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Raney Nickel: An Efficient Reagent to Achieve the Chemoselective
Hydrogenation of a,B-Unsaturated Carbonyl Compounds
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Abstract: Raney Nickel is an effective reagent to achieve the
chemoselective reduction of conjugated ol€efins in a,B-unsaturated
carbonyl compoundsthat a so contain isolated double bonds. Itsuse
is also compatible with avariety of other functional groups.
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The selective reduction of conjugated olefins in a,B-un-
saturated carbonyl compounds, that also contain isolated
carbon-carbon double bonds, constitutes an important
challenge in organic synthesis. This can be achieved by
treating the carbonyl derivative with triethylsilane, in the
presence of catalytic amounts of (tris(triphenylphos-
phine)rhodium chloride; 2a was converted in 2b follow-
ing this procedure.! Some organic hydrides also allow this
transformation to be carried out. Thus, L-, K-selectride
and lithium triethylborohydride have been used to reduce
a,B-unsaturated esters and ketones; however, this reactiv-
ity isnot general and depends upon the steric hindrance of
the alkene and of thering sizein cyclic ketones, B-akyla-
tion usually completely supresses the 1,4-reduction. For
example, treatment of 1la with an equivalent of K-selec-
tride afforded 1b in aquantitative yield;? 2a gavethe dien-
ic alcohol as the only product under similar conditions.?
Enantioselective reduction of a,B-unsaturated carboxy-
lates with sodium borohydride in the presence of cobalt
complexes has been reported.> Semmelhack et a have
demonstrated that copper salts modify the reactivity of
lithium and sodium hydridoaluminate derivatives so that
the reagents deliver hydridein a 1,4 fashion to alkenones.*
Other copper hydrides have also been successfully used
for this purpose.>® Keinan et a described that a three-
component system comprised of a soluble palladium cat-
alyst, hydridosilane and zinc chloride is capable of effi-
cient conjugate reduction of o,B-unsaturated carbonyl
compounds.® A ruthenium complex combined with cy-
anoborohydride has also been reported for carrying out
this transformation.’® Very recently the selective 1,4-re-
duction of a,B-unsaturated carbonyl compounds by com-
bined use of bis(1,3-diketonate)cobalt(ll) complex and
diisobutylaluminium hydride has been described.'* On the
other hand, conventional catalytic hydrogenation, using
platinum or palladium, is not suitable to achieve the con-
jugate reduction because of its low selectivity, procuring
in most cases the complete reduction of carbon-carbon
double bonds.*>?
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Following the authors' research into the synthesis of valu-
able compounds from available natural terpenes we have
found that Raney Nickel exhibited a good selectivity to
carry out the conjugate reduction of o,-unsaturated carb-
onyl compounds bearing other isolated carbon-carbon
double bonds. In order to establish the scope and synthetic
applications of this reaction, the behaviour of Raney
Nickel against different a,B-unsaturated carbonyl com-
pounds has been studied and compared with that of palla-
dium over carbon (Table). In most cases, treatment with
Raney Nickd in tetrahydrofuran for 20-30 minutes at
room temperature afforded the 1,4-reduction compound
in a high yield, without reduction of the isolated double
bond. (-)-Carvone (1a) was reduced after 15 minutes at
-0°C; the isomerization of the isolated double bond took
place when the temperature or reaction time was in-
creased, affording carvacrol in ahigh yield. a,f—v,6—un-
saturated compounds, such as 4a, were converted into the
completely saturated compound; the o,p-unsaturated
compound was obtained when the temperature or reaction
time was decreased.

The hydrogenation of conjugated olefin in the presence of
palladium over carbon is slower. Moreover, this reaction
isless selective: in most cases the 1,4-addition took place
with simultaneous reduction of theisolated carbon-carbon
double bond. Thus, compounds 2a, 3a, 5a, 6a and 13a re-
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Table 1,4-Reduction of Conjugated Enones and Related Compounds with Raney Nickel

Substrate Product Reaction Time Yield

(1a) (1b) 20 min. 90%

(2a) (2b) 30 min. 95%
(3a) (3b) 30 min. 92%
(4a) (4b) 15 min. guantitative
(a) (8b) 25 min. 96%

X _COOEt COOEt 60 mi 93 04
min.
@/\/ 1 @/\/ i .

