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Abstract: An expeditious and practical method for the reduction of
amides to amines is reported. The method is consisted of activation
of amides with Tf,0 followed by reduction with sodium borohy-
dride in THF at room temperature. Various amides/lactams gave the
corresponding amines in good to excellent yields, even with hin-
dered amides and secondary amides. This method also presents oth-
er advantages such as TBDPS-group tolerance, short reaction time,
simple workup and purification procedure.
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Amines are of great medicinal interest and are an impor-
tant class of compounds in chemistry.! The direct reduc-
tion of amides constitutes one of the main entries to
amines.? Lithium aluminum hydride (LAH)? and diborane
or borane complex* are, among others,’ the most widely
used reducing agents for amides reduction. The draw-
backs of the reduction with LAH are the harsh conditions
required for the reduction that renders the method low
functionality tolerance,’® difficulties in the reduction of
secondary amides, and side reactions such as C-N bond
cleavage with hindered tertiary amides.” In addition, diffi-
culties are often encountered in the isolation of the prod-
uct from the reaction mixture with these reducing agents
due to formation of complex with the resultant amines.?
Recently, transition-metal-complex-catalyzed organosi-
lane reductions have emerged as attractive alternatives for
amides reduction.!® More recently, Charette and co-
workers reported a highly chemoselective metal-free
method for the reduction of tertiary amides via Tf,0
activation'' and Hantzsch ester (HEH) reduction.'? In
connection with a recent work on the sequential reductive
alkylation of amides via activation with Tf,0,'* we under-
took an investigation on Charette’s reduction aiming at
the substitution of HEH by more commonly used reducing
agents, and overcame the difficulty in the reduction of
hindered tertiary amides as well as the reduction of sec-
ondary amides. The results are reported herein.

N-Benzyl-2-pyrrolidone (1) was selected as a substrate for
our initial investigation. Thus, lactam 1 was treated with
T£,0 (1.1 mol equiv) in CH,CI, (0.1 M) in an ice bath for
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30 minutes, and to the resultant activated intermediate
was added a reducing agent. However, no reduction reac-
tion occurred neither with triethylsilane (TES) (r.t. or re-
flux), Ph,SiH, H, and Pd/C, nor NaBH, in CH,CIl,
(Table 1). The reaction with NaBH, in ethanol at room
temperature gave, after workup, the desired pyrrolidine 2
in 37% yield, alongside with the recovered starting mate-
rial 1 in 38% yield. Similar reaction in methanol at room
temperature gave pyrrolidine 2 in 20% yield, along with
the recovered starting material 1 in 75% yield.

Table1 Attempted Tf,0O-Activated Reduction of Lactam 1 under a
Variety of Conditions

Tf,0, CH,Cl,

& 025 °C [

N~ O : g N

| reduction reagent A

Bn solvent, temp. Bn

1 2
Entry Reducing reagent Temp Result
1 TES, CH,Cl, r.t. n.r.
2 TES, CH,Cl, reflux n.r.?
3 Ph;SiH, CH,Cl, r.t. n.r.
4 10% Pd/C, H,, CH,Cl, r.t. nr.
5 NaBH,, CH,Cl, r.t. n.r.?
6 NaBH,, EtOH r.t. yield of 2: 37%

recovered 1: 38%

7 NaBH,, MeOH r.t. yield of 2: 20%

recovered 1: 75%

* Only a small amount of starting material consumed with complex
products formed as indicated by TLC.

On the basis of these preliminary trials, we next investi-
gated the reduction of amide with NaBH, in THF. To our
satisfaction, the reduction of lactam 1 with 1.3 mol equiv-
alents of NaBH, in THF at room temperature for one hour
afforded the desired pyrrolidine 2 in 75% yield.'* It was
observed that when 1.0 mol equivalent of NaBH, was
used, the reaction was incomplete; while the use of 2.0 or
more mol equivalents of NaBH, led to a borane complex
of the desired pyrrolidine 2, which required additional
steps to deliver the free pyrrolidine 2.
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The reaction was then extended to a series of lactams and
amides and the results are summarized in Table 2. As can
be seen from Table 2, all reactions gave good to excellent
yields (Table 2, entries 1-12), even with hindered amides
(Table 2, entries 13—17). It should be noted that the reduc-
tion of hindered amides such as 1m—q by Tf,O-HEH gave
only less than 5% yield.!> Moreover, the reduction of sec-
ondary amides proceeded smoothly to give the desired
amines in 75% and 73% yields (entries 18 and 19). While
the reduction of (S)-pyroglutamate gave the fully reduced
product prolinol (entry 20), the reduction of OTBDPS-
protected (S)-2-oxoprolinol afforded the corresponding
OTBDPS-protected (S)-prolinol in 70% yield (entry 21).
These results showed that the reducing system Tf,0-—
NaBH, is not only powerful for hindered amides, but also
offers some chemoselectivity, because TBDPS was
shown to be metal unstable in the reduction with LiAIH,.®
Reduction of chiral pyrrolidinone 1v'® gave pyrrolidine
2v (entry 22), which is an intermediate for the synthesis of
novel potential HIV protease inhibitors.!”

