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Abstract - A regular heteropolyaaccharide built of tetraeaccha- 
ride repeating unite ia eyntheeieed by means of regio- and 
stereoepecific polycondeneation of a tritylated cyanoethylidene 
derivative. The polyeacoharide obtained ia identical with the 
0-antigenic polyeaccharidee of Shi lla flexneri eerotypee 3b, 
3c, and variant Y. It aleo repreeen B +e basic chain of 
0-entigenic polyeaccharides of all eerotypes of thle baoterium. 

Oantlgenic polyeaccharides, which are the components of lipopolyeaccharides of 

gram-negative bacteria, are reeponsible for biological epeclficlty of the micro- 
bial eurface, for serological reactiona in particular. The characterlrrtic feature 

of their etructure ie that they are built of regularly repeating oligoeaccharlde 

unite and a unique carbohydrate etructure ie Inherent, aa a rule, to each species 
of microorganisms. More than a hundred primary structure8 of 0-antigenlc poly- 

saccharides is elucidated to date.’ 

Syntheeie of theee biopolymere le a very complicated problem. An approach to 
lte solution appeared only after a first general method of eyntheeie of polysaccha- 

ridea hae been developed in this laboratory. 2 It coneiete in a trlphenylmethylium 
perchlorate-catalyeed etrongly stereoepecific polycondenaation of a tritylated 

1,2-0-cyanoethylldene derivative of mono- or oligo-saccharide. The eyntheeis, 

ueing this method, of 0-antigenic polysaccharidee which are regular block-poly- 
mere neceeeitatee preparation of monomers, i.e. properly functionalieed repeating 
unite of the polymer. Referring to heteropolyeaccharidee of complex structure, 

thie being the case for majority of 0-antigenic polyeacwldes, the very eynthe- 

sic of the corresponding repeating unit with proper functionalieation for sub- 

eequent polycondeneation and a choice of the most rational etrategy to thle end 

ie a challenge aa well. 
The first eyntheeie of this kind, tie that of 0-antigenic polyeaccharide of 

Salmonella newimton, was performed recent ls3 and allowed for the first time to 
prove chemically the etructure, in particular, strict regularity aecribed to the 
polyeacoharide. 

Here we deecribe the eyntheeie of the linear heteropolysacoharlde 1 

-3)alcHac(p1-2)ahaCl-2)RhaGL1-3)Bha(+l- 
which 16 etructurally Identical with the oarbohydrate chain of 0-antigenic poly- 

eaccharidea of Shinella flemeri eerotypee 3b, 3c , and variant Y. This polyeaccha- 

ride is aleo the baelc chain of 0-antigenic polyeaccharidee of the other 10 aero- 
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type6 of this bacterium 4 which differ from each other by poseeasing monosaccha- 

ride (c-D-glucopyranoee) branching(e) and/or 0-acetyl groups. We have syntheeised 

the heteropolyeaccharide 1 by way of polycondensatlon of the tetrasaccharide mono- 

mer 24 which contained the glycosylating (1,2-0-cyanoethylidene) function in the 
tenzinal, 3-substituted rhamnose unit and the glycosylation site (trltyloqy-group) 
in position 3 of the glucosamlne unit. 

Polycondeneation of monomers with the cyanoethylidene group In a rhamnopyranoee 
residue is known to afford polysaccharides of sufficiently high molecular weight 

with at-rhamnosidic bond as the only type of Intermonomer llnkage.5-8 We have also 
shown that the tritylated glucosamine derivatives could euccessfully be employed 

in the polysaccharide synthesis.8 It was found thereby that the phthaloyl protec- 
tion of aminogroup is preferable eince polycondensation (and glycosylatlon ‘) 
proceeds more effectively than with Ii-acetyl derivatives. It was thus anticipated 

that the polycondensation of the monomer 24 is possible and it would proceed with 
complete stereospecificity. It means that the configuration of the newly formed 

linkage between rhaumose and glucosamlne residues will be Identical with that in 

the natural polysaccharlde. 
The problem of a synthesis of the monomer became solvable after we have shown 

that I) the sugar derivatives containing the cyanoethylidene group could be 

glycosylated themselves without this group being affected lo thus enabling an 
assembly of the monomer from a synthon already bearing the cyanoethylidene func- 

tion; ii) 0-acetyl group could selectively be removed from sugar derivatives in 

the presence of 0-benzoyl groups by mild, acid-catalysed methanolysis.” Hence, 

we could differentiate these two most suitable hydroayl-protecting groups and 

deeign a versatile synthetic scheme. 

