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ABSTRACT

The radical trifluoromethylation of ketone titanium ate enolates gave r-CF3 ketones in good yields. The use of excess amount of LDA and
Ti(OiPr)4 in the preparation of titanium ate enolates is the key to the efficient radical trifluoromethylation.

Organofluorine compounds continue to attract much attention
because of their important applications as biological active
agents, liquid crystalline materials, and so on. One of the
most important fluorine-containing compounds is a CF3

compound, which exhibits specific physical and biological
properties.1 However, the synthesis ofR-CF3 carbonyl
compounds has not been fully established. Radical trifluo-
romethylation of enolates is in principle one of the simplest
ways to introduce a CF3 unit at theR position of a carbonyl
group; however, there are only limited examples, especially
in the case of ketones.2-5 It has been reported that the

synthetic difficulty is due to the defluorination of theR-CF3

ketone product by the parent enolate or base during the
reaction (Scheme 1).3 Recently we have reported the efficient

generation of titanium enolates ofR-CF3 ketones and high
yielding aldol reactions.6 The stability of the titanium enolates
of R-CF3 ketones stems from the linearity of Ti-O-C bonds
caused by the donation of the lone electron pair of the oxygen
to the empty d-orbital of titanium to suppress Ti-F interac-
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tion7 and successive defluorination. On the basis of the fact
that titanium enolates ofR-CF3 ketones are stable to
defluorination, we report here that titanium ate enolates can
be applied to radical trifluoromethylation for the synthesis
of R-CF3 ketones.

First, several titanium enolates of cyclohexanone were
reacted with CF3 radical, which was generated by CF3I (ca.
5 equiv) and Et3B (1.0 equiv).8 The reaction was carried out
at -78 °C for 2 h. The yields were determined by19F NMR
using BTF as an internal standard (Figure 1). In the case of

TiCl3 enolate (formed by TiCl4 and Et3N in CH2Cl2 at -78
°C), noR-CF3 ketone (3a) was obtained. In the case of Ti-
(OiPr)3 enolate (formed by the addition of Ti(OiPr)3Cl to the
corresponding lithium enolate in THF at-78 °C), theR-CF3

ketone (3a) was formed, but in low yield (23%). To increase
the reactivity of the enolate, the titanium ate9,10 enolate was
examined. Titanium ate enolates could be easily formed just
by adding Ti(OiPr)4 to lithium enolate at low temperature.9

Upon treatment of titanium ate enolate (2a) with CF3 radical,
theR-CF3 ketone was obtained in an increased yield (56%).

Radical trifluoromethylation of titanium ate enolate (2a)
was further investigated and the use of excess amount of

LDA and Ti(OiPr)4 was found to be important in increasing
the yield (Table 1). When the enolate (2a) was formed by

1.0 equiv of LDA and 1.0 equiv of Ti(OiPr)4, the product
(3a) was formed in 56% yield (entry 1). When 1.6 equiv of
LDA and 1.6 equiv of Ti(OiPr)4 were used, the yield
increased up to 81% (entry 3). Using 1.0 equiv of LDA and
1.6 equiv of Ti(OiPr)4 gave theR-CF3 ketone (3a) in almost
the same yield as in entry 1 (52%, entry 5). Therefore, both
LDA and Ti(OiPr)4 should be used in excess amounts.

The titanium ate enolate is prepared from the correspond-
ing lithium enolate. When LDA was used for the preparation
of lithium enolate, 1 equiv ofiPr2NH was formed simulta-
neously. To investigate the effect ofiPr2NH, nBuLi was added
to silyl enol ether,11 to generate the lithium enolates without
formation of iPr2NH (Table 2) and the amount ofiPr2NH
could be controlled at will). When the reaction was carried

out without addition ofiPr2NH, the yields did not change
significantly even by increasing the amount ofnBuLi and/or
Ti(OiPr)4 (Table 2, entry 1-3). On the contrary, when three
reagents (nBuLi, iPr2NH, Ti(OiPr)4) were used in 1.0 equiv
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Figure 1. Trifluoromethylation of various titanium enolates.

Table 1. Trifluoromethylation of Titanium Ate Enolates

entry LDA (equiv) Ti(OiPr)4 (equiv) yield (%)a

1 1.0 1.0 56
2 1.3 1.3 72
3 1.6 1.6 81
4 2.0 2.0 80
5 1.0 1.6 52

a Determined by19F NMR using BTF as an internal standard.

