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Abstract- Stereospecilic polgaondcnsation of tntyl ethers of trtsacchartdc 1.2-0.cyanoethylidene 

dertvatives 11 and 3) followed by deprotectton aHorded regular heteropolysaccharides (2 and 4) built up of 
repeuttng trisaccharide units.r/: I -6)~/l-v-May-( I --4)-z-t-Rhap(i -+3t+oGalp-( I - and -6)-z-o- 

Manp-t 1 -t 4)-x-1 -Rhap-(I -+ 3)-fi-I,-Galp-( 1 -+, respectively. The synthetic polysaccharide 2 exhthited the 

high bioiogtcal specificity of the natural one. whtlst its analoguc 4 was found to hc practically tnactire.The 
necessary monomers for polycondcnsation. I and 3. uere obtained From the rcspectiw trisacchartde z- 
decaacetates (5 and 7) by successtvrly converting them mto glycosyl bromides and 1.2-O-cyanocthylidenc 
derivatives whtch. m turn. were subjected to dcacylatton followed by trttylation 

Chemical synthesis of complex heteropolysaccharides membrane ~lysaccharides, connective tissue poly- 

is a dithcult problem due to the necessity to ensure saccharides, carbohydrate chains of different 

strict regio- and, especially, stereospecificity of all the glycoproteins, etc.) belong to this important class of 

intermonomeric glycosidic linkages in the polysac- biopolymers. 

charide to be synthesized. Such a synthesis has not Here we describe the first synthesis of a biologically 

been accomplished yet despite numerous poly- specific heteropolysaccharide 2 (preliminary 

saccharides (e.g. microbial capsular and outer- communication see Ref. 1) and of its analogue 4, which 
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is based on (a) the use of tritylated 1,2-O- 
cyanoethylidene sugar derivatives for the synthesis of 
regular polysaccharides2.3 and (b) general method of 
synthesis of sugar 1,2-0-cyanoethylidene derivatives.4 

Immunological specificity of bacterial O-antigens is 
well known’ to be determined by definite chemical 
structure of polysaccharide chains of respective 
lipopolysaccharides attached to the outer cell 
membrane. According to the literature data5.” O- 
specific chains of the lipopolysaccharide of gram- 

1 :‘: Br~.FS -iHJ 
negative bacterium Sulmonellu newington are the linear 
heteropolysaccharides represented by formula 2, 
containing from 2 to 29 repeating trisaccharide units’ 
(n = &27). The chemical synthesis of this poly- 
saccharide and its analogue containing Z- 
mannopyranosyl residues is the subject of this 
communication. 

RE!X!LTS MD DISCUSSIOI\’ 

The chemical synthesis of polysaccharides 2 and 4 
has been accomplished by polycondensation of 
respective bifunctional monomers 1 and 3 according to 
the following scheme. Peracetylated trisaccharides 
were converted into glycosyl bromides which were 
treated with sodium cyanide to yield 1,2-O- 
cyanoethylidene derivatives. The latter were de- 
acetylated. tritylated and acetylated to afford the 
necessary monomers peractylated trityl ethers of the 
trisaccharide 1.2-0-cyanoethylidene derivatives. 

Polycondensation of these monomers in dichloro- 
methane in the presence of catalytic amount of 
triphenylmethylium perchlorate gives rise to free 
polysaccharides following deprotection. 

Treatment of the trisaccharide a-decaacetates 5, 7 
and 9. whose practical synthesis has been reported 
recently.’ with hydrogen bromide in glacial acetic acid 
gave the chromatographically homogeneous acetyl- 
glycosyl bromides quantitatively; they cxhibitcd 
higher mobilities in tic than the starting decaacetates. 
These glycosyl bromides without additional purilica- 

tion were treated with sodium cyanide in acetonitrile in 
the presence of tetra-n-butylammonium iodide at 
room temperature, as described earlier for the 
synthesis of 1.2-0-cyanoethylidene derivatives of 
neutral mono- and disaccharides with gluco-, galacto- 
and manno-configurations.4 This reaction afford 1,2- 
O-cyanoethylidene derivatives as the mixtures of 
diastereomeric pairs differing in configuration at C-2 
of the dioxolane ring (CN-exe-and CN-en&isomers). 
Their formation was rationalized’ as follows: 
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It is noteworthy that both individual CN-exo- and - 
endo-isomers and their mixtures which are formed 
under the above conditions proved to be highly 
effective and stereospecific glycosylating agents.Y 
When reacted with trityl ethers in the presence of 
triphenylmethylium perchlorate as a catalyst they 
afford stereospecifically 1.2-rrans-glycosides according 
to the following overall scheme: 
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Extremely high stereospecificity of this glycosylation 
reaction may be accounted for by the following 
tentative push-pull process of substitution at C-l : 

__OOR [Tr-N=CtTrW] 
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Octaacetates of 1.2-0-cyanoethylidene derivatives 
of trisaccharides, 10, 12 and 14, obtained under the 
aforementioned conditions. were isolated as 
chromatographically homogeneous mixtures of CN- 
EXO- and -mdo-isomers. Data on their PMR and 
Raman spectra are listed in Table I [those of I .2-O-( l- 
cyanoethylidene)-3.4,6-tri-0-acetyl-T-D-galacto- 
pyrano& are given for comparison ;. 

