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ARSTRACI 

Some I,-fucopyranosyl di-, tri-, and tetra-saccharides containing D-glUCOSe 

and D-galactose have been synthesised. The use of mercuric cyanide and 2-O-ben- 

zyl-3,4-di-0-p-nitrobenzoyl-L-u-L-fucopyranosyl bromide gave cY-t_-fucopyranosides 

stereospecifically, but 2,3,4-tri-0-acetyl-a-t_-fucopyranosyl bromide gave mixtures 

with selectivity favouring the /3 anomer. A tetrasaccharide was prepared containing 

both (Y- and P-r.-fucopyranosyl residues in the same molecule, as part of a structure 

occurring in some extracellular bacterial polysaccharides. The configuration and 

positions of substitution of fucopyranosyl residues were clearly shown by ‘H- and 

“C-n.m.r. data. 

INTRODUCTION 

Complex extracellular polysaccharides are produced by many Gram-negative 

bacteria’. Colanic acid produced by some Escherichia coli and Salmonella species 

contains a hexasaccharide repeating-unit with both (Y- and p-fucopyranosyl re- 

sidues’. The P-I*-fucopyranosyl linkage is extremely rare in Nature and raises in- 

teresting biochemical questions”. 

Earlier studies of the stereochemistry of the Koenigs-Knorr reaction led to 

methods for preparing both a- and /3-t_-fucopyranosides, so that controlled synthe- 

sis of such repeating structures should be feasible 4~s Various oligosaccharides con- 

taining both of these residues have now been prepared. 

RESULTS AND DISCUSSION 

Reaction of 2-0-benzyl-3,4-di-O-p-nitrobenzoyl-cY-L-fucopyranosyl bromide6 

(1) with 1.2: 5,6-di-0-isopropylidene-a-D-glucofuranose (3) in the presence of mer- 

curic cyanide, followed by catalytic deacylation, gave 3-0-(2-O-benzyl-a-L-fuco- 
pyranosyl)-1,2: 5,6-di-U-isopropylidene-a-D-glucofuranose (5). The yield of 5 

(from 1) was 60% if excess of 3 was used. Since 40% of 3 was recovered and could 

be recycled, this approach involved the most economical use of the expensive 

bromide 1. 
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Treatment of 5 with approximately equimolar proportions of benzyl bromide 
and sodium hydride in N,N-dimethylformamide, followed by acetylation, gave the 
3-acetate (7) and 4-acetate (6, R 3 = Ac) in the ratio of 3:2, which were charac- 
terised on the basis of their n.m.r, data. 

Regiospecific benzylation of 5 was achieved by using the stannylidene com- 
plex 7, to give 58.5% of syrupy 3-O-(2,3-di-O-benzyl-a-L-fucopyranosyl)-l,2:5,6- 
di-O-isopropylidene-a-D-glucofuranose (6) after purification via the 4-acetate. 
Catalytic hydrogenolysis of  5, followed by selective acid hydrolysis, gave 3-O-a-L- 
fucopyranosyl-D-glucose (11). 

Reaction of methyl 2,4,6-tri-O-benzyl-a-D-glycopyranoside s (4) with I under 
Koenigs-Knorr conditions, followed by catalytic deacylation, afforded a 70% yield 
of methyl 2,4,6-tri-O-benzyl-3-O-(2-O-benzyl-a-t-fucopyranosyl)-a-D-gluco- 
pyranoside (8). The n.m.r, spectrum and optical rotation of  8 were consistent with 
the a-l.-fucopyranosyl structure and, as in the synthesis of 5, there was no evidence 
for the formation of the/~ anomer. 

Benzylation of the stannylidene complex of 8 led to regiospecific substitution 
at HO-3 (equatorial), and 82% of the pentabenzyl ether 9 was obtained. The struc- 
ture of 9 was established by comparison of  its n.m.r, spectrum with that of its ace- 
tate, and confirmed by the fact that partial hydrolysis of 9 with acid gave 4 and 2,3- 
di°O-benzyl-L-fucose. 



