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The dlsacchande 4-U-a+fucopyranosyl+fucose (6) was first IdentAed as a 
product of acetolysls of fucoldm l PO-r_-Fucopyranosyl-r-fucose, urlth no, as yet, 
clearly defined anomerlc configuration, also forms part of the carbohydrate cham of 
a number of bactenal polysaccharldes 2 3 The chenucal synthesis of 4-U-glycosyl- 
hexopyranosldes has generally been consldered to be IfEcult, owmg to the relatively 
low reactivity of the Chydroxyl group on the hexopyranoslde nng, especrally when 
axially onented and special approaches have often been developed to overcome this 
problem4 The low reactivity of the 4-hydroxyl group m galactopyranosldes and 
fucopyranosldes with a number of electropkles has been well-documented5-’ 
h’owever, we have recently shown the relatively high reactlvrty of th.s group towards 
benzylatxon m denvatlves of methyl a-L-fucopyranoslde’ This unexpected findmg 
encouraged us to utlhze the partially benzylated products of Gus reactlon and to 
ascertain rhelr reactivity as nucleophlles m the Koemgs-Knorr reactlon Preparation 
of the dlsaccharlde 3-U-a-L-fucopyranosyl+-fucose, m good yleldg, from methyl 
2,4dl-U-benql-a-L-fucopyranoslde has recently been described The present Nore 
describes the synthesis of 6 from methyl 2,3-dl-U-beml-a-L-fucopyranosrde 

RESULTS AND DISCUSSION 

Reaction of methyl 2,3-di-O-benzyl-a-L-fucopyranosrde (1) with 2-O-benzyl- 
3,4-dl-U-p-mtrobenzoyl-a-L-fucopyranosyl bromrde (2), followed by chromatographlc 
punficatlon, afforded an excellent yield of a syrup showmg an n m r spectrum con- 
sistent with the structure methyl 2,3-&-U-benzyl-CU-(2-U-benzyl-3,4-&-U-p-mtro- 
benzoyl-tu-L-fucopyranosyl)-a-r-.-fucopyranoslde Deacylatlon of tlus product, fol- 
lowed by catalytic hydrogenolysls, afforded, 1~ 77% yield from 1, methyl 4-U-a-~- 
fucopyranosyl-cc-r_-fucopyranoslde (4) Compound 4 was a strongly levorotatory, 
crystalhne solid, and Its per(tnmethylslly1) ether showed a smgle peak on g 1 c 
Condensation of 1 with 2,3,4-tn-U-ace@-a-L-fucopyranosyl bronude”, and catalytic 
deacylatlon of the product, gave a nuxture of Isacchandes, m over 50% yield, m the 

*Studies on the Koemgs-Knorr reaction, Part VII 
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ratro of 3.1, which were clearly separated on t 1 c and Isolated on column chromatog- 
raphy. The mmor product was a crystalline sohd (7) and was converted mto 4 on 
catalytic hydrogenolysrs Sirmlar treatment of the malor product (S) gave a drfferent, 
much less levorotatory, drsacchande, the per(trimethylsrly1) ether of whrch also showed 

R”6 H6 Rt) 