The presence of 1.2-dioxolane ring at galactopy- 
ranose residues was evident from characteristic singlet 
signals of C-CH, groups (6 1.76 1.87ppm) and 
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doublets of H-l (ci5.68-5.86ppm). and that of CN- methanol for 16 hr at 6’ afforded an imino-ester 
group -from Raman spectra, the latter method derivative, whose formation can be formally regarded 
proved to be a reliable one for identification of the as a result of addition of methanol to the nitrile group 

cyano-group in compounds of this type.J Data of the cyanoethylidene derivative. We succeeded in 

presented in Table 1 together with analytical ones avoiding this undesirable side reaction by performing 

prove the structures of compounds lo,12 and 14. Thus the deacctylation with 0.01 M sodium methoxide (0.02 
the previously proposed method’ is really a general equivalents) in abs. methanol containing cu IO”, of 
synthetic route to 1,2-0-cyanoethylidene derivatives abs. chloroform; complete deacetylation proceeded 
of mono- and oligosaccharides. within 30min at room temperature. 

These trisaccharide 1.2~0cyanocthylidcne deriv- 
atives had to be dcacetylated. It has been shown 
earlier”’ that treatment of 1,2-O-[ I-(e.yo-cyano)- 
cthylidene‘-3.4.6-tri-O-acctyl-r-r,-glucopyr~~nose 
with excess of O.IM sodium methoxidc in abs. 

Free l,2-0-cyanoethylidene derivatives obtained 
after deacetylation of IO and 12 were subjected to 
alkylation with triphenylchloromethane in abs. 
pyndine. The reaction mixtures revealed in tic 
(following pcracetylation) a zone of highest mobility, 

CH,OR CH,OR 

i)R bR bR 

CH?OR CH,OR 

Ro@moR 
6R 6R 6R 

CHzOAc CH,OAc 

Ac@~oAc 

OAc Ok OAc OAc 

CH ,OR CHLOR1 

5 R=Ac 
6 R=H 

7 R=Ac 

8 R=H 

9 

IO R=R’=Ac 
1 R = Tr; R’ = AC 

II R=R’=Tr 

OAc Ok OtCN 

CH., 



152 N. K. KO~~lF~rKOv CI rrl. 

containing di-0-trityl derivatives, a less mobile broad 
zone of mono-0-trityl derivatives, and a zone 
corresponding to the startmg octaacetates 10 and 12. 
The use of 1.0 equivalent of triphenylchloromethane 
resulted in insufficiently effective tritylation and 
recovery of considerable amount of the starting 
products. Alkylation with 2--3 equivalents gives rise to 
di-0-trityl ethers 11 and 13 as the main products. The 
best results were obtained when the reaction was 
performed with 1.2 1.5 equivalents of triphenylchloro- 
methane at room temperature for 48-72 hr followed by 
acetylation. 

The necessary monomers 1 and 3 were isolated by 
column chromatography in 15 and 27’1,” yields, 
respectively. Their structures followed from the 2: I 
ratio of integral intensities of signals of all the Me- 
groups (including those of rhamnose moiety, 
cyanoethylidene and acetyl groups) to those of 
aromatic protons in their PMR spectra, as well as from 
data on methylation analysis.” Mono-0-trityl 
derivatives 1 and 3 afforded acetates of 2,3-di-O- 
methyl-rhamnitol. 2,3,4-tri-0-methyl-mannitol and 
4,6-di-0-methyl-galactitol in the ratio of I : 1: I 
identified by &-MS. In the case of 3 these main 
components were accompanied by no more than 5”,, 
of 1.5-di-O-acetyl-2,3.4.6-tetra-0-methylmannitol 
and 1,2.3.5,6-penta-O-acetyl-4-0-methyl-galactitol 
due to possible admixture of the mono-tritylated at the 
galactosc moiety product. The structures of di-0-trityl 
derivatives II and 13 was elucidated analogously. 
Thus the PMR spectra allowed to estimate the amount 
of trityl residues in the molecules whereas methylation 
analysis ---to localize them. The persistence of the 
nitrile group in the product obtained evidenced from 
the presence of a band at 224Ocm-’ in the Raman 
spectrum of 13 (c/ Table I ). 

The polycondensation of monomers I and 3 was 
performed in dichloromethane in the presence of 0.1 
equivalent of triphenylmethylium perchlorate at room 
temperature for 65 hr using vacuum technique. The 
reaction mixtures obtained did not contain even traces 
of the starting monomers (tic). All the carbohydrate 
products remained at the application point 
(development in I: I benzene ethyl acetate) and 
contained triphenylmethyl group (spraying with 
sulphuric acid produced bright-yellow colouration 
darkening upon heating); development in 3:7 
acetone -chloroform solvent system revealed a mixture 
of products with R, from 0 to 0.5 with the same 
colouration pattern, the main portion remaining at the 
application point. 