We have explored two strategies for assembling the tetrasaccharide derivative 
2, namely, a stepwise (A -c DA -c CEA -DCEA) and a block-scheme. The latter 

consisted In a synthesis of two disaccharide blocks DA and DC and their coupling 
(DC + DA +DCDA). The general principle which we followed throughout the synthe- 

sis of the monomer 24 was the creation of synthons in which hydroxyls not to be 

glycosylated were protected as 0-benzoates (‘permanent’ protective group), while 
those to serve further as the glycosylation sites were protected as O-acetates 

and the 0-acetyl group was selectively removed prior to glycosylation (‘tempora- 

ry’ protective group). 
The monosaccharide synthone used were the specifically protected rhamnopyranose 

derivatives, viz 4-O-benzoyl-1 ,2-O-(1-cyanoethylidene)-P-II-rhamnopyranose 1, 
1,2-d.i.-O-acetyl-3,4-di-O-benzoyl-L-rhamnopyranose lJ, and methyl 3,4-di-O-benzoyl- 

+-Grhamnopyranoside 14, as well as the glucoeemine derivative, 1,3-dl-O-acetyl- 
4,6-di-O-benzoyl-2-deoxy-2-phthalimido-D-glucopyranose 2. 

RDSULTS ADD DISCUSSIOW 
1. Syntheeis of 4-O-benzoyl-l.24(1-cyanoeth~lidene)-b-L-rhamno11~ranose 1. 
We started from methyld-L-rhamnopyranoside 2. It was successively acetonated 12, 

benzoylated, and deacetonated (one-pot procedure) to give 90% of the benzoate 2. 
Acetolysie of 2 gave an anomeric mixture of 1,2,3-tri-O-acetyl-4-O-benzoyl-L- 

rhamnopyranoses 4 from which the &anomer was isolated crystalline in 50% yield. 
Treatment of 4 with HBr in AcOH afforded the corresponding glycosyl bromide 
which, in turn, was converted (SC%) into 3-0-acetyl-4-0-benzoyl-1,24 [l-(em- 
and endo-cyano)ethylldene]-&L-rhamnopyranose 2 and 6 in a ratio of 3.5:1 when 
treated with NaCH in acetonitrile, a. under conditions of a general method for 

eynthesis of 1, P-0-cyanoethylidene eugar derivatives. l3 ConfIguration at C-2 of 

the dioxolane cycle in the isomers (separated by chromatography) was establiehed 
on the basis of ‘Ii-WMR data: the CH,-C-CW group in the major, exe-cyano-isomer 2 
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ie deehleldsd in comparieon with that In the endo-cyano-Isomer 5 (g.‘3*‘4). 

Deeplte both leomerlc 1,2-0-cyanoethylidene carbohydrate derivative8 exhibit eimi- 

lar g1ycoay1ating actitity,15 we employed hereinafter the major product 2 to fa- 

cilitate TLC and HMR analyeee. 

Selective deacetylation of 2 into the hydroxyl-containing cyanoethylidene deri- 

vative 1 which served aa an a&con for eubaequent glycoeylation WRBB accomplished 

by mild, acid-catalyzed methanolyale ” (0.6 Y methanolic hydrogen chloride, 20°, 

4 hr). Under theee conditions a aide-reaction aleo t&es place, viz an addition 

of methanol to cyanogroup to give imidate and eubeequent hydrolyele of the latter 

into l-methoxycarbonylethylidene derivative. A compound of this type, 2, wae 

ieolated after methanolyeie of the 3,4-di-0-acetyl-1,2-O-(l-cyanoethylldene)-B- 

L-rhamnopyranoee and its structure wae eatabliehed on the basis of analytical and 

spectral data. For 2 the ratio of deacetylation and addition rates wea strongly 
in favour of the former and 1 wae ieolated in high yield. As for deacetylation of 

the cyanoethylidene derivatives of oligoaaccharidee (vide infra), thle slde-reac- -- 
tion could not be neglected,becauee deacetylation and formation of imidates 

prooeeded in comparable ratee. 

