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The new and versatile chiral derivatizing agent, a-cyano-a-
fluoro-p-tolylacetic acid (CFTA), has been efficiently syn-
thesized in optically pure form by Candida rugosa lipase-
mediated kinetic resolution of racemic CFTA ethyl ester, the
latter being readily prepared by fluorination of ethyl
a-cyano-p-tolylacetate with FClO3.

Rapid progress has been made in the development of techniques
for determination of ees of chiral molecules. However, despite
many advances, there are few agents that can be applied to a
broad spectrum of molecules encountered in modern synthetic
and analytical chemistry.1 We recently developed one such
agent, a-cyano-a-fluorophenylacetic acid (CFPA), which far
surpassed the capabilities of existing chiral derivatizing agents
(CDAs) with respect both to reactivity2 and resolution effi-
ciency.3 However, the involved synthesis of this agent has
precluded its general use. We now report a related CDA,
a-cyano-a-fluoro-p-tolylacetic acid (CFTA), that retains the
merits of CFPA but, through effective use of enzymatic
resolution, is readily available in its optically pure state.

Treatment of p-xylyl cyanide with CO(OEt)2 produced ethyl
a-cyano-p-tolylacetate which, in turn, was treated with FClO3†
to give CFTA ethyl ester 1 in excellent overall yield. Among
twenty commercial hydrolytic enzymes that were screened for
the enantioselective hydrolysis of 1, Candida rugosa lipase
(CRL)‡ gave the best results with respect to reactivity, although
the enantioselectivity (E value5 of ca. 3) was clearly insufficient
for our purposes. Fortunately, after much investigation, we
found that pre-treatment of CRL with PriOH improved the
enantioselectivity more than ten-fold, consistent with the
previous results obtained by Kazlauskas for the resolution of
2-aryl- and 2-aryloxy-propionic esters.6 Thus, hydrolysis of
racemic ester 1, catalysed by pre-treated commercial CRL [50%
(v/v) PriOH in 2-(N-morpholino)ethanesulfonate buffer solu-
tion (pH 6.0), according to the procedure of Kazlauskas], gave,
at 56% conversion, (R)-1 with an ee of 99% and (S)-CFTA
[(S)-2] with an ee of 78%, corresponding to an E value of 40
(Scheme 1). This dramatic increase in enantioselectivity can be
attributed to a change in stereostructure of CRL caused by
PriOH treatment, as demonstrated earlier by Kazlauskas (see
below).6

The R configuration of the remaining ester 1 was determined
by X-ray crystallographic analysis§ of the (S)-a-phenethyl-
amide 3 prepared from 1. Therefore, the more readily
hydrolysed ester has the S-configuration and (S)-2 is enriched in
the product. Kazlauskas proposed an empirical rule¶ to predict
the stereochemical outcome of ester hydrolysis catalysed by
PriOH-treated CRL, as shown in Fig. 1.7 The active site of the
CRL apparently accepts F as a replacement for H, with CN
corresponding to the medium-sized substituent.

(R)-CFTA [(R)-2] was obtained by LiOH hydrolysis of the
remaining ester (R)-1. The (S)-a-phenethylamine salt of (R)-2
and the (R)-a-phenethylamine salts of the (S)-2-enriched
hydrolysis product were each recrystallized from CHCl3–

hexane to afford optically pure enantiomers, the (R)-a-
phenethylamine salt of (S)-CFTA {mp 135–137 °C, [a]D

25
23.3

(c 0.99, MeOH)} and the (S)-a-phenethylamine salt of
(R)-CFTA {mp 135–137 °C, [a]D

25 +3.3 (c 0.99, MeOH)}. These
enantiomeric salts were treated with acid to afford (R)-CFTA
{[a]D

25 +36.8 (c 1.21, CHCl3)} and (S)-CFTA {[a]D
25
236.3 (c

1.05, CHCl3)} as colourless oils in isolated overall yields of 38
and 19%, respectively, from racemic CFTA ethyl ester.∑

Scheme 1 Reagents and conditions: i, NaH, CO(OEt)2, THF, reflux, 2 h,
98%; ii, NaH, THF, room temp., 1 h, then FClO3, room temp., 40 min, 90%;
iii, PriOH-treated CRL, isooctane, 1 m phosphate buffer (pH 7.0), 25 °C,
41% for (R)-1 (99% ee), 46% for (S)-2 (78% ee); iv, 1 m LiOH, THF–H2O
(1 : 1), room temp., 5 min, 100%; v, (S)-a-phenethylamine, DCC, CH2Cl2,
room temp., 6 h, 95%; vi, (S)-a-phenethylamine, recrystallization, then 1 m
HCl, 78%; vii, (R)-a-phenethylamine, recrystallization, then 1 m HCl,
41%