Condensation of 6 with 2,3,4-tri-0-acetyl-cu-I.-fucopyranosyl bromide” (2) in 

the presence of mercuric cyanide did not proceed stereospecifically. In 1: 1 nit- 

romethane-benzene, the terminal a,~-I..-Fucp ratio (12:13) was 1:2, whereas, in 

acetonitrile, the reaction was much more stereoselective (CX$ ratio, l:Y), although 
the tota yield was rather lower. The trisaccharide derivatives 12 and 13 were iso- 

lated by column chromatography. Likewise, condensation of 9 with 2 in nit- 

romethane-benzene, followed by deacyiation and column chromatography, gave 

46.5% of the ~-L-Fucp-substituted disaccharide derivative 19 and 11% of the N 

anomer. The 80-MHz n.m.r. spectrum of 19 was sufficiently well resolved to enable 

identification of both the w and /3-I.-Fucp residues present. Catalytic hydro- 

genolysis of 19 afforded crystalline methyl 0-P-I,-fucopyranosyl-( l-+4)-O-cu-r.- 

fucopyranosyl-( l--+3)-cY-D-glucopyranoside (20). 
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Methyl 2,3-di-O-benzyl-4-0-p-D-galactopyranosyl-~-~-fucopyranoside 04) 
was synthesised in >80% yield from methyl 2,3-di-0-benzyl-ar-I,-fucopyranoside 

and ~,3,4,6-tetra-~-~cety)-~-D-galactopyranosy~ bromide followed by catalytic 

deacetybtion. The crystalline product was anomerically pure, and had the ex- 

pected n.m.r. spectrum and sign of optical rotation. Acctylation of 14 followed by 

acetolysis gave 4-O-P-D-galactopyranosyl-L-fucose hepta-acetate (16) which con- 

tained -90% of the a anomer, as indicated by the p.m.r. spectrum. 

Condensation of 9 and the glycosyl bromide 17 (prepared from 16), followed 
by catalytic deacetylation and column chromatography. gave methyl 0-P-D-galac- 
topyranosyl-( l-+4)-0-(cu- and P-L-fucopyranosyl)-( 1~4)-O-(2,3-di-O-henzyl-~-~~- 

fucopyranosy1)-(1~3)-2.4.~-tri-0-benzyl-cr-D-g1ucopyranoside (22, 22%; and 23, 

52.5%). Both compounds were crystalline solids, and the p.m.r. data and optical 

rotations accorded with the structures assigned. 

Catalytic debenzylation of 22 and 23 produced the methyl tetrasaccharides 24 

and 25, respectively, which could not be crystallised, and catalytic deacetylation of 

16 afforded 4-0-P-D-galactopyranosyl-P_t-fucopyranose (18). 

The reaction of the glycosyl bromide 1 (benzylated at position 2) with two 

different nucleophiles (3 and 4) proceeded stereospecifically and gave cy-glycosides, 
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but the glycosyl bromtdes 2 and 17 (acetylatcd at pobltion 2) pave j&Jycusidcs. 

High-resolution p.m.r. spectra 01 \ome of these oligosaccharide par\ (20 and it\ a 

anomer, 22 and 23. 24 and 25) showed the marktd cftcct t)f anancrIc rlifferenccs 

upon the CMe signal\. 1vhic.h ciln \cric as markers Anomcric ~cjntigurution\ could 

generally be estahlishrd on the hasis of the H-l slgn,ll> (,I the tu~~y)r;tnosyi rc- 

sidues. ‘-‘C-N.m.r. spectra \)f hornc ot the product\. Including the II\{) tctrasac’- 

chat-ides (24 and 25). contirmctl the \truoturcs ascrlbrd. and 4hob\\L‘d qultc clearly 

the anomeric configurations and positIon\ of sulxtitutlon elf the glyccy\ rnnca~ I re- 

slduch (Tat+ I ). 

EXPFRIMBYTAI 

For general methods. SC ref. IO. ‘H-N.m.r. spectra were recnrtlcd with a 

Rruker HFX-10 (YO MHz) or WH-270 (270 MHz) y-xxtromctcr ,‘(‘-N.m.r. 

spectra were recorded for solution\ in ILO with a t5ruhcr Vv’Ii-,77l~ yxx’tromctrr. 

Chemical shifts tar “C’-n.m r. spectra arc given relstivc to that of .Zlc_,Si try u\mg 

internal I .-I-dloxane (6 67.1). When the h&cat ia nt~t specified tor II m I qxxtra. 