1 R = OMe, R’= R’= ELI R-= H 3 R = Me R = R*= BZI R”= COcjH*Nq (PI 8 R = ez, 

2 R = Br, R = &I, R== R-= COGH,NO, ipl 4 R = Me, R = R’= R-= H 9R= H 

5 R = Me R = R’= R-= AC 

6 R = R’= R-z R-s H 

7 R = Me.R = E&R’= R-z H 

a single peak on g 1 c , but with a T Sucrose value different from that of the ether prepared 
from 4 Thrs second disaccharide, formulated as methyl 4-O-ji-L-fucopyranosyl- 
a-r-fucopyranosrde (9), was also a crystallme sohd Acetylatron of 4 afforded the 
Wstalhne pentaacetate 5 Acetolysrs of 5 wrth a nuxture of cooled acetrc acrd, acetrc 
anhydride, and sulfirnc acid, followed by careful catalytrc deacetylatron and passage 
through a coIumn of Sephadex G-25, gave a hygroscoprc syrup Thrs was shown to be 
identical wrth an authentic specrmen of 4-O-m-r.-fucopyranosyl-r.-fucose (6), lcmdly 
provided by Dr. C8t&, on t 1 c and paper chromatography, each m two separate 
systems that clearly drfferentrated 6 from 3-O-LX-L-fucopyranosyl-L-fucose The 
synthetic and natural specrmens of 6 had identrcal optical rotations 

Reaction of 1 with bromide 2 resulted m a stereospecrfic syntheses of the 
a-L-hnked drsacchande 6 However, 2,3,4-tn-O-acetyl-cc-L-fucopyranosyl bromrde 
gave a mrxture of disaccharides ennched in the P-L anomer. The hrgh reactrvrty of the 
Lthydroxyl group m 1, which was ce:tamly no lower than that of the 3-hydroxyl group 
in the 2,4-dr-O-benzyl Isomer towards the same reagentsg, would indicate that the 
4_-hydroxyl group in hexopyranosides is not necessarrly unreactrve Much of our 
mformatron on the selectrve reactrvrty of hydroxyl groups m sugars has been obtamed 
from esters (acetates or benzoates) In these protected sugars, the nerghbormg acyl 
group may afford the possrbrhty of cychzatron wrth the free hydroxyl group or exert 
electromc mfluenccs specifically lowermg the reactrvlty Such hmdrances would not 
necessanly be encountered wrth vlcinal benzyl ethers Use of partrahy benzylated 
sugars as protected mtermedrates for syntheses reqmrmg reactron wrth these otherwrse 
less reactive hydroxyl groups could then be advantageous 

EXPERIMENTAL 

For general methods, see Ref. 11, except for microanalyses of 4 and 5, wluch 
were performed by Sandoz Ltd , Microanalytrcal Laboratones, Basel, Swrtzerland 
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Methyl 4-0-a-L-fucopyranosyZ-a-L&copyranoside (4) - A solutron of methyl 
2,3-di-O-benzyl-a-L-fucopyranosrde’ (1, 1 0 g, 2 8 mmol) in 1 1 (v/v) nitromethane- 
benzene (60 ml) was evaporated untrl approximately 20 ml of the solvent mrxture had 
drstrlled, and then cooled to room temperature Mercurrc cyanide (0 9 g, 3 5 mmol) 
and 2-CLbenzyl-3&h- U-p-mtrobenzoyl-a-r-L-fucopyranosyl bronude ’ 2 (2, 1 8 g, 
2 8 mmol) were added, and the reaction mrxture was stured for 24 h, further addlhons 
of 2 being made after 6 and 12 h (2 8 mm01 each trme) The nuxture was diluted with 
benzene, washed successrvely wrth a saturated solution of sodium hydrogencarbonate 
and water, dried (calcmm chloride) and evaporated zn UCICUO The resrdue was drssolved 
m benzene and chromatographed on s&a gel A homogeneous fraction (t 1 c ) eluted 
wrth 9 1 (v/v) benzeneether was collected and, after evaporation of the solvent zn 
uacuo, a syrup was obtained (3,2 1 g, 85%), [a];’ -226” (c 1 17, chloroform), n m r 
data r 1 82-2 36 (m, 8 H, 2 p-mtrobenzoate groups), 2 72-2 92 (m, 15 H, 3 Ph), 
6 68 (3 H, OMe), 8 70, and 9 20 (2 d, 6 H, J 6 5 Hz, 2 CH-Me) 

