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ABSTRACT 

Enzymic hydrolysis of “polygalacturonic acid” gave a mixture of oligomers 

which was fractionated by ion-exchange chromatography. The resulting di- and tri- 

saccharides were treated, respectively, with methanol and ethylene oxide, and the 

resulting esters were reduced with sodium borohydride. Treatment of the products 

with acetic anhydride and sulfuric acid, followed by deacetylation, produced the title 

compound. 

INTRODUCTION 

Specific attachment by bacterial surface lectins to carbohydrate structures on 

eukaryotic cell surfaces is now a subject of great interest’. Two Swedish groups’ 

have suggested that glycolipids (related to the human P blood-group system3), 

located on the surface of uroepithelial cells, act as receptors for the adhesion of 

uropathogenic E. coli bacteria. 4-O-x-D-Galactopyranosyl-D-galactose (1) is a compo- 

nent of these glycolipids as an cr-D-Galp-( I-&)-/j’-D-Gal group, and simple glycosides 

of 1 are efficient and specific inhibitors of the agglutination of uropathogenic E. coli 
bacteria with certain red blood cells4. 
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Compound li has hocn prepared from Ihe “di-t,-galactltr~~i~i~~ acid” 2 17~ ;I 

pt.otcction~-rcductton wqitcnce (diaromcthnne lithium ;tlunitnium hydride)’ and b> 

multi-step syntheses stat-tin g with I,-gaLtctosc“. t-icwcka-. the ohno\ious rcagcntc 

used and8*or the 10~s ovxtll );IcIJ in these reacttons prc)hibtt large-xalc \> nthesis of 1. 

WC now report ;I sttnpic snd high-yteldtn, (7 i-ozte 10 I I‘tmtii yctiti. niitcli ix ;I]? in- 

cxpensi\c starting-rnatei.ial. Enrytiiic (ektcrasc) hg’droiy4x 01 pectin gi\cs poly-x-t>- 

galrlctopyranitronic xitl (ct~mincrctally ;i~ail;~blc). I\ titcb in turn can bc dcgradcd 

cnryn~ically to gtvc ;t mixture mainly oL’dt- and tri-xtcchartdc\- The t~anst‘c,t-mation 

of these compound5 (2 :tnci 3) iiltc) I i\ nom rcpnrtcd. 

Simultaneous, esteriiicntion and glycostdati~~n (c,/, ref. X ) of 2 L\ ith methanol 

gave 4, which ~1~14 reduced wtth horoltydrtde to give thz niethql x-glqc~%le 5. Treat- 

ment of 5 with acetic anhyciI-ide~pyridine gave the hspta-acetate 6 With accttc an- 

hydridemsulfuric acid. 5 and 6 Marc con\~ertcd into ;I mtxturr ~lt‘ the octa-acetates 

(7 and 8) of I- and /,-I. The x anomcr 7 \\a:, the prcpondcr’ant product nnd was 

isolated p~wz bq crqstalliation. The taction squcnce 2 --7 is ci5cntialiy ;f one-pot 

reaction. in that that no put-tkation ot’ intermcdiatcs ib ncccs\ar>. The ~~\et-all yield 

of crystalline 7 was ?3 “,, (‘hromLitogr;~ph~ of the n13t~rixl it1 the nic~thrr liquor, 

followed by crystalltsation. raised the ),tcld of 1 t(~ SS”,,, Ikacct! I:ltt(>n of 7 ot’ 8 

tIleI g;tve 1. 

1‘11~ I-educing-tcrrninal sugar residue of the “trt-g~ilacturclnlc actd“ 3 \+a5 used ;I:, 

the glycoside pt-otecttng-group in a variation of the aho~c raction wquence. Estcrtli- 

cation of 3 wtth ethylene ovtde in clatsr alrordcd thz tri-eater 9. \\h~~h 1~3s r~~Iuced 

with borohydride to give the galactitol dcrivati\e 10. Trcattncnt with acetic a1111~cfr1Jc 
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pyridine converted 10 into the dodeca-acetate 11, whereas treatment with acetic 

anhydride-sulfuric acid selectively cleaved the galactitol residue and gave a mixture 

of 7 and 8 together with galactitol hexa-acetate. 