CDCl~I ih implied. All optical rcltations wet-c dctermmed at ,1-l--3 . 
3-0-(2-O- Ben=Fl-tc -I -/~rr~~~~~~~~~~~~,~~l)-l._‘:.~,h-d~-O-r~~~~~r~~~~~ircit~t~~~~~r-~~-~~i~~- 

cofzirutif~s~ (5). -- To ;I 4tirrcd WhItion of I .?:.~.6-Ji-O-i~oprop~l~d~~~e-~~-~~-~luc~~- 

furanose (3: 4.5 9. 17.3 mnii~l) m I : I iiitromcthane--hrn7enc (-IO ml.). drlrd hy par- 

tial evaporation of the sohrnt. wc’rc ,~ddcd mercuric cvitnldc (3 g. I’ mmol) and 2- 

O-henzyl-.?.~-dl-O-~-nitro~en7o!, I-cr-I.-fucopyr;lno~~ I hronldc t I. - f! g. I 1 .-I 
mmol) in three portions during Ih h. Attcr an additional I,7 h at arnhlcnt tempera- 

ture. the mixture was diluted with benzcnc. and the organic li~>t~r WJ~ w i\hcd sue- 

ccssively with saturated. aquc~ws sodium hvdrogcncarhc,n;itc and w,rte:I. Jned. .md 

concentrated. A solutrm of the residue in I :I’ chloroform-meth~rnl~l US conven- 

tionally deacylatcd catalytic:,llly with \odlum mcthouldc, cnnantr.lted 10 ;I <mnll 
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TABLE I 

-_ 

Rtng D 
C-l 
C-2 
C-3 
C-4 
C-5 
C-6 

Ring C 
C-l 

C-2 
C-3 

C-J 
C-5 

C-h 

Ring B 
C-l 

c-2 

c-3 
c-4 
C-5 
C-6 

Rzng A 
C-l 

c-2 
c-3 
C-4 
C-5 
C-6 
OMe 
I__-._ 

IO 1.5 20 24 25 
- ~ -_. 

104.3 104.2 104.1 

72.1 72.1 72.4 

73 4 73.3 73.1 

69 5 69 4 68.8 or 69.5 

76.0 75.9 75 9 
61 8 61.8 61.9 

loo.3 100.4 105.2 101.3 105.2 

68.9 69.5 71.1 68.9 or 69.2 72.2 

70.4 69.8 74 0 6Y.h or 69.8 73.2 

72.4 81.3 72.4 81 1 79.8 

67.6 67.5 71 7 68.1 71.9 

16.0 16.1 16.4 15.‘) or 16.0 16,4 

IO0 2 loo.3 1002 

68.9 68.Y or 69.2 68.8 or 69.5 
69.7 hY.6 or 69.8 69.7 
82.5 81.5 82.7 
67.3 68.0 67.2 

16.1 159or160 16.0 

100.0 100.1 100. t 100.0 
72.4 72.2 72.4 72 5 

81.0 81.0 81 1 81.0 

69 2 69.7 70.2 70.2 

72.7 72.5 72.4 72.9 

61.4 61.4 hl.4 61 4 

55.8 56.0 55.8 55.8 55.8 
__.__~._ .__ _..._. . .._~~__ __.. . .._. _____~_ ._.____...__.-.. ._-_ ~~_.. .._... 

“For solutions in D#; S In p.p.m from the signal for Me& (mternal 1.4dioxane, 6 67.4). ‘A, WI>- 
Glcp; B, cu-I.-Fucp. C. a- or P-I.-Fucp; D, pi-1%Gaip 

volume, and diluted with chloroform, and the organic layer was washed twice with 

water. The aqueous washings were back-extracted four times with chloroform, and 

the combined organic layers were dried (Na,SOJ) and concentrated. The residue 
was eluted from silica gel with benzene-ether (1: 1). to give methyl p-nitrobenzoate 

and 3 (1.8 g, 40%). Elution with benzene-ether-methanol (14: 14: 1) then gave 5 

(3.5 g; 60%, based on 1). m.p. 169-171” (from ethanol), [o]n -123.5” (C 0.77, 



chloroform). N.m.r. data: 8 I.34 (3 H. I7 Hz. H-6’). 1.27. 1 30. 1 47 /h H). 1.92 
(J.?Hz, H-l oftu-t-Fuc~).~.7h(J.?.hIEz,H-I ofu-l)-(;lcf),and7.3-t(5 II) 

At&. Calc. for C’25H1,,0,,1: <‘. 60.47; fI. 7.31. I;ound: C’. h(1.60: Ii. 7 1X 

~~-0-(_3,3-~~i-<)-t~~tz~~~l-~Y -fzzcop~rnrzi~s~()-I,_ _ , ’ .i ~-tlr-O-i.sc,/lTc)I)\ lrric~w-tr-I)- 

glzccc~fiinznose (6). -- Sodium hydride (0.067 g. 1.4 mmol) wa4 added io ;I 4tlrred 

solution of 5 (0.72 p. 1.-I mmol) in ,li.h’-dimcthyiformamide (3) m1.i follouccl. 

