
Tetrahedron Letters 47 (2006) 7451–7454
Synthesis of fluorinated cyclic s-trans vinylogous acid
and amide ester derivatives
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Abstract—A two-step procedure for the preparation of ethyl 4-amino-2-oxo-6-(trifluoromethyl)cyclohex-3-ene-1-carboxylate
(enaminone) and methyl 4-hydroxy-2-oxo-6-(trifluoromethyl)cyclohex-3-ene-1-carboxylate (vinylogous acid) has been accom-
plished, using reactive Michael acceptors under basic condition. In addition, acyclic trifluoromethylated ester derivatives were iso-
lated as competing by-products. The above compounds represent novel synthetically useful trifluoromethyl building blocks.
� 2006 Elsevier Ltd. All rights reserved.
The high electronegativity and lipophilicity of tri-
fluoromethyl moiety make trifluoromethylated mole-
cules attractive, especially for biological applications.
These include Efavirez (Anti-HIV),1 Celecoxib (anti-
arthritic),2 Flutamide, Nilutamide (Prostatic cancer
treatment),3 Fluphenazine (Antipsychotic),4 Tolrestat
(Aldose reductive inhibitor),5 and Fluoxetine (Antide-
pressant).6 In addition, most trifluoromethyl substituted
compounds have relatively low toxicity and high
stability compared to the monofluoromethyl and difluo-
romethyl analogs.7 Despite the interest in trifluoro-
methylated molecules, methods for their synthesis
remain scarce. Thus the development of new methods
for their synthesis is in continuous demand. The most
general preparative route to trifluoromethylated com-
pounds appear to be by direct introduction of a nucleo-
philic trifluoromethyl anion onto the desired molecules.
Unfortunately, the above approach is somewhat ineffi-
cient, because reagents that would stabilize the unstable
trifluoromethyl anion8 are not readily available.

Recently, we have become interested in the synthesis of
fluorinated analogs of biologically active compounds.
Cyclic vinylogous acids and amides are useful intermedi-
ates in organic synthesis as synthons for the design of
biologically active compounds, functionally interesting
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heterocyclic compounds,9 and efficient building blocks
for the synthesis of natural products.10

Some examples of biologically active compounds that
contain the vinylogous acid and amide moieties are
shown in Scheme 1. They include antibacterial11 1, anti-
convulsant12 2, KATP channel openers13 3, antitumor
agent14 4, hydroxyphenylpyruvate dioxygenase (4-
HPPD) inhibitor15 5, dopamine autoreceptor agonists,16

acetyl cholinesterase inhibitors,17 antiparasitic,18 and
oxytocin antagonists.19

Although the literature is replete with several reports of
the synthesis of acyclic vinylogous acids and amides, the
more stable cyclic s-trans analogs are less studied. We
are particularly interested in the synthesis of new and
conformationally-restricted analogs containing a trifluo-
romethyl group on a cycloalkenone ring. Herein, we
delineate our efforts in the synthesis of trifluoromethyl-
ated vinylogous acid and amide using ethyl 4,4,4-
trifluorocrotonate 7b and trifluorocrotonitrile 7a,
respectively. The reaction of the above acceptors with
methyl and ethyl acetoacetates 6 in base provided the
hitherto unreported trifluoromethylated cyclic s-trans
vinylogous acids 9 and amides 8.

The enolate generated by treatment of commercially
available b-keto-ester 6 with freshly prepared sodium
alkoxide was allowed to react with 7a and 7b, respec-
tively, to obtain trifluoromethylated cyclohexenone
8–9, as s-trans isomer20 (Scheme 2). The reaction was
judged to be complete in 6–18 h by TLC and GC/MS.
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The reaction conditions and product yields are summa-
rized in Table 1.

