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Abetraot - A regular, branched polyeaooharide le ayntheeized 

whoee structure #6(oOlp 1-4)GloNAa p l-3Oal p l-4Glo p 1)n 
corresponde to that of the capeular polyeacoharide of Strep 
tooooous Dneumoniae type 14. Synthesis ie aocomplizhed 
by using a stereo- and regioepeoifio polyoondenzation of a 
trltslated 1.2-0-cuanoethslldene derivative of a tetraaaouha- 
ride-repeati& uni%. The iatter ie aeoembled from laotosamine 
and lactoee recurzore proteoted In zuoh a way as to enable 
selective 0- g_ tritylation of the gluooeamlne moiety. 

Baot erlal polyeaoaharidee ( oapzular polyaaoaharidee, O-antigen10 chains of lipo- 
polyaacoharldes, teloholo solde) constitute an important olaee of biopolymerz 

which exhibit broad-range biological activityandepeoifioity. Studiee on baote- 

rial polyeaooharidee have acquired, In addition to traditional aepecte, structu- 

ral elucidation and synthezim of fragments , a new dlreotion, . ohemical eyn- 

theala’ . The latter ie baaed on a regio- and stereo-epecific polyoondenaation of 

blfunctional monomers, the properly tritylated 1,2-0-(l-cyanoethylidene) deriva- 

tives of mono- or oligoeecoharidee, the latter corresponding to the repeating 

unit of a polyeaooharide. It ie with this method that successful syntheeee of 

0-antige?a, linear heteropolyzaocharldee of Salmonella newi.nuton2 and Shinella 

flemeri have been oarried out. Ae an extension of thle method we have ac- 

oomplizhed the first eyntheeie of a regular branohed polyeaooharide whose ztruo- 

ture oorreeponds to that of the capsular polyeaocharide of StreDtoooocuq m- 

moniae type 14. 

The natural polyeacoharide ie built of the tetrazaccharide repeating unite 

1 4. Retrosynthetic analyeie has revealed a poslbllity to ayntheeize 1 from the 

monomer 2 (Scheme 1). The latter , in turn, could be aeeembled from two dizac- 

oharlde blocke, the O-benzoylated laotoeamine derivative 1 with the temporary 
6-O-aoetyl proteotive group and the 0-benzoylated lactoee 1,2-0-(l-oyanoethyll- 
dene) derivative & with 3’0hydroxy group free. The encouraging prerequisitea 
taken Into aooount In the analyeie shown were I) the poeeibillty to employ zu- 

gar 1,2-0-:l-oyanoethylidene) derivrrtivee with a free hydroxy group ae glyooeyl- 
accept orz ; Ii) the preferenoe of IV-phthaloyl over N-aoetyl protection of amino 
group In triphenylmethylium perohlorate-oat$lyzed glyoosylation of amiaozugare 
with 1,2-0-(l-oyanoethylldene) derivatives , and iii) the possibility to remove 
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Scheme 1. 
f 6Gl~NAc~1-3G~l~l-4Glcbl n 3 
GA& 

I 

seleotively 0-aoetyl group in the presence of 0-benzoyl groups -‘. The acyl pro- 

tective groups are preferable over 0-benzyl ones not only In glycosylation ’ but 

they all can be removed in one step by hydrazinolysis to prepare an unsubsti- 

tuted polysacoharlde. 

Here we describe the first synthesis of a regular, branched heteropoly- 

saocharide based on the above synthetic strategy. 
RESULTS AND DISCUSSION 

1. Synthesis of the lactosamine block 2. Two approaches are conceivable to pre- 

pare the lactoaaminide 2. The first one implied the use of the lactosamine it- 

self and its functionalizatlon. The second one envisaged the galaotosylation, 

with benzobromogalactose 8 or other suitable glycosyl-donors, of methyl 6-O-ace- 

tyl-3-0-benzoyl-2-deo~-2-phthalimido-(C-D-gluoopyrsnoside 1 or its trityl ether 

lo. The choice in favour of the latter rou;e,ys made since the chemical synthe- 

sis of lactosamine acoording to, e.g. , and its subeequent funotionali- 

zation seemed to require larger number of stepe. 

The alcohol 1 was synthesized from the known methyl 2-aeoxy-2-phthalimido- 

p -D-glucopyranoslde z6*12. It was oonverted into the dlol 5 in 76% overall 

yield by successive benzylidenation, benzoylation, and deacetalation, followed 

by selective acetylation into the monoacetate 1 (Scheme 2). The structure of 

the glucosaminldes 6 and 1 and, in particular, the location of aoyl substitu- 

ents, was proved by ‘H-NMR spectroscopy ( Table 1). 