X -COOMe (122) ~_-COOMe (12b) 30 min. 90 %

COOMe
. _CH(OMe),

5
3 30 min. 96 %
(13a)
¥ COOMe
AN
(14a) (14b) 15 min. 90 %
O o) O (e}
O o}
o) (15a) o) (15b) 20 min. 92 %
(6] (6]
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Table (continued)

Substrate Product Reaction Time Yield
2
X _CH(OMe),
3 30 min. 90 %
(6a)
¥ COOMe
o OH
(7a) (7b) 10 min. quantitative
© OH
CHO
CHO
(8a) (8b)
20 min. 95 %
COOH (9a) /‘V (9b) .
/K/ COOH 30 min. 93 %
(10a) (10b) 30 min. 90 %
X CN  (168) ~_-CN  (16b) 15 min. 93 %
N .
NO, 02 60 min. 80 %
(17a) (17b)
N COOEt H COOE!
Et0oc” N7 (18a) Et0oCc” N~ t (18 5 min. quantitative
H

main unaltered after treating for 30 min with palladium
over carbon under hydrogen atmosphere, and complete
hydrogenation of all the carbon-carbon double bond was
observed at longer reaction time: however prolongued
treatment of these compounds with Raney Nickel did not
affect the isolated double bond, so making easier thereac-
tion control.

Although the mechanism for this reaction has not ben
studied yet, it seems probable that the reaction starts when
an electron is transfered from the metal to the B-olefinic
carbon. The formation of the hemiketal 8b from poligodi-
a (8a) isin accordance with this supposition (Scheme).

In summary, Raney Nickel is an efficient reagent to carry
out selective 1,4-reduction of o,B-unsaturated carbonyl
compounds that also contain isolated carbon-carbon dou-
ble bonds. A variety of other functional groupsremain un-
altered under the reaction conditions.
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Selected data:

5a*H NMR (400 MHz, CDCl,) &: 0.01 (s, 3H, Me-Si-CH,),
0.07 (s, 3H, Me-Si-CH,), 0.68 (s, 3H, Me-10), 0.89 (s, 9H,
CH3-BU'Si), 1.17 (s, 3H, Me-4), 1.73-2.02 (m, 3H), 2.29 (s,
3H, Me-13), 2.99 (d, J=10.4 Hz, 1H, H-9), 3.65 (s, 3H, Me-
COOCHs,), 4.30 (t, J=2.8 Hz, 1H, H-7), 4.48 (s, 1H, H-17),
4.90 (s, 1H, H-17"), 6.09 (d, J=15.8 Hz, 1H, H-12), 6.82 (dd,
J15.8 and 10.4 Hz, H-11).

5b 'H NMR (300 MHz, CDCls) §: 0.00 (s, 3H, Me-Si-CH.),
0.05 (s, 3H, Me-Si-CH,), 0.48 (s, 3H, Me-10), 0.87 (s, 9H,
CH,-Bu'S), 1.01 (ddd, J=17.5, 13.2 and 4.2 Hz, 1H, H-1,),
1.12 (s, 3H, Me-4), 2.09 (s, 3H, Me-13), 2.16 (da, =15 Hz,
1H, H-9), 2.26 (ddd, J=15.2,9.0and 6.7 Hz, 1H, H-12B), 2.51
(ddd, J=14, 9.2 and 4.7 Hz, 1H, H-12A), 3.61 (s, 3H, Me-
COOCH,), 4.28 (d, J=3.0 Hz, 1H, H-7), 4.46 (s, 1H, H-17),
4.92 (s, 1H, H-17).

