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The transamidation of tertiary amides was achieved via nickel cata-
lysis in combination with briphos ligands. N-Methyl-N-phenylben-
zamide derivatives reacted with primary amines in the presence of
NiCl,/briphos L4 to provide the transamidated products in moder-
ate to good yields. Primary aromatic amines delivered higher
product yields than aliphatic amines.

The amide functionality is a fundamental motif of peptide
bonds present in life-essential proteins such as enzymes." It is
ubiquitous in bioactive molecules such as natural products,
pharmaceuticals, and agrochemicals.> Due to the essentiality
of amides, a number of synthesis methods have been devel-
oped for their efficient preparation.® Frequently employed
amide synthesis methods include the reaction of amines with
activated carboxylic acid derivatives,” oxidative amidation,’
hydration of nitriles®, and aminocarbonylation.” Recently,
transamidation has garnered increasing attention, as a variety
of amide products can be directly prepared via the reaction of
amines with amide substrates.®

In the early development stages, transamidations were pre-
dominantly performed with primary amides, due to their high
reactivity.” The transamidation of secondary amides with
primary amines results in a mixture of two different amides,
that is, the starting material and the product.’® The introduc-
tion of activating groups and the employment of transition
metal catalysts have largely resolved this drawback. A number
of activating groups, such as N-tosyl, N-Boc, N-acetyl, and
N-triflyl groups, have been employed for the activation of the
amide C-N bond, promoting improved yields of the desired
products.'” Particularly, activated tertiary amides, such as glu-
tarimide and saccharine, exhibit good activity in C-N bond
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cleavage for reaction with nucleophiles under transition metal
catalyst and metal-free conditions."”

The transamidation of unactivated tertiary amides, such as
N-methyl-N-phenylbenzamide, has likewise been developed by
several groups. An earlier approach by the Stahl group entailed
the reaction of a tertiary amide with a secondary amine in the
presence of a Lewis acid catalyst to provide equilibrium mix-
tures.”> In 2018, the Hu group developed a manganese-
mediated reductive transamidation of tertiary amides with
nitroarenes."” In addition, the Szostak group demonstrated the
transformation of a tertiary amide to a different amide in the
presence of LIHMDS."®

Recently, we reported the successful nickel-catalyzed C-N
bond activation of amides for reaction with amines or the
a-carbon of amides.'® It was established that the combination
of Ni(diglym)Cl, and a briphos ligand displayed favorable
activity for the transamidation of unactivated secondary
amides to provide the desired transamidated products in good
yields. Briphos is a tunable m-acceptor phosphorus ligand
effectively utilized for low-valent transition metal catalysis."”
During our studies on transamidation, we established that
unactivated tertiary amides also underwent transamidation to
secondary amides in the presence of nickel/briphos. Herein,
we report the Ni/briphos-catalyzed transamidation of tertiary
amides.

N-Methyl-N-phenylbenzamide and aniline were allowed to
react under various conditions (Table 1). Nickel(n) species were
employed in the presence of manganese, as nickel(n) is air-
stable. In addition, all reactions were conducted using tri-
methylsilyl chloride as an activator in the nickel catalyzed
transamidation, as introduced in our previous report.*®? First,
numerous nickel sources were tested with non-substituted
phenyl-based briphos L1. All the nickel(u) catalysts tested pro-
vided the transamidated product 3aa in moderate yield
(entries 1-7). Among them, the best results were obtained with
NiCl, (entry 7). Thereafter, using NiCl, as the catalyst, various
substituted briphos ligands, as shown in Fig. 1, were tested. N-
3,5-Dimethylphenyl substituted briphos L2 afforded 3aa in
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Table 1 Optimization of conditions for transamidation using briphos
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Table 2 Transamidation of 1a and 2a under various conditions?

