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Abstract

The nickel-catalyzed reduction of secondary and tertiary amides to give amine products is
reported. The transformation is tolerant of extensive variation with respect to the amide substrate,
proceeds in the presence of esters and epimerizable stereocenters, and can be used to achieve the
reduction of lactams. Moreover, this methodology provides a simple tactic for accessing
medicinally relevant a-deuterated amines.
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The ability to manipulate amides using nickel catalysis represents a rapidly growing area of
research.1~4 Interest in this field has been driven in part by the stability of amides and their
consequential promise for applications in multistep synthesis.>® The high abundance, low
cost, and minimal CO, footprint associated with nickel also render these transformations
highly attractive.” Over the past two years alone, several nickel-catalyzed reactions of
amides have been developed (Figure 1), including esterification,12f transamidation,1¢
Suzuki—Miyaura couplings,1P Negishi couplings,1d-2¢d and decarbonylative processes.2&P
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With the aim of expanding the scope of base-metal-catalyzed reactions of amides, we
became interested in the nickel-catalyzed reduction of amides (Figure 1, 1 — 2). Amide
reduction is a powerful synthetic tool and has been the topic of recent investigations8 with
notable breakthroughs including contributions by Beller (Fe or Ru, 2° or 3° amides; Zn, 3°
amides; Cu, 2° amides),82P.29 Nagashima (Pt or Fe, 3° amides),8¢k and Adolfsson (Mo, 3°
amides).8d Beller’s Fe-catalyzed amide reduction® is the most general of those
methodologies that utilize nonprecious metal catalysis and provides a particularly impressive
means to reduce tertiary amides.® Surprisingly, however, only scattered reports of nickel-
catalyzed amide reduction have been reported over the past century, with no general
methodologies having been disclosed. Most known examples of nickel-catalyzed amide
reduction require the use of Raney nickel, high temperatures, and high pressures of H,
gas.10:11 Only one exception exists, which is the double reduction of a-ketoanilides to the
corresponding a-hydroxylamines.12 A general catalytic platform to achieve the Ni-catalyzed
reduction of amides has remained elusive.

Herein, we report a simple catalyst system that enables the reduction of both secondary and
tertiary amide substrates. The transformation is tolerant of extensive variation with respect to
the amide C- and N-substituents. Furthermore, the nickel-catalyzed amide reduction can be
performed in the presence of esters and epimerizable stereocenters. Finally, the methodology
provides a simple tactic for the synthesis of a-deuterated amines, which are important
motifs in medicinal chemistry.13

To initiate our studies, we examined the nickel-catalyzed reduction of several classes of
amide substrates (Table 1).14 A-Methyl-A-phenylbenzamide (3), the substrate used in our
initial amide-coupling studies,12 was tested under a variety of reaction conditions.1®
Ultimately, we found that 3 underwent efficient reduction to amine 4 in the presence of
PhSiH316 and a catalytic amount of the air-stable Ni(l1) precatalyst NiCl,(dme)’ (entry 1).
An external ligand was not required. With this exciting result in hand, we directed our
attention to assessing other amide substrate classes, especially those that did not undergo
coupling in our prior studies.! Amide 5, a substrate bearing two aliphatic nitrogen
substituents, was reduced to give amine 6 in 92% yield (entry 2). Moreover, the use of
secondary amide 7 as a substrate furnished amine 8 in excellent yield (entry 3). In the final
example shown, we evaluated amide 9, a substrate derived from an aliphatic carboxylic acid
(entry 4). This reduction delivered amine 10 in 93% yield. Given that most reported nickel-
catalyzed reactions of amides require the use of benzamide-type substrates and activating
groups on the nitrogen,18 the examples shown in entries 2-4 were especially encouraging.1?