The etruature of 1 evidenced from ite ‘H-RMR epectrum: the acetyl signal was 

absent, the signal for H-3 rats upfield shifted in comparleon with ite position in 

the epectrum of 2; both cyanoethylldene and benzoyl groupe remained intact. 
2. mthesle of 1.2-dl-0-acetsl-3.4-di=O-benzoul-L-rhemnowranoee Q. The 

starting material wae L-rhamopyranoee tetrabenzoate 2. It wee converted into 
benzobromorhamnoee 10 under standard conditions and the latter waz treated with 

R&H4 according to a general method for eyntheeis of l,P-0-$nzylidene and 1,2-0- 
ethylidene eugar derivatives developed in this laboratory. The 3,4-di-O-benzoyl- 
1,2-0-benzylidene-p-L-rhamnopyranoee 11 thuz obtalned wae debenzylidenated with 
CF3COOHaq to give the crystalline diol G in SO$ yield (from 2). Conventional 
acetylation of 3 gave the diacetate s which ie the eynthon for the unit B. 

B’rOE,B2mH 
R’loAc ,R2-Ac 

R’rBr,R’-Ac 
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3. Syntheeie of methY 3.4~l-O-benzoYl-ocrGro~~o8lae 2. This compound 

~88 prepared by aelective monobenzoylation of the aiol 2 in 66% yield. The accom- 

panying aide-proaucte, methyl 2,4-di-o- 8na 2,3,4-tri-0-benzoyl-&L-rhamnopyrano- 

aide8 (6 and 7%). were easily removed by chromstograpby. The 'H-RMR spectrum of 

JIJ Cs' 5.56-5.68 for H-3,4 and 4.31 for H-2) proved the lOC8tiOn of benzoyl groups. 

Independent eynthesie of JIJ by deacetylation " of methyl 2-0-acetyl-3,441-O- 

benzoyldrGrh8mnopyranoaide which ~88 prepared either by Helferlch methyl glycoei- 

d8tiOn Of 12. or by HgBr2-C8t8ly88d iSOIIM3ri88tiOn l7 Of 3,4-di-o-beE&Oyl-l,2&- 

(l-methoqrethylidene)-p-L-rhamaopyranoee is to be publiehed elsewhere. 

4. &ntheeie of 1.3-di-~-acetYl-4.6-di-~-benzoYl-2-deoxu-2-~thalimido-~~lucopy- 

r8no8e a. According to the general concept of Bynthesie of the polysaccharide 1, 

the glucoeemine unit of the monomer ought to be tritylated at poaltlon 3 with 

aminogroup phth8loylated. The syxlthon for unit D, c0mp0und 2J, w88 obt8inea 88 

follows. 1,3,4,6-Tetra-0-acetyl-2-deozy-2-phthalimido-D-glucopyr8nose 16 wae 

quantitatively COnverted, a the corresponding glycoeyl bromide u, into methyl 

glycoaiae s. It ~88 benzylldenated (PhCH(OBtJ2 + TSOH) 8na 14 w88 8Cetyl8ted to 

give the acetate 2. Treatment of z with 90% cF3cOoH8q reeulted in ite de8Cet8- 

lation (TLC),however, this process ~88 revereed upon concentration of the reaction 

mixture and the product thus obt8ined W88 the starting 20. Thie difficulty w88 

overcome by performing deaceta:;tlon under conditions of deacetonetion and detri- 

tyl8tiOn Of 8ug8r derivative8 ,e. by the action of methanol in boiling nitro- 

methane in the preeence of pyridinium perchlorate. Benzoylation of the thus ob- 

tatned aiol 2 gave 22, acetolyeie of which sfforded the required eynthon a 

without sffecting the phth8limido group. The overall yield of cryetalline a w8e 

s. 60% from 16. It ie of note thst the trsneformatlone fi -clJ -cE -ca -t 

20 tg tg could be carried out without recour8e to special purifloatlon of 

the product8 at separate etep8. 

zaR TomOM. phKOM. ;yo+R1 
NPht NPht NPht NPht 

16 R. OAc 18 i9RrH 21 R'rOMe, R2-Ii 
17 R = Br 20 R -AC 22 R'=OMe, R2-Be 

Pht . phthaloyl 23 R'lObc, R2-Be 

26 R'=Br , R2-Rz 

The eet of the ordinary protective groups e-bled the eimplicity of all eynthe- 

tic procedure8 8nd 8880 of ieoletion of intermediate and fin81 producta, the ma- 

jority of which being cryetalline. Column chromatography ~88 needed only for ieo- 

letion of 2 and 14. Thie made possible 18rge-ecele syntheses providing the key 

intermediates for assembling the tetr888cch8ride derivative 2 readily acceeelble. 

