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SYNTHESIS OF POLYSACCHARIDE
X =(1==3)=L~-RHAMNAN

N.K.Kochetkov* and N.N.Malysheva

N.D.Zelingky Institute of Organic Chemistry, Academy of
Sciences of the U.S.S.R., Moscow, U.S.5.R.

Summary: The regulsr polysaccharide X~{1-3)-L-rhamnan (DP ca. 30) was cbtai-
ned by polycondensation of 4«O-acetyl=3-0=trityl~1,2-0O~exo~cyanoethylidene~Il-
rhamnopyranose catalyzed with triphenylmethylium perchlorate.

Glycosylation of O-trityl ethers by 1,2-O-cyanoethylidene derivatives of
sugars1 rvesgults in formation of 1,2~trans-glycosidic linkage practically with
absolute Btereoapecificityz. Polycondensation process based on this reaction
revealed for the first time & general synthetical route fto polysaccharides of
regular Btructur63’4.

Here we describe the synthesis of &’-(1-3)-I~rhamnan, which demonstrates the
application of the method for the synthesis of polysaccharides when & secon-
dary hydroxyl group is inveolved in formetion of interglycosidic linkege.

The starting monomer (I) for polycondensation was prepared as follows,
Deacetylation of 3,4-di—0—acetyl-1,2-0—252:cyanoethylidene-J%—L—rhamnose5 (11)
0.005 M CHBONa/CHBOH, 32 ml in 16 ml CHClB, 30 min, room temp.)6 gave rise
to the free ketal (III) in 98% yield, m.p. 117-118° (ether),ﬁﬁ]n—12.1°
{(c 2.0, CHCIB); PMR-spectrum (CDBOD,G'ppm)z 5.44 (4, J1’2 2 Hz, 1H, H1),

4.45 (ad, 1H, H2), 3.79 (m, 1H, H3), 3.32 (m, 2H, H4, H5), 1.83 (s, 3H, C-CH,),
1.26 {(d, J5,6 6 Hz, 3H, C-CH3 of rhemnoge).

I1I was treated with triphenylmethylium perchlorate7 (1 mol) in the pre-
sence of collidine in CH2012 (1h, room temp.). Tritylation of equatorial C3
hydroxyl group proceeds practically selectively with formation of momotrityl
derivative (IV); 84%, m.p. 157-158° (ether - light petrolemm)ﬁxl;35.6° (¢
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2.0, CHCl,); PMR-spectrum (CCl,, ¢, ppm): 7.2-7.6 (15H, arcmatic), 4.88 (4,
Jy,0 2 Hz, H, H1), 3.8 (m, 1H, H2), 3.6 (m, 2H, H3, H4), 2.93 (m, 1H, H5),
1. 89 (s, 3H, C-CHB), 1.14 (4, J5 6 6 Hz, 3H, G-CH3 of rhamnose).
Kethylation of IV with subsequent standard treatment resulted in forma-
tien 1,2,3,5«tetra~O-acetyl~4~O-methyl~rhamnitol as & single product proving
unambiguously the position of trityl substituent in IV, Standard acetylation
of IV (acetic anhydride in pyridine, 12h, room temp.) gave rise to the monc—
mer I, 90%, m.p. 178-179° (CH;0H) [o&]n +19.8° (e 2.0, CHCly); PMR-spectrum
(cCly, &, ppm); 7.2-7.6 (153, aromatic), 5.09 (t, J; 5 9 Hz, 1H, H4), 4.85
(d, Jq o 2 Hz, 1, H1), 3.75 (m, 2H, H2, H3), 3.09 (m, M, H5), 1.94 (s,
3H, OAc), 1.7 (s, 3H, C-CH ), 1.08 (4, J5,6 6 Hz, 3H, G—CH3 of rhamnose).
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The polycondensation of I was performed as described earlier’*?, Solu~
tion of I (1 mmol) in CHyCL, (5 ml) was treated with triphenylmethylium