Having identified conditions to effect the nickel-catalyzed reduction of secondary and
tertiary amides, the scope of this methodology was evaluated.2? We first tested substituent
effects with regard to the carbon-component of the amide carbonyl using secondary amides
derived from benzylamine (Figure 2). Reduction of the parent benzamide 7 gave 8 in 94%
isolated yield. Electron-donating groups on the aromatic ring were tolerated, as exemplified
by the formation of amines 11-13 in high yield. From the latter two cases, it should be
emphasized that a tertiary amine and a phenol, respectively, did not hinder catalytic
reduction. As suggested by products 14 and 15, the electron-withdrawing groups — CF3 and
— F also withstood the reaction conditions. Several heteroaromatic substrates were also
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examined. To our delight, a free indole and a pyrazole were tolerated, as shown by the
formation of amines 16 and 17 in 75 and 67% yield, respectively. In addition to nitrogen-
based heterocycles, sulfur- and oxygen- containing heterocycles could be utilized to give
thiophene 18 and furan 19, both in synthetically useful yields.

As noted previously, one of the key limitations of most nickel-catalyzed reactions of amides
is the necessity to employ benzamide-type substrates. Thus, we were eager to probe a range
of amides derived from aliphatic carboxylic acid substrates (Figure 2). A secondary amide
derived from decanoic acid underwent reduction to give product 20 in 75% isolated yield. a-
Branched substrates could also be reduced in excellent yields, as shown by products 21 and
22. It is noteworthy that significant steric bulk did not hinder the transformation. Olefin-
containing compounds were also probed under our reaction conditions. Although not all
tests were successful, product 23 was obtained in high yield, without competitive reduction
of the alkene. Finally, heterocyclic amides derived from aliphatic carboxylic acids were
found to undergo smooth reduction, as seen by the formation of 24-27. The tolerance of this
methodology to oxygen- and nitrogen-containing heterocycles, including free NHs and
carbamates, bodes well for future synthetic applications.

As shown in Figure 3, the scope of the methodology is broad with respect to the amide
nitrogen substituents. Secondary amides beyond A~Bn,H-amides can be utilized as shown by
the formation of 28 and 29. The latter example also suggests that large groups on the amide
nitrogen are tolerated. A series of tertiary amides were evaluated, which led to the smooth
formation of reduced products 30-36. These results collectively demonstrate that acyclic,
cyclic, branched, and heterocyclic fragments can be utilized in this methodology.

Having demonstrated the broad scope of this methodology for the reduction of acyclic
amides, we sought to test its applicability to the reduction of lactam substrates. Lactam
reduction is most often performed using LiAlH4, Red-Al, or two-step protocols.?! As shown
in Figure 4, we found that a 4-membered lactam underwent reduction to give azetidine 37 in
64% yield. Additionally, 6- and 7-membered ring substrates could be reduced to give
piperidine (38) and azepane (39), respectively. Finally, reduction of a 13-membered ring
substrate delivered macrocyclic amine 40 in quantitative yield. Thus, our nickel-based
approach offers a simple and relatively mild alternative to conventional lactam reduction
methods and can be used to access cyclic amines of varying ring sizes.

As a final test of this methodology, a variety of optically enriched amino acid derivatives
were reduced using PhSiDs to give the corresponding a-deuteroamines (Figure 5).22 a-
Deuteroamines are less prone to undergo metabolism compared to their nondeutero
counterparts and are therefore sought after in drug discovery.13:23 We found that a valine-
derived amide bearing a methyl ester could be reduced to give deuteroamine 41. Similarly,
reduction of a tyrosine derivative proceeded in the presence of the free alcohol to furnish 42.
In both cases, the ester remained intact and no epimerization was observed. The same
features were noted upon reduction of a proline-derived substrate, which gave deuterated
aminoester 43. In the last two examples, we examined the reduction of two prolinol
derivatives, one bearing a free alcohol and the other bearing an acetoxy group. In both cases,
reduction proceeded smoothly to give the corresponding amines 44 and 45, respectively.
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Thus, these results not only underscore the utility of our methodology for the preparation of
a-deuteroamines but also re-emphasize the relatively mild nature of the reaction conditions.

We have developed a facile means to achieve the reduction of secondary and tertiary amides
using nonprecious metal catalysis. The transformation is tolerant of extensive variation with
respect to the amide substrate, proceeds in the presence of esters and epimerizable
stereocenters, and can be used to reduce lactams. Moreover, by employing a deuterated
silane as the reducing agent, this methodology provides a simple tactic for the synthesis of
medicinally relevant a-deuterated amines. Our discovery complements the most general
solutions available to the problem of amide reduction known to date.
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Nickel-catalyzed reactions of amides (prior studies) and nickel-catalyzed reduction of
amides (present study).