EXPERIMENTAL 

Melting points are uncorrected. Optical rotations were measured with a Perkin- 

Elmer 241 polarimeter. N.m.r. spectra were recorded with a Varian XL 200 spectro- 

meter, with Me,% or sodium 3-(trimethylsilyl)propionate-d, (TSP) as internal 

standards. 

Hydrolysis of “polygalacturonic acid”‘. - A suspension of “poly-o-galacturonic 

acid” (50 g; Sigma) in 20mM sodium acetate buffer (1 L, pH 4.5, adjusted with 5M 

sodium hydroxide) was stirred at 40’ and pectinase (I g, PV 8, Miles Laboratories) 

was added. The hydrolysis was continued for 24 h at 40” and then terminated by 

heating at 100” for 5 min. The hydrolysis was monitored by t.1.c. on Silica gel 60 

(Merck) with I-butanol-formic acid-water (4: 6: 1) and detection by charring with 

sulfuric acid. The major part of the hydrolysate consisted of di-, tri-, and tetra-mers. 

The hydrolysate was passed through a column of Zerolite 225 (H+) resin 

(600 mL of resin/L of hydrolysate) and the eluate was lyophilised. A solution of the 

resulting mixture of oligomers (6 g) in distilled water (20 mL) was applied to a column 

(60 x 1.6 cm) of Dowex I X2 (HCOO-) resin (50-100 mesh) equilibrated with 

distilled water, washed with 0.2M formic acid (350 mL), and then eluted with a concave 

gradient of 0.2~ formic acid (2 L) to 0.65~ (1.2 L), to give fractions containing 

“di- and tri-galacturonic acid”. “Tetra-galacturonic acid” was eluted with M formic 

acid. Lyophilisation of the appropriate fractions gave 2 and 3 with >90% purity. 

2 
3 

Yielda VoVme of eluant 

(g, % I (mu 

0.2 (3) 200 
1.0 (17) 500-1250 
2.0 (34) 1650-3750 

aFrom 6 g of “poly-D-galacturonic acid”. 

1,2,3,6-Tetra-O-acet~f-4-0-(2,3,4,6-tetra-O-acet~l-~-D-ga~actop~ranos~~)-~- (7) 

and -/I-D-galactopyranose (8). - (a) “Di-D-galacturonic acid” (2, 20.0 g) was added 

to a solution of calcium chloride (20 g) in methanol (1.0 L) (the calcium chloride, 

although not essential, increased the yield of 5). Duolite (H+) resin (15 g) was added, 

and the mixture was boiled under reflux for 18 h, filtered, and concentrated, to give 

crude 4, a solution of which in water (200 mL) was treated with a solution of sodium 

borohydride (6 g) in water (30 mL) during 3 min with occasional stirring. The mixture 

was kept at ambient temperature for 20 h, acidified [Dowex 50 W-X(2)(H’ ) resin], 

filtered, and co-concentrated with methanol several times. The dried (0.1 Torr) 



residue (crude 5) was stirred with acetic anhydride and pyridine I I I. 600 mL) at 

ambient temperature for 24 h. The mixlure was concertLrakd utlh tolucnc sc\~cral 

times to remove pyrtdinc, and the residue wab partitic)ttetl bctMcet1 cfhcr (0.5 L.) and 

water (0.Z L). The ;I~UL’OLIS phase was eutrxtcd \\ith cthcr (11 ~’ IOCt ml_) and the 

combined ether phases wcrt‘ \\ashcd v,\ith water (50 ml.). dried (Na,SO,). and CII- 

concentrated \\-tth tolut‘nc. The pale-yellow residue (3 I .5 g. nia~nl! 6 I \\2\ drtcd at 

0.I Torr and then stirrcd \\tth accttc nnhydridc (3N mL) contatnrng I “, of cont. 

