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Abstract—The reaction of perfluoroketene dithioacetals with dianions of carboxylic acids proceeds through the substitution of the
vinylic fluoride. The preparative value of this reaction depends strongly on the reaction and work-up conditions, the optimisation of
which led to use LDA as a base and multiple extraction techniques. The overall process may be considered as a formal synthesis of
a-trifluoromethyl c-dicarboxylic acid derivatives.
� 2004 Elsevier Ltd. All rights reserved.
Fluorine substituents significantly change the physico-
chemical properties, the chemical reactivity and the bio-
logical activity of molecules when compared to their
nonfluorinated analogues.1,2

Perfluoroketene dithioacetals are easily prepared inter-
esting intermediates.3 Owing to both a normal and ump-
long reactivity, they proved to be versatile building
blocks for the synthesis of fluorosubstituted polyfunc-
tional compounds. More particularly, compound 1a4

and the higher homologue 1b5 were used as starting
materials for various elaborated perfluoroalkylated
heterocyclic compounds.
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The applications of 1 reported so far were mainly based
on the substitution of the vinylic fluoride by a ketone
enolate, leading to a key intermediate: a c-keto-a-tri-
fluoromethyl carboxylic acid derivative.4,5 It was inter-
esting to extend the scope of this chemistry to enolates
of carboxylic acid derivatives. At the same time as the
study of the reaction of 1a with ethyl acetate enolate
and/or other equivalents,6 we have investigated its reac-
tion with enediolates, which could give a direct access to
a-trifluoromethyl c-dicarboxylic acid derivatives where
the two carboxylic moieties are differentiated. We report
here the results of this study, including an optimisation
of the reaction conditions and work-up.

It is well known that carboxylic acids are synthetically
useful building blocks because, after double deprotona-
tion, they afford enediolates that react with several
electrophiles under adequate conditions.7,8 Lithium dialk-
ylamides are generally used as bases to generate lithium
enediolates and dienediolates9–11 due to their strength
and low nucleophilicity (especially when derived from
hindered amines) and to their solubility in nonpolar sol-
vents.11,12 In these solvents, lithium enolates generally
exist as complex ion-pair aggregate structures whose
metal centre may be coordinated to solvent molecules
or other chelating ligands such as the amines resulting
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from the deprotonation of the acid by the lithium amide.
The available data confirm the complexity of these
aggregated reactive species and that many factors can
affect them and consequently their reactivity.8,12,13

The reaction pathway and reactants are depicted in
Scheme 1. The base used to generate the enediolate plays
a crucial role, as shown in Table 1.

The optimisation of the reaction conditions are summa-
rised in Table 1. Although lithium diethylamide (LDE)
is the most common base in enediolate chemistry, the
vinylic fluoride was substituted by this lithium amide,
as expected,14 to give compound 4 (see Table 1, entries
2 and 7).

To minimise this problem, we used a sub-stoichiometric
amount of amine which in most cases, allows the forma-
Table 1. Addition of acetic (2a) and butanoic (2c) acid dianions to 1a

Entry Acid Amide Equiv.

amide

Time (h) Product 3

(Yield %)

1 2a LiNEt2 2 1 3a (13)

2 2a LiNEt2 0.6 4 4 (6a)

3 2a LiNEt2 2 1 3a (22)

4 2a LiN(i-Pr)2 2 1 3a (50)

5 2a LiAZA 2 1 3a (5)

6 2a LiAZA 0.6 1 3a (2)

7 2c LiNEt2 2 1 4 (44a)

8 2c LiHMDS 2 1 3c (25)

9 2c LiTMP 2 1 3c (60)

10 2c LiN(i-Pr)2 2 1 3c (67)

The amine was evaporated in vacuo prior to the addition of 1a.
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Abbreviations: AZA: 1,3,3-trimethyl-6-azabicyclo(3.2.1)octane;

HMDS: hexamethyldisilazane; TMP: 1,1,5,5-tetramethylpiperidine.
a Neutral fraction.
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tion of enediolates, from the corresponding acid, with-
out Barbier�s reduction or Michael adduct formation.9

The amino substituted derivative was no longer present
but the yield of fluorinated acid was not improved (entry
2). Consequently, different amides were tested, chosen
according to their steric hindrance. The best results were
obtained using LDA in stoichiometric amount (entries 4
and 10). The standard reaction time was established to
be 1h, as longer reaction time does not improve the
results.

Another point to be considered is that, generally speak-
ing, fluorinated compounds are more volatile and less
polar than nonfluorinated analogues.1 Accordingly, the
reaction work-up had to be optimised compared to the
standard procedure where neutral and acidic fractions
are obtained. The first one, containing only neutral
and basic products, came from the direct extraction of
the aqueous crude mixture. The resulting aqueous phase
was acidified and extracted to yield the crude acidic frac-
tion where nearly pure acidic products are usually
obtained.15 When this standard work-up was applied
to the reaction with 1a, the neutral fraction contained
an important amount of substitution product as its carb-
oxylate. The work-up was then modified as follows: see
Scheme 2.16

Application of this work-up, with LDA as a base in stoi-
chiometric amount, led to the results summarised in
Table 2.17 Yields are moderate to high, especially when
considering that both the starting acid and the perfluo-
roketene dithioacetal may be recovered, in different
steps of the work up and are pure enough to be reused.

In summary, we have found a new application of the
chemistry of dianions of carboxylic acids. The overall
process may be considered as a formal synthesis of a-tri-
fluoromethyl c-dicarboxylic acid derivatives, where one
carboxylic function is masked,4,6 and constitutes a new
development of perfluoroketene dithioacetal 1 as a
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Table 2. Reaction of carboxylic acid dianions with 1a under optimised

conditions

Entry Starting

acid

Acid

product (%)

1a Recovered in the

neutral fraction (%)

1 2a 3a (50) 24

2 2b 3b (53) 14

3 2c 3c (67) 22

4 2d 3d (62) 25

5 2e 3e (92) 8
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versatile building block towards the synthesis of multi-
functionalised perfluoroalkylated derivatives.
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