Glyoosylation of 1 aimed at preparing the laotosaminide 2 was performed 
rith benzobromogalactose S and silver trlflate or mercuric cyanide - merouric 

bromide as promotors ( Scheme 3). or with l-0-acetyl-2,3,4,6-tetra-O-benzoyl- 

p-D-galaotopyranose 11 In the presence of trimethylsllyltrlflate; the 4-trityl 
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Table 1. Characteristic elgnale in the ‘H- end I3 C-NMR spectra 

of selected synthetic compounds* (g,, 8C) 

Compound Spectral data*+ 

2 C-3B (74.6), C-5B (72.5). C-4C (73-l), C-SC (74.6)~ C-ID (98.6) 

r H-6C (4.21dd), H-6’c (4.46dd), H-ID (4.87d), C-1C (99.2), C-4C (76.9)s 

C-5C (72.g), c-6c (62.0), C-1D (101.2) 

4 II_3B (4.14dd), H-4B (5.74d), C-2B (73.5), C-3B (71.9), C-4B (70.8)~ 

C-5B (72.2) 

6 H-3 (5.87dd); H-4, H-6 and H-6’ (3.90-4.07) 

1 H-3 (5.89dd); H-4 and H-5 (3.80-3.87); H-6 and H-6’ (4.47-4057) 

9. H-ID (5.75 d), C-4C (74.7)~ C-ID (97.2) 

16 c(C~~)~ (1.38s and 1.68s), C-3B (77.1)~ C-48 (73.6) 

II &3B(3.88dd), H-4B(4.lld), c-2B(73.7), c-3B(72.7), C-4B(69.1)&-SB(73.1) 

21 C-2~ (71.2), C-3B(78.1), c-4 (70.4), C-5B (70.8), C-1C (98*6), 

C-4c (76.2), C-SC (72.8), C-ID (101.0) 

3 ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 

26 c-4c (73.3), C-SC (74-l), C-ID (99.0) 

Ez C-IA (101.0), C-SC (74.2), c-6c (68.3) 

28 H_6C, H-6’C and H-6’D (3.78-3.87); C-SC (75*1), C-6C (60.6) 

*Complete spectral data will be published eleenhere.**For A-D eerie8 g* 

Schemes I, 6, and 7. 

ether 2 served ae the glycoeyl-acceptor in reactions with benzobromogalactoae 

S (and silver trlflate aa promotor) (Scheme 3) and in triphenylmethyllum salt- 

catalyzed condensatione with 1,2-O-( d -p-tolylthiobenzylidene)- and 1,2-O-( d - 

cyanobenzylidene)-3,4,6-tri-O-benzoyl-d~D-galactopyranoees (12. and 2). 

Scheme 3. 

B~Jj~~~zoQ@+Bg.gj%@ 

8 ok NPIO 3 09Z Nmt 9 OQ NPM 

?R=H:iOR=Tr 

In all case0 a mixture of p - and d-linked dieaccharides 2 and p rae ob- 
tained (Table 2). Their structure was established on the basic of ‘Ii- and 13C- 

NMR spectra (Table I). Thus, In particular, the low-rield shift Sor C-4 in the 
13C-NMR spectra demonstrates the galactose moiety to be linked to O-4 in both 

disaccharides. The coupling constants JH_l,,H_2, and JC_l,,H_l, (7.8 and 158.7 

Hz for 2 and 3.7 and 172.0 Hz for 2) unequivocally prove the 1,2-trane- and 1,2- 
&-configuration of the galactoaidic bond in 2 and 2 reepectively. As can be 

seen, the most effective synthesis of the target dleaccharlde 2 ie that under 

conditiona of the run 4 (Table 2) and theee were used for Its preparation. The 
5-mmol-scale galactoeylation of 1 afforded the disaccharidea 2 and 2 in 

44 and 40% yield (Scheme 3). 
2. Svnthesie of lactose block 4. The etarting material was the acetylated lac- 
toee 1,2-0-(I-cyanoethylidene) derivative a (Scheme 4) whose preparation from 

acetobromolactose and sodium cyanide according to the general procedure 13 Will 
be published eleewhere. The peraoetate 19 waa deeeterifled by sodium methoxide- 
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Table 2. Results of ,galactoeylation of 1 and s (0.25-0.53 mmol-scale)* 

Run Glycoeyl- Glycoeyl- Promotor Solvent Tempera- Yield Ratio 
mre donor acceptor ture (“C) J+Z (8) J:Z 

1 s 

2 B 
3 8 

4 s 

5 B 

6 s 

7 11 

8 12 

9 12 

Hg(CNJ2-HgBr2 YeCN 60-70 53 
Ag0S02CF3 Toluene -25 - -30 98 

AgOS02CF3 CH2C12 -25 - -30 82 

AgOS02CF3 MeNO -25 - -30 93 

AgOSO,CF, YeCN -25 - -30 57 

AgOS02CF3 CH2C12 -25 - -30 95 
Me3SiOS02CF3 CH2C12 20 23*+ 
TrC104 CH2C12 20 25 
TrC104 CH2C12 20 45 

10 12 lo TrBF4 CH2C12 20 19 

1 r3.8 
1:2.2 

1.05:1 

1.3:l 

1:2.8 

1:1.2 

6.7:l 

2.l:l 

1.4:1 

8.5:l 

*The ratio of glyoosyl-donor:glycosyl-acceptor:promotor was 2:1:2 for runs 1-6, 

l:l:O.l for runs 7-9, and 1:1:0.8 for run lO.+*The main product rrae methyl 4-0- 

acetyl-F0-bensoyl.-6-0-(2,3,4,btetra-0-benzoyl-~-~galaotopyrsnoayl~-2-deory- 

2-phthalimido-p -D-glucopyranoelde (yield 29%) 