6a 'H NMR (400 MHz, CDCl,) &: -0.01 (s, 3H, Me-Si-CH,),
0.04 (s, 3H, Me-Si-CH,), 0.47 (s, 3H, Me-4a), 0.86 (s, 9H,
CH,-Bu'Si), 1.12 (s, 3H, Me-1), 1.13 (ddd, J=17.4, 13.4 and
4.1Hz, 1H, H-4,), 1.48-1.55 (m, 2H), 1.77-1.98 (m, 6H), 2.15
(da, J=12.2 Hz, 1H, H-1,), 2.40 (ddd, J=15.7, 9.2 and 6.6 Hz,
H-2'A), 2.67 (ddd, J=14.0,9.2 and 4.6 Hz, H-2'B), 3.32 (s, 6H,
Me-CH(OCHs,),), 3.59 (s, 3H, Me-COOCHS,), 4.28 (t, J=2.9
Hz, 1H, H-7), 4.47 (s, 1H, H-1"A), 4.92 (s, 1H, H-1"B), 4.93

(d, J=4.1 Hz, 1H, H-6'), 6.31 (dd, J=16.1 and 1.3 Hz, 1H, H-
4, 6,54 (dd, J=16.1 and 4.1 Hz, 1H, H-5).

6b *H NMR (300 MHz, CDCl.) &: -0.04 (s, 3H, Me-Si-CH,),
0.06 (s, 3H, Me-Si-CH,), 0.47 (s, 3H, Me-4a), 0.87 (s, 9H,
CH,-Bu'Si), 1.12 (s, 3H, Me-1),1.49-1.54 (m, 2H), 1.81-1.96
(m, 6H), 2.09 (sa, 1H, H-5), 3.33 (s, 6H, Me-CH(OCH.,),),
3.60 (s, 3H, Me-COOCHS,), 4.28 (t, =3.0 Hz, 1H, H-7), 4.35
(t, J25.6 Hz, H-6), 4.46 (s, 1H, H-1"A), 4.91 (s, 1H, H-1"B).
13a*H NMR (400 MHz, CDCl5) 5: 0.50 (s, 3H, Me-4a), 1.04
(ddd, J=17.5, 13.9 and 4.3 Hz, 1H, H-4,), 1.15 (s, 3H, Me-1),
1.27 (dd, J=12.2 and 2.9 Hz, 1H, H-8a), 1.50 (dt, J=10.8 and
3.5Hz, 1H, H-1,,), 1.54-1.61 (m, 3H), 1.69-1.90 (m, 4H),
1.91-1.99 (m, 2H), 2.14 (da, J=13.4 Hz, 1H, H-5,), 2.36 (dt,
J=11.9and 3.3 Hz, 1H, H-7), 2.42-2.55 (m, 1H, H-2'A), 2.75-
2.85(m, 1H, H-2'B), 3.27 (s, 6H, Me-CH(OCHs,),), 3.58 (s,
3H, Me-COOCHs,), 3.73 (s, 3H, Me-COOCH.,), 4.44 (s, 1H,
H-1"A), 4.82 (s, 1H, H-1"B), 5.0 (d, =4.3, 1H, H-6), 6.64 (d,
J4.3Hz, 1H, H-5).

13b 'H NMR (300 MHz, CDCls) &: 0.51 (s, 3H, Me-4a), 1.06
(ddd, J=17.5, 13.4and 4.1 Hz, 1H, H-4,), 1.18 (s, 3H, Me-1),
1.29 (dd, J=12.2 and 2.9 Hz, 1H, H-84), 1.54-1.56 (m, 2H),
1.81 (dt, J=9.8 and 3.3 Hz, H-4,,), 1.85-1.92 (m, 4H), 2.13-
2.20 (m, 2H), 2.38-2.41 (m, 2H), 3.31 (s, 6H, Me-
CH(OCH,),), 3.61 (s, 3H, Me-COOCH,), 3.70 (s, 3H, Me-
COOCHs,), 4.33 (t, J=5.3 Hz, 1H, H-6)), 4.43 (s, 1H, H-1"A),
4.85(s, 1H, H-1"B).
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(17) Typical experimenta procedure:

0.8 g of an agueous suspension of Raney Nickel (Fluka, cat.
no. 83440) was added to a stirred solution of compound (1.0
mmol) in tetrahydrofuran (10 ml) and the mixture was further
stirred at room temperature (except for compound 1a, which
wasreacted at 0°C) for the specified time (Tabl€). Themixture
was diluted with ether and filtered through silicagel, and the
solvent was evaporated to yield the reduced compound.
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