A portion of 3 (2 0 g) was IssoZved in 1 1 (v/v) chloroform-methanol (100 ml) 
contammg a cat.tpI_ytrc amount of sochum methoxide The solution was kept overmght 
at room temperature, and then neutrahzed with acetic acid and evaporated in uacuo 
The residue was drssolved m benzene and chromatographed on S&X gel Benzene- 
ether (1 1, v/v) eluted fractrons whrch were homogeneous on t 1 c Evaporation of the 
solvent zn uacuo afforded a syrup, [aJg - 137” (c 1 21, chloroform); n m r. data 
t278(15H,3Ph),670f3H,OMe),878,and908(2d,6H,J65Hz,2CH-Me) 
The syrup obtamed was drssolved in 90% ethanol (100 ml) and 10% palladmm-on- 
charcoal (100 mg) was added The mu&ure was shaken wrth hydrogen at 3 5 atm for 
24 h at room temperature, the catalyst was removed by filtratton, and the solvent 
evaporated m vamo to grve a syrup (0 65 g, 90%) Crystalhzatron from methanol- 
drisopropyl ether afforded a hygroscopic sohd (4) (0 52 g), m p 102-104”, [a]2 - 240” 
(c 0 95, water), n m r data (deutenum oxrde) r 5 12 (cl, J 3 Hz, H-l’), 6 64 (3 H, 
OMe), 8 68, and 8 84 (2 d, 6 H, J 6 5 Hz, 2 CH-Me) 

Anal Calc for C13HZ409 0 5H20 C, 46 9, H, 7 6, 0,45 7. Found C, 47 4, 
F&72,0,460 

Catalytic hydrogenolysis of 7 (200 mg) afforded a syrup (115 mg, 90%) which 
was Identical with 4 on t 1 c m 9 1 (v/v) acetone-methanol and 65 15 2 (v/v) chloro- 
form-methanol-water, and showed the same optical rotatron. A portron of 4, before 
crystallizatron, was converted mto the per(trimethyIsrly1) ether and analyzed by g 1 c ; 
one sharp peak was observed on a column of 3% SE-30 at 200’ I&,,,, 0 37 

fifeethyl 2,3-dz-O-acetyC-4-0-(2,3,4-rrz-O-acetyZ-a-L-f~copyr~o~Z)-a-L-fuco- 

pyranoszd? (5) - A portion of 4 (0 50 g) was acetylated with acetrc anhydrrde (10 ml) 
m pyrrdme (10 ml) overnight at room temperature Metha-, was added wrth coohng, 
and the solutron ww concentrated m U~CUO Toluene ~3s added, and the solutron 
concentrated agarn to d syrup which was drssolved 111 chloroform and extracted with 
water. dried (calcium chloride),, and concentrated zYz uamo to a syrup (0 79 g, 900/,) 
Crystalhzatron from abs ethanol afforded 5 (0 60 g), m p 90-93”, [ali -212 o 
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(c 0 83, chloroform); n m r data T 6.68 (3 H, OMe), 7 86, 8 00, and 8 OS (15 H, 
5 OAc), and 8 72, 8 82, and 8 92 (6 H, CH-Me) 

Anal Calc for C23H34014: C,517,H,64 Found C,515;H,64 
4-0-a-L-Fucopyranosyl-L-fucose (6)_ - To a cooled solutron of 5 (0 40 g) m a 

mixture of acetic anhydride (8 ml) and glacral acetic acrd (1 6 ml) was added a cooIed 
solutron of 10 1 (v/v) glacral acetrc acid-sulfuric acrd (0 61 ml) After 20 h at 4”, the 
reactton mixture was drluted wrth water and stirred wrth an excess of sodium carbonate 
for 2 h Chloroform was added and the chIoroform Iayer washed with water until 
neutral, dried (calcium chloride), and concentrated zn vacua to a syrup (0 29 g, 70%)) 
n m r data z 3 60 (d, 0 6 H, J 3 Hz, H-l of a-anomer), 7 86, 7 90 7 93, 7 96, 8 0, 
8 OS (18 H, 6 OAc), 8 72, 8 82, and 8 92 (6 H, 2 CH-Me) 