catalyzed methanolysie and the product a was acetonated with 2,2-dimethoxypro- 

pane in DMF in the presenoe of TsOH at heating to give , after exhauetive beneo- 

ylation, the protected acetonide 16. Mild acid hydrolysis gave the 3’,4’-diol 

lJ. It wae converted Into the target alcohol 4 ueing the traditional procedure 

for anacoeesto galactopyranoee derivatives with 3-hydroxy group free, viz. a 

regioseleotive acid-catalyaed ring-opening of cyclic 3,4-orthoesters (g. 74). In 

our oase it rae the orthobenzoate 2 obtained by traneeeterification of triethyl 

orthobenzoate rith the dial u in the presence of TsOH. The structure of the 

laotoae derivative8 If?, lJ, and 4 was eetabliehed by ‘H- and 13C-m epectroaco- 

py using the data for the hexabensoate 3 (see below). The glucopyranose moie- 

tiea bearing the 1,2-O-(l-oyanoethylidene) group of compounds 4, 16, u and 2 

exhibit spectral oharaoterietioe which coincide satisfactorily. Negative p -ef- 

fects of benzoylation are apparent on comparing 13 C-NM spectra of the two 

paira, lJ vs. 4 and f VB. 12 (4s from -0.8 to -3.7 ppm) thus confirming the lo- 

cation of the free hydroxy groups in u and 3. 

a)MeONa-MeOH:b)Me2C(OMe) 2, TsOH;c)BzCl,Py;d)CF$OOH-H20:e)PhC(OEt) 3,TsOH;f)AcOH 
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3. smthe8i8 0i the t9tra880Ohariae q 0n0~10r 2. Preparation of the monomer lt- 

aelf required, first of all, the coupling of the glycosyl-acceptor 4 rith a gly- 

coeyl-donor derived from 1 to be carried out. The neceeeary donor could easily 

be obtained from 2 in tro stage8 (Scheme 5): acetolysis of the methyl lactoeami- 

nide gave the l-O-acetate fi uhich on treatment with hydrogen bromide In glacial 

acetic acid yielded the glycoeyl bromide 20 ae a mixture of anomera (g.'2), It 

was used for coupling without 8aaiti0d purification. 

Scheme 5. 

Condensation of thie glgcoeyl bromide 20 with the acceptor 4 in acetonitri- 

le in the preeence of mercuric cyanide and mercuric bromide (Scheme 6) yielded 

61% of the tetraeaccharide 11. Spectral ('II- and l3 C-NW) d8t8 (Table 1) eviden- 

ced to the regioselectivlty of glyooeylation (i.e. to rormation of glucoeaminyl- 

(l-3)-galactoee bond) with P -configuration of this newly formed l;$kage. This 

conclusion wae made from comparison of the unit IBcr resonance8 in C-NMR epec- 

tra of 4 and 1 which dieplayed a downfield ehirt for C-3B In the latter and the 

characteristic negative p-effects of glycosylation (66 C-2B - -2.3 ppm, AS 

C-4B - -0.4 ppm) ae well as from JR_,C,H_2C value (8.2 Hz) and C-1C chemical 

shift. 

Scheme 6. 

Deacetylatio; of the tetraeaccharide derivative a using mild, acid-oataly- 

5ed methanolysie into the alcohol 2 use accompanied with formation of eide- 

products, the methorycerbonyl derivative8 a and 24 (from cyanidee 21 and 22, 

g. 3, which were identified with the help of 'Ii-RMR epeotral data (6 1.7 and 

3.7 for cH3CCOOCH3 fragment). These products accumulated with time (TLC) and it 

aae rational to stop the reaction after 5-6 h when the extent of convereion of 

21 into 22 was of about 30%. The eimilar chromatographlc mobilitlee of 21 and 2 

precluded their eeparation and the alcohol a wae isolated from the reaction 

mixture together with the starting acetate a. Treatment with triphenylmethyllum 

perchlorate in the presence of 2,4,6-trimethylpyridine l5 converted the alcohol 

22 Into the desired monomer 2 while the acetate 21 remained unaffected and could 

be recovered by chromatography and reproceeaed. Repetition of these procedure8 

three more times gave the monomer 2 In BP overall yield of 4996. 

Ita atruoture wae confirmed by RHR epectra (Table 1). Thus, e.g., the pre- 
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aervation of the 1,2-0-(l-oyanoethylidene) function evidenced from the presence, 
in the 13C-NHR epectrum, of the characteristic signals for ‘X3-C-CN at 24.1, 
99.5, and 116.5 ppm end, In the ‘H-NMR epectrum, or signals ror CH3ccH (8, 8 

1.841, H-U (d, 8 5.71, JR_1,H_2 5.0 He), and H-2A (a 4.20). That the trityl 
group was at 0-6~ was eetabliehed from l3 C-NNR data with the use or tritylation 
effect6 round upon comparing spectra of 2 and & (eee below). Thus, e.g., the 
signal for c-5C 18 ehiited downfield (a8 +1.8 ppm) end those for C-4c and C-1D 

are ehlrted uprield (as -3.1 and -2.4 ppm) when paaeing rrom the acetate 21 to 

the trityl ether 2. Comparieon of epectra of these two compound6 reveals also a 

well pronounced long-range effecte of acetyl-for-trityl exchange on C-3B and 

C-5B (As -3.5 and +1.7 ppm). 

