
Pergamon 
Bioorganic & Medicinal Chemistry Letters, Vol. 6, No. 4, pp. 397-402, 1996 

Copyright © 1996 Elsevier Science Ltd 
Printed in Great Britain. All rights reserved 

0960-894X/96 $15.00 + 0.00 

S0960-894X(96)00042-X 
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Abstract : The synthesis of a series of new polyanions, via T-polymerization, of co-unsaturated multi- 
charged anionic surfactants, has been realized, These polyanions were evaluated for their activity against HIV-I. 
All tested compounds proved active without presenting toxicity to the host cells (CEM-4 or MT-4). 

Various polyanions have proven inhibitory to HIV replication; their activity has been attributed to interference 
with virus adsorption, due to a shielding of the viral envelope glycoprotein gpl201, 2. 

Recently, we have shown that polyanions obtained by "t-polymerization in mieellar solutions of ~unsaturated 
anionic surfactants (Figure la) with the polar head derived either from simple anionic groups 3, aminoacids or 
dipeptides 4, or saceharidie residues 5, markedly inhibit the replication of HIV-1 and HIV-2 in cell culture. All 
starting monomeric surfactants were monoanionic compounds. 

In a recent article 2, it.Ires been postulated that the antiviral potency and activity spectrum of polyanions could 
depend upon the density,lind the distribution of the negative charges. This hypothesis prompted us to explore the 
antiviral activities of ~ o n s  obtained by "r-polymerization of ~unsaturated multi-charged anionic surfactants, 
i.e. bi-, n-i- or tetra-charged monomers (Figure lb, c and d). 

Figure 1.- Schematic smacture of polyanions obtained by "t-polymerization of m-unsaturated n-charged 
anionic surfactants ( •  : mono~anionic group). 

In this work, we present the synthesis of a series of polyanions that originate from monomers of a Cxx linear 
chain bearing a carbon-carbon double bond at one end, and a multi-charged anionic head at the other end. 
Antiviral activities of these compounds are also presented. 
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S y n t h e s e s  

Except for the compound 3m resulting from the malonic acid alkylation, all surfactants are amide derivatives 
obtained from natural or modified a-amino-acids, or from tris-(hydroxymethyl) aminomethane. 

Dianionie compounds 

1 - Compounds derived from malonic acid : the sodium 2-(undec-10-enyl)propanedioate 2 was obtained 
according to a classic malonic synthesis 6. The condensation of the ll-bromoundec-10-ene 13 on the 
diethylmalonate was realized in the presence of sodium ethoxide to give diester 2, which was saponified by 
sodium hydroxyde in water/acetone solution to give the surfactant 3m (Scheme 1) in 90% yield 7. 

Scheme 1 
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2 - Compounds derived from L-aspartic and L-glutamic acids : ~unsaturated surfactants derived either from 
L-aspartic acid or L-glutamic acid were obtained according to the Schotten-Baumann procedure 8 as shown in 
Scheme 2. Neutralization of the intermediate diacids, under nitrogen atmosphere and at 0°C, by two equimolar 
amounts of sodium hydroxyde gave the corresponding di-sodium salts. The latter were recovered by 
lyophilizafion in 70% yield 9 with aspartic acid, compound 4m; and in 90% yield 10 with glutamic acid, compound 
5m, respectively. 

Scheme 2 
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3-Compounds derived from cysteinic acid and from L-serine : the compound 6m was prepared by reacting 
undec-10-enoyl chloride with L-serine using a temporary protection of the carboxylic function by a trimethylsilyl 
ester I 1. Sulfation of the alcohol function of the amino-acid lateral chain by chlorosulfonic acid in pyridinel2,13, 
followed by st~echiometric neutralization with sodium hydroxyde, gave the monomer 6m in 48% yield 14 (Scheme 3), 

~ C ~  O l) ~ "  (CH2)8"~C1 , Me3SiC1, CH2C12 

CINH 3 H 2) HSO3C1, pyridine 3) NaOH 
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N-acylation of cysteinic methyl ester, in biphasic medium (aqueous sodium carbonate / chloroform), by undec- 
10-enoyl chloride, followed by a saponification reaction, gave compound 7m in 90% yield 15 after lyophilizafion. 
Due to the fact that both reactions of the acid chloride according to the Schotten-Baumann procedure or with the 
temporary protection failed, the protection of the methyl ester has proven to be necessary. 
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Tri~mionic compound 

The structure of this compound is shown in Scheme 4. The intermediate a'initrile 8 was obtained from the tris 
(hydroxyn~thyl) aminomethane by a Michael a~ition 16,17. This nitrile is successively treated by a methanolic 
chlorhydric acid solution and by 5N sulfuric acid. Initially, the nitrile function was converted to iminoester which 
was hydrolyzed by diluted sulfuric acid. The compound 9 was isolated as a colourless oil 17,18. 

