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3-Polyfluoroalkyl-substituted E-cinnamic acids: easy access via
Perkin reaction
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Abstract—3-Polyfluoroalkyl-(E)-cinnamic acids being very useful building blocks were obtained by a simple and convenient
one-step procedure. The Perkin type reaction of fluoroacyl-substituted arenes gives the titled compounds in good yields and
excellent stereoselectivity independent on the electronic nature of substituents in the aromatic ring. In the case of fluoroalkyl–
alkylketones only O-acylation occures under the same conditions.
© 2003 Elsevier Ltd. All rights reserved.

Replacement of hydrogen by the fluorine atoms often
changes dramatically the physical and chemical proper-
ties of derived compounds, increasing their attractivity
for diverse practical applications. Indeed, fluorinated
substances have already become indispensable in many
fields of modern agrochemistry, pharmaceutical indus-
try and material sciences.1 Therefore methods of the
regio- and stereoselective synthesis of fluorinated com-
pounds being at the same time efficient, economically
realistic and suitable for scale up remain a significant
challenge for organic chemists. Along with procedures
for the direct fluorination or fluoroalkylation a build-
ing-block strategy is broadly applied. One of the impor-

tant trifluoromethyl-containing 1,3-dielectrophilic
building blocks is 3-trifluoromethylcinnamic acid. The
wide use of this compound in the synthesis of biologi-
cally active compounds2 is the reason of intensive
search for satisfactory synthetic routes to acids of this
type. The key point of the approaches mostly often
applied involves the C2�C3 bond formation via well-
known organic constructive transformations of fluori-
nated acetophenones: Wittig2a or Horner–Wadsworth–
Emmons olefinations,2b,c Claisen condensation3 and
Reformatsky reaction.4 These methodologies often have
significant drawbacks: in many cases the stereoselectiv-
ity of condensation and yields of the product are low.

Table 1. Synthesis of E-cinnamic acids 2

Entry E :Z ratioa Mp (°C) of 2Isolated yield of 2 (%)19F NMR yield of 2 (%)ArRF1, 2

a 76–77CF3 3-CF3C6H4 82 751 91:9
b6 84–88CF3 4-ClC6H4 95 782 95:5

95–97b93:767933 PhCF3c
93:7 88–89CF3 4-MeC6H44 93d 81

CF2Cl5 e 102–103100:04690Ph

a Ratio of stereoisomers in reaction mixture, determined by 19F NMR. The identification of E- and Z-forms was performed based on their 1H3

and 19F4,7 NMR data.
b Lit. 91–92°C.3
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Scheme 1. O-Acetylation of ketone 3.

first example of Perkin type reaction with ketone as a
carbonyl component. Further studies of the scope and
applicability of this method to polyfluoroalkyl–
(het)arylketones with RF chains longer as CF3 are
presently under investigation in our group and will be
published later.
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6. 3-(4-Chlorophenyl)-4,4,4-trifluorobut-2-(E)-enoic acid (2b):
Colorless prisms. 1H NMR (200 MHz, CDCl3, TMS) � :
6.57 (q, 1H, C2H, 4JH�F=1.2 Hz), 7.19, 7.37 (AA�BB�-pat-
tern, 4H, C6H4, JAB=JA�B�=8.3 Hz), 10.8 (br.s, 1H,
COOH); 19F NMR (188 MHz, CDCl3, CFCl3) � : −68.23 s.
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Beside that, to obtain the desired acid an additional
synthetic step, namely the hydrolysis of the ester func-
tion, is necessary. In our search for novel fluorinated
building blocks and their applications in organic syn-
thesis,5 we report here a simple and convenient one-step
procedure to obtain 3-polyfluoroalkylated (E)-cinnamic
acids.

The Perkin-type condensation of fluoroalkyl–arylke-
tones 1 (1 equiv.) carried out in boiling acetic anhydride
(15 equiv.) in the presence of anhydrous sodium acetate
(2 equiv.) gave the acids 2 in good yields and stereose-
lectivity (90–100% E-isomer, Table 1). After usual
aqueous work-up the analytically pure E-cinnamic
acids 2 were easily isolated. Noteworthy, the yields and
stereoselectivity of reaction do not depend on the
nature of the substituent in the aryl group. To the best
of our knowledge, this is the first example of a Perkin
reaction involving a ketone substrate as the carbonyl
component.

This method is apparently not applicable to the synthe-
sis of related 3-alkyl-3-polyfluoroalkylacrylic acids.
Thus, treatment of ketone 3 with acetic anhydride
under similar conditions led to the Z-configurated enol
acetate 4 exclusively (Scheme 1).

In summary, 3-polyfluoroalkylated E-cinnamic acids,
very useful building blocks, were obtained by a simple
and convenient one-step procedure in good yields and
excellent stereoselectivity. Condensation of fluoroac-
ylarenes with acetic anhydride/sodium acetate system
leading to the desired E-cinnamic acids represents the
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