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Studies of Reduction of Various Organic Compounds with the Nickel(II) Chloride-Zinc System
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The reduction of a variety of functional groups with the nickel(I) chloride—zinc system was investigated. This
system reduced aldehydes, ketones, olefins, nitriles, oxime, nitro and heterocyclic compounds under mild conditions in
good yields. It is of interest that some cases of reduction of ketones afforded the corresponding olefins and the saturated
products, and the reduction of nitriles afforded the corresponding primary alcohols with the primary and secondary
amines. The selective reduction of olefin and nitro functionalities in some compounds bearing carbonyl, ester and

carboxyl functionalities was observed with this system.
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The chemistry of activated metal species has attracted
much attention from the standpoint of their great affini-
ty for various functional groups. A number of nickel cata-
lysts that are active for the oligomerization and isomeri-
zation of olefins are also active hydrogenation catalysts.
Nickel salts, with or without additional ligands, can be
used as hydrogenation catalysts, but in general, their ac-
tivity is low and elevated temperature is necessary.'®”®
More active catalysts may be prepared by treating nickel
salts whith Grignard reagents,” alkylaluminums,®* ™9
butyllithium® or sodium borohydride.’*” Furthermore,
finely divided nickel with high catalytic activity can also be
obtained by the treatment of nickel salts with zinc (Zn)
dust®®~ =9 or alkali metal.®? The latter nickel catalyst was
proved to be useful for the catalytic hydrogenation of a
variety of organic functionalities®*® and for other organic
catalytic reactions.” ™"

In the previous papers, we reported the reduction of a
variety of organic functionalities by the use of dimethoxy-
borane-nickel(IT) chloride (NiCl,),®® sodium borohy-
dride—nickel boride,®” nickel boride-HCl or NH,OH?®"
and dimethoxyborane—nickel boride systems.®® As a
continuation of these studies, the present paper deals with
the reduction of aldehyde, ketone, olefin, nitrile, nitro and
heterocyclic compounds with the NiCl,~Zn system in
methanol solution.

As shown in Table I, aldehydes (1—4) were reduced
with the NiCl,~Zn system in refluxing methanol to afford
the corresponding alcohols (5—8) in good yields.

The reductions of ketones (9—12) afforded the corre-
sponding secondary alcohols (15—18) as the major prod-
ucts (Table II) together with the dehydrated products (19

and 20) and the ethylbenzenes (21-—24) as by-products. In-
terestingly, in the reduction of p-methylacetophenone (10),
the secondary alcohol (16) and other by-products were
obtained, while the reduction of p-chloroacetophenone
(11) using 10eq of Zn unexpectedly afforded p-chloro-
ethylbenzene (23) as a major product. Similar treatments
of 2-octanone (13) and 6-methyl-2-heptanone (14) resulted
in recovery of the starting materials, respectively, and lower
aliphatic ketones, such as acetone and 2-butanone, afforded
the condensation products under similar conditions, in
contrast to the result with cyclohexanone (12).

Olefins (25—27 and 20) were easily reduced to the
corresponding saturated compounds (22, 23, 28 and 29) in
good yields under similar conditions. In the reduction of
stilbene (27), the yield of 1,2-diphenylethane (29) was
excellent when 2—4eq mol of NiCl, and 8eqmol of Zn
were used.

Nitriles (30—33) and benzaldehyde oxime (58) were
converted to the corresponding primary amines (34—37),
secondary amines (38—41) and primary alcohols (5, 7, 42
and 43) (Table IV). It was interesting that the primary
alcohols were obtained in these reductions since the
formation of alcohols provides a clue to the reduction
mechanism of nitriles with this system. Taking into account
the agreement between the results with the oxime (58) and
those with nitriles, it appears that the oxime (58) was
partially hydrolyzed under the tested conditions to the
aldehyde, which was further reduced to the alcohol.

Nitro compounds (44—47) were easily reduced to the
corresponding amines (48—51) with this system (Table V).