perchlorate (0,1 mmol) at room temperature for 60 hours using vacuum techni-
que.
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Increasing of the reaction time upto 1Dh does not change the yield and mole-
cular weight of the polymer formed. After €0 h CHBOH and pyridine were added
to the reaction mixture to stop the polymerization process, The solution was
evaporated, the resifue was washed with hexane to remove TrCN and treated
with 1 M CH,ONe in CHBOH at room temperature monitoring the deacetylation
by IR-~apeciroscopy (1750 cmf1-. Only repeated treatment with 1 M CﬂjoNa/CHBOH
completely removed the acetyl groups. Two fractions of free polysaccharide
were obtained., Waterwinsoluble fraction (70 mg) was remcved by filiration,
column chromatography of the water-soluble fraction on Biogel P-10 (80 x 1.3
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em, Vo 29 ml, elution with 0.1 M AcOH) gave rige to the high molecular
weight fraction, 10 mg,[],~63.3° (¢ 0.76, H,0). The total yield of free
polysaccharide was 69% (starting on I). Both fractions had the identical
structure and differed only by molecular weight,

Formolysis (85% HCOOH, 100, 2h) and hydreolysis (0,13 M HyS0,, 100°, 15 h) of
both fractions gave rise to L-rhamnose ae & single product identified by GLC
as L-rhamnitol pentaacetate (GIC and GIC-MS). Methylation of both fractions
with subsequent standard procedure8 gave rigse to 1.5~-di~-O-acetyl-2,3,4~-tri-0-
me thyl-rhamnitol (V) and 1,3,5~-tri-0O-acetyl-2,{~-di-0-methyl-rhammitol (VI)
a8 the only products (identification by GLC and GLC-¥S). These data demon-
strate complete regiospecificity of polycondenseation process and prove unam-
biguously the structure of both fractions of synthetic polysaccharide as
1,3=-L-rhamnan, The V : VI ratio for water-soluble fraction is 1 : 16, that
for water-insoluble fraction - 1 : 30, that gives degree of polymerization
16 and 30, and molecular weight of sbout 2500 and 4500 respectively.

The proof of sterecapecificity of glycosidic linkeges presents some
problems due to insolubility of synthesis rhamnan, although the insolubility
itself demonatrates a high degree of regularity of polymer (cf.9). To this
end the total product of polycondensation after careful washing off the low-
molecularweight impurities was oxidized with Cr0, in Ac,0/AcOH'C at 50°
for 1.5 and 4 hours., Products of the reaction were reduced with NaBH4 and
subjected to methylation analysis sccording +to the standard procedure8 follo=-
wed by GLC analysis, the ratio V : VI in an 1.5~ hour experiment being 1 : 15
and that in 4-hour experiment 1:16. It indicates that not more than one
glycosidic linkage was cleaved and increase of the oxidation time does not
change the result. Taking into account the known lack of absciute specifici-
ty of Cr03 - gxidation1o and possibility of glycosidic linkage acetolysis
under conditions used these data demonstrate practically full stercospeci-
ficity of the synthetic rhamnan, containing only ci=(1-3)= glycosidic lin-
kages.

The 3¢ mm gpectrum of the permethylated rhamnan (VII) prepared by
Hakomori methylation is in complete agreement with this conclusion. The data
for polysaccharide and two reference compounds 2,3,4—tri-O-methyl-J%—L-rhamr
nogide (VIII) and its KA -anomer (IX) are listed in Table 1.

Synthetic rhamnan exhibits the only signel at 99.2 ppm in the region of
anomeric cerbon resonance and more diagnostic signal at 68.7 ppm in the C5-
regsonance region which mre characteriatic forol-rhamnosidic linkage; in the
region near 102 ppm (C1,J5-anomer) and 72 ppm (CE,JS-anomer) no gignels are
present,
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Teble 1
13¢ data of the permethylsted compounds VII - IX
(solution in CDC1,, THS, 8 acale)
0('1H.2 at
Compounds 01 02 C3 C4 ‘05 06
¢4  Cg €3 Oy
o~ (1=3)~1~
rhamnan 99,2 80.9 T9.5% 82.4% 68,7 18 58.8 61.1
Rhap=—MNe 102.5  77.35 B84.3 8241  T1.9 17.8| 56.9 61.55 57.45 60.8
Rhap+Me 98.35 77.55 B1.65 82435 67+9 17.954.6 58,95 57.6 60.7

* attribution may be reversed.

The syntheais of oX~(1-+3)~L-rhamnan presented above is a good demonst-
ration for poseible extention and more general application of the new method
of synthesis of polysaccharides.
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