nitroplwrl~? 3,4-O-isol)rop~~lic~~~~lc~- 2-O-( ?,.~,4-t~i-O-n~r~t~,l-r-l.~/~~~~~~~~,~~~~~~).s~~~)- 

/3-D-flilcnp~‘Im7O.~i~~~~ (9) rrrtd p-fzifrop/m!‘I _~,4-O-i.~c)pro~!l~fi~~~t~~~-~-O-( .I’, .~.-f-Wi-0-trc’ct I,/- 

~-L.-fit~o~~l~m?os!‘/)-~-D-fttc’o/~~’larlo.riniJ ( 10). -~- A solution of 6 (2.915 g 9 mmol) 

in freshly distilled. anhydrous acctonitrile (20 mL) containing mercuric cyanide 

(2.27 g) was stirred with 2,3,4-tri-O-acetyl-r-I_-fucopyranosyl bromide (6.4 g) fat 

3 h at room temperature, evaporated under diminished pressure, and the resulting 

syrup stirred with chloroform (I 50 mL). The suspension ivaq filtered through glass 

wool, and the filtrate successively washed with M KBr (3 x SO ml.). waler (I00 ml.) 

saturated NaHCO, solution (100 mL). and water (2 x 50 ml_). dried (anhydrous 

Na,SO,). and evaporated to a syrup which was used as such for the next reaction 

(as b\‘e were unable to separate compounds 9 and 10). 

p-Nitroplw~~l 2-O-( _?,3.3-t~i-O-cm~t~~/- r-LTfric.o/!l./.‘rlll).(.!‘l) - /: - 13 -/ii[.o/~~‘l.~~t~o.(i(/(, 

(11) urrd p-ttilroplwtt~/ 2-O-(.?, 3,1-lt.i-O-n(~(~t~l~/-~-t.~~~t~~t~~~~~t’~ttt~~~,/~-~~-~~~~tt~,~t/71’t.~ttt~1~ic/~~ 

(13). - A solution of the foregoing syrup (8 g) in chloroform (270 mL 1 \tns trcalcd 

with trifluoroacetic acid (30 mL) containin g water (0.3 mL), and the mixture was 

stirred for 1.5 h at room temperature, and then evaporated, tract> of ?rltluo~oacetic 
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acid being removed by co-evaporation with toluene. The resulting syrup was dissolved 

in warm benzene (30 mL), and the solution cooled, and diluted with hexane (100 mL), 

with vigorous stirring, to give a semi-solid material from which the liquid was de- 

canted, and the residue treated twice with benzene-hexane, to give an amorphous 

material (5.23 g), a portion (0.45 g) of which in dichloromethane was applied to six 

preparative-t.1.c. plates. The plates were developed four times in 14: 14: I (v/v) 

benzene-ether-methanol; two separate bands were observed under U.V. light, and 

each was scraped off the plates. The silica gel containing the disaccharide fractions 

was separately stirred with 1 : 1 (v/v) chloroform-methanol (200 mL) for 6 h. The 

suspension was filtered through a Celite pad, and the filtrate was evaporated to 

dryness. The dry residue (containing some particles of silica gel) was stirred with 

dichloromethane (100 mL), the suspension filtered through a Celite pad, and the 

filtrate evaporated under diminished pressure. The slow-moving material (11; 150 

mg) had [a]n -135” (c 1, chloroform); ‘H-n.m.r. data (CDCI,): 6 1.04 and 1.40 

(d each, 2 x 3 H, J 6 Hz, 2 CMe), 2.0, 2.10, and 2.18 (s each, 3 x 3 H, 3 AC), 5.08 

(d, 1 H, J,., 7 Hz, H-l), 5.52 (d, 1 H, Ji,,,, 3.5 Hz, H-l’), and 7.10 and 8.26 (2 m, 

2 x 2 H, aromatic). 

Anal. Calc. for C,,HJ,NO,,: C, 51.70; H, 5.61; N, 2.51. Found: C, 51.72; 

H, 5.60; N, 2.50. 

The fast-moving material (13, 100 mg) was isolated crystalline; m.p. 218-220” 

(from ethyl acetate-ether), [c~]n -39.0” (c 1, chloroform); ‘H-n.m.r. data (Me,SO- 

d6): 6 1.1 and 1.17 (d each, 2 x 3 H, J 6 Hz, 2 CMe), 1.37, 1.87, and 2.1 (s each, 

3 x 3 H, 3 AC), 5.07 (d, 1 H, J1,2 7 Hz, H-l), and 7.2 and 8.13 (2 m, 2 x 2 H, 

aromatic). 

In another approach, amorphous material (4.23 g) was dissolved in ethyl acetate 

(5 mL). Addition of ether (95 mL) gave crystalline 13 (0.53 g). T.1.c. of the product 

supported the presumed purity of the material. The mother liquor (containing the 

CI anomer along with the 1 anomer and impurities, as observed by t.1.c.) was dried, 

dissolved in the minimum volume of benzene, and chromatographed in a column 

(3 x 54 cm) of silica gel packed in benzene. Fast-moving impurities were eluted with 

9 : 1 (v/v) benzene-ether (200 mL) and 1 : 1 (v/v) benzene-ether (400 mL). Elution 

with 14: 14: 1 (v/v) benzene-ether-methanol then gave four major fractions: the 

first was pure b anomer 13 (0.38 g); the second (0.2 g) was fi anomer (13) along with 

a small amount of c( anomer (11); the third (0.76 g) was CL anomer 11, with some 

B anomer (minor); and the fourth was pure CI anomer 11 (1.1 g). 

p-Nitrophenyl .I?-O-cc-L-fucopyanosybj-D-fucopyranoside (12). - A solution 

of 11 (0.3 g) in a mixture of methanol (9 mL), triethylamine (3 mL), and water 

(2.5 mL) was kept for 24 h at 4”, and then evaporated: this was followed by a few 

additions and evaporations of toluene. Addition of ether to a solution of the residue 

in methanol gave 12 as an amorphous material ( 15 1 mg, 65 7;); [c~]n - 158.6” 

(c 0.5, methanol); t.1.c. in 4: I (v/v) chloroform-methanol: RF 0.52; ‘H-n.m.r. data 

(Me,SO-d,): 6 1.0 and 1.17 (d each, 2 x 3 H, J 6 Hz, 2 CMe), and 7.1 and 8.13 

(2 m, 2 x 2 H, aromatic). 
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