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Abstract

Optically active 1,1,2-trifluoro- or 1,2-difluoroallylic alcohols were prepared via a lipase-catalyzed
reaction and their absolute configuration was determined by an X-ray crystallographic analysis of the
corresponding ferrocene ester along with the refined Mosher method (the Kusumi–Ohtani method).
© 2000 Elsevier Science Ltd. All rights reserved.
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Substitution of the fluorine atoms on organic molecules is expected to alter both the chemical
reactivity and biological activity due to the strong electron-withdrawing nature of fluorine.1 We
recently reported the preparation of novel 1,1,2-trifluoroallylic alcohols in optically pure form
via a lipase-catalyzed reaction2 and tentatively assigned their absolute configuration by using the
refined Mosher method, which is known as the Kusumi–Ohtani method.3 It was established that
this method is applicable for many types of secondary alcohols in which the absolute configura-
tion of the chiral center was determined by comparing the Dd values of the protons on the
molecules. However, our compound, such as (S)-1-phenyl-2,3,3-trifluoroprop-2-en-1-ol (1a),
possesses only protons on the left side and only fluorine atoms at the right side of the molecular
frame between the stereo center. There has been no published report to apply the Kusumi–
Ohtani method to the determination of the absolute configuration of such types of compound.3
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Herein we report that the syntheses of optically active 1,1,2-trifluoro- and 1,2-difluoroallylic
alcohols have been accomplished through a lipase-catalyzed reaction and their absolute configu-
ration determined by X-ray crystallographic analysis along with the Kusumi–Ohtani method.

Optically active 1,1,2-trifluoroallylic alcohols4 and 1,2-difluoroallylic alcohols5 were prepared
by a lipase-catalyzed reaction (Table 1).2,6 Excellent enantioselectivity was observed for all
substrates and high E values7 were recorded, though it required a longer time for the reactions
of the 1,2-difluoroallylic alcohols 1b5 and 1d (entries 2 and 4) than those of the 1,1,2-trifluro-
allylic alcohols 1a2 and 1c2 (entries 1 and 3). It was assumed that PCL catalyzed the acylation
of these four types of alcohols, 1a–d, with the same enantio-favoritism based on the results of
the capillary GC analysis.6 The absolute configuration of (−)-2a, which was obtained by
PCL-catalyzed trans-acylation, was determined by X-ray crystallographic analysis of the corre-
sponding ferrocenyl ester 4a. Ester (−)-2a (95% ee) was hydrolyzed by LiOH to lead (−)-1a,
which was then converted to the crystalline ferrocenyl ester 4a in 87% yield; suitable crystals of
4a for X-ray analysis were obtained by recrystallization from a mixed solvent of ether and
hexane. The ORTEP diagram is shown in Fig. 1. Flack parameter shows −0.01(2) and the
absolute configuration of 4a has been determined to be (S).8,9

Table 1
Results of PCL-catalyzed trans-esterification of fluorinated allylic alcohols (9)-1

[a ]D of 1 (c ca. 1)X Time (h) %conv. %ee of 2R E7 Relative ratebEntry
(%yield)a

+30 (\99% ee)F 22 33 95 (32) 621 1.5Ph
+4.3 (\99% ee)0.1826599 (23)232 128HPh
+15 (91% ee)3 FPhCH2CH2 36 29 97 (24) 99 0.81

1704 98 (27)3663H +5.3 (\99% ee)0.57PhCH2CH2

a Isolated yield.
b %conv./time (h).

Figure 1. ORTEP view of 1-phenyl-2,3,3-trifluoroprop-2-en-1-yl ferrocenecarboxylate (4a)
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We then tried to determine the absolute configuration of these optically active compounds by
the Kusumi–Ohtani method. The produced acetates, (−)-2a–d, and the unreacted alcohols,
(+)-1a–d, were converted to the corresponding (S)-a-methoxy-a-trifluoro-a-phenylacetates
(MTPA) and (R)-MTPA esters 3, respectively. The Dd values for the protons were calculated
from the results of the 500 MHz 1H NMR analyses, and those for the fluorine atoms were
calculated from the 188 MHz 19F NMR analyses. All the products, (−)-2a–d, which were
obtained by the lipase-catalyzed reaction were assigned to be (S) by the Kusumi–Ohtani rule
(Fig. 2).3 Although a single exception was found for compounds (S)-3b and (R)-3b, in which
both the Dd values for the 1-protons showed opposite signs suggested by the Kusumi–Ohtani
rule (see the underlined part). However, this exception might be ruled out because these Dd

values were too small to apply the rule by comparing with other signals. It was thus confirmed
that the results of the Kusumi–Ohtani method for (−)-2a definitely agreed with the X-ray
crystallographic analysis.

In conclusion, new types of partly fluorinated allylic alcohols were synthesized in an optically
active form via the lipase-catalyzed reaction and their absolute configuration was determined by
X-ray crystallographic analysis and the Kusumi–Ohtani method. This is not only the first
synthesis of 1,2-difluoroallylic alcohols in optically active form, but also the first example to

Figure 2. Determination of the absolute configuration of 3a–d by the Kusumi–Ohtani rule. Dd=(dS−dR) were
calculated by the results for (R)- and (S)-MTPA esters of 500 MHz 1H- and 188 MHz 19F NMR analysis
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verify the Kusumi–Ohtani rule in which the method is applicable to partly fluorinated molecules,
such as 1,2,2-trifluoroallylic alcohols.
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