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Summary: &-(Nitrocalkyl)enones undergo monc B-conjugate addition of organocup-
rates in the presence of TMSCl to provide the corresponding silyl enol ethers
in good to excellent vield, despite the presence of the acidic a-nitro protons.

Allylic nitro compounds have become readily available! and proved to be
versatile synthetic intermediates. Particularly, Pd(O)2 or Lewis acid3
promoted allylic substitution of allylie nitro compounds by nucleophiles has
been the subject of considerable recent development. Very recently, during
the course of our study directed toward their utilization for organic
synthesis, we found that eyclic a-(nitroalkyl)enones underwent replacement of
nitro group by stabilized carbon nucleophiles and nitrogen and sulfur ones to
give SNZ type products without the aid of metal catalysts4. As an extension
of this work, here we report our new findings in that the base-sensitive
cyclic a-(nitrcalkyllenones 1, 2 and 3 react with organocuprates in the
presence of TMSCl to afford mono f-conjugate addition products 4 as the
corresponding silyl enol ethers which can be utilized for further synthetic
transformation (eq 1). ]
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Initially we predicted that a-(nitroalkyl)enones were not appropriate

L

substrates toward 1,4-conjugate addition of organocopper reagents because of
the existence of gquite acidic a-nitro protonss, and that even though the
conjugate addition occurred it would be difficult to obtain mono B -adduct
selectively due to the ease of g,g'-double conjugate addition as observed in
the reaction of analogous enones bearing the g'-hetercatom substituent with
organocupratess. In fact, subjection of 2-(nitromethyl)cyclohexenone (2) to
Bu,CuLi and (vinyl);CuMgBr in THF at low temperature resulted in the formation
of B,8'-dibutylated product 5 (71% yield) and gquantitative recovery of 2,
respectively (eqgq 2 and 3).
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In order to overcome both problems which we encountered, we sought reac-
tion conditions which allow 1,4-conjugate addition to prevail over abstraction
of the acidic proton from nitroalkyl group by RoCuM complexes and facilitate
trapping of the intermediate enolates resulting from initial conjugate addi-
tion. Addition of TMSCl to the reaction mixture is promising, since it has
been extensively recognized that TMSCl serves to enhance the rate of addition

7 and its use leads directly to silyl enol ethers®.

of cuprates to enones
Indeed TMSCl turned out to be indispensable for successful conjugate addition
of cuprates to a-(nitroalkyl)encnes (eq 1). Results are summarized in Table I.

To optimize the reaction conditions, 2 was subjected to various organo-
copper reagentsg. The present addition reaction to a-{(nitromethyl)enones was
highly dependent on the type of organocopper reagents employed. With respect
to transfer of alkyl and phenyl groups, the use of more than one equivalent of
homocuprates Bu,CuM, Me,CuM and Ph2CuM (M=Li or MgX) led to the best results
(runs 1,8 and 9). Two equiv of heterocuprate BuCu(CN)Li was also effective,
albeit the reduced yield, whereas PhCu{(CN)Li failed to give the conjugate
adduct; large amount of 2 was recovered (runs 4,5 and 10). Both 0.6 eguiv of
Bu,CulLi and 1.1 eguiv of BuCu failed to bring the reaction to completion
despite the presence of HMPA as additive and prolonged reaction time, resulting
in around 50% reaction conversion (runs 2 and 6)7d. Copper-catalyzed
conjugate addition of BuMgBr in the presence of TMSCl and HMPA was infeasible
(run 7)7C. On the whole, no prononnced effect of HMPA on the yield enhancement
was noted. Chemoselective conjugate addition occurred regardless of the
presence of another keto group in the sam=2 molecule (run 19). 2-(Nitromethyl)-
cyclopentenone (1) underwent a similar conjugate addition (runs 16,17 and 18).