sulfuric acid at ambtcnt tcmperaturc. The reaction was monttorcd I,> 1.l.c. (ether 

toluene, 3: I ). After 50 mtn. the ml\turc ~\‘a\ po~ttxd tato cthcr (1 I. ). \~asheci \\ith 
ice--water (I 50 m L ). sat~~txldd aq~tcous bodiurn fiydt.ogcncarh~~~~~tlc 1 1%) ml. ). and 

ice-rvatcr (150 mL), dried (Na,SO,). and co-concentra1cd ~ltlt tnlucnc‘. ‘The drtccl 

(0.1 Torr) restdue (37 g) ~v;ts crystalitscd from ethanol. to affi)t-d 7 ( I2.i g. .3.? ‘I,) from 

2), m.p. I51 -15-l , [x1,1,’ i-135 I(, 0.3, chloroform): lit.‘+ m,p. 15.3 153 . [Y]I’,” 

+ 13X (C 11. chloroform I. C’hromatogt-aphy of the mothrlr I~quor. t~ollo~+td h> 

crystallisation, raised the yield to 55 “,,_ 

(h) To a solution of’ tri\acchat-idc 3 ( I.65 g) in water (16.5 nlL_) \vas added 

liquid cthylrnc oxide ( _ 2 g). The mikturc B:;IS stirred at room tempcratttre and more 

cthylcne oxide (Z-6 g) was added dally. The rcactton w;t\ rtt~>nttc~rsd b\ the ruse 111 

pH and by t.1.c. (ethyl acet:ttc-acettc ac&\vater. 2 : I : 1 ). 
After 6 days. when the pfi WI\ 7. lho ethylene os~dc was ritnc>\cd and th<* 

reaction mixture \kas added dropwisc during 5 mtn to a <olution ()I‘ sodium born- 

hydride (:! g) in water (7 mL) at ?.O-Z5 The ntt\turc ~a5 stirred i’or 17 11 at rocjm 

temperature, acidified (pti 5.5) with acetic acid, tiltercd, and co-cnncentraLeci t-W ) 
several titnes with methanol. Toluenc was evaporated sc~cral time\ from the restdue 

which then was dried in a high vacuum. A solution of the tc.sidiic (7.I g) 111 \vutet 

(15 mL) was passed through a eoltun~~ (6 x 55 cm) ot‘Seph:~dc\ C-l 5. 1%~~ f’racttona- 

tion was nionitorcd by t.1.c. (ethyl acetate~~acetic aciJ~ \\atcr. _’ I : I ). I-t‘acttc>nj con- 

taining 10 (Rt 0.7) were combtncd and conccntratcd, to give an a~~~oty/tous ~UI~LIC‘ 

(I.5 g) whtclt wah stir-~-cd wtth acetic atilqdr~idu (50 inI_) cotitatnittg i ‘(I cjf cotic. 

sulfuric acid at 55 ‘. The reactt~~n was monitored b!r t l.c.; aftsr. X daqs, the mtxturc 

was coohi, dtluted with other. washed wtth water. >atur;tted :tqmx~us W~ILIII~ It>- 

drogencarbonatr, and Lvatet-. dried (Na,SO,). and concentrated \vtth ~wxtl addttions 

of ethanol. The residue was clutcd from a colu~nn (4 x 00 cm) oi‘~111ca gel \iitlt ethyl 

acetate--iso-octane (3. I ). Appropriate fractions of rezk~ii;thic lioritogt2neity wcrc 

combined and concentrated to gi\e 7 (700 mp, 35” ,,) containing il ~iall proportton 

of 8. Recrystallisation from cthanoi gave put-e 7 (425 mg, _3 1 ‘I,, front 3). 

