TETRAHEDRON
LETTERS

Pergamon Tetrahedron Letters 39 (1998) 1357-1360

Dimeric Surfactants : First Synthesis of an
Asymmetrical Gemini Compound

Philippe Renouf, Charles Mioskowski', Luc Lebeau’

Université Louis Pasteur de Strasbourg
Laboratoire de Synthése Bioorganique associé au CNRS - Faculté de Pharmacie
74, route du Rhin - BP 24 - 67 401 Illkirch Cedex - France

and

Dominique Hebrault, Jean-Roger Desmurs

Rhoéne-Poulenc Industrialisation - CRIT - Carriéres
85, avenue des Fréres Perret - BP 62 - 69 192 Saint-Fons Cedex - France

Received 2 December 1997; accepted 15 December 1997

Abstract: The heterodimeric surfactant 1 is synthesized through a 6-step procedure, starting from 1,2-
epoxydodecane. The preliminary evaluation of the performances of that asymmetrical gemini
representing a new kind of surface-active agents reveals interesting physical properties. © 1998 Elsevier
Science Ltd. All rights reserved.

Much attention has been paid to the synthesis and evaluation of "non-conventional” surfactants for the
last decadel-7. Bolaform—iype and gemini-type surfactants have gained special interest because of their
unusual aggregation properties®:8-22. The name gemini was assigned in 1991 to amphiphilic compounds
possessing two surfactant sub-structures (ie. a long hydrophobic chain bearing a hydrophilic group)
connected together through a spacer arm23. Geminis are about 3 orders of magnitude more efficient at
reducing surface tension, and more than 2 orders of magnitude more efficient at forming micelles than are
conventional jonic surfactants13.14, In addition, they show positive synergistic effects when mixed with other
surfactants.

We became highly interested in this new type of amphiphiles because of several potential applications
as drug delivery systems, therapeutical agents, catalysts in chemical reactions or detergents for industrial and
household applications for example. Here we report the synthesis and preliminary evaluation of the original

asymmetrical gemini structure 1 (Fig. 1).
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The heterodimeric surfactant has been designed so as to exhibit an original combination of the
properties of non-ionic and anionic surfactants. The compound has two identical hydrophobic chains but
presents two different hydrophilic head groups: one is a poly(oxyethylene) moiety and the second is a sulfonic
acid sodium salt. The two surfactant monomers are connected together by the mean of a flexible hydrophilic
poly(oxyethylene) spacer. Though the properties of that new surface-active material are not easy to predict in
advance, they are expected to be appreciably different from those obtained by simply mixing the

corresponding monomers.

The synthesis of the title compound 1 is achieved following a 6-step procedure, starting from
commercially available 1,2-epoxydodecane (Fig. 2). The benzyloxy alcohol 2 is obtained by reaction of the
epoxidodecane with benzyl alcohol, in the presence of sodium hydride. The reaction is conducted in benzyl
alcohol in order to avoid the formation of side-products resulting from oligomerisation of the starting
material. The bis-methanesulfonyl ester of diethylene glycol 3 is then substituted twice by the sodium
alkoxide obtained
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from 2, in refluxing anhydrous dioxane. The resulting bis-benzyl ether 4 leads to the monohydroxy
compound 5 by partial catalytic hydrogenolysis over Pd/C. The sodium salt of 5 is further condensed with the
methanesulfonyl ester of poly(oxyethylene) 750 monomethyl ether 6 to afford the polyether compound 7.
Hydrogenolysis of the later compound over Pd/C and reaction of the subsequent alcohol 8 in refluxing
dioxane with 1,3-propane sultone24.25 in the presence of sodium hydride furnishes the targeted gemini
compound 126,

The values measured for critical micelle concentration (cmc) and static surface tension (surface tension
at ¢cme, yeme) for compound 1 and those reported in the literature for the corresponding monomers or
analogue compounds are listed in Table 1. As expected, the gemini compound exhibits a cmc value far below
that of the sulfonate and polyether monomers, and even below that of the symmetrical bis-sulfonate gemini27,
The values for the static surface tension at the cmc are not meaningfully different as far as we can compare

them between 1 and the monomers.

Compound cmc (M)* yeme (mN/m) Reference
1 15107 39.8 -

/\/\ I'O

C12Ha5—0O 7 78-0" Nat 5.0 10 389 [25)
o]
c,szs{»o-CHg-CHz-}-OH 1.2 10 - [28]
15

C12H25+0-CH2—CH2~};0 OH 1.6 10 - [28]

* The cmc values were measured in pure water at 20 °C.

- Table 1 -

We have described the synthesis and preliminary evaluation of a new gemini compound with
asymmetrical structure. To our knowledge, the preparation and properties of such heterodimeric surfactant
have never been reported till now. Extensive physical characterization of 1 is currently underway and

complete results will be published elsewhere.
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