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Abstract—The preparation of both enantiomers of 3,3,3-trifluoro-2-methylpropanoic acid by a lipase mediated kinetic resolution of
the racemate is described.
� 2004 Published by Elsevier Ltd.
1. Introduction

Compounds containing the trifluoromethyl group have
and continue to play an important role as fine chemical
constituents contributing to the development of phar-
maceutical, agrochemical and materials products.1

Many of these are nonchiral aryl CF3 and OCF3 con-
taining compounds, however there has been the recent
emergence of commercial products carrying the CF3

group at a stereogenic centre.2 The number of available
starting materials in this category is few and methods for
preparing compounds with the CF3 at a stereogenic cen-
tre are limited.3 Herein we report the lipase mediated
resolution of 3,3,3-trifluoro-2-methylpropanoic acid 1.
The only reported preparation of enantioenriched 1
was achieved by hydrogenation of 2-(trifluoro-
methyl)acrylic acid with H2 in the presence of Ru-(R)-
BINAP catalyst. However product 1 was not isolated
and characterized, but directly transformed into (2S)-
3,3,3-trifluoro-2-methyl-1-propanol (ee 80%).4 Some a-
trifluoromethylated carboxylic acids have been obtained
in optically active form (unknown stereochemistry) by
enzymatic hydrolysis of their esters using the PS lipase
in an aqueous medium,5 yet the resolution of 1 has
not been described. We have been exploring the resolu-
tion of fluorinated esters in dry organic solvents6 and in
this program decided to address the resolution of 1 by
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esterification using the Candida rugosa lipase�(CRL) in
hexane. This was an attractive method as it allowed us
to test the ability of such enzymes to distinguish directly
between the CH3 and CF3 groups. Previous analyses
and studies in asymmetric syntheses suggest a significant
difference in the steric influence of a CH3 and CF3

group,7 with an estimate that the CF3 approximates
the size of an isopropyl group.8 It is somewhat surpris-
ing that this has not been explored in this system before.
Herein we have successfully resolved each of the enantio-
mers in high enantiomeric excess.
2. Results and discussion

Ethyl 3,3,3-trifluoro-2-methylpropanoate 2 was prepared
in two steps by the reaction of diethyl 2-methylmalonate
3 with sodium hydride and dibromo(difluoro)methane
followed by a fluorination–decarboxylation process.9

Alkaline hydrolysis of the resultant ester proved unsuc-
cessful leading to conversion of the CF3 group to a carb-
oxylate with the generation of 2-methylmalonate.10

However acidic hydrolysis gave the desired 3,3,3-tri-
fluoro-2-methylpropanoic acid,11 1 as illustrated in
Scheme 1.

Lipase mediated kinetic resolution of 1 via enantiose-
lective esterification with 1-decanol in hexane gave
decyl ester 5. When this reaction was stopped after 4h
�Lipase from Candida rugosa, Type VII (CRL) was purchased from

the Sigma Chemical Co. and had a specific activity of 1140 Umg-1

solid. The lipase was used �straight from the bottle�.
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Scheme 2. Reagents and conditions: (a) CRL, 1-decanol (2equiv), hexane, 37�C, 4h; (b) HCl, 1,4-dioxane, reflux; (c) CRL, 1-decanol (2equiv),

hexane, 37�C, 20h; (d) N-methylmorpholine, ClCOOMe, (1R)-1-phenylethanamine, THF, �10�C, 90%.

Figure 1. X-ray derived structure of (2S)-3,3,3-trifluoro-2-methyl-N-

[(1R)-1-phenyl]-propanamide 6.�
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Scheme 3. The stereochemistry of the faster reacting enantiomer with

CRL.
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Scheme 1. Reagents and conditions: (a) NaH, CF2Br2, THF, 48%; (b) KF, DMSO, 170�C, 91%; (c) HCl, 1,4-dioxane, reflux, 61%.

2448 P. Beier et al. / Tetrahedron: Asymmetry 15 (2004) 2447–2449
and 5 was hydrolyzed, enantiomerically enriched 1 was
obtained12 ee 90%, 36%, ½a�19D < þ1 (c 1.12, MeOH) as
shown in Scheme 2. Longer reaction times (20h) gave
the other enantiomer of 1 recovered as the unreacted
and enantiomerically pure acid13 {ee >98%, 74%,
½a�19D ¼ � 0:8 (c 1.23, MeOH)}, Scheme 2.§

To determine the absolute configuration of the recov-
ered 1, amide 6 {½a�25D ¼ þ88:7 (c 0.345, CHCl3)} was
prepared14,15 by reaction with (1R)-1-phenylethylamine,
(Scheme 2). X-ray diffraction analysis of a single crystal
of amide 6 showed an (S)-configuration on the acid de-
� The crystallographic data (excluding structure factors) for 6 have

been deposited with the Cambridge Crystallographic Data Centre as

supplementary publication number CCDC 236631.
§ The ee values of the enantiomers of 1 were determined by GC–MS

using a chiral b-DEX 120 (Supelco) column (30m · 250lm, film

thickness 0.25lm). Temp 75�C hold 20min, then at 10�Cmin�1 to

100�C, hold 11min, ret. time 29.5min (R), 30.15min (S).
rived moiety (Fig. 1) and therefore a lipase preference
for enantiomer (2R)-1.

The stereochemical outcome of the CRL catalyzed
kinetic resolution follows the pattern of reactivity of 2-
methylalkanoic acids.16 The faster reacting enantiomers
have a stereochemistry as shown in Scheme 3, a config-
urational preference that is persistent through enzymatic
hydrolysis, esterification or transesterification reactions
with this lipase.
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