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One-Pot Synthesis of 1,4-Diketones from Nitroalkenes and Ketones
Masaaki Miyashita, Bahlul Z.E. Awen, Akira Yoshikoshi*

Chemical Research Institute of Non-aqueous Solutions, Tohoku University, Sendai 980, Japan

A convenient one-pot synthesis of 1,4-diketones was achieved by .

the conjugate addition of lithium enolates of ketones to nitroal- 1 R .
kenes, followed by in situ hydrolysis of the resulting lithium salts of R \K\RZ + R3%N02 THF, ~78°C
aci-nitro compounds with aqueous hydrochloric acid in

OLi

tetrahydrofuran. ] 2
Nitroalkenes are potentially useful substrates in _ ‘
carbon—carbon bond forming reactions,! and have wide- Rgo\ﬁ/o"' 10% HCI RZ O
ly been used in organic synthesis.> We have demon- R WJ\ rty 5 Rt Wl\ .
strated that they serve as excellent oxoalkylating agents , R 80-75% , K
of carbonyl compounds,? e.g., the Lewis acid promoted °© R o R
Michael reaction of silyl enol ethers or ketene silyl 3 4
acetals with nitroalkenes gives a wide variety of 1,4- 1 R! R2 2 R3 R4
diketones and y-keto esters, respectively, in good yield.*
In these reactions, acidic conditions were used as nitroal- a Bu H a H Me
kenes are highly susceptible to alkaline conditions. We b Et Me b H Et
now report a more convenient procedure for the syn- ¢ —(CH,),— c Me Me
thesis of 1,4-diketones, which consists of the conjugate
addition of lithium enolates 1 to nitroalkenes 2° fol- .
lowed by in situ hydrolysis of the resulting lithium salt of 34 R! R? R? R
aci-nitro compounds 3 with aqueous hydrochloric acid. aa Bu H H Me

. ab Bu H H Et
Theenolates 1, generated from the corresponding ketones ac Bu H Me Me
with lithium diisopropylamide (LDA) in tetrahydrofuran  ba Et Me H Me
at — 78°C, react with a variety of conjugated nitroalkenes  bb Et Me H Et
2 to yield the Michael adducts 3,° which are treated in situ ~ be Et Me Me Me
with 10 % aqueous hydrochloric acid® at room tempera- 2: :Eggzi“: g g{e
ture for 4—5 h to give 1,4-diketones 4 via the Nef reaction cc —(CHi ): B Me Me

in 60-75 % yield (Table). Thus, a variety of 1,4-diketones
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Table. 1,4-Diketones 4 Prepared

Product Yield*  bp (°C)/Torr® Molecular Formula® IR (neat) 'H-NMR (CDCl,/TMS)

(%) or Lit. bp (°C)/Torr Ve—olem™1) 8, J(Hz)

4aa 65¢ 61/1 106-108/128 - -

4ab 65¢ 78/1 (CI%H31)802 1712 091 (t, 3H, J=6.5), 1.06 (t, 3H, J = 6.8),
. 1.0-1.8 (m, 4H), 2.2-2.7 (m, 4H), 2.70 (s, 4 H)

4ac 63f 99/0.9 817(6}{31)302 1709 0.88 (t, 3H, J=6.8), 1.08 (d, 3H, J = 6.8),
. 1.0-2.1 (m, 4H), 2.2 (s, 3H), 2.3-3.2 (m, 5SH

4ba 64 5511 92-95/0.02° - - ( : 38 (m: 51

4bb 75 591 8952112302 1710 1.04 (t, 3H, J=1.5), 1.06 (t, 3H, J=17.9),
. 1.10 (d, 3H, J = 5.8), 2.2-3.2 (m, 7TH)

4be 678 80/1.2 CoH 60, 1706 0.9-1.2 (m, 9H), 2.18 (s, 3H), 2.3-3.1 (m,

(156.2) 4H)

4ca 60 83/0.2 84-85/0.81° - -

4cb 64 83/0.2 115-120/0.02*1 - -

4cc 61b 84/0.2 115-120/0.02*1 -

: Yield of pure isolated product. ¢ A 92:8 mixture of 4ab and Sh.

Ungorrected. . f A 91:9 mixture of 4ac and 5c.
¢ Satisfactory microanalyses obtained: C +0.44, H 40.30. & A 65:35 stereoisomeric mixture.
h

4 A 88:12 mixture of 4aa and 5a.

4including cyclic ones, are easily obtainable in an one-pot
operation, although an unsymmetrical ketone, e.g., 1a
produces approximately a 90: 10 mixture of regioisomers
4aa-ac and Sa—c due to the generation of isomeric
enolates 1'a.”

) 1. LDA/THF
OLi then 2
\/\)\ 2. 10% HCl
Ta
0
0 RS
\/\)J\)\H/RL
RL
3
o R
0
4aa-ac 5a Rz H,R“=Me

b R3=H,R*= Et
C R3=R*=Me

The present method is more convenient than the previous
one,* since the experimental manipulation is simple and
ketones can be used directly as substrates without trans-
formation into silyl enol ethers. Since various nitroal-
kenes are readily available from nitroalkanes via aldol
condensation with aldehydes or ketones (Henry reac-
tion), the present method provides a facile entry into 1,4-
diketones.

IR spectra were recorded on a JASCO A-3 spectrophotometer. 'H-
NMR spectra were measured at 90 MHz using a JEOL FX-90Q
spectrometer.

1,4-Diketones 4; General Procedure:

To a solution of LDA (1.2mmol) in THF, prepared from BuLi
(1.6 M solution in hexane, 0.8 mL, 1.2 mmol) and diisopropylamine
(121 mg, 1.2 mmol) in THF (3mL) at — 78°C, is added dropwise a
solution of a ketone 1 (1 mmol) in THF (1 mL) over 10 min at the
same temperature under Ar. After stirring for 30 min, a solution of
a nitroalkene 2 (1.5 mmol) in THF (0.5 mL) is added dropwise over
5 min and the resulting mixture is stirred for an additional 2 h at
— 78°C, then warmed to 0°C. 10% HCI (3.5 mL) is added and the
mixture is stirred for 4-5h at r.t. The mixture is partitioned
between Et,O (30 mL) and water (20 mL), and the aqueous layer is
extracted with Et,O (2 x 15 mL). The combined organic layers are

A 88 :12 stereoisomeric mixture.

washed with brine (30 mL), and evaporated to dryness. The crude
1,4-diketone 4 is purified by distillation or flash column chroma-
tography on silica gel using EtOAc/hexane (1:3) as eluent (Table).
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