after 2 h at amhient temperaturt.. h) henzyl bromide (0 17 mf2. I .I rnmc~l). ,~nd the 
mixture was stirred for ;I further I h. After the addition of methanol t I ml.) and 

water in excess. the mixture wa extracted with tolurne. and the c~g;tnrc layer was 

washed with water and canccntratcd. *f’hc residue wa\ conventionall\ acetylated 

with acetic anhydride--p ridinc. and the product \V;IS elutcd tr-orn ;i c~~lumn ot \illca 

gel with hcnzcnr--ether- (9: 1 ) to pvt. lir\t and p:esum~~hl~. the &;icct:ltc 01 6 (11..!7 

g. 24.3’i,). [n],, -73 U.m.r tklt:i: rs II. Ih (tr-O/k). Elutcd ICCI~Ild \\>I\;. prc- 

sumably. 3-0-(3-O-acct~i-3.i-cii-O-t7~nz~l-~~-i -f~ic~~p~rano~~I)-1.7:5.~bd1-~/-i~o- 

pr~,pq.lIdenc-tu-n-glucofuranosc~ (7. O.l;lr g. 33.2’; ). [WI,, -- %I’ -it, 2 .:. chic~roform). 

3.m.r. data: ii 1.07 (c-OAc) 

The former compound was obtained in hctter yield by rcgiospecitic hcnzyia- 

tion of the stannylidcne complex of 5 A solution of 5 (2 9 g, 5 h5 mmcll) wa> boiled 

under roklux with dibutyltln oxide ( 1 .S g, 5.9 mmol) in hrnzcnc (h(J mL) for-J h with 

azeotropic removal of water. After concentration of the solutron tr) 3i ml. and rc- 

duction of the temperature to X0”, tetr;~hut~lammonlum iodide (0.5 g) :~nd henzyl 

hromldc (I .-I mL., 11.5 mm~>l) wcrc added, and the mixture was xtirrcd cl\ernight 

at X0” T.1.c. (4: 1 benzene -<ther) then d~omecl essentiailv ant’ spot. ALter addition 

of aqueous sodium hydro~cncarhonatc. the organic laler was wa\hcd M ith water. 

dried. and concentrated. 7’he reslduc was conventlcmally acetc’latcd and the pr~ld- 

uct was found to hc the +ucct:rtc ot 6. Coloured contaminants wcf’ix rL,rnovcd h\ 

column chromatography, and the product (1,.3 g) 1~3s catalytically tle:i~ctylatecl to 

give amorphous 6 (3.0 g. 5X..5Ci ). In],, -70” (c, I. chloroiorm). 

A&. Calc. for CIH,,OI,,: (‘, 65.51: fl. 7.73. Found: (~‘, M..V; H, 7.04. 

_~-O-cu-L-Rfc~~~)‘r~~~~~.~~,~-l~-~~~~~f),s~~ ( 1 I ). ~~ A solutmn of 5 (0. 17 g) in ;icpeoiis 

9OG ethanol (50 ml.) containing 10C,i PdK (0 13 g) was catalyticall> hydro- 

genolvsrd at 3 atm. oxcrnight and the filtered solution. bvhich ahowed one <pot In 

t.l.c. (9: 1 chlort,form-mcthanc,l). was concentrated. ‘-f’he residue M;I~ d~ss~~l~ed in 

ethanol (5 mL), aqueous O.Sci sulfuric acid (5 ml.) has added. and the solution 

was kept overnight at ambient lemperature. neutralisd (I3;1(~~0,), filtcrcd. and 

concentrated. A svlutlon ok the rcsiduc In chluroform~-methanol--~ati~r (Ml: 25.4) 

was added to a column of silica gel. Elution with ?-pr~,p;ln’~l-~\~atrr (7’3) g:r\c I I 

(71 mg, 6Y% ), (crJl, -17‘ (c i .-17. methantjl). 