To a solutron of the syrup (0 25 g) u-r methanol (12 ml), cooled m an Ice-salt 
nuxture, was added 15m~ barmm methoxrde (2 5 mI) The reactron mrxture was kept 
overmght at 4”, the banum salts were removed by stu-rmg wrth Amberhte IR-120(H’) 
Ion-exchange resin, and the solutron was filtered and evaporated m vacao The resrdua1 
material was punfied by column chromatography on Sephadex G-25 to give a syrup 
(6, 0 10 g, 70%), [a]2 -171” (c 0 85, water), ht ’ [c& -170” (c 1, water), homog- 
eneous on t 1 c m 65 25 2 (v/v) and 13 6 1 (v/v) chloroform-methanolater and on 
paper chromatography (4 1 5, v/v, butanol-acetic acrd-water, R,, 0 66, ht 1 0 62, 
3 1 1, V/V, butanol-pyridme-water RFuc 0 70, ht I. 0 64) The syrup was m&stm- 
gulshable from an authentrc sample, provided by Dr C&C, m these chromatographtc 
systems 

MethyZ 2,3-dr-O-benzyl-4-O-a-L-fucopyranosyl_c (7) and methyl 

2,3-dz-O-benzyZ-CO-P-L-fircopyranosyZ-a-L-~~copyraizostde (8) - Reaction of 1 

(2 40 g) wrth 2,3,4-tri-O-acetyl-cc-r.-fucopyranosyl bromrdel’ (4 0 g) m the presence of 
mercuric cyamde (3 3 g) m 1 1 (v/v) mtromethane-benzene overmght at room 
temperature afforded a nuxture whrch was catalytrcally deacetylated with sodium 
methoxrde m methanol After bemg concentrated to a few ml, the solutron was 
d&ted wrth chloroform and washed wrth water The chloroform layer was evaporated 
to a syrup, whtch was dissolved m 1 1 (v/v) benzene-ether and apphed to a sihca gel 
column Benzene-ether (1 1, v/v) eluted 0 85 g (35 5%) of unchanged 1 Ethyl acetate- 
acetone (4 1, v/v) eluted a product (8, 1 35 g, 40 0%) followed by a different product 
(7,0 45 g, 13 3%) Compound 8 was a syrup, [a]E - 37 7” (c 1 34, chloroform), n m r 
data- 72 74 (lOH, 2Ph), 670 (3 H, OMe), S 72, and 8 SO (2 d, 6H, J 6 5 Hz, 
2 CH-Me) 

Compound 7 crystalhzed on removal of the solvent Tt was recrystalhzed from 
acetone, m p 172-174”) [or]f$ - 145 2” (c 0 90, chloroform), n m r data r 2 76 
(10 H, 2 Ph), 6 72 (3 H, OMe), 8 76, and 9 OS (2 d, 6 H, J6 5 Hz), on t 1 c in 4 1 (v/v) 
ethyi acetate-acetone, It gave a single spot Rs 0 83 

Anal CaIc for C2,H3 6O9 C, 64 27; H, 7 19 Found C, 64 OS, H, 7 21 
Methyl 4-0-/3-L-fucopyranosyi-a-L-fucopyranoszde (9) - Catalytrc hydro- 

genolysts of 8 (1 30 g) gave a syrup (0 SO g, 96%) which crystalhzed from methanol- 
dusopropyl ether m needles, m p 175-177”, [oz]g4 - 132 5” (c 1 05, water), n m r 



312 NOTB 

data- z 6 58 (3 H, OMe), 8 65, and 8 70 (2 d, J 6 5 Hz, 2 CH-Me) (the anomeric 
protons could not be &stmgmshed); t 1 c (65 15 2, v/v, chloroform-methanol- 
water)- R4 1 2 S 

And Calc for C13Hz509- C, 48 14, H, 7 46 Found C, 47 99, H, 7 35 
On g 1 c , the per(tnmethylslly1) ether of 9 gave one sharp peak T,,,,, 0 33. 
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