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Zincate-type enolate for radical a-trifluoromethylation
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Abstract—Ketone zincate-type enolates can be applied to radical trifluoromethylation for the general synthesis of a-CF3-ketones,
cyclopentanones in particular. The addition of diethylzinc to lithium enolates is the key in the preparation of the zincate-type
enolates for efficient radical trifluoromethylation.
� 2007 Elsevier Ltd. All rights reserved.
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Scheme 1.
Organofluorine compounds have attracted much inter-
est in view of their important applications in material
and biological sciences.1 One of the most important
organofluorine functionalities is trifluoromethyl (CF3)
one, which exhibits specific physical and biological
properties. a-CF3-carbonyl compounds are thus one of
the most useful synthetic building blocks for CF3-func-
tionalization. However, the defluorination of a-CF3-car-
bonyl compounds is problematic under basic conditions,
in particular.2 Defluorination is also encountered in
their preparation via radical trifluoromethylation of
metal enolates, because a-CF3-carbonyl products could
be easily deprotonated with the parent enolates and/or
bases (Scheme 1). Therefore, it had long been recognized
that highly basic conditions employing lithium enolates3

could not be applied to trifluoromethylation.4 Indeed
only few examples had been reported especially for
a-trifluoromethylation of ketones.4–8 Recently, we have
reported the radical trifluoromethylation of titanate
enolates9 with limited scope of ketonic substrates and
lithium enolates10 only applicable to cyclohexanone
derivatives; Cyclopentanone and acyclic ketones gave
only low-to-moderate yields.

On the basis of the longer bond length of soft late
transition metal Zn and hard F1d,2 in contrast to the
shorter bond length of hard early transition metals Ti
and F, we thought that zincate-type enolates might be
more effective than the titanate counterpart for radical
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trifluoromethylation (Scheme 1). We report here that
the zincate-type enolates can be applied to radical tri-
fluoromethylation for the general synthesis of a-CF3-
ketones, particularly cyclopentanones.

First, several zinc enolates of cyclohexanone were exam-
ined for radical trifluoromethylation at �78 �C, using
CF3I (ca. 5 equiv), Et3B (1.0 equiv), and O2.11 The yields
were determined by 19F NMR analysis using BTF
(benzotrifluoride) as an internal standard (Fig. 1). In
the case of zinc enolate generated by Et2Zn and
a-bromo cyclohexanone,12 only a trace amount of
a-CF3-ketone was obtained (Eq. 1). The zincate-type
enolate13 could be easily formed just by adding Et2Zn
to the lithium enolate at low temperature. Upon treat-
ment of the zincate-type enolate with CF3 radical,
the a-CF3-ketone was obtained in an increased yield
(Eq. 2). To increase the reactivity of the zincate-type
enolate, the addition of 12-crown-4 was examined to
trap the lithium counter cation, giving further increased
yield up to 70% (Eq. 3).
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Figure 1. Trifluoromethylation of various zinc enolates.
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Which is a reactive species, zincate-type enolate or sep-
arate lithium enolate associated with dialkylzinc? The
question has been the subject of excellent but controver-
sial mechanistic studies.3,13,14 The increased yield in our
case of the zincate-type enolate and 12-crown-4 is in
sharp contrast to the significantly decreased yield in
the case of lithium enolates with 12-crown-4. These
results imply the zincate-type enolate as the reactive
species at least in the radical trifluoromethylation of
ketone metal enolates (Fig. 1).

Time dependence of yields was also investigated with
zincate-type enolates in comparison with the lithium
enolate (Fig. 2). Trifluoromethylation of the lithium
enolate gave good yields of a-CF3-ketone in much short-
er reaction time because decomposition of the a-CF3-
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Figure 2. Time dependence of yields by zincate-type and lithium
enolates.
ketone took place under the basic conditions for
prolonged reaction time. In stark contrast, trifluoro-
methylation of the zincate-type enolate took longer
reaction time to give the a-CF3-ketone in good yield.