Aml. Calc. for C’17H2201,j: C. 1-I. 17; H. 6.X0. Found: C‘. J-C.0-I; H. h.95 

Mcti1yl ,‘,I,h-tri-O-hf~n=l’f-2-0-(13-C>-hpn=~l-cY-r -filc~c)l_,\‘~cll/r).~\i)-,Y-n-gl~tc~o- 

pyranmitlr (8). -~ Methyl ‘,-2,h-tri-O-henz~l-rr-r,-gluc(~p~r~ii~~~i~i~ (1; .1.3 g, 9.5 

mmol), mercuric cyanide (?.!I g. 8 mmol). and I (5.0 g. S 1 mmol) III nltrc\methanc 

benzene (30 mL) were alloucd to react. ;I< de<crihcd ahovc for 5. fl>r .I rc~;il ot IS 
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h, followed by work-up and catalytic deacylation. Column ~hr(~matography of the 

product gave 4 (1.6 g, 36.4%) and 8 (4.0 g, 70% calculated on 1). which was &ted 

by benzene-ether (1: 1). The product did not crystallise and had [LY]~, -25” (C 1.4, 

chloroform), N .m .r. data: S 0.85 (3 H, J 8 Hz, H-6’), 3.30 (3 H), 4.71 (J 4 Hz, H-l 

of a-L-Fucp), 5.75 (14 Hz, H-l of cy-Cilcp), and 7.25-7.34 (20 H). 

Anal. Calc. for CqlH18010: C. 70.26; H, 6.90. FoLJnd: C, 70.52; H, 7.05. 

Methyl 2,4,6-tri-0-benzyl-3-O-(2,3-di-O-henzyl-ff-I,-fuco~~r~~osyi)-~-D- 

g~~co~yr~~oside (9). - ~enzy~ation of 8 (6.6 g) in benzene via the stannylidcn~ 

complex gave essentially a single product which, after purification by elution from 

silica gel with benzene-ether (4: 1). was a syrup (6.1 g, 82%). [cx]~, -28” (c 1.3, 

chloroform). N.m.r. data: 6 0.83 (J 8 Hz. H-6’), 3.30 (3 H), 5.70 (J 3.5 Hz), and 

7.21-7.30(25 H). 

Anal. Calc. for C4sHs3010: C, 72.89; H, 6.88. Found: C, 72.60; H, 6.75. 

Conventional acetylation of 9 gave a product with an n.m.r. signal at 6 2.14, 

presumably due to AcO-4(a). 

3-0-[2,3-pi-~-bejzzyl-4-0-(~- and P-L-fucopyranosyf)-cY-t-fitcupyranosyll- 

1,2:5,6-di-0-isopropylidene-cY-n-gfucufuranose (12 and 13). - Compound 6 (1.0 g, 

1.70 mmol), 2,3,4-tri-0-acetyl-a-I>-fucopyranosyl bromide (2; 0.60 g, 1.94 mmol, 

added in portions), and mercuric cyanide (0.50 g, 2 mmol) were allowed to react 

in 1: 1 nitromethane-benzene (20 mL), as described for 5, for 24 h. After work-up 

and catalytic deacetylation, extraction of the product with chloroform gave a three- 

component mixture (t.1.c.). Column chromatography (9: 1 chloroform-methanol) 

gave 6 (0.3 g, 30%), followed by 13 (0.55 g, 44%) and 12 (0.25 g. 20%). 

Compound 12 had [(~]o -106.5” (c 0.6, chloroform). N.m.r. data: 6 1.19- 

1.46(18H),5.75(H,J3.5Hz),and7.25-7.32(10H). 

Anal. Calc. for C3XH51-0 14: C, 62.28; H, 7.15. Found: C, 62.35; H. 7.40. 

Compound 13 had [cY]~> -30.5” (c 1.6, chloroform). N.m.r. data: 6 1.13-1.48 

(18H),5.75(H,J3.5Hz),and7.26-7.29(10H). 

Anal. Found: C, 62.28; H, 7.02. 

Similar reaction of 6 (1.7 g) in acetonitrile gave 12 (0.10 g. 4.4%) and 13 

(0.80 g, 35.6%). together with 6 (0.65 g, 38.2%). 

Methyl 2,3-di-O-benzyf-4-O-~-~-galacto~yranosyl-cr-~~-fucopyranoside (14). 
-Reaction of methyl 2,3-di-0-benzyl-ac-L-fucopyranoside (13 g, 34.2 mmol), mer- 

curic cyanide (13 g, 50 mmol), and tetra-0-acetyl-cr-D-galactopyranosyl bromide 

(21.0 g, 51 mmol) in nitromethane-benzene (1: 1) for 24 h. followed by catalytic 

deacetylation and column chromatography, gave a crystalline solid (15.5 g, 81%~) 

eluted by ~hioroform-methanol (9: I). Re~rystallisation from ethyl acetate- 

acetone gave 14, m.p. 1&l-186”, [aID -86” (c 1.1, 95% ethanol). N.m.r. data 
[(CD3)2SO]: S 1.27 (J 8 Hz, H-6), 3.70 (C)Me). and 7.31 (10 H). 

