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Summary. The reaction of amines or sodium azide with 3-perfluoroalkyl-3- 
fluoroprop-2-enoate, followed by hydrogenation, affords perfluoroalkylated 
fl-alanine analogues in very good yields. These compounds can be linked via 
an amide bond to produce peptide analogues such as carnosine or carcinine 
derivatives, which could have surfactive and complexing properties. 
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Introduction 

Numerous medical applications involving fluorocarbons and highly 
fluorinated compounds are under investigation and organofluorine chemistry 
has had a marked impact on the design and synthesis of many kinds of 
biologically active molecules such as steroids, carbohydrates, amino acids, 
peptides and other natural products (Ojima et al., 1996; Welch and 
Eswarakrishnan, 1991). In particular, the development of the chemistry of 
fluoro-amino acids and related compounds has been one of the major achieve- 
ments of fluorobioorganic chemistry in the past two decades (Kukhar and 
Soloshonok, 1995; Resnati and Soloshonok, 1996). Advances in fluorine- 
related amino acid chemistry have revealed that these artificial amino acids 
are biologically highly active molecules with a wide range of potential appli- 
cations (Greiner et al., 1995; Riess, 1995). 

Moreover, in recent years, there has been a growing interest in fl-amino 
acid synthesis (Juaristi, 1997; Drey, 1985). fl-Amino acids are major constitu- 
ents in many classes of natural products. Therefore their synthesis should 
pave the way for the development of new pharmaceutical compounds. 

However, most of the research in this field has focused on the chemistry 
of fluorinated a-amino acids (Kukhar and Soloshonok, 1995). Only a 
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few methods for the synthesis of fluorine-containing fi-amino acids are 
available. 

In the present paper, perfluoroalkylated peptides containing fi-alanine, in 
particular analogues of carnosine or carcinine will be investigated. These 
compounds are potential surfactive, antioxydant and complexing agents. Fur- 
thermore, perfluoroalkylated surfactants are generally both more effective 
and more efficient than their hydrogenated counterparts: compared to the 
latter, perfluoroalkylated surfactants induce lower surface-tensions at lower 
concentrations (Fielding, 1978). 

Besides, they could be equally useful for the oxygenation of biological 
media. Thus, fluorocarbons are under close scrutiny for temporary blood 
replacement together with more specific applications such as medical imaging, 
cancer therapy, organ preservation, etc. (Riess, 1994, 1995). They may also 
supply oxygen to immobilized cells (Cho and Wang, 1988; King et al., 1989). 
However, owing to their great hydrophobicity these compounds have to be 
emulsified in order to be used in biological aqueous media (Mattiasson and 
Adlercreutz, 1987; Nivet et al., 1991). Consequently, we have considered the 
preparation of perfluorinated surfactants. 

On the other hand, the presence of a large amount of oxygen in biological 
systems generates peroxides and toxic free radicals (Imlay and Linn, 1988). To 
avoid this risk, we have introduced carnosine as an hydrophilic module. The 
peptidoamine carnosine is a naturally occuring histidine-containing com- 
pound (Quinn et al., 1992). It is to be found in various tissues, notably in 
muscle tissues. 

Numerous studies have demonstrated that carnosine displays strong and 
specific antioxydant properties (Boldyrev, 1993; Brown, 1981). Carnosine and 
related dipeptides such as carcinine have been shown to prevent model mem- 
brane system peroxidation. They may therefore be regarded as water soluble 
counterparts to lipid-soluble antioxidants such as a-tocopherol which protect 
cell membranes from oxydative damage (Babizhayev et al., 1994). Carnosine 
is particularly well known to form antioxidant complexes with copper ions 
(Babizhayev et al., 1994). 

The perfluorinated module has been introduced here in the fi-position not 
to interfere with the complexing properties of the pseudopeptide. Thus, the 
amine function remains available for complexation. 

The approach of the present study involves two stages: i) synthesizing 
perfluoroalkylated fi-alanine analogues with or without substituents at the 
nitrogen atom; ii) preparing peptides or peptidoamine derivatives. 

