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Abstract ¢ A mild and neutral reducing system consisting of
Al-NiCl_.6H_,O-THF has been developed and reacted with a series
of orgagic %onpounds containing di fferent functional groups in
order to evaluate its synthetic utility. It was observed that
this system very efficiently reduces the of-enones to the satu-
rated ketones, aromatic aldehydes and ketones to the correspon-
ding alcohols, nitriles and nitroarenes to amines, acld anhydrides
and acld chlorides to aldehydes, disulphides to thiols and
epoxides to the corresponding alcohols. On the other hand iso-
lated double bonds, carboxylic acids, esters, lactones, primary,
benzyl and allyl halides, aliphatic aldehydes and ketones and
aliphatic nitro compounds were found to remain inert to this
system, FRurthermore, the reducing properties of ALN1C12.6H20 in
several other organic solvents were also studied.

Although a host of reagents are available in the li terature for
reduction of organic functional groups; the development of mild, neutral
and selective reducing systems still attract a great deal of attention of
the organic chemists. In recent years, reagents based on aluminium find
wide application in organic chemistry because of their ready availability,
easy handling and low cost. In two earlier con'm.m:!.cat;i.ons1'2 wedescribed
the utility of the system consisting of Al-NiClZ.GHZO-’I'HF for selective
reduction of oc-enones and nitroarenes under mild and neutral conditions,
During the course of these investigations We observed some interesting
reducing properties of this system which prompted us to take up a syste-
matic study of the reduction of a series of gelected organic compounds
containing various functional groups, the results of which are delineated
in this article.
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RESULTS & DISCUSSION

Moist Niclz. 6H20 readily reacts with aluminium powder exothermically
as such or in the presence of organic solvents such as THF, MeOH, EtOH,
CHC13, Et,0 etc. with the formation of a black spongy mass. In this redu-
cing system the substrate is taken in THF and poured into a solid mixture
of metallic aluminium powder and nickel chloride hexahydrate. A vigorous
exothermic reaction takes place which subsides automatically after some
time {(about ten minutes). Dilution followed by filtration of thereaction
mi xture constitute the simple work-up.

Reduction of «-enones
Selective reduction of the double bond of the o ~enones without
affecting the carbonyl is an inportant transformation in organic chemistry.

Table I: Reduction of the double bond of «C~enone with Al—NiClz.GHZO in
different solvent

K-~-enone R{f::%lnsg) Product® Solvent Yii ;)ldb
THF 80

Ether 80
W\CHO 10 Wcuo Methanol 175

Toluene 70

1 1a DMF 60
THF 75

Ether 80

= 10 Methanol 70
\l 0 Toluene 72
2 20 DMF 59
THF 68

N Ether 70

AN © 15 QI Methanol 72
Toluene 65

3 da DMF 50

0
THF 84
&\/\/ m\/ Ether 76
10 o Methanol 80

Toluene 75

4 fa DMF 60

Ether 90

o] 5 A0 AN Methanol 85
Ac ¢ 5a L Toluene 75
- DMF 70
\ THF 95

Ether 92

5 o> Methanol 90

> 5 G Toluene 85

2 DMF 16

a, Products are characterised by IR,NMR and MS and by Direct comparison

with authentic compounds.
b, Yield refers to the yield of pure isolated products of > 98% purity.
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A1-NiCls6H,0-THF

uite a feWw number of x:eagem:s3

are known to reduce the of-enone selecti-
vely but high cost of the reagents, stringent reaction conditions and poor
selectivity of these procedures warrant the need for neWw and useful alter-
native procedures. We observed through entry 1 to 6 in Table 1 that with
Al..NiClz. 6H20 in solvents like THF, diethyl ether, methanol, DMF etc, iso-
lated double bond, carbonyl and ester function present elseWwhere in the
molecule is not effected.

Table 1 summarises the reduction results of o-enone chosen to
determine the synthetic effectiveness of this reagent in diethyl ether,
methanol, ethanol, toluene and dimethylformamide in addition to THF.