As shown in Table VI, 1,2,3 4-tetrahydroquinoline (56)
was obtained from quinoline (52) in 69.7% yield and

TaBre 1. Reduction of Aldehydes with the NiCl,~Zn System
Compound (No.) Ni(;(l]z ;:(I)*}ZO eqzrrrxlol Ti(rtrll)e : Product (No.) Y(‘i;;l)d
@—CHO a) 2 8 1 @CHQOH ®) 75.6
CH30-©—CHO @) 3 8 1 CHso—QCHZOH ) 83.4
Cl@CHO 3) 3 8 1 CIQCHZOH &) 74.7
CH,(CH,),CHO (4) 3 8 5 CH,(CH,);CH,OH (8) 73.3

a) The reaction mixture was refluxed in methanol.
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TasLE II. Reduction of Ketones with the NiCl,~Zn System

. NiCl,, Z , , , ,
R-cocH(R, ——2 1, R-CHCHZR, +R-CH=CR, + R-CH,cHR, + R-CHCHCR,
OH OCH,
(A) (B) ©) D)
NiCl,6H,0 Zn Time” Product (No.) Yield (%)
Compound (No.) eq mol eq mol (h) A) (B) © D)
@COCH3 ©) 2 8 1 (15) 75.6
@COCH3 ) 3 8 1 (15) 64.7 (19) 1.4 Q1) 147
CH3—@C0CH3 (10) 3 12 12 (16) 65.1 @0) 1.1 22) 35 @4) 139
Cl—@—COCHs an 3 8 1 17) 36.2 (23) 19.7
CI—QCOCH3 an 3 10 1 a7 123 23) 43.7
Ozo 12) 3 10 1 (18) 69.1
CH,CO(CH,);CH, (13) 3 12 12 Recovery
CH,CO(CH,);CH(CH,), (14) 3 12 8 Recovery

a) The reaction mixture was refluxed in methanol.

TasLe III.  Reduction of Olefins with the NiCl,~Zn System

NiCl,-6H,0 Zn Time” Yield

Compound (No.) eq mol eq mol (h) Product (No.) (%)
CH,(CH,)sCH=CH, (25) 2 8 1 CH;(CH,),CH,; (28) 78.1
CH;(CH,);CH=CH, (25) 6 8 1 CH,(CH,),CH; (28) 87.8

CH3-©—CH=CH2 (20) 1 6 1 CH3©CHZCH3 22) 65.5
Cl@CH:CHZ 26) 1 6 1 Cl-@-CHZCHa @3) 61.5
@-—CH:CH—@ @7 4 8 1 @—CHZCHZ—Q (29) 80.7

a) The reaction mixture was refluxed in methanol.

TaBLE IV. Reduction of Nitriles and Benzaldehyde Oxime (58) with the NiCl,~Zn System

R-CN 220 b CH,NH, + (R-CH,),NH+R_CH,OH
A )] ©

' Com;;oun d (No.) Nif:; ;3320 quIEO] Ti(rl?)e“’ @ Product (Nc(>.B)) Yield (%) ©
@—-CN (30) 2 8 7 (34) 20.8 (38) 14.6 (5) 37.9
@-CN (30) 3 12 1 (34) 29.3 38) 9.7 (5) 35.7
CHj CN (31) 3 8 1 (35) 24.2 39 3.8 (42) 29.2
Cl@CN (32) 3 8 4 (36) 37.4 40) 5.0 (7) 39.2
@—CHZCN 33) 3 12 1 (37) 51.9 (@1) 13.5 43) 27.8
@—CH:NOH (58) 3 8 1 (34) 312 (38) 35.6 (5) 92

a) The reaction mixture was refluxed in methanol.

