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Trifluoromethylation of ketone silyl enol ethers is found
to be significantly accelerated by late-transition-metal catalysts
and dialkylzincs to give �-trifluoromethyl ketones in good
yields. Addition of dialkylzinc is the key to the high yielding
�-trifluoromethylation of carbonyl compounds.

Trifluoromethylated compounds have attracted much atten-
tion in medicinal and agrochemical science.1 However, �-tri-
fluoromethylation of non-fluorinated carbonyl compounds has
remained difficult because of the specific physical properties
of the CF3 groups. The problem in the direct introduction of
the CF3 group to the �-position of ketones associates with the
low reactivity of ketone silyl enol ethers2 and unstable �-CF3
ketonic products under basic conditions. Another problem is
that the electronegativity of trifluoromethyl group is higher than
that of iodine (CF3

��–I�þ),3 which is the reason we have focused
on radical methodology for �-trifluoromethylation.4 However,
the radical methodology still has problems such as difficulty in
application to catalytic asymmetric reaction.4d

Currently, the catalytic asymmetric �-arylation of carbonyl
compounds catalyzed by late-transition-metal complexes has
attracted much attention.5 Furthermore, the �-arylation of
carbonyl compounds proceeds under neutral conditions using
Reformatsky reagents6,7 or silyl enol ethers in the presence of
zinc salts6,8 in good yield. Therefore, we decided to develop
an efficient synthetic method for transition-metal-catalyzed �-
trifluoromethylation of silyl enol ethers or metal enolates under
neutral conditions.9 This catalytic process is intriguing in terms
of ‘‘Umpolung’’10 of CF3

��–I�þ to give the formal ‘‘CF3
þ’’ for

enolate alkylation by late transition metal complexes. A quite
recent report11 prompted us to report herein our own results.9

We first focused on an iridium-catalyzed �-trifluoromethyl-
ation of ketone enolates with CF3I (Scheme 1). Because the
oxidative addition of CF3I

12,13 with an iridium catalyst at low
temperature has already been reported.13a,13b The reaction was
carried out in the presence of CF3I and [IrCl(cod)]2 (1mol%) us-
ing zinc enolate of weak metal–fluoride interaction14 to prevent
defluorination of the �-CF3 product. The zinc enolate prepared
with Cl2Zn (X ¼ Cl) did not give any product. The zinc enolate

prepared from EtZnCl (X ¼ Et) gave the �-trifluoromethyl
ketone 2a in 25% yield. When employing Et2Zn without using
n-BuLi, 2a was obtained in 49% yield.

Several group VIII transition metal complexes including Ir,
Rh, Pd, Ni, and Ru were thus screened (Table 1). Without group
VIII transition metal, �-trifluromethyl ketone 2a was obtained
only in 12% yield (Entry 1). In the presence of late-transition-
metal complexes, 2a was obtained in up to 69% yield. Especial-
ly, the Wilkinson catalyst gave the highest yield (69% yield)
(Entry 5).

Zinc reagents were also examined (Table 2). Lewis acidic
zinc dihalide such as Br2Zn, F2Zn did not give any product
(Entries 6–9). Only dialkylzinc reagents gave 2a in moderate
to good yields (Entries 2–4). Especially, Et2Zn provides the best
yield (69% yield) (Entry 3).

Finally, ketonic substrates were screened to show eventually
the wide scope of this catalytic �-trifluoromethylation (Table
3).15 Five- to seven-membered cyclic ketones gave the �-CF3
products 2a–2f in good yields (Entries 1–6). Starting from
�-methylcyclohexanone,16 the �-trifluoromethyl product 2f
bearing all carbon quaternary center17 could be obtained (Entry
6).18 Acyclic ketones also gave the products 2g and 2h in good
yields (Entries 7 and 8).

In conclusion, we have uncovered �-trifluoromethylation
of silyl enol ethers catalyzed by late-transition-metal complexes
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Scheme 1. �-Trifluoromethylation of ketone using Ir complex.

Table 1. Group VIII transition metal catalyses

OTMS O
CF3

0 °C, 30 min

Et2Zn (1.5 equiv)
CF3I (ca. 10 equiv)

Metal Complex (Metal 2 mol%)

THF, -78 °C1a 2a

Entry Metal Complex Yield/%a

1 — 12

2 Ir [IrCl(cod)]2 49
3 IrCl(CO)(PPh3)2 24

4 IrI(CO)(dppe) 10

5 Rh RhCl(PPh3)3 69

6 [RhCl(cod)]2 54
7 [Rh(OH)(cod)]2 55

8 [Rh(acac)(C2H4)2 58
9 [Rh(cod)2](SbF6) 57

10 Pd Pd(PPh3)4 56b

11 Pd(dba)2 54b

12 Pd(OAc)2 58b

13 Ni Ni(PPh3)4 60

14 Ru RuCl2(PPh3)3 60

15 [RuCl2(benzene)]2 55

aDetermined by 19FNMR using BTF as an internal standard.
bReaction time was 2 h.
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in the absence of oxygen, which is necessary in radical tri-
fluoromethylation. This reaction can be significantly accelerated
by dialkylzincs. Studies on the reaction mechanism are currently
in progress.