The yellow reaction mixtures were treated with 
excess of 90”;, aqueous trifluoroacetic acid to 
neutralize cations present at the reducing tcrmini of 
the growing chains and to detritylate the nonreducing 
termini: 

The yellow-greenish reaction mixtures were 
neutralized by addition of excess of pyridine, which 
was accompanied by decolouration, deacetylated with 
sodium methoxide, and gave after neutralisation the 
polysxcharides 2 and 4. In the PMR spectra (14% 
solution in D,O) were absent signals of the 
cyanoethylidene and acetyl groups at (5 1.5-2.5ppm 
(an intensive doublet of the CH, group of rhamnose 
moiety was present at 6 I .2 ppm, J = 6 Hz), as well as 
those of trityl group (d6-8 ppm). According to 
analytical gel-chromatography data these poly- 
saccharides were eluted as broad zones. whose 
beginning coincided with the void volume for Bio-Gel 
P-4 and retarded from that for Bio-Gel P-6. This 
indicates to the polymeric nature of 2 and 4, whose 
maximum molecular mass lies in the range of 
4,ooO 6,000. 

Polysaccharides 2 and 4 were subjected to 
fractionation on Bio-Gel P-4 into three fractions 2a. 2b, 
2c and 4a. 4b and 4c (Table 2). 

The products of fractions 2c and 4c were eluted 
earlier than trisaccharidcs 6 and 8 upon gel- 
chromatography on Sephadex G-l 5 as well and thus 
they are at least hexasaccharides (n 2 0, cf. formulae 2 
and 4). 

Total acid hydrolysis of all the fractions afforded 
only rhamnose, mannose and galactose in the ratio of 
I :l: I, thus proving their monosaccharide com- 
position. 

Methylation analysis of fractions 2a and 2b gave 
only acetates of 2,3-di-0-methyl-rhamnitol, 2,3,4,6- 
tetra-0-methyl-mannitol, 2,3,4-tri-o-methyl- 
mannitol and 2,4,6-tri-O-methyl-galactitol, thus 
indicating the regiospecificity of linkages in the 
polysaccharidc 2, whose structure corresponds to that 
of the natural polysaccharide from Sa/mo~//o 
wwingron. In the case of the polysaccharide 4 the 
aforementioned methylated sugar derivatives were 
accompanied by small amount of 1.3.5.6-tetra-O- 
acetyl-2,4-di-0-methyl-galactitol. originating prob- 
ably due to the admixture present in the starting 
monomer. 

The most critical point of the synthesis -the 
stereospccificity of the galactosyl-mannose linkages 
formed--was established from the Smith degradation 
(i.e. periodate oxidation, borohydride reduction and 
mild acid hydrolysis) of fractions 2c and 4c. Glc- 
analysis of the product obtained following acetylation 
revealed the presence of but I-0-P-D-galacto- 
pyranosyl-glycerol, the amount of z-anomcr found to 
be less than 1 I’,;, (authentic I-O+ and -Z-D- 
galactopyranosyl-glycerols, obtained as described 
in,” served as reference compounds). It thus follows 
that the anomeric purity of the /1-(l--6)- 
galactopyranosyl-mannose linkages between the 
trisaccharide repeating units in 2 and 4 is better than 

T*CH2\r\r\/@ +H,O + H,o@- “0°F w)“+TrOH + 2H” 

Thereafter tic revealed a mixture of products (IX/ from 99’1,,, and the polycondensation process can be 
0 to 0.4 in 1: 1 acetone chloroform),.darkening upon considered as a reaction with practically absolute 
spraying with sulphuric acid followed by heating, the stereospecificity. 
main portion remaining at the application point. The molecular mass of the polysaccharides 2 and 4 
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was additionally established by two more methods. 
Borohydride reduction of fractions Za, 2b and 4a under 
mild conditions excluding p-elimination from the 3-0- 
substituted reducing galactopyranose terminus” 
afforded the reduced polysaccharides bearing 
galactitol at the reducing extremity. Glc-analysis of the 
products obtained upon methanolysis and acetylation 
(with authentic samples as rcfercnce compounds) 
allowed to evaluate the molecular mass from the ratio 
of the peak area of methyl rhamnosides to that of 
galactitol. 

Secondly, the reducing power of the fractions 2a, 2b. 