1,2,3,4-tetrahydroquinaldine (57) was similarly obtained this system even when the reaction time was extended to
from quinaldine (53) in 54% yield with this system. 12h.
However, lepidine (54) and isoquinoline (55) were inert to On the other hand, benzamide, benzoic acid and ethyl
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TaBLE V. Reduction of Nitro Compounds with the NiCl,~Zn System
NiCl,-6H,0 Zn Time” Yield
Compound (No.) eq mol eq mol (h) Product (No.) (%)
QN02 (44) 2 8 1 <;>--1\1H2 48) 80.1
{_:>--No2 (44) 3 6 1 @NHZ (48) 84.6
CH3—©—NOZ 45) 3 8 1 CH,4 NH, (49) 68.9
Cl@—NOZ (46) 6 8 1 Cl@NHZ (50) 78.0
NO, NH,
@ @7 2 8 1 O (51) 90.3
_ g
a) The reaction mixture was refluxed in methanol.
TasLe VI. Reduction of Heterocyclic Compounds with the NiCl,—Zn System
NiCl, 6H,0 Zn Time® Yield
Compound (No.) eq mol eq mol (h) Product (No.) (%)
Quinoline (52) 3 10 12 1,2,3,4-Tetrahydroquinoline (56) 69.7
Quinaldine (53) 3 8 1 1,2,3,4-Tetrahydroquinaldine (57) 54.1
Quinaldine (53) 6 8 6 1,2,3,4-Tetrahydroquinaldine (57) 354
Lepidine (54) 3 8 12 Recovery
Isoquinoline (55) 3 8 12 Recovery
a) The reaction mixture was refluxed in methanol.
TaBLE VII. Selective Reduction with the NiCl,~Zn System
NiCl, - 6H,0 Zn Time® Yield
Compound (No.) eq mol eq mol (h) Product (No.) (%)
@—CH —CHCOCH, (59) 2 8 1 @—CHZCHZCOCHS (63) 71.8
@CH —CHCOOEt (60) 2 8 1 @-cmcmcoom (64) 89.4
@—CH:CHCOOH (61) 2 8 1 @—CHZCHZCOOH (65) 86.0
OZN—@COCH3 62) 1 6 1 HZNOCOCH3 (66) 87.3

a) The reaction mixture was refluxed in methanol.

decanoate were unaffected with this system and the starting
compounds were recovered. These results suggested the
possibility of selective reduction of various organic
compounds bearing other functional groups. As may be
seen in Table VII, olefins bearing other functionalities
(539—61) and p-nitroacetophenone (62) were selectively
reduced to give the corresponding products (63—66). These
results show that this system possesses selective reducing
ability for the carbon—carbon double bond and nitro group.
The reaction of NiCl, with Zn in methanol is exothermic
and instantly deposits a black precipitate of a low-valent
nickel catalyst through an ion-exchange reaction. Though
the reduction mechanism of this system has not been
elucidated in detail, it appears that the water of crys-
tallization of NiCl, plays an important role by supplying hy-
drogen for the present catalytic reduction and the excess
Zn in this system protects the nickel catalyst from
oxidation.” Taking into account the by-products detected

in the reduction of ketones, though the nature of any
intermediates is highly speculative, it appears that
low-valent nickel and water attack the carbonyl group to
afford the o-hydroxyalkylnickel species and a second
reductive step is ultimately necessary in order to form an
organonickel species capable of undergoing protolysis to
the hydrocarbon products. In the reduction of nitriles, it is
presumed that the intermediate is the aldimine which reacts
with the primary amine to give the secondary amine, or is
further reduced to afford the primary alcohol.

As described above, the NiCl,-Zn system reduced
aldehyde, ketone, olefin, nitrile, oxime, nitro and some
heterocyclic compounds, and olefin and nitro derivatives
bearing carbonyl, ester or carboxyl functionality were
reduced selectively with this system. These reductions can
be performed under mild and neutral conditions, so this
system provides a useful and simple synthetic route for the
selective reduction of olefin and nitro derivatives.
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Experimental

Commercially available NiCl, - 6H,O and Zn dust were used throughout
this work. Melting points were determined on a Yanagimoto micro-melting
point apparatus, model MP-S3, and are uncorrected. Infrared (IR) spectra
were measured in Nujol mulls or as liquid films with a JASCO A-100
(Nihon Bunko) infrared spectrometer, and ultraviolet (UV) spectra were
recorded on a JASCO Uvidec-505 (Nihon Bunko) ultraviolet spectrome-
ter. Gas chromatography (GC) was done on a JEOL JGC-20K (Nihon
Denshi) gas chromatograph, yields of amines were calculated by GC on a
glass column, packed with SE-30, at 140°C (column temperature) and
0.8 kg/cm? nitrogen pressure, by comparison with standard amounts of
authentic samples. Chromatography columns of alumina were prepared
with Aluminum oxide 90 (70—230 mesh ASTM, Merck). Nuclear magnetic
resonance (NMR) spectra were recorded on a Hitachi R20-A spectrometer.