In using 4,4,4-trifluorocrotonitrile 7a and ethyl 4,4,4-tri-
fluorocrotonate 7b, it was noted that the reaction time
was significantly longer than that obtained when using
a nonfluorinated prototype, as reported by Scott and
Friary.21 In order to explain the longer reaction time
prior to optimization of the reaction, we performed
MOPAC22 calculations on 7a and 7b, along with its
nonfluorinated prototypes 7c and 7d (Fig. 1).

Significantly lower LUMO energies for 7a and 7b were
recorded. On the other hand, the nonfluorinated proto-
types 7c and 7d showed much higher LUMO energies,
(Fig. 1), which could explain the higher reactivity of
7a and 7b.

Therefore, the Michael addition step proceeds at a faster
rate due to the higher reactivity of 7a and 7b. Thus, the
prolonged reaction time may be due to the presence of
strongly electron-withdrawing groups on the intermedi-
ate leading to the cyclized adducts. This could account
for the low yield of 8 (entries 1 and 2).

The use of anhydrous ethanol or methanol was found to
favor the yield of cyclic vinylogous acid 9 (entries 7 and
8), over dichloromethane, which gave lower yield of
cyclic vinylogous amide 8 (entries 3 and 4). In order to
improve the yield of compound 9, and to minimize
extensive purification, the sodium salt of 9 was first iso-
lated and then acidified to give cyclohexanecarboxylate
in better yield. The reaction of 7b gave mixtures of prod-
ucts containing fluorinated cyclohexanecarboxylate 9.
Due to transesterification reaction, 9b was formed along
with 9a, as shown in entry 7 of Table 1; this was also
observed previously by Foster et al. while using 7d as
a Michael acceptor.23 Purification of this mixture by
column chromatography gave a single pure product
assigned as compound 9 by NMR and GC/MS. How-
ever, in the case of 7a the fluorinated cyclohexenecarb-
oxylate 8 was obtained as two isomers which could
not be separated by column chromatography (see spec-
tral analyzes in the reference section).

The initial reaction of 7a or 7b with acetoacetic ester 6
was expected to follow the normal course of Michael
addition reaction to form the intermediate 12 (Scheme
3). However, the reaction could proceed via nucleophilic
acyl substitution reaction involving C-1 and C-6 carbons
(route a) to give compounds, 8 and 9 after workup. On
the other hand, the reaction occurred via route b to
rapidly form alkyl 3-(trifluoromethyl) pentanedioate 10
and alkyl 3-(cyanomethyl)-4,4,4-trifluorobutanoate 11,
respectively.

The mechanism of the latter pathway is yet to be fully
understood, however, it is presumed to involve rupture
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Table 1. Reaction of Michael acceptors 7 with keto-ester 6 affording trifluoromethylated cyclohexenone 8–9

Entry Michael acceptor Keto-ester Solvent Yieldb (%) Time (h)

1 7a 6a CH2Cl2 37 8a 18
2 7a 6b CH2Cl2 27 8b 18
3 7a 6a MeOH 27 24
4 7a 6b EtOH 9 24
5 7b 6a CH2Cl2 33a 10
6 7b 6b CH2Cl2 30 18
7 7b 6a MeOH 51a 9a 7
8 7b 6b EtOH 67 9b 14

a Due to transesterification caused by ethoxide ion, 9b was formed in 10% yield.
b Isolated yields.
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Figure 1. MOPAC calculation for fluorinated and nonfluorinated Michael acceptors 7: LUMO energy levels are in bold.
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of the adjacent carbon–carbon bond, which could be
facilitated by the likely formation of resonance stabi-
lized acylium cation.

In conclusion, trifluoromethylated cyclic s-trans vinyl-
ogous acids and amides have been synthesized. In addi-
tion, acyclic trifluoromethylated ester derivatives 10 and
11 were isolated as useful by-products. Further studies
on the scope and synthetic applications of compounds
8–11 are in progress and will be described in due course.
The above compounds provide a starting point for the
creation of new knowledge in the area of fluoroorganic
synthesis.
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