4a and 4b was measured (with trisaccharide 8 as a 
reference compound) according to the Park-Johnson 
method.” The data obtained by both methods were 
very close to each other (Table 2). The structure of the 
synthetic polysaccharide 2 was confirmed by high- 
resolution “C NMR spectroscopy. Spectra of 2 prior 
to fractionation and of fractions 2a and 2b were 
qualitatively very similar. The spectrum of2a exhibited 
three signals of approximately equal intensities in the 
region of anomeric carbons resonance at 5 104.3, 103.4 
and 101.8ppm, which correspond to C-l of B-D- 

galactopyranose, z-L-rhamnopyranose and B-D- 

mannopyranose, respcctively.‘s-” The comparable 
intcnsitres of these signals and the absence of signals 
due to reducing galactosc moiety serve as an 
additional proof of the polymeric nature of 2a. The 
presence of signals of C-6 of n-galactopyranose 
(ci 62. I ppm) and of L-rhamnopyranose (6 18.5 ppm) of 
equal intensities evidenced to the regularity of the 
polysaccharidc obtained. The positions of substitution 

of the monosaccharide residues followed unequivo- 
cally from the down-held chemical shifts of C-3 of D- 
galactopyranose (6 81.8 ppm), of C-4 of t-rhamnopy- 
ranose ((i 80.8 ppm) and of C-6 of r)-mannopyranose 
((i 70.25 ppm). Analysis of the interpreted spectrum 
justifies the high regio- and stereospecificity of the 
synthetic polysacchride 2a and is in full agreement 
with the expected structure. 

These arguments hold true for polysacchride 2b as 
well, though this fraction possessed lesser molecular 
mass, and. consequently, signals were present at 3 97.5 
and 93Sppm, which correspond to C-l of the 
reducing galactose moiety. Complete interpretation of 
spectra of fractions 2a and 2b (Table 3) has been 
performed by comparison with the spectra of model 
compounds discussed earlicr.‘h.” 

Preliminary serological assays of the products 
obtained were carried out as described recently.‘” 
Polysaccharide ta possessed high inhibitory 
properties in the passive haemagglutination reaction 
in the S&no~~e//a O-factor 3 anti-3 system, it was 8- 
fold as active as the /{-mannose trisaccharide 6. This is 
thus indicative of the high biological activity of the 
synthetic natural polysaccharide 2. As to trisaccharide 
8 and polysaccharidc 4a. both containing Z-D- 
mannopyranose residues, they appeared to be 
practically inactive in the system mentioned (their 
activities were by 2 orders less). It demonstrates high 
biological specificity of the synthesized natural 
polysaccharide 2. The detailed data oft hesc serological 
data will be published elsewhere. 

Table I. Data of PMR (CDCI,) and Raman spectra 

Cnemlca?. shifts,&,ppm(J,Hz) 
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After column chromatography on silica gel 

Determined from the ratio of integral intensities of signals 
of CH3-groups of the dioxolane ring 

3ata from reef. 4 



Table 2. Products of fractionation of the polysaccharides 2 and 4 an Rio-Gel P-4 

t3 d 2u ho1ecular mass (A) 

Product 
“$$“” Yield, 

t 
mia a mg (34 (H 0” 

determined from 

eq ii., z GlC 
analysis 

keduing 
power 

2a 42 40(34) -23.5' 5*2X103(Y1 5.8x103(10) 

2b 75 30\25.5) -21,U' 2.4fi03C31 2.4x103(3) 

2c 93 4oi341 + 1.5O 

48 42 301331 4 27.0O 5.6x103(10) 6.3rlo3r11) 

4b 7u 20( 221 + 50 .j” 3.4x103( 5) 

4C 35 3N33) 4 29.2O 

a llpoA analj,ticai gel-cbromato&rap~y on a Bio-l;el F-4 colmL, 

eiutlon ~ULW of dextrane 'L-4G, triflacciltlride 8 arid U-manose 

were 42, 103 and 115 rllu, respectively 

Table 3. Data of 13C NMK spectra of the polysaccharldes 2a and 2b (tj, ppnl) 

101.8 103.45 104.3 

c-2 71.6 71.4 71.4 71.6 71.4 71.4 

C-3 74.3 71.6 5L.d 74.2 71 .a 81.i 

c-4 68.0 80.8 69.7 6&o 80.8 69.6 

c-5 76.25 69.1 76.45 76.25 69.1 76.6 

c-6 70.25 1a.5 62.1 '70.3 16.25 62.1 

a C-5 and C-6 of the tsrmnai ir&lnop~r’a~lose residue resonate 

at 77.5 and 62.25 i~ph, x+eepectively 

CONCLLlSION 

As has been already mentioned, the synthesis of the 
0-antigenic polysaccharide of Shonull~r newington 

presented here, is the first synthesis of a biologically 
active and highly specific polysaccharide. It 
demonstrates the possibilities of the method of 
synthesis of polysaccharides developed in our 
laboratory for solution of complex problems in this 
field. 

EXPERlMEM’AI. 