Anal. Calc. for C7,HYhO10: C. 62.05; H, 6.95. Found: C, 62.00; H, 7.07. 

Methyl 4-O-/.!I-D-gafuctopyranosyl-n-L-fucopyranoside (15). - Catalytic hy- 

drogenolysis of 14 (4.5 g), followed by the usual work-up, gave a solid that was pre- 

cipitated in amorphous form (2.6 g, 89%) on cooling a hot solution in methanol- 



ethyl acetate and had m.p. .-1.50”. (LY]~, - 103” (c 1.5. methanol). N.m.r. data: (270 

MHz. DzO): S 1.31 (3 H. J h 5 Hz. H-6), 3.29 (3 H). and 4 33 (H. .I h 5 MI. H-l 

of @-Galp). 

Ad. Calc. lor C13H1401,,: C’. 45.88; H. 7. Il. Found: C. 45.62: H. 7 X! 

~-O-P-u-C;ulur,ro~p~r(z~~f~.\~t-l -_fuw.w I ,'.~.~',.?',~',6'-ilt~l't,l-ul~~~riirc' ( 16). -- 

Treatment of 15 (3.2 g) with acetic anhydride--pyridinc o\rrnipht at amt+nt tcm- 

perature gave a syrupy product. [uJ,, -4h.5” (c I .7. chloroform). To ;I \tvrcd s~lu- 

tion of this product in .5: 1 acetic anhydridc-acctlc acid (60 mI_.) at .i WI\ ridded I :%I 

sulfuric acid-acetic anhydnde (4 mL). The mixture was kept okrrnight at 5“. s;tirrt’d 

with excess of cold aqueous sodium hydrogencarhonatc for 2 h, anti c\tracted wtth 

chloroform. The extract contained a product wrth KtS 0 S ( 1. I benzene- ether). and 

traces of IS. Column chrom:ttugraphy (1: I hen/.enc-ether) gabe 16 a\ a >yrup (4.65 

g. XW ). @I,, --NO(c 2, dichloromethane). N.m.r. data: 6 1.X (.I S Hz. H-h). 

1.9%2.17 (21 H. Including 7.7 H at 2. IO presumably due tc) A&)-1~ of Fuq~). and 

6.X (0.5, H. J 3 Hz. H-l of tu-‘tcctak). 

,-ln~l. Calc. for C’,,,H7,0,:: (‘.50.X: H, 5.85. Found: <‘. 50.51: II. 5.X. 

Met@ 3-O-( J-o-j34 I~rc.r,~‘~“‘l”.F~‘I-cu-l -flrc~op~r’“‘~~~l)-cl-r~-,~il4c~e~~~ru~lo- 

side (20). - Reaction of 9 (I .!I g . 2.1 mmol). mercuric cyanide (0.X g. 3 2 mmol). 

and 2 (1.5 g. 5 mmol) in 1: 1 nifromethane-benzene (25 mL ). a\ dcvs4vd above 

for 5. followed by catalytic de:scetylatmn dnd column chromatogrsphk. pabe 9 IO.h5 

g. 3-t? ), eluted with hemene-ether-methanol ( Id: I-l: 1). chlorcdorm -methanol 

(19: 1) eluted it major product ( I .OS g. 46.55 ), [cYJ,, - 36’ (( I. chlor~~torm~. fol- 

lowed by a minor product (0.5 g. I 1’i.f. Ic~]~, -X6” (c I 5. chlorohn-rn). N m.r 

data: major product. fi 0.78 (3 H, J X Hz). 1 .22 (.? H, I X Hz). Z _JO cf I il. 4.115 (J 

8 Hz, H-l of ,8-r-Fucp). 4.7X (J 3 Hz. H-l of U-I -Fucp). 5.h5 rJ 3 lb. H-l of cu-I)- 

Glcp), and 7.21-7.30 (75 H): mmor product. d 0.7X (3 H. J X Hz). I (HI (3 H. .i X 
Hz). 3.29 (3 H), and 7.21-7.30 (‘5 H). 