4. Synthesis of a branched tetraeaccharide a as a modelling of elementary act 

0r Rlscoeldic bond formation uuon Dolvcondeneation 0r the monomer 2. Glucoeyla- 

tion (and lactoeylation) of O-6 trltylated glucoeamine (and lactosamine) derlva- 

tives hae not been performed hitherto.Therefore it seemed reasonable to carry 

out a glycoeylation of’ the trityl ether & with the cyanoethylidene derivative 

3 prior to the very polycondensation of the monomer 1. This coupling of lactose 

and lactosemine building blocks should result in (l-6)-bond rormation, which ie 

I) in the natural polyeacoharide, and thus may be regarded ae a model of elemen- 
tary glycosylation act of the polycondeneation procees. The cyanoethylidene de- 

rivative a repreeente the glycoeylating function of the monomer 1 and the trl- 

tyl ether 26 ite glycosyl-acceptor site (Scheme 7). 

Scheme 7. 

The hexabenzoate 3 wae obtained from 3 by Zempl& deacetylatlon rollowed 
by beneoylation. The lactosaminide 1 served ae a etarting material for prepara- 

tion of 6. Selective C-deacetylation of 2 using mild, acid-catalyzed methanoly- 

sic 7 gave the alcohol 2 whoee structure followed from ‘H-NMR (uprield ehift of 

R-6~ aignale for S in comparing with 2) and 13C-NMR spectral data (upfield 
ehirt or c-6c and downfield shirt or c-5C In S ae compared to 2). Action or 
trlphenylmethylium perohlorate on 28 in the presence of 2,4,6-trlmethylpyridine 
l5 gave rise to the trityl ether a. Its detritylatlon with 9O$ trifluoroacetic 
acid regenerated 2 thus proving the location of the trityl group in 26 at 0-6~. 
Replacement of 0-aoetyl group in 2 by 0-trltyl group in & reeulte in aignifl- 
cant change8 in chemical ehiite for C-4C (a8 -3.6 ppm), C-5C (a6 +1.2 ppm), 
end C-1D (a8 -2.2 ppm). Thle feature wae employed for interpretation of the 

13C-NMR epectrum of 2 (see above). 
Glycosylation of the trityl ether & with the 1,2-0-(l-cyanoethylidene) de- 

rivative 2 wae performed in the preeence of trlphenylmethylium perohlorate (0.2 
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equiv.) ueing vacuum technique 16 and afforded the branched tetraeaccharide a in 

high yield (84%). Thie tetraeaccharide repreaente a derivative of the repeating 

unit of the polyeaccharlde 1. Spectral data support its structure. Signale ror 

C-6~ and C-32 are downfield (by 7.7 ppm) and upfield (by 0.9 ppm) Bhiited as 

compared with the reepective signals in the 13 C-HMR spectrum of 28, thue proving 

O-6-lactceylaticn of the latter. That the newly formed glycoeidic bond is c (as 
well as othera) followed rrom ‘Jc h coupling constant8 (163.6 Hz) ror anomeric 
centres, from 3JH_1A,H_2A (8.5 Hz): and from chemical shift for C-1A (101.0 ppm). 

Thus the condensation of the cyanoethylidene derivative a with the trityl ether 

& was both errective and stereoepecific and this was a favcurable premise for 

successful synthesis of the polysaccharide 1 by polycondeneatlon of the mcno- 

mer 2. 

5. Pclycondensation of the monomer 1 and characterization of the Dolysaccharide 

10 Polycondenaatlon of the bifunctional monomer 2 was performed under standard 

oondltions ‘-‘, I.e. in dichloromethane in the presence of triphenylmethylium 

perchlorate (0.1 equiv.) at room temperature. Trial experiment has shown the mo- 

nomer to be absent after 18 h and the product formed to be devoid of the trityl 

group (TM). Thererore in a preparative NII the reaction mixture wae aleo kept 

for 18 h and thereafter the catalyst was destroyed by addition of aqueoue pyri- 

dine. The protected polyeaccharide 2p (Scheme 8) was separated from the nonca- 

bohydrate products (TrCN, TrOH) by column chromatography on silica gel. 

Scheme 8. 

2.&~Qqo@+Li 

29 OIz 
oh n 

a) TrC104;b)H2NNH2-H20;c)Ac20-H20-MeOH 

The “C-NM8 spectrum of 2 contained, inter alia, aignala for the anomeric 

carbons (8 98.7 and 100.6102.21, C-2C (8 54.91, and acetyl group. No sign&e at 
6 24, 99.5, 117, and 87, characterietic for ~H3-~-~N and the Ph$ carbons were 

preeent thue demonstrating the absence in the polycondensation product of the 

cyanoethylidene and trltyl groups and is in keeping with previous data 17.18 . 
Deprotection of 1p. was accomplished by hydrazinolysie 3, subsequent N-acety- 

lation then gave the pclysaccharlde 1 which was isolated by gel chromatography 
on Blo-Gel P-4 with concomitant removal of aceto-, phthalo-, and benzohydrazides. 

The pclyeaocharide 1 was eluted from a TSK 40 column as two poorly reeolved pe- 

aks (fractions & and s), the yield of the former, poeeeseing higher molecular 

weight, being 59% and that of the latter 26%. 