Optical rotations were determined with a Perkin--Elmer 
I41 polarimeter at 20 , m.ps- with a Kofler apparatus. PMR 
spectra wet-c recorded with a Tcsla BS-497 spcctromcter 
( 100 MHz. CSSR) with Mc,Si as the internal standard. 
‘-‘C-NMR spectra were obtalnti with a Bruker HX-90T;.- 
WH-360 spectrometer (90.5 MHz) having a 16:‘X K mcmorq. 
The number of transients was (‘~1 3O.OO0, the pulse width 
17 psec and the aquisttion tlrne 0.7 sec. Spectra were rccordrd 
at 20 for I3 :‘,, solns of free polysacoharides in D,O with 
MeOH as an internal standard (;i 50.15 ppm relative to 
Me,!+). AI! chemical shifts are cxprcssed in S. Glc-MS was 
carried out on a Varlan MAT- 111 (GNOM ) instrument on a 
steel I m-long column packed with 5 I’,, of SE-30 on 

Chromaton N-AW-DMCS (A) using helium as a carrier gas. 
The same packing in a glass Im-long column fitted in Pqc 
Series 105 Chromatograph and 6”,, of N PCiS + il”(, of 
Apiczon L on Chromaton N-AW (B) in a steel 2m-long 
column fitted in LChM-8MD instrument with nitrogen as a 
carrier gas wcrc used for glc. Raman spectra were recorded cm 

a “Spex Ramalog-6” spectrometer, excitation wavelength 
being 514Snm, excitation power -100 2OOmW. Column 
chromatography was performed on silica gel L l(X)!250 jr 
(Chemapol) (5Og per 1 g of a mixture) with gradlent elution 
from benzene to EtOAc. tic- on s~hca gel LS 5/30~1 
(Chemapol) with detection by spraying with X”,, HSO, aq 
followed by hating at L’U 150 . PC was carried out by 
descending method on Filtrok FN-I 1 pawr. visualization of 
spots by KIO, AgNC),-KOH rdagentntv The following 
solvent systems were used for chromatography : 
benIenc+thyl acetate I:1 (C). toluene EtOAc I: 1 (I)). 
BuOH pyrldinc-Hi0 614~3 (E). Ion-exchange chromato- 
graphy of neutral sugars was carried out with the Technicon 
SC-II system on a column (25 x 0.6cm) packed with anion- 
exchange resin DA x 4 (Durrum, U.S.A.) in 0.5 M sodtum 
borate buffer (pH 9.0) at 55 . The clution rate was 1 ml;min. 
AnalytIcal gel chromatography was pcrformcd on columns 
with Blo-Gel P-6,200-400 mesh (SO x I .5 cm) and Bio-Gel P- 
4. 100 2(K) mesh (57 x 1 .Ocm). The orcinol SdphUrlc md 

reagent was used to monitor separations. Solutions were 
concctrated IJI ~LUUI at 40 . 



Synthcsls of the 0-antigenic polysaccharide 155 

Acztonitrilc was dried with CaCI, and distilled from CaCI, 
and then from CaH,. Nitromethane was dlstilled over urea at 

100 mm Hg and then from CaH,. CH ,CI, and CHCI 1 were 
washed with cont. H>SO, and water. b&d with CaCiz and 
distilled from CaH,. Pvridine was distilled from KOH and 
then from mctallicr\la. Acetic anhydrldc was distilled from 

P205. 
Triphenylchloromethanc was recrystallised twice from a 

tolucne heptanc mixture containing ca S”,, of acetyl 

chloride. the crystals were separated by decantation and dried 
,)I rt1ctt0 at room temp. 

‘I rlphenylmethyllum perchloratc was obtalned as 
described in’” and purified by reprccipitation before use as 
follows: 1.2g of the product were dissolved in nitromethane 
(IOml) at room temp and precipitated by additlon of abs. 
cthcr (5Omll. The soln was removed by decantation and the 
bright-yellow crystals (0.7 g) were dried 01 IU~UO. 

4.6-f)i-0-uc.c,r!/-3-O- [2,3-di-O-truer!/-4-O-(2.3.4.6-rurro- 
O-tr~rt~~/-/~-D-,7ru~~~~~~p~ru~~~.s~/)-;(-L-rhum~lop~runo.s)/]- 
I .2-O-( I -c~~~u~lf~~th~/id~~~~~)-~-l~-~u/u~lop~ru~~u.s~~ IO. 

DccaacetatcS(3.3g. 3.6mmol) was treated with asolnofHBr 
(40 “,, u #H’) and Ac,O (I “” w,‘w) in glacial AcOH as described 
earlier.” The chromatograptncally homogeneous glycosyl 
bromide obtained (its mobility in tic relative to 5 In solvent 
system C is equal to 1.13) was treated with NaCN (X90mg. 
I Y.2 mmol) and tctra-n-butylammonium iodide (1.3 g. 
3.5mmol) in acetonitrile (1Oml) at room temp for I5 hr with 
stirring. The mixture \cas worked-up as described earlier“ for 
synthesis of I.5 to give after chromatography IO (2.Og. 63 “,,) 

asa whltcsohd,mobility in tlcrelative to5isequal to 1.21 (C). 
[z],, - X.5 ((, 2.30. CHCI,). (Found: C, 50.52; H, 5.77: N. 
1.62”,,. Calc. for CJ,H,,Oi,N: C. 50.74; H, 5.64; N, 1.60”,,.) 
Data of PMR and Raman spectra are given in Table 1. 

