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Synopsis. The reagent LiAlHsSbCls was found to be
more effective for a conjugate reduction of 2-butene-1,4-
diones in comparison with the reagent LiAlHs—other metal
halides.

The effect of the addition of AlCls to LiA1H4 was to
produce more mild and specific reagents for reducing
epoxides and halo ketones.? Therefore, a chemo-
selective reduction of polyfunctional compounds with
LiAlH4 in the presence of various other metal halides
has been the subject of much study.? It was reported
that the reduction of «,B-unsaturated ketones with
LiAIH4—Cuzlz or LiAlHs-metal halides (e.g., CusBry,
CuqCls, TiCls, FeCls) gave the corresponding ketones
arising from a conjugate reduction.?-4 Since y-keto-
a,B-unsaturated ketones, such as 2-butene-1,4-diones,
afforded 1,2-reduction products predominantly with
LiAlH4 or NaBH,, there has been much interest in
mild, convenient methods for a conjugate reduction of
v-keto-a, B-unsaturated ketones. The reduction of y-
keto-a, B-unsaturated ketones with LiAlHs—metal hal-
ides, however, has not been carried out.-? Moreover,
SbCls has not been used as a metal halide in a
conjugate reduction of a,B-unsaturated ketones and -y-
keto-a,B-unsaturated ketones. Since antimony i1s one
of the representative elements which possess both
metallic and nonmetallic properties and Sb3+ is a
borderline acid in the classification of hard and soft
acids,2-6.? it can be expected that the reduction of
carbonyl compounds with LiAlH4~SbCls has a new
reactivity in comparison with LiAlHs-transition metal
halides. We would like to report on the results of
studies concerning the selective conjugate reduction of
v-keto-a, B-unsaturated ketones, such as 2-butene-1,4-
diones, with LiAIH4-SbCla.

The reduction of trans-1-phenyl-2-pentene-1,4-dione
(1), chosen as a representative 2-butene-1,4-dione for

this study, with LiAlHs (LAH)-SbCls in various
stoichiometric ratios was carried out. The results are
summarized in Table 1. At the ratio of enedione 1,
LAH, and SbCls (1:1:1, 1:1:3, or 1:3:1), a mixture of
4-hydroxy-1-phenyl-1-pentanone, 1-phenyl-2-pentene-
1,4-diol and l-phenylpentane-1,4-diol and 1 was
mainly obtained, accompanied by a small amount of
1-phenylpentane-1,4-dione (la). At a stoichiometric
ratio of 1:3:3 or 1:3:4, enedione 1 was reduced to give a
conjugate reduction product la in nearly quantitative
yield. The optimum conditions for the conjugate
reduction of 1 with LAH-SbCls found in the present
experiments are as follows: 1) SbCls is essential for
effecting a regioselective conjugate reduction. ii)
There is need to use either an equal or excess molar
equivalent of SbCls over LLAH in order to suppress the
reaction of 1,2-reduction with LAH. ii1) There is need
to use more than two molar equivalents of LAH and
SbCls over 1 for obtaining conjugate reduction
products in high yield.

The results of a LAH-SbCl3 reduction of other 2-
butene-1,4-diones are shown in Table 2. The
reductions of trans-3-decene-2,5-dione (2), ethyl 3-
benzoylacrylate (3), trans- and cis-1,4-diphenyl-2-butene-
1,4-diones (5 and 6), even diethyl azodicarboxylate (4)
and 3-benzoyl-1-phenyl-2-pentene-1,4-dione (7) with
LAH-SbCls took place to give the corresponding
conjugate reduction products in good yields.

The results of a LAH-SbCl; reduction of «,(-
unsaturated carbonyl compounds are shown in Table
3. The reduction of a,B-unsaturated ketones (9 and 10)
was not selective, as shown. Only the formyl group of
8 was reduced to a hydroxyl group in 92% yield. The
chemoselective reduction of aldehydes in the presence
of ketones with this reagent was also examined in the
following competition experiments. Equimolar amounts
of 3,7-dimethyl-6-octenal and ethyl levulinate were

Table 1. Reduction of trans-1-Phenyl-2-pentene-1,4-dione 1 with LiAlH«-SbCls in THF at 0°C for 4 h?
Products, yield/%
Molar ratio

Entry Fredi 1 LiAlH ShCl 1-Phenylpentane- Hydroxy compound Recovered
nedione 1 4 3 1,4-dione la Hydroxy ketone  Diol enedione

1b 1c 1

1 1 2 0 — 569 389 —

2 1 1 1 32 309 — 33

3 1 1 3 23 — — 76

4 1 2 2 60 109 — 21

5 1 3 3 84 69 — —

6 1 3 1 14 429 430 —

7 1 3 9 87 — — —

8 1 3 4 93 — — —

9 1 0 3 — — — 99

a) LAH; 1.0—3.0 mmol; Solvent; 10—15 ml. b) Yield is based on enedione 1 used. c) 4-Hydroxy-1-phenyl-
l-pentanone. d) 1-Phenyl-2-pentene-1,4-diol. e) Mixture of 1b and 1c. f) Mixture of enediol and saturated diol.
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Table 2. Reduction of 2-Butene-1,4-dione with LiAlH;-SbCls in THF at 0°C for 4 h?