The structure of the polysaccharide & wae elucidated by meana of methyla- 

tion analysis 19-21 and l3 C-NM8 spectroscopy. The Hakomori methylatlon 22 or the 
polyaaccharide followed by acid hydrolyeie, borohydride reduction, and acetyla- 
tion arrorded acetates of only 2,3,4,6-tetra-, 2,3,6_trl, and 2,4,6-tri-O-methyl- 
hexitole ae well ae l,4,5,6-tetra-0-acetyl-3-0-methyl-2-(N-methyl)acetamldo-2- 

deoxyglucltol identified by GLS-US and by direct comparieon with the authentic 
sample ror the latter. It thue shows that the repeating unit of the polyaaccha- 
ride contains a noneubstltuted,side hexopyranotayl residue, two monoeubetltuted 
( at O-3 and O-4) hexopyranoee reeiduee , and the disubetituted (O-4, 0-6) glucoe- 

amine residue (branching point) that ie in complete agreement with the structure 

anticipated. 
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i,i h 

p’p;( ,.‘..‘...‘,.“..‘.‘.,‘...‘I I I I 1 1 

100.0 80.0 70.0 60.0 20.0 

Fig. 13C-NMR ape&rum of polyeaccharide la (D 0 internal standard 
MeOH, 8 50.15 with respect to tetrazthy%lane). 

Table 3. 13C-NMR epectral data for compound8 ‘&, LO,, and 21 (b, D20). 

Compound Unit * C-l C-2 c-3 c-4 c-5 c-6 C(0) ----(X3 OCH3 

la clc-A 103.8 73.4 75.7** 79.8 76.0** 61.6 

Gal-B 103.6 71.3 83.3 69.5 76.1 62.2 
GlcN-C 104.1 56.5 74.0 80.0 74.7 69.1 175.9 23.4 
Gal-D 104.15 72.2 73.9 69.9 76.5 62.2 

Z GlcN 103.0 56.3 73.7 80.2 76.0 61.5 175.7 23.4 58.1 
Gal 104.1 72.2 73.9 69.8 76.5 62.1 

2 Glc 103.6 73.6 75.6** 79.8 75.9** 61.5 
GlcN 103.1 56.2 74.0 80.0 74.8 68.9 175.6 23.4 58.3 
Gal*** 104.1 72.2 74.0 69.8 76.5 62.1 

*For A-D eeriea cf. Scheme 8. **Assignment may be revereed. ***All eignale 
of double inteneEy, that at 8 74.0 of triple intensity. 

It can be eeen (Fig.) that the polyaaccharlde & ie a regular one with a 

tetrasaccharlde repeating unit. That the configurations of all glycoeidlc bonde 

including the newly formed one are () followed from ‘Jc H values for anomerlc 
aentree (162-164 Hz). Three low-field signals (6 79.8, 60.0, 80.3) correspond to 

ring atoms bearing glycoeyloxy eubstituents , of four ~-6’s three are noneubstltu- 

ted (5 61.6 and 62.2~2). Thus, one primary and three secondary carbon atome are 

involved In glycoeidic bonds. Interpretation of the 13C-NMR spectrum of & (Table 
3) could be done with the use of spectral data for GalP 1-4GlcNAa(,-OYe ,30, 

Galp l-4Glcp l-6(GalP 1-4)GlcNAc p -0He a, Gal p 1-4GlcI) -0Me z23, GlcNAap - 

0(CH2)6NH2 21 24, GalP 1-6GloNAcP-0(CH2)6NH2 &24, Gal pI-3GalPl-4Glc 25, and 
Galp 1-4ClcNAc(, 1-3GalP -0Ye 26. The two former ollgosaocharides (2 and 2, 
Table 3) were obtained by deprotection (hydrazinolysis) followed by N-acetylation 

of 1 and 3 respectively; the sp;;trum of s prepared in this work coincided ea- 
tisfactorily with that reported . Advantage was taken of spectral data for the 
lactoaide 2 and lactoeaminlde z to interpret the spectrum of the tetraaacchari- 

de 2 using 4 - and p-effects of glycosylatlon at O-6 (+7.5 and -1.0 ppm) found 
from comparison of spectra of compounde 22 and 2. 

Thus, methylation and spectral data for & show quite definitely that the 
polycondensation of the monomer 2 was regio- and stereoepecifio and the structure 
of the eynthetic polysaccharlde correeponde to that of the capeular polyeaccharl- 

de of Streptococcus Dneumonlae type 14. Optical rotation valuee for & and fi 
(+8.4O and +12.00) ooinaide well with that of the natural polyeaccharide (+5°)4. 
The fraction 2 was eluted from the TSK HW-40(S) column with the void volume and 
thue Its molecular weight can be eetlmated ae ~a. 6000 and the numbepaverage 
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degree of polymerlsation as <ra. 10. 

The compounds ja, E, and $J, were tested for inhibitory aotivity in 9. pne- 

umoniae type 14 - anti-14 system (ELISA). The tetrasaooharide 2 exhibited low 

activity whereas 2 and espeoially & proved to be effeotive inhibitore. The 

oonaentratlone required for 5% inhibition were .lOO, 0.8, 0.2, and O.O8,vg/ml 

for & fi, Ja, and the natural polysaooharide respectively. 

The synthesis of the polysaocharide & together with other syntheses re- 

ported l-3 clearly demonstrate broad possibilities of the method of polyconden- 

sation of tritylated 1.2.0-(l-cyanoethylidene) derivatives for an acoes to re- 

gular homo- and heteropolysaccharldee. 

FXPRRMRNTAL 

The reagents and solvents ae well as the instruments used are described el- 

sewhere 3*18. TX& was performed on Kieselgel 60 (Merck) plates in solvent sys- 

tems BtOAc-toluene 1:4 (A), 1:2 (B), and lrl (C) followed by spraying with 50- 

7096 H2S04 and oharring. Column chromatography was performed on silloa gel L 40/ 

100 pm (CSSR) using gradient elution from benzene to RtOAc. 