Reduction of carbonyl compounds with Al-NiCl .6H20-'1‘HF

2
Aliphatic cyclic and acyclic ketones, aliphatic aldehydes, carboxy-
lic acids, esters and lactones Were not reduced by this system even after
prolonged exposure or excess use of the reagents. But when benzylaldehyde
8 was treated with this system for 10 minutes, it gave benzylalcohol 8ain

Table 2 3 Reduction of carbonyl compounds with Al-NiC12°6H O-THF

2

Substrate l:f::ti(ﬁgn) Product® Yield® (%)
Benzaldehyde 10 Benzylalcohol 92
Vani 1l:%n 10 Vanil ly%: lcohol %

s %
Acetop};banone 10 Sec-phexigghyla lcohol 15
m-Chloﬁben zaldehyde 10 m-Chlorobenzyl alcohol 80
o-Hydro;: Ecyben zaldehyde 10 o—Hydro;{ggen zyl alcohol B85
Cinnam?g.dehyde 10 Cinnanyi-.;—: lcohol 60
Phtha Jdi j anhydride 10 Phthala {gghyde 60
(-Phen?l(%.butiric anhydride 10 ti-PhenyIIL—k;-\;tyraldehyde 70
Ben zoyfcs':hlori de 10 Benza ldelgyde 70

- Benzyl alcohol 20
&£-Ph enilr_.}.butyro yl chloride 10 x—Pheny:]l.?:axtyra ldehyde 80
p~Chlo igben zoyl chloride 10 p-Ch lortilé»gn zaldehyde 80

p=-Chlorobenzyl alcohol 25

a, Products are characterized by IR, NMR, MS and by direct comparison
with authentic materials.
b, Yields were determined by GIC
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92% yield. Other examples or reduction of aromatic carbonyl groups are
deleniated in Table 2. From Table 2 it is clear that ether, aromatic
halide and even the double bond of the «-enone 13 was not affected in
this reduction,

Reduction of aromatic carbonyl compounds with Al-Nj.Clz.,GHZO in
several other Bolvents were also studied. Interestingly, it was observed
that when alcoholic solvents were used in place of THF the major isolable
products of reduction were not the corresponding alcohols of the substra-
tes but the corresponding ethers. When other solvents like diethyl ether,
toluenec, DMF, CHcl3 etc. Were used the products Were only the correspon-
ding alcohols albeit in low ylelds.As a typical example anisaldehyde was
reduced with Al—NlClzo 6H20 in various organic solvents and the results®
are furnished in Scheme 1.

The possibility of a Cannigzzaro type reaction in case of reduction
of aromatic aldehyde 1s eliminated on the basis of the fact that in all
the cases (Table 2) no trace of the corresponding acids were detected in

the reaction mxture.

Al—NiClz. 6H20 OR
H3CD CHO > H3C0
RT
7

7a, R=H, 7b, R=Alkyl

THF - 7a (90%)
> 2
MeOH . Ja (20%) 7b, R=CH, (60%)
B
EtOH . Ta (30%)+7b, R=Et (70%)
CH ,CH G, OH 7a (30%M4+ 7k, R=CjHy- (70%)
PhCH ,0H ~ 7a (50%+7b, RFPhCH,~(50%)
Et,0 7 1a (89w
CHC1, 7a (30%)
> =
DMF 5 Ja (50%)
Scheme-1

Reductlion of acid chlorides and acid anhydrides

Carboxylic acids such as benzoic acid, esters of carboxylic acids
such as methyl benzoate, and lactones are resistant to this reducing sys-
tem. However, acid anhydrides such as phthalic anhydride 14 and a~phenyl
butyric anhydride 15 were reduced to the corresponding aldehydesin exc-
ellent ylelds (Table 2). In case of phthalic anhydride 14 the
dialdehyde l4a produced initially are partially reduced ; the
corresponding diols 14b. Acid chlorides were also rapidly reduced to



A1-NiCl,s6H,0-THF

the corresponding aldehydes. Thus benzoyl chloride 16, aC-phenyl butyroyl
chloride 17 and p-chlorobenzoyl chloride 18 Were converted into benzylde-
hyde 8, £-phenylbutyraldehyde 17a and p-chlorobenzaldehyde 18a in yields
of B80%, 80% and 60% respectively. The low yield in case of benzoyl chlo-
ride 16 and p-chlorobenzaldehyde 18 is due to the fact that the aldehydes
produced initially are partially converted into the corresponding alcohols
8a and 18b in 20% and 25% ylelds respectively., The reduction results of
acid anhydrides and acid chlorides are summarised in Table 2.