Table 2 Tf,0-Activated Reduction of Amides/Lactams with
NaBH, in THF

o) 1) TH0 (1.1 equiv), CH,Cl H
(H) z . 22 (H) H
R2. )]\ . 0-5 °C, 30 min R2. /k ;
NnooR 2) NaBH, (1.3 equiv), THF NOR
R! / rt,1h R‘\ !
Entry Amide 1 Amine 2 Isolated
yield (%)

(o "

1 N 75
Bn én
la 2a
Bn Bn
1b 2b

) e

i © N
Bn Bn
1c 2c
o '
n
|
4 Bn/N\”/ . N 83
n
(6]
2d
1d
I|3n Bn
|
3 B”/N\”/\ N 87
n
© 2e
le
o .
n
6 B”/N\H)\ B /'l‘\)\ ”
n
O
1f 2f
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Table 2 Tf,0-Activated Reduction of Amides/Lactams with
NaBH, in THF (continued)

o) 1) TH,0 (1.1 equiv), CHoCl H
(';)2 L 0-5°C, 30 min o ° ("F")g A
~ ~
N™ R 2) NaBH, (1.3 equiv), THF N TR
R1\ ‘,,' rt,1h Rl‘ !
Entry Amide 1 Amine 2 Isolated
yield (%)
VoV
7 80
K/N\
(0]
2
1g &
SN
n
8 N 'Q 81
B N
" 5 Bn”
2h
1h
OMe
E':(@ T .
9 _N I\Q/ 79
B N
" S Bn”~
. 2i
1i
) ]
n
N |
10 g I Bn/N\/©/ 84
2i
1j !
Cl
?n B Cl
n
1 Bn/N lll\)@/ 80
) Bn~
2k
1k
I?n ?n
N N
12 g~ \[ B 72
O Cl Cl
11 21
13 \rN YNV@ 87
(0]
Im 2m
Y Z | OMe Y OMe
14 \rN\[ N \rN 74
(0]
In 2n
15 \rN \rNV@/ 83
(0]
1o 20
Y Cl Y Cl
16 YN\[ \rN\/©/ 91
O
1p 2p
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Table 2 Tf,0-Activated Reduction of Amides/Lactams with
NaBH, in THF (continued)

o} 1) THO (1.1 equiv), CHyCl H
(H) . " 22 (H) H
R2. )]\ , 0-5 °C, 30 min R2. /k :
NoR 2) NaBH, (1.3 equiv), THF NOR
R1\ o rt,1h Rl‘ !
Entry Amide 1 Amine 2 Isolated
yield (%)

by pe
17 Y I Y 93

Cl

1q 2q
d H
| | = H
IEIERN N | 75
\ N
o 2r
1r
at
19 N)l\ O~ 73
H H
1s 2s
20 MeOOC“"N&O HOHgC“"[N> 69
|
PMB PMB
1t 2t
TBDPSO L—\A\ TBDOPSO [ )
21 AN N N 70
én Bn
1u 2u
BnQ, BnQ,
PhVZl Ph\/b
22 'Tl (6] l}l 72
PMB PMB
1v 2v

A plausible mechanism!? for the lactam/amide reduction
via activation with Tf,O is shown in Scheme 1. The reac-
tion of Tf,0 with the carbonyl of amide A generates a
highly electrophilic iminium triflate intermediate B,
which reacts with NaBH, to give N,0-acetal C. Then,
elimination of “OTf assisted by both the nitrogen lone pair
of electrons and BH; complexation leads to the formation
of iminium ion D, which is trapped by a second hydride to
give amine E.

To summarize, we have developed an expeditious method
for the reduction of amides and lactams with NaBH, un-
der mild conditions. The method is not only efficient for
the reduction of hindered tertiary amides, but also works
well with secondary amides, which complements the
method of Charette. Comparing with the classical meth-
ods utilizing lithium aluminum hydride, diborane or bo-
rane complex as the reducing agents, this new method is
more efficient, milder, with simpler workup and purifica-
tion procedure.

BH3
0 oTf (OT]‘
2 Tf,0 2 NaBH4 2 H
R\N)J\Rs s R\l}l"’J\Ffs F{\-ﬁ‘kRs
Flﬂ ) H TIO™ R'. ,'l ||q1 ,

A B Cc

H H

H

2 NaBH 2

f» R\N*'J\RS 44> R\N)<R3

1 | | \

TIOBHg 11O RI R'
D E

Scheme 1 Plausible mechanism for the amide/lactam reduction via
activation with Tf,0

Supporting Information for this article is available online at
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