Agspect of transfer of vinvl grodp was quite different from that of alkyl
and phenyl groups. To induce the transfer of vinyl group in (vinyl)ZCuMgBr
large excess amount of TMSCl was necessary, but only B,8'-divinylated product
was obtained along with recovered 2 (runs 11 and 12). (Vinyl)ZCuMgBr-BF3 also
effected B,R'-double conjugate addition (run 13). These results imply that
the high basicity and nucleophilicity of (vinyl)ZCuMgBr complex or its
equilibrating counterpart vinylMgBr might cause abstraction of the acidic a-
nitro proton and nucleophilic desilylation of once formed silyl enol ether,
eventually leading to the recovery of g -(nitromethyl)enones and the double

conjugate addition products, respectively, as shown in eq 2 and 3.
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Table I. TMSCl promoted conjugate addition to c-(nitroalkyl)enones (eg 1).
run nitroenone copper reagent TMSCL temp time yvield(%)
(equiv) (equiv)  (°C) 42 2b
1 2 (n=2,R'=H) Bu,Culi (1.1) 2.0 -78 10 min 98 0
2 2 Bu,CuLi (0.6)° 2.0 -78 3h 45 45
3 2 Bu,CuMgCl (2.0) 2.0 -78 2 h 95 0
4 2 BuCu{CN)}Li (1.1) 2 -78 10 min 12 48
5 2 BuCu(CN)Li (2.0) 2.0 -78 10 min 85 O
6 2 BuCu (1.1)F 2.0 -78 3 h 42 53
7 2 BuMgCl (2.0)°€ 2.0 -78 3 h 0 o
{10% CuBr-MeZS)
8 2 Me,CuLi (1.1) 2.0 -78 10 min 90 0O
9 2 PhyCuli (1.1) 2.0 -78 10 min 809 0
10 2 PhCu(CN)Li (2.0) 2.0 -78 10 min 0 84
11 2 (==7,CuMgBr (2.0)¢ 2.0 -78 10 min 0 65
then -50 10 min
12 2 (==1CuMgBr (2.0) 20.0 -78 30 min 0% 15
13 ( =51 CuMgBr - BF 4 2.0 -78 10 min of
(2.0) then -50 10 min
14 2 =="Cu(CN)MgBr 2.0 -78 10 min 09 62
(2.0) then -50 10 min
15 2 ZZCu(CN)MgBr -BFy 2.0 -78 10 min 518 30
(2.0) then =50 10 min
16 1 (n=1,R'=H) Bu,CuLi (1.1) 4.0 -78 10 min 74
17 1 Me,CuLi (1.1) 4.0 -78 10 min 78
18 1 Ph,Culi (1.1) 4.0 -78 10 min 519
19 3 Bu,CuLi (1.1) 2.0 -78 10 min 96

(n=2,R"=CH,CH,C0Me)

a) Yields refer to isolated yields of the silyl enol ethers. b) Recovery. c)
HMPA (2 equiv) was added.
in agueous THF.
67%(f) and 35%(g) yield.

d) Isolated as a ketone upon treatment with CF4COOH
e)f)g) B,8'~-Divinylated product was obtained in 83%(e),
h}) Isolated as a ketone.
Accordingly, the use of (vinyl)Cu(CN)MgBr'BF3, a combination of Lewis acid and
less nuclecphilic heterovinylcuprate, could prevent the dcocuble conjugate addi-
tion tc a great extent and afford B-monovinylated product as a desilylated form
(run 15)10.

To probe the synthetic utility of silyl enol ethers 4 obtained, trans-
formation of 4 into an important class of compounds was performed. Typical
examples are illustrated in Scheme 1. Hydrolysis with CF;COOCH in aqueous THF

produced 2-(nitromethyl)cycloalkanones quantitatively, a class of compounds not
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generally available by standard synthetic methods. Treatment of 4 with Bu,NF

led to a-exo-methylene ketones in excellent yield, which in turn gave 2,3-

disubstituted cycloalkanones upon 1,4-conjugate addition of a second nucleo-

phile. 0
Scheme 1 1 equiv
Bu4NF, THF n=1 95g
1 equiv TMS one . 2, 96%
CF. COOH, /// 20°C, 15min ( — BU
[\402 ag. THF NO
. 2 1) Bu,NF, THF
( T rt, 15min ( - \ 4. .
U Bu —20°¢C, 15m£27 Phn=1, 55% a
n=1, quant. (95/5)% 4 2) Ph,cuLi (97/3)
Ly
2, quant. (95/5)2 -78°¢, 3omin ¢ Tn "By 2, 74%
a) trans/cis {96/4)2
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