Radical Trifluoromethylation of Ketone
Silyl Enol Ethers by Activation with

Dialkylzinc

ORGANIC
LETTERS

2006
Vol. 8, No. 21
4671—4673

Koichi Mikami,* Yuichi Tomita, Yoshiyuki Ichikawa, Kazutoshi Amikura, and

Yoshimitsu Itoh

Department of Applied Chemistry, Tokyo Institute of Technology,

Tokyo 152-8552, Japan
kmikami@o.cc.titech.ac.jp

Received May 9, 2006 (Revised Manuscript Received September 12, 2006)

ABSTRACT

Radical Trifluorometylation via Activation by Et,Zn
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The radical trifluoromethylation of ketone silyl enol ethers gave
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a-CF3 ketones in good yields with wide scope of the ketonic substrates

including acyclic ketones and cyclopentanone. The use of dialkylzinc to activate the silyl enol ethers is the key to the efficient radical

trifluoromethylation.

CF; compounds have attracted much attention because ofat theo position of a carbonyl group because polarization
their important applications as biologically active agents and of CF°~—X T is in contrast to CkP*—X°~ and because

liquid crystalline materials, which exhibit specific biological
and physical properti€sa-CF; carbonyl compounds could
be promising building blocks for the construction of £F
compounds. Radical trifluoromethylation of enolates is in
principle one of the simplest ways to introduce a;QhRit
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the reaction of C# with enolates cannot givex-CF;
ketone<. However, only limited examples are reported on
radical trifluoromethylation, especially in the case of
ketones 6
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The synthetic difficulty has been reported to be due to ||| A A

defluorination of thqa-CFg ketong product by the parent Table 1. Trifluoromethylation of Silyl Enol Ether with
enolate or base during the reaction (ScheméRgcently, Dialkylzinc

CF3l (ca. 5 equiv)
R2Zn (1.0 equiv) air (0.1 mL) ij/CFa

Scheme 1 THF,0°C,1h -78 °C
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) F_ apetermined by 1% NMR analysis using BTF as an internal
M---F interaction standard.

we reported that the use Of titanium ate enoVaﬂEﬂd ||th|um en0| ethers as dﬁ* Comp|exA or Lewis acid/base Comp|ex
enolate¥could avoid significant defluorination during radical g (Figure 1). The reactivity of the trimethylsilyl enol ether
trifluoromethylation. However, these methods work with s significantly increased with or without formation of the
limited scope of ketonic substrates. On the other hand, lesszinc enolate under the reaction conditions. Quite recently,

reactive enolate equivalents such as silyl enol ethers havelithium cation complexation with an alkene was reported to
been used for radical trifluoromethylation to suppress de- gccelerate radical addition reactisn.

fluorination of thea-CF; carbonyl compound$Due to its

poor reactivity, this method could only be applied for ester _

silyl enol ethers (ketene silyl acetals), which is more

nucleophilic than ketone silyl enol ethers. Thus, we focused . R
our attention to zinc enolate, on the basis of the fact that the Q T™MS. . Zn

) ' : ™SO cznoR "ot R
interaction between metals and the fluorine atom can be cy%?‘ J\
widely changed by the nature of the metals: the longer bond : ) : “J.
distance of soft late transition metal zinc with hard fluorine Rl g
implies the negligible associative interactid.Therefore, A

metal enolates with zinc countercation might be employed
for radical trifluoromethylation without decomposition of Figure 1. Activation of silyl enol ethers with dialkylzinc.
a-CF; ketonic products.

First, the generation of the zinc enolate of cyclohexanone
was attempted starting from the silyl enol ether with ~ On the basis of these results, dialkylzinc can be reduced
dialkylzinc for radical trifluoromethylation using GF in catalytic amounts (Table 2). As expected, even with a
(ca. 5 equiv), BB (1.0 equiv), and @° at —78 °C. The
yields were determined b¥F NMR analysis using BTF || NG

(benzotrifluoride) a,s an_ internal .Standard:CFg-CydO- Table 2. Trifluoromethylation with a Catalytic Amount of
hexanone was obtained in good yield (75%) only after 1 h Diethylzinc

(Table 1) OTMS CF3l (ca. 5 equiv)
The zinc enolate could not, however, be observed upon Et3B (1.0 equiv)
L . . . . EtyZn (X equiv) air (0.1 mL) CF3
addition of dimethylzinc to the trimethylsilyl enol ether of _ _
cyclohexanone by TLC or NMR analyses. This observation 1a THFR0°C.1h 78°C 2a
implies the simple complexation of dialkylzinc with the silyl
entry EtoZn (equiv) time (h) yield® (%)
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Table 3. Trifluoromethylation of Various Silyl Enol Ethers of

Acyclic and Cyclic Ketones

CF3l (ca. 10 equiv)

OTMS Et3B (1.0 equiv) 0
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T, THR1h rt e
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aDetermined by NMR analysis using BTF as an internal standard.
b16% de; trans majof With lithium enolate d Isolated yield.c 80% de.

fwith titanium ate enolate.

semicatalytic amount of diethylzinc (0.5 equiv), the trifluo-

h; 76%, 20 h) (entries 6 and 7). Without diethylzinc, the
trifluoromethylation product was obtained in only low yields
(entries 1—3}

Several ketonic substrates were then investigated (Table
3). The present radical trifluoromethylation was found to
give wide scope for the ketonic substrates applicable. The
wide scope of applicable substrates is in sharp contrast to
titanium ate enolatéwhich is not applicable to cyclopen-
tanone, and lithium enolafewhich is limited to cyclohex-
anone derivatives. Acyclic substrates as well as cyclic
substrates including cyclopentanone provided th€F;
ketone products in good vyields via the silyl enol ethers
activated with diethylzinc.

Since thermodynamic enolates could easily be prepared
from the silyl enol ethers, the quaternary carbon céteth
a CR substituent could be produced fromsubstituted
ketone'® In the case ofi-Mel*-substituted cyclohexanone,
the product with a Clattached quaternary carbon was
obtained in 32% vyield for 24 h (entry 3).

In conclusion, we have thus developed the radical tri-
fluoromethylation of ketone silyl enol ethers. Activation
with dialkylzinc leads to thex-CF; ketones in increased
yields with wide scope of the ketonic substrates including
acyclic ketones and cyclopentanonone. The use of dialkyl-
zinc to activate the silyl enol ethers is the key to the effi-
cient radical trifluoromethylation, by which a @Bub-
stituent can be introduced to give varioasCF; ketones,
with or without formation of the zinc enolate interme-
diates.

Supporting Information Available: Typical experimen-
tal procedure of trifluoromethylation and spectroscopic data
of all the products. This material is available free of charge
via the Internet at http://pubs.acs.org.
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