Result  and discussion 

The synthesis begins with the preparation of the perfluoroalkylated fi-alanine 
analogues. 

Comparatively few studies cover this subject. Soloshonok developed a 
fi-fluoroalkyl-/%amino acid synthesis from fi-perfluoroalkyl-fi-ketoesters 
(Soloshonok et al., 1993). These compounds yielded the corresponding 
enamines after benzylamine treatment. The Schiff bases obtained after 
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isomerization were hydrolysed by HC1 to produce fi-perfluoroalkyl-fi-amino 
acids (Scheme 1). 

Likewise, he recently developed (Soloshonok et al., 1997) a methodology 
for preparing enantiomerically pure fi-alanines via the enantioselective 
biomimetic transamination of fi-ketocarboxylic acid derivatives (Scheme 2). 

Cen reported on a synthesis of fluorinated enamines by reacting 
fluoroalkynes with amines or ammonia in alcoholic solution (Cen et al., 1995). 
The fluorine-containing enamines were hydrogenated to yield the precursor 
of fluoroalkyl-fi-alanine (Scheme 3). 

However, in both cases, the method has been described for compounds 
containing relatively short perfluorinated chains. 

The process suggested in this paper involves the introduction of an amine 
or an azide moiety into the 3-perfluoro-3-fluoropropenoate 3 prior to 
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Scheme 1. Synthesis of fi-polyfluoroalkyl-fi-aminoacids by transamination of fluorinated 
ketocarboxylic esters Soloshonok, 1993) 
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Scheme 2. Enantioselective synthesis of analogues of fi-alanine Soloshonok, 1997) 
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N H  2 
1) MeOH / NH 3 or PhCH2NH 2 I 

F(CF2)n-C ~ C-COOEt ~ F(CF2)n-CH-CH2COOEt 

2) H2, Pd / C 30 to 50% 

Scheme 3. Synthesis of perfluoroalkylated fi-aminoacids from fluoroalkynes (Cen, 1995) 
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Scheme 4. Synthesis of the perfluoroalkenoic ester 3 
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Scheme 5. Synthesis of perfluoroalkylated analogues of fl-alanine 

hydrogenation (Ozer et al., 1997 and Ozer, 1998). This study falls within 
the scope of a broader research project dealing with the reactivity of 
perfluoroalkylated ethanoic acids and esters in the presence of nucleophiles 
such as alcohols or amines (Thiebaut et al., 1995, 1997). 

The starting material 3-perfluoroalkyl-3-fluoropropenoate 3 is prepared as 
described in an earlier paper (Achilefu et al., 1995). The method used is well- 
known in our laboratory. It begins with the oxidation of 2-perfluoroalkyl 
ethanols under particular Jones conditions (Scheme 4). 

Subsequent sodium azide or dibenzylamine condensation leads to com- 
pounds without substituents at the nitrogen atom (Scheme 5). 

The sodium azide mechanism comprises certainly two steps: i) Michael 
addition at the double bond and ii) fluoride elimination (Thiebaut et al., 
1997). 

The alkaline hydrolysis is straightforward and the hydrogenation of the 
compounds 4 or 5 produces the perfluorinated fl-alanine analogues 6 in good 
yields, but drastic reaction conditions are required (80 bar of hydrogen 
pressure, 80°C). 
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R1XNH F(CF2)n. 1 \ __ F(CF2)n-1 F(CF~n-I / H  
R2/ i, R1\ ) C = C ~  H H2 . R1\ /NCH.CH2_COO R 

F / C - - - C \ c o o R  Et20 R2/N COOR Pd / C R2/N 
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Scheme 6. Synthesis of precursors of perfluoroalkylated N-alkylated fl-alanine analogues 