Fig. 1 Enantiopreference of PriOH-treated CRL-mediated kinetic hydrol-
ysis
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The chemical shift differences between the two diastereom-
ers (Dd values)** in both the 19F and 1H NMR spectra for
several CFTA and MTPA esters are shown in Tables 1 and 2,
respectively.†† The greater efficiency of CFTA compared to
MTPA in ee determinations is apparent from the much greater
Dd values consistently obtained for the CFTA derivatives.8–10

Furthermore, in addition to the greater magnitude of the Dd
values, the consistency of the sign of these shifts suggests that
the CFTA procedure is more reliable11 than the Mosher method
in assigning absolute configurations of secondary alcohols
based on 19F NMR8,9 and 1H NMR9,10 spectroscopy. We are
currently investigating in greater detail the relationship between

stereostructure and chemical shift value, especially in the 19F
NMR spectra.

We thank Ms H. Kakuda for the X-ray crystallographic
analysis of 3. This work was supported by a Grant-in-Aid from
the Ministry of Education, Science, Sports and Culture, Japan
and a grant from the Ciba-Geigy Foundation (Japan).

Notes and References

* E-mail: takeuchi@ms.toyama-mpu.ac.jp
† FClO3 gas diluted with N2 is safely and conveniently generated in
ordinary glassware by reaction of KClO4 with FSO3H (ref. 4).
‡ Lipase OF (CRL) was purchased from Meito Sangyo Co., Ltd.
§ Crystal data for 3: C18H17FN2O, M = 296.34, monoclinic, a = 9.647(2),
b = 17.686(3), c = 9.915(2) Å, b = 109.64(1)°, U = 1593.3(5) Å3,
T = 203 K, space group P21 (no. 4), Z = 4, m(Cu-Ka) = 0.698 mm21, 2626
reflections measured, 2469 reflections unique, 1322 reflections observed [I
> 3s(I)]. Two aryl groups (phenyl and p-tolyl) were disordered over two
positions with occupancies 0.5 for all disorder components. For this reason,
the R value was relatively high. The final cycle of full-matrix least-squares
refinement (for 218 parameters) was converged with Rw = 0.111,
R = 0.116. CCDC 182/709.
¶ The rule was derived from the results of enantioselective hydrolysis of 16
esters, where L is a large substituent such as Ar or OAr, and M is a medium-
sized substituent such as Me or OH (refs. 6 and 7).
∑ The enantiomeric purity of both (R)- and (S)-CFTA was determined to be
> 99.5% by comparison of the 1H and 19F NMR spectra of their cholesteryl
esters with those of the cholesteryl ester of recemic CFTA.
** The Dd value is defined as the difference in the 19F (F or CF3 signal for
CFTA or MTPA ester, respectively) or 1H (Me signal of R1 and R2) NMR
chemical shifts for the (S)-agent/(R)-alcohol diastereomer (dSR) and the
(R)-agent/(R)-alcohol diastereomer (dRR) for each CFTA or MTPA ester
(ref. 9).
†† The preparation of CFTA chloride and condensation of CFTA chloride
with chiral alcohols were carried out according to procedures described for
derivatization of CFPA (ref. 3).
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Table 1 19F NMR Chemical shift differences (DdF values in ppm) for
diastereomeric CFTA and MTPA esters

DdF = dSR2 dRR

R1 R2 CFTA ester MTPA ester

Me Et +0.09 0.00a

Me Pri +0.51 20.18a

Me C6H11 +0.32 20.05a

Me Ph +0.88 20.20a

Bornyl +0.71 +0.10b

Menthyl +0.58 20.12a

a Ref. 8. b Ref. 9.

Table 2 1H NMR Chemical shift differences (DdH values in ppm) for
diastereomeric CFTA and MTPA esters

DdH = dSR2 dRR

CFTA ester MTPA ester

R1 R2 Me of R1 Me of R2 Me of R1 Me of R2

Me Et +0.14 20.22 +0.13a 20.10a

Me Pri +0.16 20.19 +0.08a 20.08a

Me C6H11 +0.14 20.03 +0.08a —
Me Ph +0.10 — +0.06a —

Bornyl — 20.22c — 20.08b,c

Menthyl +0.03d 20.26e +0.03b,d 20.12b,e

20.19e 20.10b,e

a Ref. 10. b Ref. 9. c C1-Me. d C5-Me. e Me of Pri.

366 Chem. Commun., 1998