5. SYntheeie of the BA-block. The di88CCh8ride derivative a could be prepared 

by eever8l routes, the most efficient one being Helferlch glycoeylation (Hg(CR12, 

MeCH) of the alcohol 1 by the bromide 2 prepared from the dl8cet8te 12. The di- 

88CCharide a we8 obtained in 84% yield by direct cSygs~$lis8tion. Other eynthetic 

route8 involved the TrC104-cetalyeed glycoeylation ’ of 4-0-benzoyl-3-O-trl- 

tyl-l,2-0-(1-cy8noethylidene)-p-L-rh8mnopyr8noee by the thioorthoester, 3,4-dl-O- 

benzoyl-l,2-O-(1-p-tolylthioethy~dePe)-JLL-rh8mnopyr8no8e, 8na the glyco8yl8tlon 

of 1,2-O-(l-cyanoethylidene)-~-L-rh8mnopyr8noee by the,;romide )J followed by 

sepsrstion of 1 -c 3- 8YNi 1 +4-linked ai88CCharide8. 

The etructure of a ~88 confirmed by NklR d8t8. In particular, the presence of 
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1,2-0-(l-cyanoethylidene) group evidenced from the characterietic eignale at F 

26.5, 101.8, and 117.05 (CH3-C-CR) in the 13C-RMR spectrum. The 'JC, R, value wae 

equal to 176 He, that for the monoeaccharide derivative 2 being 177.6 Hz. 

Selective deacetylation of 3 with liberation of a C-2' hydroxyl was necessary 

to prepare an aglycon for eubeequent glycoeylation. The aforementioned alde-reac- 

tion under conditiona of acid-catalyeed methanolyele made the proceee rather com- 

plex. The reaction mixture contained besides the starting a and the desired pro- 

duct a two other -like, disaccharide products, whose amount inLreaeed with time 

(TLC). It wae found reaeonable therefore not to bring the deacetylation to comp- 

letion, but to atop it after 3-3.5 hr. to isolate 2 and 3 by chromatography 

(the yield of the latter being 35-40%), and to deacetylate the recovered 2 

(30-40%) again. The q tructure of 3 which Is the common aglycon for both the 

etepwiee and block syntheels of the tetraeaccharide monomer was confirmed by the 
13 C-NMR spectral data. The location of a free hydroxyl at C-2' evidenced from 

comparison of poeitlona of C-1' eignale in a and 2. In the former it ie shifted 

downfield by 2.5 p.p.m. 

6. Syntheeie of the DC-block. The disaccharide derivative 28 which is the eyn- 

thon for the DC-block wae prepared from the rhamnoeide 14 and the bromide 26. The 

latter wee obtained ae an anomeric mixture (&B ~a. 1:3, 'H- and 13C-R?dR data) 

upon HBr-AcOH treatment of the dlacetate a. Helferich glycoeylation of 3 procee- 

ded smoothly and gave 80% of a. Thie yield could be attained under rigorouely 

anhydroue conditions and the vacuum technique was employed to thle end. 

Acetolyeis of the methyl bioside a yielded quantitatively 28 which wae needed 

for the block-eyntheele of 2. Spectral data for a and S were in full agreement 

with the etructuree aeaigned. 

29 R - AC 

39 R=H 

27 B I Oh 

28 R . OAc 

29R=Br 

35R = CB 
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7. StetiBe emthesie of the tetraaaccharlde derivative 2. The stepwiee scheme 
implied the coupling of the C-unit with the l&block, . the eyntheeie of the 
trisaccharide derivative Zp, ita deacetyletion into the alcohol 2, and, rinslly, 
a condsnsstion with the D-unit. 

The tri88CCharide 3 ~88 eyntheeieed from the 8glycon 3 8nd the bromide lJ, 
the latter being already employed for the eynthesia of the dieacch8ride 3. Hel- 

ferich glycosylation of a afforded 66% of a. Deprotectlon of the c-2” hydro~~l 

wa6 performed by acid-catalyzed methanolyeie under conditions similar to those 
utied in preparetion 0r a. Due to appreciable r0rm8ti0n 0r the side-product8 

(vide suur8) the deacetylation w8a interrupted after 4 hr end the target trisac- 

ch8ride alcohol 2 (s. 5016) w8e isolated by chromatogr8phy together with ~.209& 
of the starting a. Comparison or the 13C-WR spectra of 2 and 19. proved unambi- 
guouely the etructure of the latter: sigu8le due to Qi3CO group were absent and 

the C-1” eignal W~EI shifted downfield by 2.9 p.p*m. 

