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We have developed a simple and practical procedure for a direct reductive conversion from a variety of
tertiary amides to the corresponding tertiary amines using an InBrs/Et3SiH reducing system. This reduc-
ing system can be applied to the reduction of a secondary amide and provides a more efficient alternative
to conventional methods that use aluminum and boron hydrides.
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The reductive transformation of an amide to an amine has occu-
pied a central and important position in organic syntheses.! Con-
ventionally, aluminum hydride reagents such as LiAIH; and
DIBAL,? boron hydrides such as NaBH, and (BHs),> or a reducing
system that combines hydrides with an additive? has been utilized
to achieve this objective. Generally, these relatively strong reduc-
ing reagents have several disadvantages that often restrict the util-
ity of the synthetic procedure: the undesirable reduction of
substituted groups other than the carbonyl group, the production
of several byproducts, the removal of the aluminum residue from
the crude product, and laborious handling in an usual laboratory.
Recently, a convenient and selective procedure using either a Lewis
acid or a transition metal and a milder and an easier-handling
hydrogen source, a hydrosilane, has been demonstrated.” In this
context, during the last decade several groups have reported that
a reducing system comprises an indium salt and a milder reducing
reagent, a hydrosilane, functions as a highly effective tool for the
reductive conversion of a functional group involving the dehalo-
genation of organic halides, the reduction of alcohols, the 1,4-
reduction of enones, and reductive aldol reactions.® We also found
that an InBrs-Et3SiH reducing system effectively promotes direct
and selective reduction of a carbonyl group on esters to produce
the corresponding ethers.” Herein, we report that this InBr;—Et;SiH
reducing system can be adapted to successfully complete a selec-
tive reduction of the carbonyl group of tertiary amides, which leads
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to the production of the corresponding tertiary amines. Also, the
reducing reagents accommodated the reductive transformation of
a secondary amide to a secondary amine.

Initially, reduction of N,N-dibenzylacetamide (1a) with an in-
dium catalyst and a hydrosilane was examined as a model reac-
tion.® Based on our previous study,” when the reaction was
conducted with 5% InBrs and 4 equiv of Et3SiH in chloroform at
60, the expected reduction proceeded cleanly to produce the de-
sired tertiary amine 2a in 90% yield (run 1 in Table 1). However,
when a similar reaction was carried out with InCl; and In(OTf)s,

Table 1
Examination of reaction conditions
5% InX PN
N N ] 3 .
Ph™ "N° "Ph silane (4 equiv) Ph /'\L Ph
o solv, 60 °C, 20 h b H
1a 2a

Run InX3 Silane Solvent Yield® (%)
1 InBr; Et5SiH CHCl, (90)
2 InCls Et3SiH CHCl3 Trace
3 In(OTf); Et;SiH CHCl5 48
4 InBr; PhMe,SiH CHCl, 65
5 InBr3 Ph,SiH, CHCl3 46
6 InBr; (Me,SiH),0 CHCl5 51
7 InBrs Et3SiH CH3CN Trace
8 InBrs Et3SiH PhH Trace

¢ GCyield (isolated yield).
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a recovery of the starting material and a drastic decline of product
yield was observed (runs 2 and 3). Thus, it was found that only
InBrs was highly effective for reduction of the tertiary amide and
showed outstanding catalytic activity. Running this reaction with
PhMe,SiH, Ph,SiH,, and (Me,SiH),0, instead of Et3SiH, resulted in
a reduced product yield (runs 4-6). Interestingly, use of CH3CN, a
solvent that is widely used in reductive functional group conver-
sions in the presence of an indium halide and a silane compound,
did not give the desired product. Instead, it led to the recovery of
the starting material (run 7). Also, when the reaction was con-
ducted in PhH, the reaction did not proceed (run 8). Consequently,
a reducing system composed of 5% InBr; and 4 equiv of Et3SiH in
CHCl3 proved to give the best results.