Triester 9 was reacted with undec-10-enoyl chloride in methylene chloride in the presence of triethylamine to 

obtain the corresponding amide which, after saponification under sonication, led to the trianionic surfactant 10m 

isolated with non optimized 40% yield 19- 

o .  ' H2N._.~ ~ O H ~  N 1) HC1, MeOH 
IP 

OH KOH ~ ( ~ C N  2) H2SO4 
Scheme 4 S 
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Tetra-anionic compound 

A tetra-anionic surfactant was synthesized by condensing the L-glutamic acid dimethyl ester with the two 
carboxylic acid functions of the N-(undec-10-enoyl)-L-glutamic acid 114 in the presence of the dicyclohexyl- 
carbodiimide / N-hydroxysuccinimide couple 20 in chloroform (Scheme 5). 

The intermediate tetra-ester, isolated after chromatography on silica gel, was saponified by 4N sodium 
hydroxyde under sonication, neutralized and finally lyophilized to lead to 12m in 80% yield 21. 
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Polymerization reaction 

Monomeric surfactants 3m to 12m were polymerized by 7-irradiation of a O.1M aqueous micellar solution 
according to a previously described procedure 3 to lead to polymerized surfactants 3p to 12p. Polyanions thus 
prepared were purified by gel permeation chromatography (Sephadex-G50) to remove traces of the monomers. 
The polyanions were recovered by lyophilization. 1H NMR spectroscopy in D20 enable us to verify the 
disappearance of the vinylic protons and the absence of degradation during 7.Lrradiation. 

Biological activity 

The different compounds (3p to 12p) were evaluated for their antiviral activity according to weU-established 
procedures 3. The compounds were evaluated against HIV in the T4-1ymphocyte cell lines CEM-4 and MT-4. 
(Table 1). In addition, cytotoxicity of the different compounds was determined for the cell lines used. First of all, 
it is noteworthy that the polyanions were nontoxic for CEM-4 cells as well as for MT-4 cells at concentrations up 
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Table 1.- Anti-HIV-1 (strain HTLV-HInft,AI) activity of polyanions in CEM-4 and MT-4 cells a 

po lyan ions  CC$o b RT M T r  (CEM-4) MTT (MT4) 
~gmL ICso c SI d ICso c SI d ICso c Sl d 

ttg/mL ttg/mL ttgmL 

3p >100 1.7 >58 n.d! n.d. 4.9 >20 

4p >100 8 >12 n.d. n.d. 0.8 >125 

5p >100 0.2 >500 0.8 >125 n.d. n.d. 

6p >100 8 >12 5.9 >17 n.d. n.d. 

7p >100 8 >12 7.6 >13 n.d. n.d. 

10p >100 3 >32 3 >32 n.d. n.d. 

12p >100 30 >3 24 >4 1.1 >90 

¢¢,,<c~,..-c°,m" 13p e 100 3.5 >28 n.d. n.d. 3.6 >28 

o ' co3": 14p e 770 0.4 1925 0.1 7700 0.2 3850 

I.. I Y'-, oso;:lSp e >100 8 >12 11 >9 90 >1 

y - /N .  ÷ 
.so,: 16p e >100 2 >50 0.8 >125 0.2 >500 

a) All data represent the average value of at least two separate expe~ments, b) 50% Cytotoxic Concentration, or 
coumpound concenWation required to reduce the viability of uninfected cells by 50% at 5 days of incubation in the 
presence of the compound, c) 50% Inhibitory Concentration, or compound concentration required to reduce by 50% 

HIV-l-induced cytopathicity, based on the Reverse Transcriptase (RT) activity or on the MTT assay, d) 50% 

Selectivity Index or Ratio of CC50 to ICs0. e) See reference 3. f) not determined. 

to I00 gg/mL. As shown in Table I, all the polyanions proved inhibitory to HIV-1 in CEM-4 and MT-4 cells. 
The 50% inhibitory concentration (ICso) based on either the MTr assay 3 or reverse transoriptase 0RT) activity, fell 
in the range of 3-24 ttghnL (MTT) and 0.2-30 l~g/mL (RT), respectively. 

The activities of the polyanions 3p, 4p, 6p and 7p, obtained from dianionic surfactants can be compared 
to those of previously studied polyanions 13p,14p,15p and 16p, derived from analogous monoanionic 
surfactants in which one carboxylate group is missing (Table I). 

It clearly appears that the introduction of a second anionic group, - i.e. a carboxylate group -, at the end of 
each hydrocarbon chain, does not significantly change the anti-HIV-1 activity. Likewise, increasing the charge 
number to three (compound 10p) or four (compound 12p) on each hydrocarbon chain, does not markedly affect 
the anti-HIV-1 response. 

It seems that for this type of polyanions, the anli-HIV- 1 activity is not influenced by the local charge density 
or charge distribution. 
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