Condensation of the bromide & with the aglycon 30 w8s carried out under Hel- 
ferich conditions (MeCW, Hg(CR)2, Hg.Rr2j and gave & in 4E@ yield after chromate- 
gr8phy 8nd crystallleation. Rigorously 8nhydrow conditions wer% required for the 

reaction. With the other comblaatlon of promoter and acid acceptor (AgOSOpCP3 - 
2,4,6-collidine) the yield of s wae much lower (14%), 30 w8a recovered in 74% 
yield, and 2-deoxy-2-phthslimido-glucsl ;zf? (44%) was isolated. 

8, Block-syntheeia of the tstraeaccharide derivative 2. This scheme, i.e. 8 

coupling 0r two dissccheride derivatives, turned out to be more effective. 

The peracylated disaccharide g wae converted into the chrom8togr8phically 

homogeneous bromide JJ by the action of RRr in CRC13. It wae condeneed with the 
aglycon a in MeCR in the preeence of Hg(CR)2 and Rg13r2 (in molar rstio of 2: 1) 
using the v8cuum technique. The tetrrrsacch8ride derivative 2 w8s isolated by 

cryetallieetfon in 45% yield. This is almoet 3 times 8s high 8s that in the etep- 

wise procedure. A side-product, bioeyl cyenide 2 (3.x)4&) w8a ieolated from the 

mother liquor by chromatography. When the glycosylation was performed in the ab- 

sence 0r HgBr2, the yield of 1;? w8a 32%, while increaee in mol8r proportion of 

this promoter did not raise the yield of the tetraeaccharide. 
Cryetalliae specimens of z obtained by both route8 were identical (m.pa, [*ID 

values, and ‘3C-BMR spectra). The presence of characteristic sign818 for the 
cyanoethylidene group, four anomeric carbon atoms, and other6 in the ‘&MR 

spectrum 0r s supported ite structure. 

9. Synthesis of the monomer 24. Removal of the only acetyl group from O-3 of the 

glucosamine moiety fn 2 preceded the preparstion of the very monomer 2. This 
was also effected by mild, acid-catalyaed methanolysis. In this case the side 

formation of imidatee also hampered eeriouely the 8cce%e to the alcohol 22 and, 

as before, short-tern methanolysls gave =.3C% of 22 8nd 40-4546 of the starting 

+3 
2 was recovered. The downfield shirt for C-2 of the glucoeemine residue in the 
C-RMR spectrum or JJ BEG compared with that of 2 (s 57.2 vs. 54.9) indicated 

the free hydroxyl to be located at C-3”‘. 
To convert the cyenoethylidene derivstive 2 into a monomer for a TrC104-cata- 

lyaed polycondeneation a trltylation of the free hydroayl had to be c8rried out. 
A method for tritylatlon of secondary hydroxyla in carbohydrate derivetlvee barJed 
on action of TrC104 in the presence of a eterically hindered pyridine baste w8a 

elaborated in this laboratory. 15*1g*20 It WEB successfully applied for5tp2;ynthe- 

eis or a series of trityl ethefe of sugar cyanoethylidene derivatives ’ ’ and 
in none of theee caees wa8 reported thet the cyanoethylidene group hea been 
affected. Unexpectedly, we faced difficulties when performing tritylation of 22 

(TrC104, 2,4,6-collidine, CX2C12): already efter 10-20 min the re8Ction mixture 
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contained besides 22 the trityl ether Tp and two unidentified component8 devoid 

of the cyanoethylidene group (‘%-H!dR data) whoee amount w8a lncreaeed with time. 

Therefore the tritylation w8e atopped after 30-50 min and the reaction products 

were ieolated by chromatography. The yield of the deeired monomer 2 was &lO% 

with 6&10!6 of 2;r recovered. After six cycles of tritylation-chromatography the 
overall yield of 2 was 40%. Ite 13C-BMR spectrum confirmed the preeence of, in- 

ter alia, a trltyl group <Ph$O, s 88.85) and 1,2-0-(l-cyanoethylldene) group 

(unit A, 'Jcl H1 173.9 He). Other ‘JC, H, wluee (172.0, 172.0, and 162.8 Hz for 
unite B, C, &d D) proved the preeence’of two d-~rhamnopyranoeyl and one P-D- 

glucoeaminyl reeiduee. 