CJlLi,.n~tc,l.iscrti~)tl ,g’ tl~c* itzterutcdiatc~ lY~lll/lolnrd.Y 4 6 trmi 1 I. (Cl) .IletlljY 

[/?7ttfl.l l4-0-(f?IC’fli_i~/ x-l~-~c/ft/~~to~~.t~,~~/t7~s~~/7~~~~77~11~)-l~-~~//~/~~70/~~~7‘~I~7,~.~7‘/~1/~~~~7~it~~~ (4 1. - 

Gel filtration (Sephadex G- 15, uater) of crude 4 [obtained in ntcxthotf (N) aboheJ 

gave a tnixture of r-4 and /1-4 \6ith an @ratio of 7 :3 (as dctct mtnd by ti.tii.r. 

spectroscopy). N.tn.r. data: ’ H (Me,%)-tl, -t I),O. 50’ . Me,Si ). ,i (it~fc~ uliu j 4.96 
(J, J 1.5 Hz, H-5). 3.93” (d, J 1.5 HL. H-S), 4.72 (d. .J3 t-k., Ii-1 ‘j. 4.~) (J. J-f HZ. 

H-f ). 3.3’ (d, .I I Hz, 1-1-5’). -1.‘9.‘: td. J 1 Hz, I-i-5’). 4.1s (dd, .I 3 0 and I rlr. H--l’), 
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4.10* (d, J 7.5 Hz, H-l), 3.92 (dd, J 3.0 and 1.5 Hz, H-4), 3.69 (s, COOMe), 3.63 

(s, COOMe), 3.42” (s, MeO), and 3.29 (s, Me0 in ~-4) (* indicates signals from p-4); 

13C (D,O, TSP), 6 174.28, 173.36, 173.0*, 103.38, 103.29*, 102.52, 81.83, 81.04*, 

74.17, 72.97*, 72.84, 72.75, 71.46, 71.40*, 71.39*, 70.81, 70.57, 70.45, 60.38*, 58.59, 

55.85*, 55.78, and 55.65. 

Compound 4 (150 mg) was stirred at room temperature for 2 h with acetic 

anhydride containing 1 ;‘, of cont. sulfuric acid and then worked-up as described 

in (a) above for 7, to give methyl [methyl 2,3-di-O-acetyl-4-O-(methyl 2,3,4-tri-O- 

acetyl-a-D-galactopyranosyluronate)-a-D-galactopyranosid]uronate containing N 15% 

of the /I’ isomer as a colourless, amorphous solid (200 mg, 88;:). r3C-N.m.r. data 

(CDCl,, Me,Si): 6 171.10, 170.0, 169.63 (2 C), 169.44, 167.63, 167.16, 97.32 (d, 

J 178 Hz), 97.12 (d, J 178 Hz), 76.42 (C-4), 69.17 (2 C), 68.97, 68.09 (2 C), 66.72 

(2 C), 56.16 (OMe), 52.57 (COOMe), 52.40 (COOMe), 20.99, 20.74, 20.58, 20.50, 

and 20.25. 

(b) Metizyl 4-o-cc-D-ga~actop,vranosyh-D-galactopyranoside (5). A solution of 

6 (2.5 g) [obtained as in method (a) above] in tetrahydrofuran (10 mL) and methanol 

(20 mL) was stirred with 0.1~ methanolic sodium methoxide (3 mL) for 24 h. The 

product (needles) was collected, washed with methanol, and dried (0.1 Torr), to 

give 5 (1.08 g, 79x), m.p. 210-211”, [cz]? f228” (c 0.5, water). N.m.r. data: ‘H 

(Me,SO-d, + D,O, 50”, Me,Si), 6 (inter afia) 4.82 (d, 1 H, J 3.5 Hz, H-l’), 4.59 

(d, 1 H, J 2.5 Hz, H-l), 3.27 (s, 3 H, MeO); r3C (D,O, TSP), 6 103.33 (d, J 170 Hz, 

C-l), 102.33 (d, J 170 Hz, C-l’), 81.73, 73.94, 73.85, 72.07, 72.00, 71.85, 71.47, 71.26, 

63.47 (t, 2 C, J 144 Hz, C-6,6’), and 58.05 (q, J 144 Hz, MeO). 

Anal. Calc. for C13H24011: C, 43.82; H, 6.79. Found: C, 43.72; H, 6.78. 