Table 1. Synthesis of enamines 7 and hydrogenated compounds 8 

Series n R R 1 R 2 7 Z/E 8 
yield % yield % 

a 8 CH 3 H C4H 9 95 100/0 
b 6 C2H 5 H C6H13 92 100/0 70 
c 8 CH3 H C8H17 98 100/0 
d 6 C2H 5 H C2H4OH 40 100/0 
e 6 Call 5 H C2H4OC2H4OH 97 100/0 
f 6 CH 3 H C6Ft3C2H4 90 75/25 95 
g 8 CH 3 H CH(CH2C6Hs)COOCH 3 80 100/0 
h 6 C2H 5 CH 3 CH 3 40 98/2 
i 6 C2H 5 C2H 5 C2H 5 85 98/2 90 
j 6 C2H 5 CH 3 ClzHzs 80 98/2 95 
k 6 C2H5 (CH2CH2)20 (a) 92 98/2 98 
1 8 C2H 5 (CH2CH2)20 (a) 90 98/2 
m 8 CHBO(C2H40)2 (CHRCH2)20 (a) 97 100/0 
n 6 CH 3 (CH2CH2)20 (a) 80 98/2 

(a) morpholine 

The  condensa t ion  of a m o n o  or dialkyl amine  leads to the  perfluo- 
roalkylated enamines  7 (Scheme 6). 

Unl ike  o ther  p rocedures  (Froissard et al., 1981), fluorine subst i tut ion by a 
pr imary  or secondary  amine  only yields enamines  wi thout  imine compounds .  
This react ion proceeds  smooth ly  in refluxing e ther  (Et20 or THF)  or methyl-  
ene chloride. 

This mechan i sm is again a Micha61 addi t ion fol lowed by fluoride elimina- 
tion. The  results p resen ted  in Table  1 illustrate the  effectiveness of the 
method .  The  yields are very good  for bo th  kinds of amines.  This react ion is 
not  l imited by the  na ture  of the amine  unl ike the  Wittig react ion p roposed  by 
B6gu6 et al. (1992). The  steric h indrance  has no influence on the  reactivity 
since we have also successfully in t roduced  an aminoacid.  The  enamine  
bearing two perf luoroalkyla ted  chains has also been  obta ined  in good  yield 
( compounds  8f). The  prepara t ion  of the  initial perf luoroalkyla ted  amine  is 
described in a previous paper  (Selve et al., 1991). 

The  1H NMR,  19F NMR,  and IR  spectra indicate that  in all cases the 
appearance  of the Z- i somer  is pratically exclusive. This stereoselectivity could 
be explained,  as discussed in a previous paper  (Thiebaut  et al., 1997), on the  
basis of a carbanionic in te rmedia te  (Scheme 7). 
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S c h e m e  7. Stereoelectronic interactions in the carbanionic intermediates 
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S c h e m e  8. Original analogues offi-alanine with perfluorinated or perhydrogenated chain 

F(~F2)..1 1) C6H5CH2OCOC1 F(~F2)nq 
NaHCO3, H20 

H2N-CH-CH2-COOEt P- ZNH-CH-CHz-COOH 
6 2) NaOH 2N, dioxane 9 

3) H30(~) Z -- -CO-OCH2C6H 5 

S c h e m e  9. Synthesis of the perfluoroalkylated analogues of the Z fi-alanine 

The steric hindrance of the perfluorinated chain and the electronic effect 
of the amino group on the ester moiety favours the Z-enamine formation over 
other isomer. It may be noted that the electronic interactions are stronger 
with the primary than with the secondary amines. 

The hydrogenation of these compounds makes it possible to obtain the fi- 
alanine analogues. Strict hydrogenation conditions are required: a pressure of 
eighty bars and a temperature of 80°C. 

The overall yields are very satisfactory and both methods entail a large 
variety of analogues. Original compounds, namely fi-alanine analogues con- 
taining either two perfluorinated chains or one perfluorinated substituent and 
one perhydrogenated chain can thus be obtained (Scheme 8). 

The second step involves the protection of the amine function by a 
benzyloxycarbonyl moiety; saponification of the ester group leads to 
the perfluoroalkylated Z-fi-alanine analogues (Scheme 9) (Ozer et al., 
1998). 