The major fraction wa\ hydrtqzenolysed in OSri ethanol okcr IfVi PdX. und 

the product was purlficd by column chromatography Chlorof(~rm-m~th~Inol-H;ltcr 

(60:?5:4) elutcd Y white sohd (O..V g. X0”;) that crystaked from cthunol. to pivc 

20. m.p. X_SZ26”. [u]~, -2-V (J. I. mrthanol). N.m.r. data: (270 Mll7. D4): li 

1.13 (3 H. J 7 HI). I.195 (3 H. .I 15.9 Hz) . 3 3.1 (3 H). 4.47 (I H. 17.6. /$-I -Fucp). 

and 5.13 ( I H. J 3.X. a-L-Fuq~). 

/Infli. Calc. for CrUHX,,C), I: C. 46.91; H. 7.0-i Found: C. -ki.hr(: H. 7.0’. 

Methyl 0-p-D-galactop~rrm~~s~l-( I-4)-0-(cu- and #I-r -fim~pwann.yvl)-( I--4)- 
O-(~,3-dl-0-hrrl=~/-ru-r.-filcc)p~rflnos~f)-( I ~Z)-_7,~,15-tri-O-hc,ti=vi-~r-l)-~~iilco)p~rci- 

ncmde (22 ant1 23). - A solution of 16 (4.0 g) m acetlc acid (k ml.) ,md HHr- 

HOAc (455. _ ‘0 mL) uas kept at Y for _W min. and t.1.c. then hhoHcd that reaction 

was complete. The mixture NW extracted with dichlor~,mcthanc. ;InJ the extract 

was washed with ayucous sodium h}dragencarbonatc and ice -wakr. and then con- 

centrated. T.1.c. (1: 1 hcn7cne-ether) showed almost homogentvur 17 (4.3 g. 

IOOG). [o],, -141” (c, 1. dichloromcthane). Reaction of 17 (4 0 g. bJ mmol) with 

9 (3.0 g, 3.X mmol) and mercuric cyanide ( I .5 g, h mmol) in 1: I nltromcthanr-ben- 
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Zene (35 mL) for 2 days, as described for 5, followed by catalytic deacetylation and 

column chromatography (9: 1 chloroform-methanol), gave 23 (2.7 g, 52.5%) fol- 
bved by 22 (1.2 g. 2270). Both 22 and 23 crystallised from ethanol-ether. 

Compound 22 had m.p. 17S-180”, [cy]r, -80” (c 0.9. methanol). N.m.r. data 

(270 MHz): S 0.76 (3 11, J 7 Hz), 0.92 (3 H, J 6.5 Hz), 3.25 (3 H), 4.75 (H, / 3.5 

Hz), 5.65 (H,J3.5 Hz), and 7.10-7.40 (25 H). 

Anal. Calc. for C,,H7u019: C, 65.26; H, 7.21. Found: C, 65.31; H, 7.00. 

Compound 23 had m.p. 143-145’. ]cy]t, -JO0 (c 0.9 methanol). N.m.r. data 

(270 MHz): 6 0.75 (3 H, J 7 Hz), 1.26 (3 H, J 6.5 Hz). 3.25 (3 Hf. 4.10 (H, J 7.5 

H~).S.6S(H,J3.SHz).and7.1~1-7.40(2Stl). 

Anal. Found: C, 65.13; H. 6.92. 

Methyl O-~-D-ga~actopyrarzosyl-(l~4)-O-cu-~.-fucupyratzosyE-(l--r4)-0-~-L- 
fucopyranosyI-(ljS)-n-D-g[ucopyranoside (24). - Hydrogenolysis of 22 (0.38 g) 

in 95% ethanol, as described above, gave essentially one product (0.15 g, 67%) 

which did not crystallise even after column chromatography (elulion with 60:35:8 

chloroform-methanol--water). It had [cy]t) -75” (c 1.9. methanol). N.m.r. data 

(270 MHz, D,O): S 1.18 (6 H, .J 6.5 Hz, H-6’,6”). 3.34 (3 H), 4.33 (H, / 7.1 Hz, 

H-l of /3-r>-Galp), 4.90 (H, J 3.5 Hz, I-i-1 of cu-L-Fucp). and 5.17 (H, J 3.8 Hz, H-l 

of cu-L-Fucp). 
Anal. Calc. for C2sHti01~J: C, 46.29; H, 6.84. Found: C, 46.01; H. 6.95. 