(c) ~fetlz},l2,3,6-tri-O-acet~l-4-0-(2,3,4,6-tetra-O-acety/-~-D-~alactopyranosy~)- 

cc-D-galactopyranoside (6). Crystallisation of crude 6 [obtained in method (a) above] 

from methanol gave needles, m.p. 176-178.5”, [LY]? +160” (c 0.9, chloroform). 

N.m.r. data: ‘H (CDCl,, MeJi), S 5.56 (bd, 1 H, J 3 Hz, H-4’), 5.39 (dd, 1 H, 

J 11 and 3 Hz, H-3’), 5.30-5.19 (3 H, H-2,2’,3), 5.00 (bs, 2 H, H-1,1’), 4.54 (bt, 

1 H, J 7 Hz), 4.36 (dd, 1 H, J 13 and 9 Hz), 4.24-4.04 (5 H), 3.42 (s, 3 H, MeO), 

2.14 (s, 6 H), 2.10, 2.08, 2.07, 2.04, and 2.00 (5 s, each 3 H); r3C (CDCl,, Me,Si), 

S 170.54, 170.50, 170.42, 170.30, 170.17, 169.99, 169.40, 99.03 (d, J 172 Hz, C-l’), 

97.19 (d, J 175 Hz, C-l), 77.69, 69.44, 68.28, 67.80 (3 C), 67.40, 66.97, 62.37 (CH,), 

60.64 (CH,), 55.39 (MeO), 20.96, 20.80, 20.78, 20.77, 20.73, and 20.66 (2 C). 

Anal. Calc. for C,,H,,O,,: C, 49.85; H, 5.89. Found: C, 49.83; H, 5.86. 

(d) a-D-Galp-(1 -t4)-a-D-Galp-(1 -t3)-galactitol dodeca-acetate (11). Compound 

10, obtained in method (b) above, was treated with acetic anhydride containing 1 % 

of cont. sulfuric acid for 3 h. Work-up as above, followed by chromatography on silica 

gel with ethyl acetate-iso-octane (3: l), gave 11 as a colourless, amorphous solid, 

[a]2 f93” (c 1.2, chloroform). N.m.r. data (CDCl,, Me,Si): ‘H, S 5.58 (dd, 1 H, 

J3.0and 1 Hz, H-4”), 5.54-5.10 (8 H), 5.01 (d, 1 H,J3.5 Hz, H-l”), 4.60-4.00 (12H), 

2.14, 2.12, 2.11, 2.105, 2.09, 2.09, 2.085, 2.08, 2.07, 2.06, 2.03, and 1.99 (12 s, each 

3 H, 12 AcO); 13C, S 170.54, 170.43 (3 C), 170.30 (2 C), 170.18, 170.08, 169.97, 



169.93, 169.85, 169.73, 99.33 (d, J 172 Hz), 97.79 (d. .J 174 Hz). 77.56. 75.92. 70.59, 

70.44. 69.06, 69.01. 68.94, 68.26, 67.78, 67.43, 67.37. 67.17, 67.01, 62.10. 61.79. 60 51, 

20.99, ‘0.83. 20.72 (2 Cl. 30.709 (3 C), 20.706 (2 C). 70.67 (3 C), and ‘0.56. 

4-0-x-u-Grrl~~c~ro/)~~~~~r~~~,~.~~/-~-,~~//~/~~t(~.~(~ (1 ). -~~ A solution of 7 (7 g ) in methanol 

(100 mL) was treated \vith 0. I M methanollc sodium methouide t’or 1 days and then 

diluted with water. and the methanol wx, rvaporatcd. The ~~LICOLI> wlution was 

neutralised with Dowex 5OW-X2 (1-i.’ ) resin, treated with charcwl, tiltercd, anti 

concentrated. Crystalliaation of the residue I‘rom methanol-\~~~tcl. ga\‘c 1 (2 g. 78 “,,). 

m.p. 21 I-213”. [u]:,” + 171 ((, 1, water): ht.“” m.p. 210-11 1 . /MY],‘,” +I77 
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