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Abstract—A novel catalytic system, silane/MoO,Cl, (10 mol %), for the reduction of imines in excellent to moderate yields and
chemoselectivity was designed. These results extend the scope of the use of MoO,Cl, as an effective catalyst for reduction reactions.

© 2005 Elsevier Ltd. All rights reserved.

The synthesis of amines is an important area of research
and sometimes is a key step in the industrial synthesis of
medicinal supplies and agricultural chemicals. Primary
and secondary amines are usually obtained by reduction
of the corresponding imines using metal hydrides such
as LiAlH,' NaBH,,' Bu,SnCIH,?> (n-CsHs),MoH,,3
RuHCI(PPh3);,* CaH,> or hydrogenation catalysts like
Pd-C and Pt.°

The hydrosilylation of imines, in which the Si—H bond is
added across the C=N bond, is an attractive alternative
approach to hydrogenation of imines as it is experimen-
tally simple, does not require high pressure or tempera-
ture, and makes use of readily available silanes. Many
transition metal complexes with metals including
Ru,”® Rh,” Ti,'%!"! Ir,!2 Cu,'® Sn and Zn!# have been
used as catalysts for imine hydrosilylation.

Recently, we have developed a new system for the
hydrosilylation of aldehydes and ketones using dimethyl-
phenylsilane in the presence of a catalytic amount of
dioxomolybdenum dichloride (MoO,Cl,).'5 It was the
first example of the use of this high valent molybde-
num-dioxo complex as a catalyst for organic reductions.
This result represents a complete reversal of the tradi-
tional role of MoO,Cl,, which is known for its ability
to catalyze oxygen-transfer reactions to sulfides, phos-
phines and olefins.'®
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We became interested in the possibility of applying the
system silane/MoO,Cl, to other organic reductions. In
this work, we investigated the use of this system for
the reduction of imines.

Initially, we studied the reaction conditions for the
reduction of imine 1 with several silanes, solvents and
catalytic amounts of dioxomolybdenum dichloride, as
summarized in Table 1. The best result was obtained
with phenylsilane in the presence of 10 mol % of
MoO,Cl, in tetrahydrofuran at reflux temperature
(entry 1). In these reaction conditions imine 1 was quan-
titatively converted into amine 2. When the reaction of 1
was carried out using 5 mol % of MoO,Cl,, amine 2 was
obtained in 75% yield (entry 2). At room temperature,
the reaction required significantly longer reaction times
(20 h).

Among the solvents tested, tetrahydrofuran proved to
be the best. In dichloromethane, the reaction required
longer times and in toluene, amine 2 was obtained in
moderate yield (50%).

This reaction was also studied with several silanes,
including dimethylphenylsilane (DMPSH), triethyl-
silane, triphenylsilane and with an hydrosiloxane, poly-
methylhydrosiloxane (PMHS). With PMHS, a stable,
inexpensive and non-toxic hydrosiloxane, imine 1 was
completely converted into amine 2 after 10 h (entry 7).
The reaction with DMPSH vyielded the desired amine
in 91% conversion (entry 8), and with the more sterically
encumbered silanes, Et;SiH and Ph;SiH, amine 2 was
obtained in only 65% and 45% conversion, respectively.
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Table 1. Reduction of N-(4-nitrobenzylidene)aniline 1 catalyzed by MoO,Cl,

