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Abstract: Three indium hydride reagents (LilnH4, LiPhInH3, and LiPh2inH2) were prepared and
successfully used for the selective reduction of various organic compounds.

Organoindium reagents! were recently introduced to organic synthesis and proved to be useful for
several organic transformations. In particular, allylic indium reagents,? tetraorganoindate,? indium
carbenoid, and indium enolate> were found to possess enough reactivity to make new carbon-carbon bonds
with high selectivity under mild reaction conditions. In this paper, we describe the preparation of new
indium hydride reagents and their use in the reduction of organic functional groups.

Wiberg and Schmidt first prepared indium hydride (InH3), which was shown to have no reducing
ability.5 They also prepared lithium indium hydride (LilnH4) from InCl3 and LiH, and briefly described on
the reduction of several organic compounds with this reagent: acetamide, acetonitrile, butyric acid, and
quinone were reported to be reduced, whereas butyraldehyde, benzaldehyde, and butyrolactone were inert.6
This unusual feature prompted us to reinvestigate the reactivity of LilnH4 in detail, and we have now found
that LilnHy4 readily reduces carbonyl compounds. LilnH4 was prepared in ether according to the method of
Wiberg and Schmidt.® A substrate was added to this reductant and the reaction mixture was stirred at 0 °C
for 1 h and then 12 h at room temperature. The results are shown in Table 1. Aldehyde was smoothly
reduced to the corresponding alcohol in high yield. Reduction of ketone is less effective, giving a somewhat
lower yield of alcohol. Acid chloride was converted to ester with this reagent. Ester, in turn, was very little
reduced. Only with LiH, the above reductions did not occur at all.

Table 1. Reduction of Carbonyl Compounds with LilnHg 9

Substrate Product Yield (%)
p-CIC6H4CHO p-QCcH4CH20H 93
PhCH=CHCHO PhCH=CHCH20H 92
n-C7H15CHO n-CgH170H 89
PhCOMe PhCH(Mc)OH 64 (29) 9
p-BrCgH4COCI P-BrCgH4COOCH2C6H4Br-p 84
n-C7H15C0Cl1 n-C7H15000CgH17-n 649
p-BrCgH4C0O0E! p-BrCgH4CH20H 11(86) 9

a) All reactions were camied out with substrate (3 mmol), InCl3 (3 mmol), and LiH (12 mmol) in Et20 (20 mi).
b) Isolated yield. c) Recovery of the starting substrate. d) Octanoic acid, presumably formed via hydrolysis of the
substrate during aqueous workup, was obtained in 22% yield.
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Table 2. Reduction of Organic Compounds with LiPhInH3 9 and LiPhoInH2 Y

Substrate Product(s) Yields (%) ©
LiPhInH3  LiPh2InH2
p-BrC6H4CHO p-BrC¢H4CH20H 57189 13@9
p-BrC6H4CH(Ph)OH 10 3
n-C7H15CHO n-CgH170H 56 7
PhCH=CHCHO PhCH=CHCH20H 62 81
(PhCH=CHCH(OH)-)2 34 13
PhCOMe PhCH(Me)OH 95 41 (35) 9
n-CgH1300Me n-C6H13CH(Me)OH 59(28) © 6(19)®
p-BrCeH4C0CI p-BrCgH4CH2OH 483359 71159
p-BrC6H4CH(Ph)OH 0 2

p-BrCgH4COOE!: 9

p-BrCegH4CH20H

83(10)9 95
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Ph <07 PhCH(Me)OH 73(67)D  90@E2)W
PhCH2CH20H 33 @1gm
p-BrCgH4CH2Br p-BrCgH4Me 27 27
(p-BrCgH4CH2-)2 9 5
p-CICgH4NO? p-CICeH4N=N(O)CgH4Cl-p 63(0) D 0(93) 9
p-ClIC6H4N=NCgH4Cl-p 24 (55) 0
p-CIC6H4NH2 13 (42) ) 0

a) All reactions were carried out with substrate (2 mmol), InCl3 (4 mmol), LiH (12 mmol), and PhLi (4 mmol) in
Et20 (40 ml). b) All reactions were carried out with substrate (2 mmol), InCl3 (4 mmol), LiH (8 mmol), and
PhLi (8 mmol) in Et20 (40 ml). c) Isolated yields. d) Yield of the corresponding carboxylic acid presumably
formed via oxidation or hydrolysis of the substrate. €) Recovery of the starting substrate. f) 1.0 mmol of ethyl p-
bromobenzoate was used. g) 0.5 mmol of phthalic anhydride was used. h) Ratio estimated by 1H-NMR. i) Yield
when 0.33 mmol of p-chloronitrobenzene was used.