10. Synthesis and characterieation of the DolYeacch8ride 1. The monomer 24 was 

subjected to a TrCl04-catalyeed polycondenaation under etandard conditione (10 

mol.% of TrClO4, CR2C12, room temp, vacuum technique, eee,s., ref.31 which 8re 

aleo suitable for polycondeneation of hexoeamine-containing oligoeacch8rldea. 8 

After 16 hr TLC revealed complete dieappeerance of the etartlng monomer. The 

main carbohydrate product (Rf 0.0-0.2, benzene-ethyl acetate,8:2) w8a detected 

along with non-carbohydrate product0 (TrCE, TrOH) and two minor, faeter migrating 
carbohydrate derivatives, both these and the major product being devoid of a tri- 

tyl group. The reaction mixture ~88 treated with methanol-pyridine and rork$d-up 
conventionally. Column chromatography then gave high yield of the protected poly- 

saccharide 21 8s a white powder, readily soluble in ordinary org84c solvente. 

37 R’-.B,, R2=Ao, R3-EPht 

1 R’ . R2 - H, R3 = HHAc 

The ‘3 C-m epectrum of 21. exhibited, inter alia, eeelly attributable, charac- 

teristic eignale for gH3C0 group (s 20.50). C-5 and c-6 of three d-L-rhamnopyra- 

nosy1 unite (67.49, 67.60, 67.80, g. 22 and 17.00, 17.41, 17.531, C-2 and C-6 
of the glucosemine moiety (56.36 and 62.711, end four anomeric carbon atoms 

(98.19, 99.28, 100.33, 100.67). Bo eignale for the cyanogroup (d 110-120) were 
detected. 

The polysaccharide derivative obtained containing only acyl protective groupe 

was deprotected in a eingle etep by hydr8zinolyele. 23 After H-acetyletion the 

polyeaccharide 1 wae isolated by gel-chromurtography on Bio-Gel P-4 and lyophill- 
eation In 90% yield. Pour elgnale in ite 13C-HllR spectrum corresponded to the 
anomerlc carbon atom8 of the unit8 A, B, C, and D <a’ 102.21, 101.88, 102.10, and 
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103.24, ‘JO H 170.2, 172.0, 171.1, and 162.7 He). The ‘JC, H1 valuee indicated 
all the rhaknoeldic bonds, including the newly famed one ;pon polycondenaetion, 
to poeeeas &configuration. Thue the polycondenaation wea completely etereoepeci- 
fit. The Iow-field poeition of O-3 eignal of the gluco8amine moiety {# 82.68) 

demon&rated thee residue to be glycoeylated at O-3, hence, the regioepecificity 
of polycondensation. Minor signale in the spectrum (8 57.2, 75.0, and 103.7) of 
2. 10% intensity compared to that of the akin, one-carbon eignale, were ascribed 

to C-2, C-3, and C-l of the nonsubetituted glucofmmine reeidue at the nonreducing 

end of the polyaaccharide chain. 

The structure of the synthetic polysaccharide 1 is completely identical with 

that of the O-antigen&z polyeacoharidee of Shi&ella flexneri eerotypee 3b, 3c, 

and variant Y, a8 well aa with that of the basic chain of all the rest 0-antigenic 

polyeaccharidee of thie bacterium. ThLe ie evident from practical identity of it6 

‘3C-E?MR spectrum with that of the natural plyeeccharide of &L Plexneri variant 

Y.24 (Table). The regu larity of the polysaccharide atruoture ie Well. illustrated 

by ite ‘3C-EMR spectrum (Pig.). 

Table. q3C-mR epectral data for &$!ZaEic polysaccharidee 

]Ulonoeaccharide 
unit C-l c-2 C-3 C-4 C-5 C-6 15 Cl ,Hl 

Rha A 102.21 
102.03 ;:*:: 

‘7%:;; 

;z;f 

71:32 

4zz 
17.63 

Rha B 101.88 73: 53 

z;*:: 

69:81 

17.22 :::* 2 

101.62 

Rhac 102.10 79:89 

70.82 72.96 69.14 :W :%:‘O 
71.13 73.65 70.23 17:86 

101.85 79.52 70.58 73.10 69.94 17.47 :$:” 

GlcHAc D %‘921 
70.23 77.05 62.09 

. 69.94 76.68 61.56 :E7 

Big. 