Reduction of Nitroarenes

Reduction of nitroarenes to the corresponding amines could be achi-
eved by a variety of reagentss. Reaction of nitroarenes with this system
also gives the corresponding amines in excellent yield. Thus nitrobengzene
19 gave essentially pure aniline in 90% yleld, It has been observed thro-
ugh substrates 20 to 27 in Table 3 that the presence of methyl, hydroxyl,
amino-, nitro- and chloro substituent in any of the ortho, meta and para
positions of the benzene ring do not have marked effect on the nature and
vleld of the products. In none of the cases mentioned in Table 3 forma-
tion of products other than the corresponding amines were observed.

Reduction of epoxides

Reductlion of epoxides to the corresponding alcohols, is one of the
fundamental reactions in organic synthesis and can be effected by a veri-

6-21

ety of reducing agents. However, preferential reduction of oxiranes

in the presence of such easily reducible functionalities as carbonyl group
is rare.zz—24 Our results of selective reduction of oxiranes usingAl-NicC
GHZO-T'HF are summarised in Table 4. From Table 4 it is evident that in
the majority of the cases the ring opening of the oxiranes istaking place
from the less hindered side of the epoxide giving the nore substituted al-
cohols except in case of styrene oxide which gave 75% of l-phenylethanol
:ﬂ_a_ and only 10% of 2-phenylethanol 37b. It is interesting to note that
oc,ﬂ-epoxy ketones such as §§ and §§ are not reduced by this system and
the starting materials were recovered unchanged after work-up. The higher
vields of 33a and 342 in case of epoxide 33 and 34 respectively indicate
that the rate of reduction of epoxide is much faster than the rate of re-
duction of of-enones by this system.
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Table 3 3 Reduction of aromatic nitro groups with Al—NiCl «6H 0 in
di fferent solvent

Reaction a b

Substrate time (mdin) Product Solvent Yield" (%)
—NO 10 C_.H-.NH THF 90
%6 67572 Ether 85
19 1%a Methanol 82
- Toluene 8o
DMF 70
p-CH.C_H NO 10 P-CH,CgH NH,, THF 95
3767472 674 Ether 90
20 20a Methanol 82
- - Toluene 85
DMF 72
o~-CH,C_H NO 10 o-CH_ C_H NH THF 80
3“674"°2 3~674 2 Ether 80
21 21a Methanol 82
- —_— To luene 75
DMF 75
p-HOC_H NO 10 p~HOC _H NH THF 85
674772 6 Ether 85
22 22a Methanol 80
—_ —_— Toluene 84
DMF 75
p-HOOCC 6H 4NO 2 10 p-HOOCC6H 4NH THF 80
Ether 85
23 23a Methanol 80
- — Toluene 75
DMF 70
p~-NH_,C_H ,NO 10 p—NH C_H NH T 20
2764772 64 Ether 92
24 24a Methanol 86
-_ To luene 80
DMF 70
p~ClC_H 10 p-ClC_H NH THF 85
6 4 6 4 Ether 82
25 25a Methanol 85
- Toluene 76
DMF 72
m-Cl CgH4NO, 10 m-C1l c6t~141~n-12 ':Jﬁtl'lzer gg
26 26a Methanol a5
- To luene 86
DMF 79
6-Ni troquinolene 10 6-aminoquinolene THF 80
Ether 82
27 27a Methanol 75
- Té luene 70
DMF 72

a, Products are characterised by direct comparison with commercially
avai lable authentic compounds and also by IR, NMR and Ms,