4.6-01-0-[l(el!,/-3-0- [2.3-di-0-ucet~~/~4-0-(2.3.4,6-lelru-O 
-c~~~c,r~~/-z-l)-,,l~/i~~i~~~~~r~~~f~~\~~/)-~-i -r/rui,7,7op~,ai1~~.~~/ ]- I .2-O- 

( I -c,~unoerh~/idene)-z-D-gu/ucrop~mr,ose 12. This compound 

was obtained analogously, starting from 7 (6.5 g. 7. I5 mmol), 
in a yield of 3.88 g (62 “<, J. white solid. mobility m tic relatlvc to 
7 is equal to 1.35 (C). [z],, + 26.9 (c 2.65. CHCI,). (Found: 
C. 50.79: H. 6.12: N, 1.57”,,). Calc. for C,,H,,O,,N: C. 

50.74; H. 5.64: h‘. 1.6Q’“,,). Data of PMR and Raman-&ectra 
see Table I. Crvstallisalion from abs. MeOH at - 5 afforded 
crystalline sample of 12. m.p. 180-1X2 . [aID + 26.2 (c 1.45; 
CHCI,). whose PMR spectrum was superimposable with that 
of an amorphous sample. 

4.6-l)1-O-tr~rr~/-3-0- [2.3-dr-0-ucer,~ /-4-O-(2.3.4.6- 
I L’ I r (I - 0 - 0 c’ e I y I - /j - D - g I I( c 0 p J r u n 0.5 J I ) - z - 
I.-,hu~,f,~~~p~ru~~~~.\~/~-l.2-0-( l-~~u~1orr/7~/rd~~~~)-~-7~-~u/- 

ucrop~rum~~ 14. Ikcaacetate 9 (2.9g 3.2 mmol) was con- 
verted into glycosyl bromide as described above and then 
treated with NaCh‘ (780mp 15.9mmol) and tetra-n- 
butyl-ammonium iodide (1.2g. 2.7mmol) m acetomtrile 
(2Oml) to ylcld I4 (l.Zg. 43 “,,) as a ahlte solid. mobility In tic 
relatlvc to 9 IS equal to 1.28 I(‘). [zlI) - 6.2” (c 3.36. CHCI,). 
(Found, C’. 50.67: H. 5.83: N. 1.83. Calc. for C.,:H,,Oz.,N: 
C. 50.74: H. 5.64: N. 1.60”~. Data of PMR and Raman 
spectra SW Table I. 

4.6-Di-O-ucefyl-3-0- [2,3-di-O-acer~l-4-O-(2,3,4-rri-0- 

u~.e7~~/-6-O-rriphen~~~m~~~~~/-~~-~~-rnufl~~op~ru~s~/)- 
Y-I -rhufn,lop~rcrrt[~.~~/]-l.2-0-( I-c!anorrh~/iden~)-z-I,- 

~trluc rop\wwrc I. To a soln of IO (IlAg. 1.8 mmol) in CHCI, 
(Zml) Here added abs. MeOH (IOml) and 0.1 M methanollc 
NaOMe (2 ml) and the soln was kept for 30 min at ambient 
temp. The mixture was neutralized with 0.1 M methanollc 
AcOIl (WZml) and concentrated to a thick syrup. The 
re~ldue was cocvaporatcd with pyridine (2 x 5 ml), dissolved 
111 pyrldine (9 ml) and triphenylchloromethane (775 mg. 
2.7 mmol) was added. After 48 hr at room temp the mixture 
was chilled to 0”. Ac,O (4 ml) was added and the mixture was 
left at room temp for 15 hr. To the chil!ed (0 ) soln MeOH 
(3 ml) was added and the mixture was left at room temp. After 
I hr thcmixture wasdiluted with I:ZCHCI, hexanc(l50ml) 
and washed urth water (4 x IWml). The upper. organic layer 
was separated. conlzntrated and cocvaporated with heptane 
10 dryness. The residue was dried in ~ucuo and applied onto a 

column with sihw gel (silica gel slurry for the column packing 
was made in benzene containing I ‘:” of pyridine). 
Chromatography gave the starting 10 (270mg. 17:“). a 
mixture of mono-0-trityl derivatives (590mg) and II 
(530mg. 23 y,,). white solid. mobility in tic relative to IO IS 
equal to 1.78 (D), [Y:” - 13.5 (c 0.74, CHCI,). PMR data 
(Ccl,): 1.4 2.2 (24H. CH,~ of rhamnopyranose. cyano- 
ethylldenc and acetyl groups), 7.c7.4 (30H. aromatic). 
Methylation analysis revealed the presence of acetates of 2,3- 
di-0-methyl rhamnitol. 2,3,4-tri-0-methyl-mannitol and 4- 
0 methyl-galactltol 1: I : I (&--MS). 