Org Lett. Author manuscript; available in PMC 2017 October 07.



1duosnuepy Joyiny 1duosnuely Joyiny 1duosnuey Joyiny

1duosnue Joyiny

Simmons et al.

NiCl,(dme) (10 mol %)
PhSiH; (2.0 equiv)

H H
> X e
toluene, 115 °C, 24 h R™ N

13
71% yield

H H
.Bn
4 b
N
H

16
75% yield®

H H
.Bn

=
@
Iz

7

20
75% yield

63% yield®

Figure2.

H H H H
.Bn
.Bn N
N H
H Me\N
MeO |
Me

11 12
77% yield 70% yield
H H
H H _Bn
N,Bn H
H
FiC 1
14 15
80% yield 78% yield
H H
2 N’B" A\
N‘ , H @H;B"
h \_x
Me
17 18 (X = S); 62% yield®?
67% yield® 19 (X = 0); 96% yield®
H H H H
_Bn .Bn
21 22
81% yield 91% yield

H H
0. .Bn Bn
N -
o X

25 (X = 0); 84% yield
24 o 26 (X = NBoc); 73% yield
90% ylel 27 (X = NH); 73% yield®

Page 8

Reduction of secondary amides with varying C-substituents. (a) Conditions unless otherwise
stated: NiCly(dme) (10 mol %), substrate (1.0 equiv, 0.2 mmol), PhSiH3 (2.0 equiv), and
toluene (1.0 M) at 115 °C for 24 h in a sealed vial. Yields shown reflect the average of two
isolation experiments. (b) PhSiH3 (4.0 equiv) was used. (c) Yields determined by IH NMR
analysis using hexamethylbenzene as an internal standard.
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Reduction of aliphatic substrates. (a) Conditions unless otherwise stated: NiCly(dme) (10
mol %), substrate (1.0 equiv, 0.2 mmol), PhSiH3 (2.0 equiv), and toluene (1.0 M) at 115 °C
for 24 h in a sealed vial. Yields shown reflect the average of two isolation experiments. (b)
Yield determined by 1H NMR analysis using hexamethylbenzene as an internal standard.
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H
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N—Ph NH NH
Et
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Figure 4.

Cyclic amines prepared by reduction of the corresponding lactams. (a) Conditions unless
otherwise stated: NiCl,(dme) (10 mol %), substrate (1.0 equiv, 0.2 mmol), PhSiH3 (2.0
equiv), and toluene (1.0 M) at 115 °C for 24 h in a sealed vial. Yield determined by 1H
NMR analysis using hexamethylbenzene as an internal standard due to product volatility. (b)
Yield shown reflects the average of two isolation experiments.

Org Lett. Author manuscript; available in PMC 2017 October 07.



1duosnuepy Joyiny 1duosnuely Joyiny 1duosnuey Joyiny

1duosnue Joyiny

Simmons et al. Page 11

(o) NiCly(dme) (10 mol %) DD
PhSiD; (4.0 equiv)

N > N
I toluene, 115 °C, 24 h |

OH
Me Me
D D
- OMe D D
H O/\XN - OMe
o H
(o)

65% yield 53% yield

D D \-’OW

44 (R = H); 64% yield

58% Y:e!d 45 (R = Ac); 79% yieldb

'l't.l'

Figure5.
Reduction of amino acid derivatives for the synthesis of a-deuteroamines. (a) Conditions

unless otherwise stated: NiClo(dme) (10 mol %), substrate (1.0 equiv, 0.1 mmol), PhSiD3
(4.0 equiv), and toluene (1.0 M) at 115 °C for 24 h in a sealed vial. Yields shown reflect the
average of two isolation experiments. (b) PhSiD3 (2.0 equiv) was used.
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aConditions unless otherwise stated: NiCl2(dme) (10 mol %), substrate (1.0 equiv, 0.2 mmol), PhSiH3 (2.0 equiv), and toluene (1.0 M) at 115 °C

for 24 h in a sealed vial.

ineIds determined by 14 NMR analysis using hexamethylbenzene as an internal standard.
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