We are grateful to Tosoh F-Tech Inc. for kind support of
CF3I.
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10 Review: a) B.-T. Gröbel, D. Seebach, Synthesis 1977, 357. b) D.
Seebach, Angew. Chem., Int. Ed. Engl. 1979, 18, 239. c) G. Wittig, P.
Davis, G. Koenig, Chem. Ber. 1951, 84, 627.

11 K. Sato, T. Yuki, A. Tarui, M. Omote, I. Kumadaki, A. Ando, Tetra-
hedron Lett. 2008, 49, 3558.

12 Review on the oxidative addition of CF3I to late-transition-metal
complex: a) R. P. Hughes, Adv. Organomet. Chem. 1990, 31, 183. b)
J. A. Morrison, Adv. Organomet. Chem. 1993, 35, 211.

13 Oxidative addition of CF3I to Ir complexes: a) P. J. Albietz, Jr., B. P.
Cleary, W. Paw, R. Eisenberg, J. Am. Chem. Soc. 2001, 123, 12091.
b) P. J. Albietz, Jr., B. P. Cleary, W. Paw, R. Eisenberg, Inorg. Chem.
2002, 41, 2095. c) T. R. Greene, W. R. Roper, J. Organomet. Chem.
1986, 299, 245. d) R. B. King, A. Efraty, J. Organomet. Chem. 1971,
27, 409. e) S. A. Gardner, M. D. Rausch, Inorg. Chem. 1974, 13, 997.

14 M–F interaction plays an important role in defluorination of �-CF3 car-
bonyl compounds: a) M. Schlosser, in Organometallics in Synthesis-A
Manual, ed. by M. Schlosser, John Wiley & Sons, Chichester, 1994,
pp. 1–166. b) E. F. Murphy, R. Murugavel, H. W. Roesky, Chem.
Rev. 1997, 97, 3425. c) H. Plenio, Chem. Rev. 1997, 97, 3363, and
references cited therein.

15 Typical experimental: To a solution of RhCl(PPh3)3 (3.7mg, 4 mmol)
in THF (1.0mL), 1-(trimethylsilyloxy)cyclohexene (1a) (38.9mL, 0.2
mmol) was added at �78 �C. To the mixture was added gaseous CF3I
(ca. 400mg, ca. 2.0mmol) with a cannula followed by Et2Zn (300 mL
of 1.0M solution in hexane, 0.3mmol) at that temperature. The reaction
mixture was stirred for 30min at 0 �C and then quenched by acetic acid
(5M solution in THF) at 0 �C. The yield (69%) of 2-trifluoromethyl-
cyclohexanone (2a) was determined by 19FNMR using BTF (10mL,
0.082mmol) as an internal standard.

16 Silyl enol ether of �-methyl cyclohexanone consists of thermodynamic
and kinetic enol ethers (87:13).

17 Reviews on the construction of quaternary carbons: a) S. F. Martin,
Tetrahedron 1980, 36, 419. b) K. Fuji, Chem. Rev. 1993, 93, 2037. c)
E. J. Corey, A. Guzman-Perez, Angew. Chem., Int. Ed. 1998, 37, 388.
d) J. Christoffers, A. Mann, Angew. Chem., Int. Ed. 2001, 40, 4591. e)
I. Denissova, L. Barriault, Tetrahedron 2003, 59, 10105. f) C. J.
Douglas, L. E. Overman, Proc. Natl. Acad. Sci. U.S.A. 2004, 101,
5363. g) B. M. Trost, C. Jiang, Synthesis 2006, 369.

18 More reactive ester and lactone silyl enol ethers gave good yields of �-
trifluoromethyl products under the reaction conditions [RhCl(PPh3)3,
Et2Zn, and CF3I].

15 For radical trifluoromethylation of ester silyl enol
ether, see ref. 2.

Table 2. Zinc reagent acceleration

OTMS O

CF3

0 °C, 30 min

Zinc reagent (1.5 equiv)
CF3I (ca. 10 equiv)

RhCl(PPh3)3 (2 mol%)

THF, -78 °C
1a 2a

Entry Zinc Reagent Yield/%a

1 — 0
2 i-Pr2Zn 38

3 Et2Zn 69
4 Me2Zn 37

5 Ph2Zn 1
6 Br2Zn 0

7 F2Zn 0
8 (TfO)2Zn 0

9 t-BuO2Zn 0

aDetermined by 19FNMR using BTF as an internal standard.

Table 3. �-Trifluoromethylation of ketone silyl enol ethers

Time/h

0.5

3

3

6

3

6

6

6

Yield/%a

69

75

53

42

60

31

54

51

Entry

1

2

3

4

5

6

7

8

drb



57:43

90:10











OTMS

R1 R3

R2

O

R1 CF3

R2 R3

Et2Zn (1.5 equiv)
CF3I (ca. 10 equiv)

RhCl(PPh3)3 (2 mol%)

THF, -78 °C 0 °C1a~h 2a~h
Si Enol Ether

OTMS

1a

OTMS

1b

OTMS
Ph

1c

OTMS

1e
OTMS

1f

OTMS

4
3
1g

1d

OTMS

OTMS

Ph
1h

Product
O

CF3

2a

O
CF3

2b

O
CF3Ph

2c

O
CF3

2f

O

CF3
4

3
2g

2e

O

CF3

2d

CF3

O

O

Ph
CF3

2h

aDetermined by 19FNMR using BTF as an internal standard.
bDetermined by 19FNMR.
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