The repeated column chromatography of a mixture of 
monotritil ethers gave I (29Omg. 15”,,), white solid, mobility 
in tic relative to IO is eaual to I.59 (D). Tzl, -9.8 (c 2.60; 
CHCI,). PMR data ‘(CCI,): 1.4-2.i i?7H, CH, of 
rhamnopyranose. cyanoethyhdene and acetyl groups). 
7.0 7.4 (15 H, aromatic). Methylation analysis revealed the 
presence only of acetates of 2.3-di-O-methyl- rhamnitol, 
2,3.4-tri-O-methyl manmtol and 4.6-di-O-methyl-galactitol 
In the ratio I : I : I (glc- MS). 

4,6-D1-0-u~r~l-3-0- [2,3-di-O-ucrtyl-4-O-(2.3,4-rrr-0- 
tr~~r~l-6-O-r~rplt~~n~l~~~rh~~~-z-i~-~~un~7up~ru~~~~s~l)-u-~. 
-rhum,lop!runos?I]-1,2-O-( I-c?unorth~lid~tIe)-a-o-gu/~~~~o- 
pJw7o.w 3. The amorphous I2 (880mg. I mmole) was 
deaL=tylated as described above, the product treated with 
triphenylchloromethane (330mg. 1.2mmol) in pyridine 
(5 ml) for 72 hr at room temp and the mixture was worked-up 
as above. Column chromatography alTorded I2 (220mg. 
25 “,,), a mixture of mono-trityl ethers (300mg) and I3 
(lOomg. X”,,).whitesolid. mobility in tlcrelative to 12isequal 
IO I.88 (D). [z]n Y 22.6” (c2.00. CHCI,), PMR data 
(Ccl,): 1.4-2.2 (24 H. CH, of rhamnopyranose, cyanocthy- 
lidene and acetyl groups). 7.0 7.4 (3OH. aromatic), a band at 
224Ocm _ ’ was present in the Raman spectrum. Methylation 
analysis gave acetates of 2.3-dl-O-methyl- rhamnitol, 2,3.4- 

tril-0-methylmannitoI and 4-0-methyl-galactito1 1: 1: 1 
(&I-.MS). 

The repeated chromatography of a mixture of mono-trltyl 
ethers gake 3 (290mg 27”,,), white solid, mobility in tic 
relative to I2 is equal to 1.57 (D). ;z],, +33.1 (c 1.19. 
CHCI,), PMR data (Ccl,): I.4 2.2 (27H. CH, of 
rhamiopyranose, cyanoethilidene and acetyl g&ups). 
7.0.- 7.4 (I 5 H. aromatic). Methvlation analysis revealed the 
presence of aLztates of 2.3-di-d-methyl-rhamnitol, 2,3,4-tri- 
0-methyl-mannitol and 4,6-di-O-methyl-galactitol (I : I : 1) 
and, besides, no more than 5”,, of l.S-di-0-acctyl-2,3,4,6- 
tetra-0-methyl-mannitol and 1.2,3.5.6-penta-O-actyl4 
0-methyl-galactitol (glc MS). 

Po/J‘c’o,7d~~safio,1. In one limb ofa tuning fork-shaped tube 
fitted with a ground joint, which enables its connection to a 
vacuum system. was placed a soln of monomer I (26Omg, 
0.24 mmol) In abs. benzene (1.5 ml), and m the other -0.1 ,&I 
soln of triphenylmethylium perchlorate In nitromethane 
(0.24 ml) and the solis we& freeze-dried (10 ‘mm Hg). 
Yltromethanc (twice distilled from CaH, at IO ‘mm HP) 

(I.0 ml) was distilled into the first limb, andjyoptuhsation was 
repeated followed by drying of the residues for several hr. 
CH,CI, (twlcc distilled from CaH, at IO-‘mm Hg) (2.0ml) 
was distilled into the tube. and the solns of monomer and 
catalyst were mixed and a yellow transparent soln left at room 
temp for 65 hr in the darkness. The reaction vessel was 
connected with atmosphere and the yellow mixture was 
treated with 90”, aqueous trifluoroacetic acid (I .Oml) for 
30min at room temp. Pyridine (1.0ml) was then added, the 
discoloured soln was diluted with CHCI, (50ml) and washed 
with water (3 x 50ml). The organic layer was separated. 
taken to dryness and dried i,l curuo. The residue (250mg) was 
dissolved in CHCI, (6ml). abs. MeOH (2Oml) and M 
methanollc NaOMc (2.0ml) were added. A white tloccular 
ppt appeared in cu 20 min and the mixture was stirred at room 
temp overnight. It was diluted with water (4Oml). whereupon 
complete dissolution occurs. and neutraliyzd with a cation- 
exchange resin KU-2 (H- ). The resin was filtered off, washed 
with water (3 x IOml) and the combined aqueous soln was 
washed with CHCl, (3 x SOml). The aqueous layer was 
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separated, clarified by centrifugation and evaporated. The 
residue was dried in txtcuo to yield the polysaccharide 2 
(127mg). [Y]~ - 15.2 (c 1.27, H,O, equilibrium). 