Table 2. Trifluoromethylation of Titanium Ate Enolates
Starting from the Silyl Enol Ether

entry

nBuLi
(equiv)

R2NH
(equiv)

Ti(OiPr)4

(equiv)
yield
(%)a

1 1.0 1.0 63
2 1.0 1.6 62
3 1.6 1.6 68
4 1.0 iPr2NH (1.0) 1.0 49
5 1.6 iPr2NH (1.6) 1.6 74
6 1.0 2,2,6,6-Me4-piperidine (1.0) 1.0 57
7 1.6 2,2,6,6-Me4-piperidine (1.6) 1.6 72
8 1.0 Et2NH (1.0) 1.0 6
9 1.6 Et2NH (1.6) 1.6 11

a Determined by19F NMR using BTF as an internal standard.
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each, the yield was decreased (entry 4 (vs entry 1)). In the
case that the three reagents were used in 1.6 equiv each, the
yield was increased (entry 5). Although the yield of entries
4 and 5 in Table 2 were slightly decreased compared to
entries 1 and 3 in Table 1, a similar tendency was observed
in the relationship of the yields and the amounts of the
reagents.

From these results, the effect ofiPr2NH could be proposed
as follows (Scheme 2).iPr2NH, which is formed by using

LDA in the preparation of titanium ate enolate (2a), would
exchange with-OiPr ligand to giveiPrOH. iPrOH could
protonate the enolate to form ketone and titanium amide
complex (LDA/Ti(OiPr)4).12 This mechanism rationalizes not
only the decrease in yield upon addition ofiPr2NH (Table
2, entry 4) (protonation of the enolate to reduce the amount
of the reactive enolate species) but also the increase in yield
using excess amount of LDA and Ti(OiPr)4 (the equilibrium
shifts to titanium ate enolate). To support the mechanism,
2,2,6,6-tetramethylpiperidine and Et2NH were investigated.
2,2,6,6-Tetramethylpiperidine is more bulky thaniPr2NH and
its coordinating ability is lower than that ofiPr2NH to shift
the proposed equilibrium (Scheme 2) to titanium ate enolate
(2a). In fact, when 2,2,6,6-tetramethylpiperidine was used
in 1.0 equiv (entry 6), the decrease in the yield was not
significant relative to iPr2NH (entry 4). When 2,2,6,6-
tetramethylpiperidine was used in 1.6 equiv (entry 7), the
yield was increased as in the case ofiPr2NH (entry 5). On
the other hand, Et2NH is less bulky thaniPr2NH and, hence,
its coordination ability is higher to shift the equilibrium

(Scheme 2) to ketone (1a). In fact, when Et2NH was used
in 1.0 equiv (entry 8) and 1.6 equiv (entry 9), the yield was
dramatically decreased. It should be noted that the LDA/Ti-
(OiPr)4 complex, which might act as a base, works not for
the decomposition of theR-CF3 ketone products but for
increasing the yield.

Several ketonic substrates were thus investigated (Figure
2). Acyclic substrates (3c,d) as well as cyclic substrates

(3a,b) provided theR-CF3 ketones in good yields. Although
LDA could generate only kinetic lithium enolate, both kinetic
and thermodynamic enolate could easily be prepared from
silyl enol ethers. Therefore, thermodynamic titanium ate
enolate ofR-substituted ketone could be generated by silyl-
to-lithium method to obtain quaternary carbon center attached
with CF3 substituent.13,14 In the case ofR-Me15 andR-Ph16

substituted cyclohexanone, the products were obtained in
reasonable yields (3e,f).

In conclusion, we have developed radical trifluorometh-
ylation of titanium ate enolates. The key to the success is
the use of an excess amount ofnBuLi, iPr2NH, and Ti(OiPr)4
to generate the titanium ate enolates. By this method, the
CF3 substituent can be introduced to give various ketones
even withR-CF3 quaternary carbon centers.

Supporting Information Available: Detailed experi-
mental procedures and spectroscopic data of the product. This
material is available free of charge via the Internet at
http://pubs.acs.org.
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Figure 2. Trifluoromethylation of various substrates: (a) yield
determined by19F NMR, (b) isolated yield.

Scheme 2
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