Methyl 3-0-benzoyl-2-deour-2-phthalimido-Ir -D-ulucopyranoslde (6). To a 8Oln of I 
2 (4.5 g, 13.9 mmol) 6s'2 in abs. MeCN (20 ml) benzaldehyde dimethylaoetal (13 

ml, ~a. 70 mmol) and TsOH.H20 (=. 20 mg) were added. The reaction mixture was 

kept at 20° for 17 hr, then pyridine (6 ml) was added followed by dropwise ad- 

dition, at 0-5O, of benzoyl chloride (5.8 ml). After completion of benzoylation 

(~a. 3 hr at 20°) the excess of benzoyl chloride was deetroyed by treatment with 

MeOH (5 ml), then the reaction mixture was taken to dryness and the residue was 

dried by addition and distillation of toluene in vacua. It was then diesolved 

in 90% aq CF3COOH (20 ml), the soln was kept for ~a. 1 hr at 20° and poured Into 

ice-water (200 ml). The CHC13-extracts (150 ml plus 2x50 ml) were combined, wa- 

ahed with satd aq NaHC03 and water, filtered through cotton, and evaporated. The 

residue was crystallized from CHC13-hexane and the crystalline product was puri- 

fied by chromatography (CHCl 3+ CHC13-MeOH 93:7) to give 6 (4.5 g, 76$), m.p. 

168-1690(CHC13-hexane), [~],+111.8°(c 0.94, CHC13), Rf 0.15 (C). (Pound: C, 

62.03; H, 5.24; N, 3.34. Calc for C22H21N08: C, 61.82; H, 4.95; N, 3.28%) 

Methyl 6-0-acetyl-3-O-benzoyl-2-deoxy-2-vhthallmido-P -D-glucopyranoside (I). 

To astirred soln of g(1.4 g, 3.3 mmol) and pyridine (0.8 ml) In dry CHC13 (10 

ml) a soln of aoetyl chloride (0.225 ml, 3.6 mmol) in dry CHC13 ( 5 ml) wae ad- 

ded dropwise in 1 hr at 20° , stirring was continued for 20 min, the soln was 

concentrated, the residue was coevaporated with toluene, and crystallized from 

CHC13-hexane to give 1. Column ohromatography of the mother liquor (benzene-ace- 

tone) gave additional portion of 1, total yield 1.33 g (8696), m.p. 181-184° 

(CHC13-hexane), [dlD+98.60(c 0.73, CHC13), Rf 0.42(C) (Found: C, 61.31; H, 

4-57; N, 3.11. Calc for C24H23NOg: C, 61.40; H, 4.94; N, 2.98%). 

Methyl 6-O-acetyl-3-0-benzoyl-4-O-(2,3.4.6-tetra-O-benzoyl-~ - and -d-D-galac- 

topyranosyl)-2-deox2-phthalimido-~-D-glucopyranoside (1 and 2). To a . 
I 

stirred 8oln of 1 (2.35 g, 5.0 mmol), silver triflate (2.57 g, 10.0 mmol), and 

tetramethylurea (0.9 ml, 10 mmol) in abs. MeNO (50 ml) at -25 + -300, under 

argon, was added In 1 hr a soln of 8 (6.32 g, 9.6 mmol) in aba. MeN02. Stirring 

was continued at this temperature for 3 hr, CHC13 (300 ml) was then added, so- 

lide were filtered off, the soln was washed with 5$ aq Na2S203 (2x200 ml) and 

water (2x200 ml), ooncentrated, and the residue was ohromatographed to give 2 

(2.09 gr 40%), foam, [d]p+121.3='(c 0.38, CHC13), Rf 0.48(A), and l(2.30 g, 44 

%), foam, [dlD+70.00(c 0.5, CHC13), Rf 0.40(A)(Found (for 2): c, 66.14; H, 4.77; 

N, 1.30; (for 4)a C, 66.81; H, 4.55; N, 1.53. Calo for 058H4gN018: c, 66.47; H, 
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4.77; N, 1.34%). 

j,~Di-0-benzoyl-4-O(2~~l-O-benzoYl-3.4-0-isopropylidene-O-~galactopYrano- 

eyl)-1.2.0-[l-(exe-aYano)ethvlldene'j- d-D-nluaopyranoee (16): To a soln of x 

(3.23 g, 5.0 mmol) in abs. MeOH (100 ml) was added 0.5 I methanolia MeONa (1 ml) 

and the eoln was kept at 20° until complete aonvereion of fi into a (Rf 0.15, 

CHC13-MeOH 3:l) oaaured (E. 1 hr). It naas neutralized with a cation-exchange 

resin KU-2 (H+), filtered, and taken to dryneee. The hexaol l/j obtained (9. 2 

g) was dissolved in dry DMF (5 ml), then acetone dimethylaaetal (1.5 ml, 11.3 

mmol) and TsOH*H20 (20 mg) were added and the soln was heated at 70-80° for 10 

hr. The reaction mixture was diluted with pyridine (10 ml), benzoyl chloride 

(4.6 ml, 40 mmol) wae added dropwiee with cooling, and the mixture was left at 

20° overnight. Methanol (5 ml) was added to deetroy the excess of benzoyl chlo- 

ride, the saln was diluted with CHC13 (100 ml), washed with water, filtered 

through cotton, evaporated, and evaporated with toluene. Column chromatography 

of the residue gave 16 (2.66 g, 63%), foam, [d]D+20.6“(c 0.78, CHC13), Rf 0.72 

(A) (Found: C, 65.47; H, 5.16; N, 1.49. Cala for C46H43N015: C, 65.01; H, 

5.10; N, 1.65%). 