These compounds can easily be bonded to another aminoacid (Ozer et al., 
unpublished result). We choose a classical method using DCCI as a peptide 
coupling reagent. The dicyclohexyl urea is filtered off and after removing the 
solvent in vacuo, the product is purified by chromatography on silica gel 
(Scheme 10). 

The method described here has been first tested with non-functionalized 
aminoacids (alanine) and has permitted the successful coupling with histidine 
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Scheme 10. Synthesis of peptides and peptidoamines containing perfluoroalkylated 
fi-alanine 

or histamine. The perfluoroalkylated carnosine has been obtained after hy- 
drolysis in satisfactory yield. 

This procedure can readily be extended to N-alkylated fi-alanine 
analogues. 

Condusion 

In this paper a simple and efficient synthesis of perfluoroalkylated fi-alanine 
analogues and of pept idoamine derivatives are described. The method  pro- 
posed is suitable for large-scale preparation. The complexing and surfactant 
properties of the compounds synthesized are currently being investigated. 
The first results of these studies are promising and studies of their physico- 
chemistry will be continued in our laboratory. 

Acknowledgments 

We are indebted to the Atochem Society for donating the perfluoroalkyl ethanols and we 
wish to thank Dr. Bernard Henry for his useful suggestions. 

References 

Achilefu S, Mansuy L, Selve C, Thiebaut S (1995) Synthesis of 2H, 2H-perfluoroalkyl and 
2H-perfluoroalkenyl carboxylic acids and amides. J Fluorine Chem 70:19-26 

Babizhayev MA, Seguin MC, Gueyne J, Evstigneeva RP, Ageyeva EA, Zheltukhina GA 
(1994) L-Carnosine (fi-alanyl-L-histidine) and carcinine (fi-alanylhistamine) act as 



388 M.S. Ozer et al. 

natural antioxydants with hydroxyl-radical-scavenging and lipid-peroxydase activities. 
Biochem J 304:509-516 

B4gu6 JP, Bonnet-Delpon D, Mesureur D, N4e G, Wu SW (1992) The Wittig reaction of 
perfluoro acid derivatives: access to fluorinated enol ethers, enamines, and ketones. J 
Org Chem 57:3807-3814 

Boldyrev AA (1993) Does carnosine possess direct antioxydant activity? Int J Biochem 
25/8:1101-1107 

Bollands AD, Lowe KC (1989) Effects on emulsified perfluorochemicals on spleen cells 
in culture. Biotechnology Letters 11/4:265-268 

Brown CE (1981) Interactions among carnosine, anserine, ophidine and copper in bio- 
chemical adaptation. J Theor Biol 88:245-256 

Cen W, Ni Y, Shen Y (1995) A convenient synthesis of perfluoroalkylated enamines and 
vinyl phosphonates. J Fluorine Chem 73:161-164 

Cho MH, Wang SS (1988) Enhancement of oxygen transfer in hybridoma cell culture 
by using a perfluorocarbon as an oxygen carrier. Biotechnology Letters 10/12: 855- 
860 

Drey CNC (1985) The chemistry and biochemistry offi-amino acids. In: Barett CG (ed) 
The chemistry and biochemistry of aminoacids. Chapman and Hall, New York, pp 
241-299 

Fielding HC (1978) Organofluorine chemicals and their industrial applications. In: Banks 
RE (ed) Elis Horwood Ltd, Chichester 

Froissard J, Greiner J, Pastor R, Cambon A (1981) Synthbse de F-alkyl-2 hydroxy-4 
quinoldines. J Fluorine Chem 17:249-263 

Greiner J, Riess JG, Vierling P (1995) Fluorinated surfactants intended for biomedical 
uses. In: Filler R et al (eds) Organofluorine compounds in medicinal chemistry and 
biomedical applications. Elsevier, Amsterdam 