Methyl O-~-D-gafactopyranosy~-(~-24f-O-P_L-fL~co~yr~n#syf-(~~~)-~-~-I_- 
fucopyrcmosyf-(l~3)-cu-D-ghlcopyrffnoside (25). - Similar treatment of 23 (1.0 g) 

afforded, after chromatography, a glass (0.50 g, iiS%,), Rr9 -1.4 (60:35:8 chloro- 

form-methanol-water). [a]r> -23” (c 1.1. methanol). N.m.r. data (270 MHz, 

D1O): 6 1.14 (3 H. J 6.5 Hz), 1.25 (3 H. J 6.5 Hz), 3.33 (3 H), 4.13 (H, J7, H-l 

of P-L-Fucp), 4.38 (H, J 7 Hz. H-l of @-D-Galp), and 5.14 (J 3.5 Hz. H-l of a-L- 

Fucp). 
Anal. Calc. for Cz4H,,0,,: C, 46.39; H, 6.84. Found: C. 45.95; H, 6.70. 

Methyl 3-O-LY-r_-fz4copyranospl-a-D-gfucopyrunoside (10). - Hydrogenolysis 

of 8 (0.90 g) in 95% ethanol, as described above. gave a solid product (0.40 g, 92%) 

which was almost completely homogeneous in t.1.c. (4:l chloroform-methanol). 

Recrystal~isation from ethanol gave needles of 10, m.p. 197-199”, ]cy]r, -20” (~0.7, 

methanol). N.m.r. data (270 MHz, D,O): 8 I.07 (3 H, J 6.5 Hz, H-6’), 3.32 (3 H), 

and5.11 (H.J3Hz,H-I ofa-t,-Fucp). 

Anal. Calc. for C13H2J0,0: C. 45.88; H, 7.11. Found: C. 46.01; H, 7.05. 

4-O-P-D-(;alact~ppr~~~.~yf-I_-fucose (18). - Compound 16 (0.8 g) was 

catalytically deacetylated in methanol at 5” overnight. ‘f.1.c. (60:35:8 chloroform- 

methanol--water) showed a single, slowly-migrating spot. The solution was stirred 

with excess of Dowex 50 (HC) resin and, after filtration. concentrated, and the re- 
sidue was recrystallised from ethanol containing a little methanol, to give needles 

of 18 (0.35 g, 83%), m.p. 182-l&P, [c~]t, -39” (5 min) + -18” (18 h) (c 1. water). 

Anal. Calc. for C,,H,IO,,,: C. 43.17: H. 6%). Found: C, 33.89; H, 6.85. 

O-p-L-~z~cnp?rrffnos_vI-( 1~4)-~-ff-L-fucup~~a~r~s~~-(~~3)-D-~iucose (21). - 
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Hydrogenolysis of 13 (0.50 g) in ethanol, as described above. follo,uetf by deaccta- 

lath of the residue in 1 : 1 1 .+dioxane--I ‘I; sulfuric acid (IO ml.) at ambient tern- 

perature overnight, gave :I product that was almost homogeneous in 1.1 C. (60:.?5,4 

chloroform-rneth~~l,. +I-~atcr). I‘htz solutwn was neutraiiseci with Ra(‘c la. filtered. 

and concentrated, arid ihe residue ~‘a purified hy column uhrom;!to.~r;lph) , to ghtz 

21 (U.ZS g. 78%). which did not crystallist: and had [cY],) -60 ((‘ 1.2, zncthanoi). 

‘YJ-N.m.r. data: 5 105.1. 74.1. 7Z.S. 71.0. 71.2, 2nd Ih.5 (assigned tcv C-P~ -Fwq): 

100..?, X3.6. 69.9. W.13. 67.5. and 16.3 (awgnrd to 3-0-wbbtltukd tu-i.-F’uq~): typi- 

al U- and p-D-c;@ pcal<s were also present, including those at d ().%.O and %.h (c-1 

of cr-II-Glcp and p-n-Gic~~, rapectively). 

.-1nul. Calc. for C‘,xH1-O,i: c’, 15.76; H. 6.83. Found: C‘. 35.38: II, O.-LCJ. 

PahI, acid Iz~cfrol~sis r!(Y. -- A solution of 9 (0 37 g) in I I I .I-dwxanc -XI 

H$Q (40 ml.) was boiled under retlux for .i h, cvoled. ncutraliscd ( BaC’OI). and 

concentrated. ‘rhc rcsldue W;I~ subjected to chromatography ( I : 1 bcnrcn+ether) 

to give, first, 4 (0.Z p. X3’-, ), and then 3..kii-0-lwnqi-1 -lucow IO.17 p. 8i.55 ) 

which was identical (t.i c.. optical rotation. p.m.r. spectrum) Nlth ‘III .iuthcntic 

specimen and cleariv differentiated hv these criteria from ?.d- 2nd .i.J-dl-o-hcJlz\i- 

I -fucow: ’ 
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