With the optimized conditions shown in Table 1, the generality
of this reduction was examined using a variety of tertiary amides
(Table 2). In all cases using a tertiary amide derived from benzam-
ide, the reductive deoxygenation proceeded cleanly, producing the
corresponding benzylamine derivatives 2b-d in moderate to good
yields (runs 2-4). The substrates comprises an acetanilide moiety
also converted to the expected aniline derivatives 2f-i in practical
yields (runs 5-9). In particular, this InBr;-Et3SiH reducing system
was also applicable to the reduction of amide 1f involving a hetero-
cyclic skeleton such as indoline (run 6). In addition, it was found
that a cyano group on the benzene ring, which is sensitive to a
common reducing reagent, such as BHz and LiAlH,, is tolerant of
our reducing system (run 7). Similarly, aliphatic groups, such as a
t-butyl group and a cyclopropane ring, on the carbonyl group did
not influence the reducing system (runs 10 and 11).° Interestingly,
for an aliphatic amide having a benzyl moiety or a benzene ring
somewhere in the substrate, although the reduction of the ali-
phatic amide required quite long reaction times to complete, the
corresponding amines 21,m were obtained in relatively good yields
(runs 12 and 13). It was found that a bromide substituent on the
benzene ring would not reduce with the present reducing agent.
In contrast, the use of the aliphatic amide without a benzene ring
gave the aliphatic amine derivatives 2n,0 in low yields with the
recovery of the starting materials after 72 h (runs 14 and 15).

On attempted reaction of N-methyl-N-phenylformamide (3),
the expected N,N-dimethylaniline (4) was obtained in 47% yield
with 23% yield of unexpected dimerized product 5 (Scheme 1).'°

To extend the application of the present reducing agent, the
reaction using a secondary amide was examined under our stan-
dard conditions (Scheme 2). Thus far, success in the reduction of
a secondary amide using a silane has been limited to several tran-
sition-metal complexes besides a highly reactive reducing reagent,
such as aluminum and boron hydrides.’®>#>" Thus, when reduc-
tion using acetanilide (6a) and benzanilide (6b), which was derived
from aniline, was performed with the InBrs;-Et3SiH reducing
system, the expected reaction proceeded to produce N-ethyl-
anilne (7a) and N-benzylaniline (7b) in 45% and 72% yields,
respectively.!!

For the reaction mechanism of the present reducing system, we
assume that the reduction proceeds via the following path shown
in Scheme 3: (i) first, hydroindation of a starting amide with HInBr,
and an exchange reaction of the formed indium intermediate with
Et3SiBr consecutively occur to generate an N,0-acetal intermedi-
ate;'? (ii) the intermediate further transforms to an iminium
(imine) intermediate through InBrs-promoted desioxylation; and
(iii) reduction of the iminium ion occurs, finally leading to the
corresponding amine with regeneration of InBrs. In addition, no
ring-opening product was obtained during the reduction of an
amide having a cyclopropane ring (run 11 in Table 1),!* and neither
was there a corresponding ring product from a substrate having a
cyano group through 5-exo-zig cyclization (run 7 in Table 1).14
These results strongly imply that the reduction proceeds via not
a radical path, but an ionic mechanism.

Table 2
Reduction of amides to amines
0
R1 )L . 5% InBrj, Et3SiH (4 equiv) Rl H)<H ,
N R CHCl5 60 °C N°OR
R2 " R2
1a-0 2a-o
Run  Amide Time (h) Amine Yield? (%)
; Ph” >N Ph " Ph” >N""Ph 2 90
a
/go A
H
% H H
2 20 (2b) 66
Ph)kNEtz Ph)4 NEt,
9 H H
3 Ph)J\,\O 20 Phxl\(j (2c) 64
9 H H
4 Ph)J\Nﬁ 20 Ph)(N/\ (2d) 94
o L_o
o) H H
5 Ph N 20 Ph\N)i (2¢) 86
6 : :N 20 : :N (2f) 81
(o) H
H
Bn Bn
N N
7 \n/ 20 < (2g) 85
0 H H
CN CN
| |
5 Ph/N\n/ 15 ! (zh) 81
o) H H
| \
9 N{ 15 N (2i) 80
0 H H
| \
10 ppN 12 ph-N ) 84
o) H H
| [
1 ppN 30 o N k) 56
o) H H
Br- Br.
12 \©l 72 Oj\ (21) 65
EL,NT SO Et,N"I"H
Ph™ N Ph™ N
13 48 H (2m) 73
o H
14 O\l\ﬂ)/j 72 G\Jﬁ (2n) 34
0 H H
(o] H H
15 CiiN\Etz 72 NEt, (20) 27
X A

2 Isolated yield.
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Scheme 1.
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Scheme 3. Plausible mechanism for reduction of amides.

In summary, we have developed a highly efficient reduction
procedure for the direct conversion of a variety of amides to the
corresponding tertiary and secondary amines. Also, we found that
the present reducing system can be applied to the reduction of a
secondary amide. The present method using the InBr;-Et3SiH sys-
tem provides a simpler and more convenient alternative to tradi-
tional methods.
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