On the basis of these results (Figs. 1 and 2), the zincate-
type enolate is likely to be the active species in the pres-
ent radical trifluoromethylation but not the lithium
enolate associated with dialkylzinc.

Therefore, radical trifluoromethylation of zincate-type
enolates was further studied by changing the dialkylzinc
species employed (Table 1). The use of Me2Zn was also
found to be effective in giving the good yield, after
longer period of reaction time though (58% yield, 20 h).

The scope of the ketonic substrates was then investi-
gated using silyl enol ethers as the enolate precursors,
to exclude the effects of amines observed in the titanate
case9 (Table 2). Acyclic as well as cyclic substrates
including cyclopentanone provided the a-CF3-ketones
in good yields. a-CF3-a 0-C6H5-cyclohexanone was
obtained in an increased yield than that obtained by
the lithium enolate (entries 3 and 4 vs 5). Starting from
a-methylcyclohexanone,15 the a-CF3-ketone bearing all
carbon quaternary center16 was obtained in higher yields
than that obtained by the titanate enolate (entries 6 and
7 vs 8). a-CF3-cyclopentanone was also obtained in an
increased yield than those obtained by the lithium and
titanate enolates (entries 9 vs 10 and 11). An acyclic sub-
strate also provided the a-CF3-ketone in good yields
(entries 12 and 13 vs 14 and 15).

These results show that a-trifluoromethylation of the
zincate-type enolates was particularly effective not only
for acyclic ketones but also for cyclic ketones including
cyclopentanone as compared with the titanate and lith-
ium enolates.

The synthesis of trifluoromethylated steroid D-ring
analogue was thus investigated to highlight the signifi-
cance of a-trifluoromethylation of carbonyl compounds,
cyclopentanones in particular (Fig. 3). General treat-
ment of zincate-type enolate of TMS-protected andros-
terone with CF3I/Et3B/O2 provided the a-CF3-
androsterone in 45% yield (a:b = 3:1).
Table 1. Trifluoromethylation of zincate-type enolates with diethyl-
and dimethylzincs

OTMS O

CF3

MeLi 
(1.0 eq.)

THF / 0 °C
30 min

R2Zn 
(1.0 eq.)

0 °C
30 min

12-Cr-4
(1.0 eq.)

0 °C
30 min

CF3I (>5.0 eq.)
Et3B (1.0 eq.)

air

-78 °C
T h

T (h) Yielda (%)

R = Et R = Et R = Me R = Me
no 12-Cr-4 12-Cr-4 no 12-Cr-4 12-Cr-4

1 40 59 — —
6 46 65 — —

20 57 70 36 58

a Determined by 19F NMR using BTF as an internal standard.



Table 2. Trifluoromethylation of various substrates

R1

OTMS
R3

R2
R1

O
CF3

R2 R3

MeLi (1.0 eq.)

CF3I (>5 eq.)
Et3B (1.0 eq.)

air (0.5 ml)

THF / 0 °C
30 min

Et2Zn (1.0 eq.)
0 °C

30 min

-78 °C
20 h

12-Cr-4 (1.0 eq.)

Entry Si enol ether Product Yielda (%) deb (%)

1 OTMS O
CF3

57
2 (70)c

3 OTMS
Ph

O
CF3Ph

80 10
4 (86)c 14
5 43d 14

6 OTMS O

CF3

56
7 (78)c

8 42e

9 OTMS O

CF3

50
10 40d

11 33e

12

C5H11
n

nC4H9

OTMS
C5H11

n
nC4H9

O

CF3

74
13 (86)c

14 35d

15 64e

a Determined by 19F NMR analysis using BTF as an internal standard.
b Determined by 19F NMR analysis.
c With 12-crown-4 (1.0 equiv).
d With the lithium enolate.
e With the titanate enolate with Ti(OPri)4 (1.6 equiv).
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Figure 3. Trifluoromethylation of TMS-protected androsterone.
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In conclusion, we have developed radical trifluoro-
methylation of zincate-type enolates, particularly cyclo-
pentanones; CF3 substituent can now be introduced into
various ketones in higher yields.
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