Reduction of Benzaldehyde (1) Compound 1 (1.06g, 10mmol) and
NiCl,-6H,0 (4.75g, 20 mmol) were suspended in methanol (50 ml), and
Zn (5.23g, 80mmol) were added in portions with stirring. Then, the
methanol solution was refluxed for 1 h. The precipitate was separated by
filteration while hot, and washed with methanol. The filtrate and the
washing were combined and the solvent was evaporated off. Water (10 ml)
was added, the mixture was extracted with ether and the ether solution
was dried over anhydrous magnesium sulfate. After removal of the ether,
the residue was distilled under reduced pressure to give 0.82 g (75.6%) of
benzyt alcohol (8), bp 104—105°C (20 mmHg).

The following products were similarly obtained, and their yields are
listed in Table I; p-methoxybenzyl alcohol (6), bp 129-—131 °C (20 mmHg)
(1it.*® bp 150—151°C (27mmHg)); p-chlorobenzyl alcohol (7), mp
71—72°C (from ethanol) (lit.!V mp 69—71°C); l-octanol (8), bp
100—101°C (20mmHg) (lit."? bp 195.28°C). These products were
identical with authentic samples on the basis of comparisons of their IR
and mass spectra.

Reduction of Acetophenone (9) Zn (5.23 g, 80 mmol) was added to a
suspension of compound 9 (1.06 g, 10 mmol) and NiCl,-6H,0 (7.13g,
30mmol) in methanol (60 ml) in portions with stirring. After refluxing
followed by treatment in the manner described above, the residue was
chromatographed on a neutral alumina column using petroleum ether as
the eluent. The initial eluate was evaporated and the residue was distilled
to give 0.16g (14.7%) of ethylbenzene (21), bp 131—135°C (lit.?» bp
136.15°C). The later eluate was evaporated and the residue was distilled
to give 15mg (1.4%) of styrene (19). The benzene eluate was evaporated
and the residue was distilled to afford 0.79 g (64.7%) of 1-phenylethanol
(15), bp 88—90°C (8 mmHg) (lit.'* bp 93 °C (12 mmHg)).

The following products were similarly obtained, and their yields are
listed in Table II: 1-(p-tolyl)ethanol (16), bp 107—108 °C (15 mmHg) (lit.'>
bp 120°C (19 mmHg)); 4-methylstyrene (20), bp 63—66°C (18 mmHg)
(lit.?® bp 63°C (18 mmHg)); p-tolylethane (22), bp 155—158°C (l1it.'® bp
159—160 °C (750 mmHg)); 1-methoxy-1-(p-tolylethane (24), bp 71—74°C
(10mmHg) (lit.!” bp 72—73°C (8 mmHg)); 1-(p-chlorophenyl)ethanol
17), bp 123—124°C (15mmHg) (lit.'® bp 125°C (15mmHg)); p-
chloroethylbenzene (23), bp 183—184°C (lit.!® bp 178—180°C (748
mmHg)). These products were identical with authentic samples on the
basis of comparisons of their IR, NMR and mass spectra.

Reduction of Olefins (25—27 and 20) The reaction procedure and
treatment were almost the same as those described above. The following
products were obtained, and their yields are listed in Table III: undecane
(28), bp 195—196°C; 1,2-diphenylethane (29), mp 52.5—53°C (from
ethanol) (1it.2® mp 52.5—53 °C). The products (22, 23, 28 and 29) were
identical with authentic samples on the basis of comparisons of their IR,
NMR and mass spectra.