Analogously. starting from the monomer 3 (200mg. 
0.19 mmol). the polysaccharidc 4 (X4 me;) was obtained. [s Jo 
+ 32.5’ (c 0.84, H,O, equilibrium). 

Fractiunutinn of’ p~i~sit~~hurjd~.s. The polysacchandes 
obtained were fractionated on a Bio-Gel P-4 column 
(10%200 mesh. 58 x l.Scm, V, 43ml. elution with 0.1 M 
AcOH, elution rate O.gml~min: dextrdne T-40 and mannose 
were eluted from this column at 43-rd and ISO-th minutes, 
respectively) and three fractions were collected: (a) 28-63 ml; 
(b) 6495ml. and (c) 9&120ml. The pooled fractions were 
concentrated and freeze-dried to yield products 2a. 2b, Zc, 4a. 
4b and 4c, whose yields and properties are listed in Table 2. 

The material of each fraciion (UJ OSmg) was heated rn 
0.3 M HCI (2ml) at 100” for 20 hr. the solns were 
coevaporated ‘with water (3 x 5 ml) and the hydrolysates 
were analysed by anion-exchange chromatography. In all 
cases only rhamnose, mannose and galactose were detected in 
the ratio of 1: 1: 1, equimolar mixture of the above authentic 
monosaccharides serving as a reference. 

Drrermination f$ configururiotl <d galacrosJ+mannose 
finkages. Polysaccharide 2c (4Omg) was dissolved in 0.1 M 
sodium periodate (5 ml) and the soln was left at room temp 
for 65 hr in the darkness. NaBH, (30-40 mg) was added and 
the soln was lefi at room temp for 15 hr. The soln was acidified 
with AcOH and desalted by passing through a column of 
Sephadex G-ES. The eluatc was taken to dryness and the 
residue was treated with OS M HCI (2 ml) at room temp for 
48 hr. The hydrolysate was coevaporated with water, dried in 
LUCUO and acetylated with I : 1 Ac,O-pyridine (2 ml) at room 
temp for 15 hr. To the mixture EtOH (2ml) was added, the 
soln left at room temp for 1 hr. diluted with CHCI, (20ml) 
and washed with water (3 x 20mll. The CHCI, layer was 
separated and taken to dryness. According to tic 
examination, a product with R, 0.5 -0.6 (D), which coincided 
with authentic samples 0r anomeric 1-u-w 
galactopyranosyl glycerols acetates,’ ’ constituted no less 
than 80%. It was isolated by column chromatography and 
subjected to gic (250’. column A). In comparison with 
authentic samples l-O-~-~-galactopyranosyi-glycerol 
acetate was identified as the only product (retention time 
lS.Omin); the corresponding z-anomer has a retention time 
of 13.2min. Analogous results were obtained upon Smith 
degradation of the polysdccharide 4~. 

Determination c$ degree of polymerix~ion oj‘ ply- 
saccharides. According to PC (E), the polysaccharides 2a and 
4a remain at the application point after 7 days. The bulk of 
polysaccharides 2b and 4b behave similarly and faint zones 
were also detected with mobilities of 0.14.2 relative to 
trisaccharidc 6, which, in turn, had a migration of 36cm. 

Polysaccharides ta. 2b and 4a (trisaccharide 8 was studied 
simultaneously) (ca 2-3 mp) were dissolved in 1 ‘I<, aqueous 
boric acid (2ml) and portions of NaBH, (3 x 5mgt were 
added withm S hr. Th; mixture was left it + 5” fo; 15hr. 
deionized with a cation-exchange resin KU-2 (H * ). the latter 
was filtered off and washed with water (2 x 3ml). The 
combined aqueous solns were taken to dryness and 
coevaporated with MeOH (3 x 5mI). The residue was 
dissolved in M methanohc WC1 (1 ml) and heated m a sealed 
tube at 100, for 20hr. The methanolysatc was taken to 
dryness and then acetylatcd and worked-up as above. The 
CHCI, layer was investigated by glc (column B, 175 (3 imin). 
In comparison with authentic samples were found acetates of 

methyl rhamnosides (retention time 4.8mm). methyl galacto- 
and mannosides (retention time 1 I.Omin) (rhammtol acetate 
emerges at 9.2min under the above conditions) and two 
products with retention times of 10.0 and IS.5 mm. The latter 
coincided with authentic galactitol acetate, while the former is 
apparently an acetate of anhydro~alactitol(s) (it was found in 
a control experiment) formed upon methanolysis and 
acetylation. The degree of polymeri;r;ltion was calculated 
from the ratio of the peak area of methyl rhamnosides to the 
sum of peak areas of galactitol and its anhydroderivative(st. 
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