The reducing ability of LilnH4 was easily increased by the introduction of phenyl group(s) to the
indium atom. LijPhInH3 was prepared in the following manner. To a suspension of InCl3 (4 mmol) and
LiH (12 mmol) in ether (40 ml), PhLi (4 mmol) was added dropwise at 0 °C. The mixture was stirred for 1
h and then ultrasonicated at 10 °C for 2 h to furnish a gray suspension of LiPhInH3. Although the concrete
structure of this compound is not yet established, formulation of LiPhInH3 was tentatively assigned based
on the stoichiometric ratio of the reactants. LiPh2InH2 was similarly prepared by changing the amounts of
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InCl3, LiH, and PhLi to 4, 8, and 8 mmol, respectively. These indium hydrides were found to be effective
for the selective reduction of organic compounds. Reduction was achieved by adding a substrate (2 mmol)
to the reductant and the mixture was stirred at room temperature for 24 h. The results are summarized in
Table 2. Although very small amounts of phenylation products were detected in the reactions of p-
bromobenzaldehyde and p-bromobenzoyl chloride, hydride transfer generally occurred in preference over
phenyl transfer. These rcagents readily reduced aldehyde, ketone, acid chloride, and even ester to the
corresponding alcohols. a,8-Unsaturated aldehyde was reduced via exclusive 1,2-reduction. Styrene oxide
was converted to a mixture of a- and S-phenethyl alcohols. p-Bromobenzyl bromide gave a low yield of p-
bromotoluene.  p-Chlorobenzamide and p-chlorobenzonitrile were inert both to LiPhInH3 and to
LiPh2InH3. Concerning the mechanism of the reduction with the present lithium indium hydride reagents,
the formations of the pinacol-type product in the reduction of cinnamaldehyde and the bibenzyl in the
reduction of p-bromobenzyl bromide suggest that a single-clectron-transfer mechanism may participate to
some extent. The use of butyllithium in place of phenyllithium gave less satisfactory results.

When aldehyde, acid chloride, ester, and styrenc oxide were reduced with LiPhpInH?2, the yields of the
corresponding products were higher than those with LiPhInH3. But the results were reversed in the case of
ketone. In particular, p-chloronitrobenzene was reduced only with LiPhInH3. These results indicate that the
reactivity and the selectivity of the phenyl-substituted indium hydrides can be controlled simply by changing
the number of phenyl group on the central indium atom. Further example of the selective reduction was
shown in Scheme 1. When p-nitrobenzaldehyde was treated with LiPhpInH2, only the reduction of the
formyl group proceeded; whereas with LiPhInH3, the nitro group was preferentially reduced to give the
corresponding azoxy compound as the main product (Table 3).

o
A
0HC—< >—No2 —_— OzN—< >—CH20H + onc—< >—N=N—< >—-CHO

Scheme 1

Table 3. Reduction of p-nitrobenzaldehyde

P-O2NCgH4CH0H (%)  p-OHCCgH4N=N(O)C6H4CHO-p (%)  recovery (%)
LiPh2InH> 47 0 39
LiPhInH3 21 30 43

It is well-known that NaBH4 does not reduce ester and epoxide at room temperature;” whereas
LiPhInH3 and LiPh2InH? readily reduce these compounds. Nitrile, on the other hand, is reduced with
LiAIH48 but not with LiPhInH3 and LiPhpInHp. Therefore, the reducing power of these lithium indium
hydride reagents is roughly intermediate between that of LiAlH4 and NaBH4. Further structural
modification of lithium indium hydride should improve the reactivity and selectivity, and hence increase the
utility of this new reagent in synthetic organic chemistry .



3172

REFERENCES

1. For reviews of organoindium compounds, see: Bihr, G.; Burba, P. in "Methoden der Organischen
Chemie,” ed by Miiller, E. Georg Thieme Verlag, Stuttgart, 1970, Vol. 13/4, pp. 347-361; Tuck,
D. G. in "Comprehensive Organometallic Chemistry,” ed by Wilkinson, G. Pergamon Press, New
York, 1982, Vol. 1, pp. 683-723.

2. Araki, S.; Jin, S.-J.; Idou, Y.; Butsugan, Y. Bull. Chem. Soc. Jpn., 1992, 65, 1736-1738, and
references cited therein.

3. Hoffmann, K.; Weiss, E. J. Organomet. Chem., 1972, 37, 1-8; Araki, S.; Shimizu, T.; Jin, S.-J.;
Butsugan, Y. J. Chem. Soc., Chem. Commun., 1991, 824-825; Jin, S.-J.; Araki, S.; Butsugan,
Y. Bull. Chem. Soc. Jpn., 1993, 66, 1528-1532.

4, Arski, S.; Butsugan, Y. J. Chem. Soc., Chem. Commun., 1989, 1286-1287.

s. Araki, S.; Yamada, M.; Butsugan, Y. Bull. Chem. Soc. Jpn., 1994, 67, 1126-1129, and
references cited therein.

6. Wiberg, E.; Schmidt, M. Z. Naturforsch., 1957, 12b, 54-58.

7. Pelter, A. ; Smith, K. in "Comprehensive Organic Chemistry,” ed by Jones, D. N. Pergamon
Press, Oxford, 1979, Vol. 3, pp. 695-790.

8. Ravinovitz, M. in "The Chemistry of the Cyano Group, " ed by Rappoport, Z. Interscience, New
York, 1970, Chap. 7, pp. 307-340.

(Received in Japan 16 December 1994; revised 6 February 1995; accepted 9 March 1995)