Reduction of Benzyl Cyanide (33) The reaction procedure was almost
the same as that described above (see Table IV). After removal of the
solvent, 10% hydrochloric acid (20ml) was added at 0°C, and the
precipitate was collected and washed with ether. The precipitate was
recrystallized from ethanol to give diphenethylamine (41) hydrochloride,
mp 268.5—269.5°C (lit.2" mp 271 °C). This precipitate was suspended in
water, and the suspension was basified by the addition of 10% sodium
hydroxide, followed by extraction with ether. The extract was dried over
anhydrous magnesium sulfate. After removal of the ether, the residue was
distilled under reduced pressure to give diphenethylamine (41) (13.5%),
bp 171—173 °C (8 mmHg) (lit.?? bp 170—175 °C (8 mmHg)); picrate (from
ethanol), mp 150—152°C (lit.2> mp 151—152°C). The acidic aqueous
layer treated above was extracted with ether, and the extract was dried
over anhydrous magnesium sulfate. After removal of the ether, the residue
was distilled to give 2-phenylethanol (43) (27.8%), bp 97—99°C (10
mmHg). The acidic aqueous layer was basified by the addition of 10%
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sodium hydroxide, followed by extraction with ether. The-extract was
dried over anhydrous magnesium sulfate. After removal of the ether, the
residue was distilled to give phenethylamine (37), bp 196—198 °C. These
products were identical with authentic samples based on comparisons of
IR, UV and NMR spectra, and gas chromatographic behavior.

Similarly, compounds 30—32 were reduced to the following products
(the results and yields are listed in Table IV): benzylamine (34), bp 184 °C;
dibenzylamine (38), bp 151—154°C (4mmHg) (lit.2¥ bp 113—114°C
(0.1mmHg)); p-methylbenzylamine (35), bp 81—82°C (15mmHg); di-
p-methylbenzylamine (39), bp 186—188°C (2mmHg) (lit.?* bp 135—
137°C (0.1 mmHg)), mp 34—35°C (from cyclohexane) (lit.2% mp 34.5—
36.5°C); p-methylbenzyl alcohol (42), bp 116—117°C (19 mmHg), mp
58—60°C (from heptane); p-chlorobenzylamine (36), bp 105—106°C (15
mmHg)); di-(p-chlorobenzyl)amine (40), bp 227—229°C (15mmHg)
({it.>® bp 230°C (15mmHg)), mp 30—31°C (lit. > mp 31°C); picrate,
mp 187°C (from ethanol) (lit.>> mp 187 °C); p-chlorobenzyl alcohol (7),
mp 70—71°C (lit.'” mp 69—71 °C). These products were identical with
authentic samples based on comparisons of IR, UV and NMR spectra,
and gas chromatographic behavior.

Reduction of Nitro Compounds (44—47) The reaction procedure and
treatment were almost the same as those described above. The products
(48—51) and their yields are listed in Table V.

Reduction of Quinoline (52) and Quinaldine (53) Compounds 52 and
53 were reduced similarly under the conditions shown in Table VI follow-
ed by treatment in the manner described above. Products: 1,2,3,4-
tetrahydroquinoline (56), bp 108—109°C (7mmHg) (lit.>® bp 251°C);
picrate (from ethanol), mp 141°C (lit.?” mp 141°C); 1,2,3,4-tetra-
hydroquinalidine (57), bp 104—106°C (9mmHg) (lit.>*® bp 115—
116°C (12mmHg)), picrate mp 148—150°C (from ethanol) (lit*® mp
150 °C). These products were identical with authentic samples based on
comparisons of IR, UV and NMR spectra, and gas chromatographic
behavior.

Selective Reduction of Compounds 59—62 Compounds 59—62 were
similarly reduced under the conditions shown in Table VII followed by
treatment in the manner described above. The products (63—66) and their
yields are listed in Table VII: 4-phenyl-2-butanone (63), bp 111—112°C
(12mmHg) (Iit.>* bp 63 °C (0.7 mmHg)); ethyl 3-phenylpropanoate (64),
bp 127—128 °C (22 mmHg) (lit.>* bp 82 °C (0.7 mmHg)); 3-phenylpropa-
noic acid (65), mp 46—47 °C (from petroleum ether) (lit.3") mp 46—47 °C);
p-aminoacetophenone (66), mp 105—106°C (from water) (lit.>> mp
106 °C). These products were identical with authentic samples based on
comparisons of IR, UV and NMR spectra, and gas chromatographic
behavior.
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