Molar ratio

Substrate (S) Products Yield/%»
S : LAH SbCls
2 1 1 3 3 Q )

Ph N 1a¥ 84

\'ONJ\ Ph /U\/\g/
\/\/\n/%ﬁ\ 2 ! 3 3 /\/\/(a\/\n/ 2a®9 94

0] 0
PhCOCH=CHCO,Et 3 1 3 3 PhCOCHzCHzCOz Et 3a® 86
0 o]

EtOEN=NCO,Et 4 1 3 3 EtOC NHNHCO,E 4a 81

Phﬁcﬁ 7 1 2.5
07 Ph

Ph
Ph 5al2.1» g

3 P hj\/\érph 5al2,1d 78
)OK/Y
o}
0

Ph CH3
2.5 0 7a 64

0 "Ph

a) LAH; 1.0—3.0 mmol; Solvent; 10—15 ml. b) Yield is based on 2-butene-1,4-dione used.

Table 3. Reduction of Carbonyl Compounds with LiAlHs+-SbCls in THF at 0°C for 4 h?
Molar ratio
Substrate (S) Products Yield®/%
S : LAH SbCls

CsHsCH=CHCHO 8 1 2 2 CsHsCH=CHCH:0H 8a 92
CsH;CH2:CH2CH2OH 8b 7
CsHsCH=CHCOCH3 9 1 3 3 CsHsCH2:CH2COCH3 9a 12
CsHsCH=CHCH(OH)CH3 9b 44
Recovered 9 42
CeHsCH=CHCOCs¢H; 10 1 3 3 CsHsCH2CH2COCeH5 10a 16
Recovered 10 50

a) LAH; 1.0—3.0 mmol; Solvent; 10—15 ml. b) Yield is based on the carbonyl compounds used.

allowed to compete for the reduction with three molar
equivalents of LAH-SbCls. 3,7-Dimethyl-6-octenal
was selectively reduced to 3,7-dimethyl-6-octene-1-0l
in 70% vyield and ethyl levulinate was recovered
unchanged. In addition, carbonyl groups of 1-
phenylbutane-1,3-dione and 1-phenylpentane-1,4-
dione and ester, nitrile, and acetal groups in ethyl
levulinate and 4-phenyl-4,4-ethylenedioxybutanenitrile
were not affected under the above-mentioned reduction
conditions.

On the other hand, the reduction of enedione 1 with
LAH-other metal halides such as Cugle, CuCls, AlCls,
FeCls, and TiCls gave no 1,4-reduction products, and
complex mixture of hydroxy derivatives were obtained
under various ratios of LAH and metal halides.

Thus, the reagent LAH-SbCls provides a new
convenient method for a mild, selective conjugate

reduction of 2-butene-1,4-diones. Further application
of reduction with LAH-SbCl3 to aldehyde and other
functional groups is now in progress.

Experimental

IR spectra were recorded on a JASCO A-100 spectrometer.
1H NMR spectra were taken on a Hitachi R-24B spectro-
meter with TMS as an internal standard. The products were
identified by spectroscopic data.

General Procedure. To a suspension of LAH (113 mg,
3 mmol) in THF (8 ml) at 0°C was added SbCls (684 mg,
3 mmol) dissolved in THF (2ml). The resulting mixture
was stirred for 5min at 0°C, and then 2-butene-1,4-dione
(1 mmol) in THF (2 ml) was added. After stirring for 4h at
0—18°C, the reaction mixture was treated with 1M aq
Na2COs and extracted with ethyl acetate. The organic layer
was washed by 0.5 M aq HCI and successively saturated aq
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NaCl and dried by MgSO4. After removal of the solvent in
vacuo, the residue was purified by column chromatography
on silica gel (Wakogel C-300) with CCls and CHCIs (3:1).
Conjugate reduction products 1a—7a were obtained in 64—
94% vield.

2-Butene-1,4-diones were prepared according to a procedure
from the literature.

trans-1-Phenyl-2-pentene-1,4-dione (1)1 and trans-3-decene-
2,5-dione (2) were prepared by pyridinium chlorochromate
(PCC) oxidation of the corresponding 2,5-dialkylfuran
derivatives.1®

trans-1,4-Diphenyl-2-butene-1,4-dione (5)!1-12 was prepared
by Friedel-Crafts acylation of benzene with fumaryl chlo-
ride.1® cis-1,4-Diphenyl-2-butene-1,4-dione (6)}:!2 and 3-
benzoyl-1-phenyl-2-pentene-1,4-dione (7) were prepared by
oxidation of corresponding furan derivatives with HNO3 in
acetic acid.?®

3-Benzoyl-1-phenylpentane-1,4-dione (7a): Mp 83—84°C
(from CCly); IR (KBr) 1720, 1690, and 1675 cm—1; 'H NMR
(CDCls) 6=2.22 (3H, s), 3.70 (2H, m), 5.30 (1H, t, J=6.0),
7.26—8.26 (10H, m).

trans-3-Decene-2,5-dione (2): Mp 46—47°C (from hexane);
IR (KBr) 1670 cm~1; TH NMR (CDCls) 6=0.85 (3H, t, J=7.0),
1.13—2.00 (6H, m), 2.33 (3H, s), 2.47—2.83 (2H, m), 6.70
(2H, s).

3-Benzoyl-1-phenyl-2-pentene-1,4-dione (7): Mp 112—
113°C (from ethanol); IR (KBr) 1685 and 1660 cm=1;
H NMR (CDCls) 6=2.35 (3H, s), 7.20—8.10 (11H, m).
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