Imlay JA, Linn S (1988) DNA damage and oxygen radical toxicity. Sciences 240: 1302- 
1305 

Juaristi E (1997) Enantioselective synthesis of fi-amino acids. VCH-Wiley, New 
York 

King AT, Mulligan B J, Lowe KC (1989) Perftuorochemicals and cell culture. 
Biotechnology 7:1037-1042 

Kukhar VP, Soloshonok VA (1995) Fluorine-containing amino-acids: synthesis and prop- 
erties. John Wiley & Sons, Chichester 

Mattiasson B, Adlercreutz P (1987) Perfluorochemicals in biotechnology. Tibtech 5: 250- 
254 

Nivet JB, Le Blanc M, Riess JG (1991) Synthesis and preliminary evaluation of 
perfluoroalkylacyl carnithines as surfactants for biomedical use. Eur J Med Chem 26: 
953-960 

Quinn PJ, Boldyrev AA, Formazuyk VE (1992) Carnosine: its properties, functions and 
potential therapeutic applications. Molec Aspects Med 13:379-444 

Ojima I, Mc Carthy JR, Welch JT (1996) Biomedical frontiers of fluorine chemistry. In: 
ACS books (eds) American Chemical Society, Washington, DC 

0zer  M, Thiebaut S, Gerardin-Charbonnier C, Selve C (1997) Synthesis of 2- 
perfluoroalkylated analogous of fi-alanine and peptidoamines derivatives. Amino 
Acids 13/1:78 

Ozer M, Thiebaut S, Gerardin-Charbonnier C, Selve C (1998) An improved synthesis of 
fi-perfluoro-alkylated analogues of fl-alanine. Synthetic Comm 28/13:2429-2441 

Ozer MS, G6rardin-Charbonnier C, Selve C, Schouler A (unpublished results) 
Resnati G, Soloshonok VA (1996) Fluoroorganic chemistry: synthetic challenges and 

biomedical rewards. Tetrahedron 52:1-330 
Riess JG (1994) Highly fluorinated systems for oxygen transport, diagnosis, and drug 

delivery. Colloids and Surfaces, A: Physicochemical and Engineering Aspects 84: 33- 
48 

Riess JG (1995) Du fluor dans nos artbres. New J Chem 19:891-909 



Synthesis of perfluoroalkylated [3-alanine 389 

Selve C, Delestre C, Achilefu S, Maugras M, Attioui F (1991) Synthesis and evaluation of 
the properties of fluorinated amphiphilic amides of 2,2-bis(hydroxymethyl) propionic 
acid. J Chem Soc Chem Comm: 863-864 

Soloshonok VA, Kirilenko AG, Kukhar VP (1993) Transamination of fuorinated/3-keto 
carboxylic esters. A biomimetic approach to/3-polyfluoroalkyl-/3-amino acids. Tetra- 
hedron Letters 34/22:3621-3624 

Soloshonok VA, Omo T, Soloshonok 1V (1997) Enantioselective biomimetic transami- 
nation of/3-keto carboxylic acid derivatives. An efficient asymetric synthesis of t3- 
(fluoro alkyl)-/3-aminoacids. J Org Chem 62:7538-7539 

Thiebaut S, Gerardin C, Amos J, Selve C (1995) Rdaction d'alcoolates sur les 2- 
perfluoroalkyl-6thanoate d'alkyle. J Fluorine Chem 73:179-184 

Thiebaut S, Gerardin-Charbonnier C, Selve C (1997) Etude de la rdaction des amines sur 
les ddriv~s d'acides 2-perfluoroalkyl6thano~'ques. J Fluorine Chem 82:131-138 

Welch JT, Eswarakrishnan S (1991) Fluorine in bioorganic chemistry. John Wiley, New 
York 

Authors'  address: Professor Claude Selve, Laboratoire de Chimie Physique Organique 
et Colloidale (LCPOC), UMR 7565 Facultd des Sciences, BP 239, F-54506 Nancy - 
Vandoeuvre cedex, France 

Received February 27, 1998 