~.6-Di-~benzoyl-4-~(2.6di-0-benzoYl-b-D-galactapYranasYl)-l,2-0-[l-~exo-oYa- 

no)ethylidene]-d-D-Rlucopyranoee (17). Deaaetonation of 16 (1.97 g, 2.32 mmol) 

wae performed by treatment with 90% aq CF3COOH (20 ml) for 30 min at 20°. The 

reaction mixture was poured in water (100 ml), the product wae extracted with 

CHC13 (50 ml plus 2x20 ml) and isolated from the aombined extracts by chromatog- 

raphy; the dial lJ (1.51 g, 81%) waa obtained as a foam, I*3,9.1% 0.35, 

CHC13), Rf 0.35(C) (Found: C, 63.56; H, 4.92; N, 1.81. Cala for C43H3gN015: 

C, 63.78; H, 4.85; N, 1.73%). 

),6-Di-O-benzoyl-4-0-(2.4.btri-0-benzoul-P -D-nalactopYranosYl)-1,2-0-cl-(exo- 

cyano)ethylidene]-d-D-glucopyranoee (4). A eoln of JJ (1.0 g, 1.26 mmal), tri- 

ethyl orthobenzoate (2.9 ml, 13 mmal), and TsOH*H20 (20 mg) in abs. benzene (15 

ml) was kept at 20° for 2 hr to afford the 3',4'-orthobenzoate E (TLC). To the 

reaation mixture wae added 80% aq AcOH (30 ml) and after 20 min the soln waa 

poured in water (200 ml). Extraction with CHC13 (3x50 ml) and aolumn ahromatog- 

raphy gave 4 (1.08 8, 96%) as a foam, [dlD+6.10(c 0.33, CHC13), Rf 0.25(A) 

(Found: C, 65.32; H, 4.70; N, 1.38. Cala for C50H43N0,6: C, 65.71; H, 4.74; 

N, 1.53%). 

1.6-Di-O-aaetyl-3-0-benzoYl-4-O-(2.3.4.6-tetra-0-benzoYl-~ -D-galaatoPYranaeYl)- 

2-deoxY-2-phthalimido-&-l%?.luaopYranoee (a). The methyl lactaeamlnlde 1 (2.0 

g, 1.9 mmol) was dieeolved in a mixture of Aa (24.3 ml), AaOH (25.2 ml), and 

cone. H2S04 (1.98 ml) and left overnight at +5O. The aoln wae poured Onto lae 

(500 ml), stirred far 2 hr, and extracted with CHC13 (100 ml plus 3x50 ml). The 

aombined extracts were proceseed conventionally, cryatalliaatian from CHC13-he- 

xane gave the diacetate 1p (1.55 g, 75%), mop. 139-141°, [d]D+80.00(~ 0.5, 

CHCl3), Rf 0.34(A) (Found: C, 66.15; H, 4.73; N, 1.32. Calc for C5gH4gN01g: 

C, 65.86; H, 4.59; N, 1.30%). 

0-(2.3.4.6-Tetra-0-benzoyl-I) -D-nalaatomranoeYl)-(l&4)-O-(6-O-acetyl-3-O-hen- 

zoyl-2-deo~-2-phthalimido-P~~~luaopy~oeyl)-(l-3)-0-(2.4.6-tric~benzoYl- 

~-~galaatopyr~oeyl)-(1~4)-3,6-di-O-benzoyl-l,2-0-~1-(ex~ayano)ethylidene~- 

d-D-glucapyranaee (21). To a soln of a (1.31 g, 1.22 mmol) In abe. benzene 

(13 ml) was added 4096 HBr in glaoial AcOH (20 ml) and the mixture wae kept at 

200 for 1 hr. Then it wae poured into ice-water (300 ml), extracted with CHC13 

(100 ml plus 2x50 ml), the combined extraats were washed with water, aq NaHC03, 

8nd water, filtered through cotton, aoncentrated, and dried in vaauo to give 20 -- 
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(1.3 g) ae a mixture of anomers (g. 12), Rf 0.53(A), major product, and Rf 0.41. 

Glyoosylation of the alcohol 4 with the glyooeyl bromide 20 wa8 performed a8 des- 

cribed before 3S12, reagent0 being dried by twofold freeze-drying from benzene 

and HeCN distilled from CaH2 ueing vacuum technique (4~10’~ Torr). To a stirred 

aoln of & (0.80 g, 0.87 mmol), merouric cyanide (0.31 g, 1.22 mmol), and mercu- 

ric bromide (0.22 g, 0.61 mmol) in YeCN (15 ml) was added dropwlee, under argon, 

a soln of 20 (1.30 g, 1.17 mmol) In MeCN (20 ml) in 30 min and stirring was con- 

tinued for 1 hr at 20°. The reaction mixture was concentrated, the residue was 

partitioned between CHC13 (80 ml) and eatd aq KRr (100 ml), the organic layer 

was washed with aq KDr (100 ml) and water (2x100 ml), filtered through cotton, 

and concentrated. Chromatography of the residue and reohromatography (EtOAc-hep- 

tane lrl) gave 21 (1.03 g, 61%), foam, [djD+43.7°(c 1.54, CHC13), Rf 0.32(A). 