b, Yields were determined by GLC,




A1-N1Cl6H,0-THF
Table 4 ¢ Reduction of epoxides with Al-NiCl,,6H,0-THF
Epoxi des Reaction Product® vield®
time (min)
CH S(Cl'lz) l.,CH(OH)cI-I:,
CHs(Cﬂz)"cu Lo\cuz 5 28 80
- Cytlol xano}
Cyclohexens oxlde 5 ,< 28 70S
2 HO cl
Epichlocohydrin 10 — 300 78S
30 OAc
- e
0 - 5 3 82
= CHyy Catyz
,(j:?b 5 65
AcD b’ 22
10
ACO Y 320
OH
OH
| 20
/@; 10 85
OH
3 5
0
P
N pl =
é:\/\ 10 oH kL) 70
\\] 34 0
L °
2_4_!:
OoH
L I No reactlon
o 30
/@l\ No reactlon
Q
36 30 @/\/ oH 7 SC
n

7a
c
@A am 10

Qe

b.

Products are characterised by IR, NMR, MS and by direct comparison
with authentic compounds.,
Unless otherwise stated yield refers to the yieldsof pure isolated

products.

Yields determined by GIC.
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Reduction of miscellaneous organic compounds

Alkyl, allyl and benzyl halides are not reduced by this reagent
and were recovered unchanged after the reaction. Similarly sulfoxides
and sulfones were also jinert to this system, Reduction of amides wWith
this system Was not clean. However, treatment of bengzamide with Al-NiClz.
6H20—THF for ten minutes gave a complex mixture of products in which small
amount of benzylalcohol was detected.

Disulphides upon treatment with the reagent gave thiols, Thus dip-
henyl disulphide 38 and dibutyl disulphide 39 Were converted to thio-
phenol 38a and n-butyl marcaptan 39 in 95% and 90% yieldrespectively.

Nitriles were also cleanly reduced to the corresponding amines by
this system. Reduction of benzonitrile 4Q and m-methoxy benzonitrile

41 gave benzylamine 40a , mmethoxy anlline 418 in 90% and 85% ytelds
respectively. Similarly n-butyro nitrile .42 gave n-pentyl amine in 70%
yield.

Table 5 ¢ Reduction of disulphides and Nitriles with A.L-NiCIZ.GHZO-’IHF

Substrate Reaction time Product® Yieldb
(min)
S_'S\ 5 - SH 4%y
SHae .
lﬂ_
/\/\S
I 5 NN 90

S 30 s

CN - 90
NH,
10 402
40
CN o~ .
MNH 85
10 2
4la

OMe OMe —
a
NN 10 e~ NH, 70
CN
o 2

a, Products are characterised by IR, NMR, MS and by direct conmparison
with authentic compounds.
b, Yields Were determned by GIC
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Selectivity

The systematic study on the reducing properties of the Al—NiClz-
6H20-'IHF system described above indicate that this is a relatively mild
reducing system than the hydride reducing agent like L:I.AIH4, NaBl-l4 etc,
and therefore suggest the possibility of several selective reductions.

As mentioned earlier, selective reduction of the double bond of an{.$-un-
saturated carbonyl compound without affecting 1solated double bonds, car-
bonyls and ester groups present elsewhere in the molecule is possible
with this system, Simllarly selective reduction of an epoxide is also
possible in the presence of (i) carbonyl, (ii) acetate ester, (iii) halo-
gen, (iv) isolated double bond and even (v) C-enone. It is noteworthy
that in case of oxirane 34 the major product 34a Was obtained in 70%
yleld which is indicative of the fact that the rate of reduction of epoxi-
de ring with this system is even faster than the rate of reduction of
K~enones.

Similarly, the inertness of organic halides towards this reagent
allows the selective reduction of a nitrile in the presence of a halide
group. Reaction of 5-Bromovaleronitrile ¢3 with Al-NiClz.GHZO-THF gave
80% ylield of compound 43a

Br\/\/\c N — BF\/\/\/NH2 + Br\/\/\CN

43 43a 43
One inportant aspect of this reagent is that it is capable_;f selectively
reducing an epoxide in the presence of an ester. Reaction of 4,5-oxido-
methyl pentanoate 44 wupon treatment with this reagent gave after work
and treatment with p-TsOH, ¥ -valerolactone 44a and § -valerolactone
44b 1n 80% and 15% yield respectively.