-1 ‘I, 

SO.0 60.0 70 0 80.0 SD. 0 40 0 30.0 20.0 
PPN 

The 13C-BMR spectrum of the synthetic polysacoharide 1 (D20, 600~~ internal 
Oboe, & 50.15). Insert refene to the anomeric carb%a’ reCbgion* 
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The molecular mass of the polysacohsride 1 (ca.6000) llge eetabllehed by gel- 

permeation chramatography using SynChrop8ck column GPC-100 and Dextrane T-10, 

T-20, and T-40 aa etaad8rds. The bp palue (s.10) coincided well with that dedu- 

ced from the 13C-RMR epeotrum. Simil8r bp value w8e reported for the natural poly- 

eaccharide, 25 hence, the eynthetic polyeaccharlde correspond6 to the natural one 

by this p8r8meter ae well. 

The synthesis of 8 complex heteropolyeaccharide presented here 16 an addition81 

evidence for high effectlvenese and wide poealbilitlee of the method of eyntheeie 

of regular polytvacoharidee by way of polycondeneation of trltylated cyanoethyli- 

dens derivative8 of carbohydrates. 

Acetonltrile w8e refluxed over KMnO.+K,.CO,. distilled from P-0, twice and from 
C8H Kitromethane ~88 distilled from &reg at_lOC T&r 8ndthenLf&om CaH 
Co&dine was dietilled freon KOH and then from C8R 

2,4,6- 
Dichloraethane we&;aehed 

with cone H 
as 
0 and water dried (C&l ) and dlet?iled from C8H . Trlphenylmethy- 

Mum perch1 z&e rae prep&ed 88 in ~&.'26 and, when ueed aa 8 aatalyet, repreci- 
pitated with dry ether from dry nitromethane as in ref. 3. &pa were determined 
with 8 Kofler apparatus and 8re uncorrect 
with a Perkin-Elmer 141 polarimeter at d 

d. Optical rotation8 were determined 
2O for 8011~ in CHC13. RMR epectr8 were 

recorded with8 Bruker WM-250 spectrometer in CDCl 
chromatography (CC) ~88 performed on Silicagel L 

8 8c8le, intern81 TRS. Column 

elution benzene -t ethyl acetate; TLC - 
(CSSR) with gradient 
)~m (CSSR), component8 

were detected by apreying with '70% H2SO48q followed by charring. The solve were 
dried by filtration through cotton and concentrated In v8cuo st 40°. 
Prep8r8tion of Ac~lgl~coesl Bromides. To a eoln of pGa_ed mono- or dl-eaccha- 
rid d ri ti (10 1) in CHCl 3 (30 ml) snd AcOH (5-10 ml) w88 added acetyl 
broLdz ($-5$mmol)?!%d then water (50-55 mmol) In AcOH (5-10 ml) w8a added at 
O" dropise. The eoln wae left at 20° and after completion of the reaction (TLC; 
bromide8 exhibit higher mobilities than the etsrting acyl derivstivee) the reac- 
tion mixture ~88 diluted with CRC13 (lx)-150 ml) and poured Into ice-water (200- 
250 ml). The aqueoue layer '~88 extracted with CRC1 (20-25 ml) the combined or- 
ganic eolne were washed with ice-water and 
red through cotton, evaporated, and the reeldue w8e dried 

12x200 ml), filte- 
vacua. The chromato- 

gr8phically homogeneous glycoeyl bromides thue obtained in?ti~quantitative 

Y -1.2-O-~l-(exo-cseno)ethvlldenel-P-L-rh8mnorryr8noee (1). A mixture of 
ldirectly used in glycosylatione. 

2 (17 a 01 1) t dim thyl t 1 (50 ml) and Te0H.H 0 (0.2 
?it 20: u%il*di~~ol&!~~ ??5-2 &) Eu!ed with CHCl 

waehed with R8HCO38q (3x100 ml) and water, and &8por8ted to give & 
(100 mf> 
g of 8 c&o- 

matographically homogeneoue syrup. It was dissolved in pyridine (50 ml), beneoyl 
chloride (17.4 ml, 0.15 mol) wae added with cooling, and the soln wae kept at 20° 
for 20 lain. It w8e treated with crater (10-12 ml) upon oooling, then poured Into 
KaEfCOja (1.5 11, and stirred for 0.5 hr. The oily product ~88 dissolved in CRC13 
(350 ml! w8ehed with M HCl (3x200 ml) 8nd water, and 90% CF COOHaq 
added to'the eoln. After 10-15 min at 20° the soln ~88 waehe a 

(40 ml) ~88 
with water, satd 

HeHCO3aq, and water, dried, and evaporated to give 2 (25.4 g, 90%) a8 a eyrup, 
[&ID -'32.3O(c 2.9). 

Acetic anhydride (100 ml) w8a mixed with 
(1.5 ml) in AC 

? 
(50 ml) ww added at OO. i! 