" Silane / MoO,Cl, HoH
O,N C=N > O,N C—N
H
1 2
Entry Silane Silane (mol %) MoO,Cl, (mol %) Solvent® Temperature (°C) Time (h) Conversion® (%)
1 PhSiH; 100 10 THF 67 2 100
2 PhSiH; 100 5 THF 67 2 75
3 PhSiH; 100 10 THF rt 20 75
4 PhSiH; 100 10 CH,Cl, rt 30 90
5 PhSiH; 100 10 CH,(Cl, 40 20 90
6 PhSiH; 100 10 Toluene 110 3 50
7 PMHS 10 10 THF 67 10 100
8 DMPSH 200 10 THF 67 3 91
9 Et;SiH 200 10 THF 67 3 65
10 Ph;SiH 200 10 THF 67 3 45
#Volume of solvent (5 ml).
® Conversion was determined by 'H NMR.
To explore the scope of this catalytic reaction, the reduc- reduced in excellent to moderate yields as indicated in
tion of a variety of imines with the system PhSiH;/ Table 2. The best results were obtained with imines
MoO,Cl, was investigated (Table 2). Imines were having electron-withdrawing groups. Imines bearing a
Table 2. Synthesis of amines using the system PhSiH;/MoO,Cl,*
R2 RZ
|T| M002C|2 |T|
R4 C=N + PhSiH; R4 Q—ITI
THF, reflux H H
Entry Amine Time (h) Yield (%)°
i
| on—{ ¢4 2 "
H H
Cl
H
2 OZNQQ_'}' 2 97
H H
H
3 OO : :
| I
H H
H
4 F3COC—N© 24 86
I I
H H
H
H H
H
1 I
H H

H
|

7 HacOO(F_’T' 24 50
H H

# All reactions were carried out in THF with 1.0 mmol of imine, 1.0 mmol of PhSiHj, using 10 mol % of MoO,Cl,.
®Isolated yield.
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fluoro, chloro, ester or a nitro group were chemoselec-
tively reduced to the corresponding amines.

In a typical procedure, to a solution of MoO,Cl,
(10 mol %) in dry THF (5 ml) were added the imine
(1.0 mmol) and PhSiH; (1.0 mmol) under nitrogen
atmosphere. The reaction mixture was stirred at reflux
temperature (the reaction times are indicated in Table
2) and monitored periodically by TLC. Upon comple-
tion, the reaction mixture was diluted with hexane,
loaded directly on to a silica-gel column and chromato-
graphed with the appropriate mixture of n-hexane and
ethyl acetate. All the compounds were characterized
by spectroscopy (IR, NMR) in many instances against
the literature data.

Several experiments were carried out in order to ascer-
tain some fundamental mechanistic aspects of this
reduction. No reaction was observed when imine 1
was treated with 10 mol % of MoO,Cl, without phen-
ylsilane or when imine 1 was treated with excess of
phenylsilane without catalyst in refluxing THF after
24 h. These results show that MoO,Cl, catalyzes the
reaction by activation of the silane and this rapid reac-
tion is still under investigation. At this point it is not
clear how this activation takes place. A similar activa-
tion of silanes by (PPh3),Re(O),I produces a Re—H that
was observed by NMR.!7 Unfortunately, all our experi-
ments to detect a Mo—H species in situ were unsuccess-
ful at various concentrations, and temperatures and
with different silanes. However, it is inescapable that a
functional equivalent of a hydride (Mo—H) is produced
since the reaction of imine 1 with dimethylphenylsi-
lane-d, under the same experimental conditions, resulted
in the incorporation of the deuterium only in the carbon
of the double bond, as confirmed by '"H NMR. This re-
sult is consistent with the hydrosilylation of the imine to
give an intermediate N-silylamine, followed by a rapid
hydrolysis, probably, due to the presence of a trace of
water in the imine or, more likely, due to hydrolysis of
the N-Si bond on the silica-gel during work-up and
purification. This mechanism is analogous to that pro-
posed for hydrosilylation of aldehydes and ketones
where a silyl ether is formed that can be later hydrolyzed
to the alcohol. However, nothing can yet be said as to
the nature of the intermediates that are involved in these
hydrogen transfers and the following elimination of the
silylimine from the catalyst.

In summary, we have developed a novel method for the
reduction of imines to the corresponding amines in
excellent to moderate yields. This result confirms the
ability of MoO,Cl, as an effective catalyst for hydrosilyl-
ation reactions. This novel catalytic system is suitable
for chemoselective reduction of imines bearing fluoro,
chloro, ester and nitro groups. Other organic reductions
with this system as well as mechanistic studies are now
under investigation in our group.
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