)

Q

o~ COOMe > QJ + é
07 tha 44b

Selective reduction of aromatic carbonyl compounds in the presence of ala-

phatic carbonyl by this reagent 1s well demonstrated by the reduction of
1-phenyl pentane~1, 4-dione 45 to compound 45a in 80% yleld,

0
Ph X q
45 OH 453

—_— ——
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As for the mechanism of this reduction no clear-cut statement can
be made at this stage but based on the following noteworthy observations
electron transfer cannot be dismissed as part of the mechanism. It is
presumably involved an the dissolving metal reductions which do show the
same regioselectivity (e.g. in case of oxirane reduction) as described in
this paper. Anhydrous NiC12 does not react with aluminium powder but
addition of a few drops of water to this system initiates a vigorous exo-
thermic reaction and evolution of H, and formation of black precipitate
which probably is Ni (0) 225 The hydrogen might be produced by aluminium
with HCl generated from hydrolysis of NiClZ?6 Ni {0) has a strongtendency
to lose electrons to yo to its oxidation states and thereby makes the
system a reducing one. The fact that both p-anisylalcohol and p-anisal-
dehyde give p-methoxy methylbenzoate27 upon treatment with Al-NiClz.ﬁHzo
in MeOH suggest that reductions of aromatic aldehydes directly to their
ethers take place via the alcohol stage and probably through a aluminium
alkoxide 1ntermediate. The most plausible reason for selectivity shown
by this reagent towards different functional groups could he due to the
fact that the potential needed to transfer an electron from Ni{0) to diff
erent functional groups 1s different.

Conclusions

The study described above confirms the versatility of Al—NlClz.
6H,0-THF as an useful, mld and simple reducing system. The reagent 1is
mi 1d and thercfore selective in many cases. This reagent also reacts
under neutral conditions and therefore useful when acid or base sensitive
groups are prosent in the molecules. In this method the short reaction
time 1s an added advantage., Besides the high yield of the reduced produ-
cts and easy work~up procedure makes i1t an useful alternative to the
existing methods.

EXP ERT MENTAL

Melting points were determined in a kofler block and are uncorre-
cted. G.,C. analysis of the reaction mixture were performed on a varian
3700 9C gas chromatograph using carbowax 20M columms. For TIC silicagel
G (E. Merck India) was used. All the solvents were purified and dried
before use. Most of the starting materials utilized in this study were
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elther commercially available or prepared as per standard literature pro-
cedure and Were purified before use. All the reactions Were carried out
under nitrogen atmosphere,

General procedure for reduction of different functional groups

with Al—NiClz. 6H20 in THF

To a freshly muxed solid muixture of alumnium powder (10 m mol)
and nickel chloride hexahydrate (15 m mol) is added a solution of the
substrate (0.3 m mol) in freshly distilled THF. A vigorous exothermic
reaction takes place after a feW seconds which subsides after 10 minutes,
When TLC of the reaction mixture showed disappearance of the starting
material the reaction mixture is diluted with THF (100 ml) and filtered.
BEvaporation of the filtratce gave the reduced products which arc purlfled
further by chromatography,

General procedure for reduction of different functional groups

with Al.NiClz.,GHzO in organic solvents other than THF.

A solution of the substrate (0.3 m mol) in an organic solvent (e.g.
MeOH, EtOH, propanol, benzylalecohol, ether, chloroform and DMF) is added
to a solid mixture of nickel chloride hexahydrate (15 m mol) andaluminium,
powder (10 m wol), A vigorous exothermic reaction takes place after afew
Seconds and subsides after about 10 minutes. When TLC of the reaction
mi xture showed disappearance of the starting material the reactionmixture:
is diluted waith ether (100 ml) and filtered. Evaporation of the filtrate
gave the reduced products which are purified by chromatography or by dis-
tillation,
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ClO)-CH. 1.22 (s, 6H, CH,, 1.02 (d, J=1THz, 1H, -CH,) IR (cm 1)

3450, 2980, 1720, 1375, 1240, 1060 etc. MSim/z 170 (M), 152 (M*

-HZO). 134 etc. Analysis calculated for C
1

10H1802' C 70.55%,H 10.66%
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