(28 g) and 8 eoln of cone H2SO 
Af er 2 hr at 20° the eoln WRBB &ed 

onto 600 g of ce, stirred for 5-6 hr at O", 
po 

and the crystalline precipitate wae 
filtered off. It w8e diesolved in CRC13 (350 ml) and the soln w8e waehed with wa- 

and water. Concentration of the dried soln g8ve 
next etep. Cryetallie8tion i 

(27.55 g, 70$) 
rom ether- ntane 

gave the d-8nomer m.p. 115-117°, [dD -28O(c 1.8) (Found: r 
C, 57.86; H, 5.62%). 

,57.95; 

bromide, prepared from 11 g (28 nnnol> of 4, in MeCR 
(50 ml) wae added posvdered RaCB (6.9 g, 140 nanol; dried in vacua over P 0 at 
100°) 8nd the mixture was stirred for 2 d at 20°. It was~i~ with C&33-heza- 
ne (1:2 v/v, 400 ml) and washed with water. The bottom, aqueoue layer was extrac- 
ted with the 88me solvent eystem (100 ml), the combined organic eolne were waehed 
with water, dried, and ev8 
(1.41 g, 14%) together wit E" 

rated. CC of the reeidue gave 2 (5.07 g, 50%) and g 

(MeOH), (&ID +47.5O(c 1.8) 
mixed fraction8 (1.39 g). Corn und 

(PO 
2: m.p. 115-117 

C, 59.83; H, 5.30; R, 3.88%). 

t 4~a 

?&&s'~:$ ~iH~*~8]! HL, i-15, ~~~5'd~(~~~jg~~s 
4 Hz, H-21, 5.5Odd (1H, J 4, 10 Hz, H-31, 5.34t (1H, J 10 Hz, H-41, 3.75?3 (lH, 
;;5;,(&3Od (3H, J 6.2 Hz H-6) 1.97s (3H, CH CCR), 2.038 (3R, CH3CO); 

C-l) 78 6 (C-2) 69 3 $0 3 70 8 (C-3 4 5) 17 6 $17: 
26:55, l&1~7~7:i~.~~~CHj-c~): 20.5, i7O.i fCH3b01, li5.5 (PiiCt)).'Comiwnd 6.' 
m.p. 180°(EtC14c-petroleum ether),bID +116.7O(c 1.8) (Found: C'; 59.85;H. 5.2iI 
I 3.88%). 1H-RMR: 5.65d (lH, J 2 Hz, H-l), 4.54t (1H H-21, 5.3S-5.4&n (2S, H- , 
4), 3.82dq (lH, H-5). 1.3Sd (3R, J 6 Hz, H-61, 1.858 t3H, CR3CCI0, 2.036(3R,AcO . j 

To a aoln of 2 (2.97 g, 8.2 mmol) in 8 ml of CHC13 and 40 ml of MeOH wae added 
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the #Q& was kept 8t 2@ for 4 hS, trested With 

The x%mmnQee tetrabeaeo~ 



d&aced, and 8 eoln of s bromtde was added ~5th stirr&ig to 8 soln of an aglwon 
and promoter(a). 

Treatment of with BBr in AcOH afforded the bromide, 

bromide 26 @qared f%-am 9.1 ~~ool of a) in 15 ml Of MeCI W&M! 
added for 30-40 Ipin to 8 i?&a of s (2.67 g, 6-9 I8nnoL) an& Eg(CX3 62.29 g, 9*$ 
mof) in 10-12 ml of Hecff and the mftiure ww stirred for 16 hr 8 P 20°. Convanti- 
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solns were concentrated, and Bubjected to gel-chromatography on a column with Bio- 
Gel P-4 (55x2.5 cm, -400 mesh, V. s. 110 ml) in 0.1 Y AcOH. The eluate emerged 
over an interval of 90-150 ml wae concentrated and lyophilised. Drying at 60° 
over P20 
450 mg o 2 

for 3 hr gave 80 mg (92%) of 1,blD -46O(c 0.87, water). Starting from 
the other specimen of 21. was obtained l,Ld.ID -55O(c 0.75, water) in a 

yield of 180 mg (93.5%). 
The polyBaccharide 1 was eluted with RT 4.67 min (SynChropack GPC-100, 5~.a, 

0.46 cm, eluent water,'O.6 ml/min). Dextranes T-10, T-20, and T-40 were eluted 
25x 

with RT 4.43, 3.80, and 3.28 min, respectively. 
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