Conversion of the aoetate 21 into the monomer 2. A soln of the acetate 2l_ (1.19 

g, 0.62 mmol) in dry CHC13 (7 ml) and aba. MeOH (7 ml) was treated with methano- 

llc HCl prepared by addition , at O", of acetyl chloride (0.6 ml, 8 mmol) to abs. 

YeOH (15 ml). The reaction mixture wa8 kept at 20 o for 5-6 hr, poured into ice- 

water (100 ml), and extracted with CHCl 
3 

(3x30 ml). The combined extracts were 

chromatographed to give a mixture of 21 and 22 (0.98 g), and a mixture of metho- 

rycarbonyl derivative8 2J and 24 (0.13 g). To a eoln of the former mixture and 

2,4,6_trimethylpyridlne (0.3 ml) in dry CH2C12 (5 ml) was added, portionwiae, 

TrC104 (60-70 mg) until bright-yellow oolour persisted. The excea8 of the rea- 

gent was destroyed by addition of 1:3 methanol-pyrldlne (0.5 ml), the mixture 

was diluted with CHC13 (100 ml), washed with water (100 ml), filtered through 

cotton, and ooncentrated. The residue was chromatographed to give the monomer 1 

(0.32 g, 24%) and starting acetate 2J, (0.48 g). The latter waa aubjeoted to dea- 

oetylatlon and tritylatlon as deecrlbed above three more times, the monomer p 

was obtained in a total yield of 0.64 g (49%). [a]D+16.7°(c 2.4, CHC13), Rf 

0.52(A); the yield of 2J+a waa 0.21 g. 

1 
(exo-oYano)ethylidenel-d-D-glucooyranoee (a). This compound wae obtained by 

conventional benzoylation of the hexaol JJ (prepared from 14 (0.65 g, 1 mmol)), 

yield 0.83 g (82%), [dlD+89.10(o 0.55, CHC13), Rf 0.67(bencene-EtOAo 8:l)(Found 

C, 67.37; H, 4.61; N, 1.38. Calo for C57H47N0,7: c, 67.26; H, 4.65; N, 1.3%). 

Methyl 3-0-benzoyl-4-0-(2.3.4,6-tetra-0-benzoyl-P -D-galactopyranosyl)-2-deoxy- I 
2-Dhthalimido-fi-IMluoooYranoeide (2). To a soln of 2 (0.50 g, 0.48 mmol) in 

CHC13 (IO ml) methanolic HCl (g. syntheeie of 2) (9 ml) was added, the mixture 

was kept at 20° for 17 hr, after conventional work-up and chromatography was ob- 

tained the alcohol 28 (0.48 g, 98%), foam, 1d1,+44.5O(o 0.75, CHC13), Rf 0.200 

(Found:c,66.74;H,4.30;NP1.37. Calo for C56H47N017. 'C, 66.86; H, 4.71; N, 1.39%). 

Methyl ~~benzoYl-4-~(2~3.4~6-tetra-~benzoYl-b-~~alaotopyranoeyl)-2-deo~- 

2-phthalimido-6-O-tritYl-P -D-glucopyranoaide (26). Tritylation of the alcohol 

S (0.35 g, 0.35 mmol) in CH2C12 (10 ml) with TrC104 (0.14 g, 0.40 mmol) in the 

presence of 2,4,6-trimethylpyridine (0.1 ml, 0.75 mmol) was performed ae descri- 

bed in the preparation of 2, the yield of 6 wae 0.41 g (94%). m.p. 176-179O 

(CHC13-hexane), [dlD-7.90(o 0.38, CHC13), Rf 0.53(A) (Found: C, 72.50; H, 

5.29; N, 0.96. Cal0 for C75 61 ,7 H NO I C, 72.16; H, 4.93; Ne 1.12%). 

Methyl 0-(2~3.4~6-tetra-0-benzoYl-P-D-~alaotopyranosyl)-(~-4)~(2-~acetY~- 

3.6-di-0-benzoyl-b -~Rluoo~YranoeYl)-(l-6)-3_0-benzoyl-4-~(2.3.4,6-tetra-O- 

benzoul-C -~RalaotoRYr~o0yl)-~deoxy-2-phthalimi~-D-~lucopyr~o~ide (2). 

Glycosylation of the trityl ether & (312 mg, 0.25 mmol) with the cyanoethylide- 

ne derivative 25. (254 mg, 0.25 mmol) in CH2C12(2.5 mmol) In the preeence of 
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water). Lit. data: m.p. 283-285°(MeOIi-EtOH), [d] -16.7O(c 0.3, water) 27; 

m.p. 24E245O (MeOH), [&fD-23.1° (c 0.86, water) D28+ 

Methyl o_(fi -X)_nalaotopyranoeyl)-(1~4)10-() -D-nlucoDyranowI)-(1~6)-2-aceta- 

mida_2-deoxy-4-O-(fr -~~lsatopsrsllosyeyl)-b-T)-~lucopyranoeide (2,. This tera- 

sscaharide WM.! obtained by hydrazinolyeis of a (200 mg) followed by N-acetyla- 

tion and isolated by gel-chromatagraphy on TSK HW=4O(Sl gel, elution volume 91- 

100 ml, yield 55 mg (711, amorphous powder, [d]D-4.4O (a 2.75, water). 
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