ligands?
o NH, Ni cat. (10 mol %) NiCIz (X mol%)
/@ __Ligand (10mol %) @ Ligand (X mol%)
©)Lr?l + © T MnGequy) ©)k la+2a —————————3aa
Me TMSCI (2 equiv) Mn (Y equiv.)
1a 2a Solvent, 160°C, 16 h TMSCI (Z equiv.)
NMP, 160°C,16 h
Entry Ni Ligand® Solvent Yield® (%) Entry X Ligand Y Z Yield ” (%)
1 Ni(OH), L1 NMP 50 1 10 PPh, 5 2 45
2 Ni(OAc), L1 NMP 45 2 10 PCy, 5 2 38
3 Ni(OTf), L1 NMP 50 3 5 L4 5 2 74(5)
4 NiF, L1 NMP 45 4 1 L4 5 2 31(15)°
5 Ni(PPh;),Cl, L1 NMP 40 5 0 — 5 2 Trace(20)°
6 Ni(glyme)Cl, L1 NMP 42 6 10 L4 2 2 52
7 NiCl, L1 NMP 66 7 10 L4 1 2 42
8 NiCl, L2 NMP 69 8 10 L4 0 2 Trace
9 NiCl, L3 NMP 70 9 10 L4 5 4 87
10 NiCl, L4 NMP 87 10 10 L4 5 24 84
11 NiCl, L5 NMP 65
12 NiCl, L6 NMP 69 “Reaction conditions: 1a (0. 2 mmol) and 2a (0.4 mmol) were reacted
13 NiCl, L4 DMAc 62 in NMP at 160 °C for 16 h. ?Isolated yield. “The yield of 3-benzoyl-1-
14 NiCl, L4 DMSO 20 methylpyrrolidin-2-one. 4 TMSI was used instead of TMSCL.
15 NiCl, L4 Diglyme 55
164 NiCl, L4 NMP 77
17¢ NiCl, L4 NMP 64
18/ NiCl, L4 NMP 22 To study the optimal conditions in detail, the standard

“Reaction conditions: 1a (0.2 mmol), 2a (0.4 mmol), Ni (0.02 mmol),
ligand (0.02 mmol), TMSCI £04 mmol), and Mn (1.0 mmol) were
reacted at 160 °C for 16 h. ”Briphos ligands. “Isolated yield. “Mn
(0.6 mmol) was used. Reaction time was 6 h./Reaction temperature
was 120 °C.

ahB d L3:R=Me

Fig. 1 Structures of briphos ligands.

69% yield (entry 8). Subsequently, 2,4-di-tert-butyl substituted
phenyl-based briphos ligands (¢-Bu-briphos) were evaluated.
Methyl-, tert-butyl and methoxy substituted ¢-Bu-briphos L3
and L4 provided 3aa in 70% and 87% yields, respectively
(entries 9 and 10). N-Cyclohexyl-substituted briphos L5 and L6
provided 3aa in 65% and 69% yields, respectively (entries 11
and 12). With L4 being the ligand of choice, various solvents
such as DMAc, DMSO, and diglyme were evaluated. However,
all the solvents afforded inferior yields compared to NMP
(entries 13-15). Decreasing the amount of Mn to three molar
equivalents, shortening the reaction time to 6 h, and lowering
the reaction temperature to 120 °C resulted in decreased
product yields of 77%, 64%, and 22%, respectively (entries
16-18). Based on these results, the optimized conditions are as
follows: amide (1.0 equiv.), amine (2.0 equiv.), NiCl,
(10 mol%), L4 (10 mol%), Mn (5.0 equiv.), and TMSCI (2.0
equiv.), reacted in NMP at 160 °C for 16 h.
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reactions were conducted under various different conditions
(Table 2). The employment of PPh; and PCy; afforded 3aa in
45% and 38% yields, respectively (entries 1 and 2). When the
Ni quantity was reduced to 5 and 1 mol%, 3aa was formed in
74% and 31% yields, respectively (entries 3 and 4). The reac-
tion without a Ni catalyst provided a trace amount of 3aa
(entry 5). It was found that an unexpected by-product, which
was generated from the reaction of 1a and NMP, was formed
when the amount of Ni employed was less than 10 mol%.
Decreasing the amount of Mn to 2 and 1 equivalents provided
3aa in 52% and 42% yields, respectively (entries 6 and 7).
When the reaction was carried out without Mn, a trace amount
of 3aa was observed (entry 8). These results imply that a large
amount of Mn was required to obtain 3aa in high yield.
Increasing the amount of TMSCI to 4 equivalents resulted in
3aa in 87% yield (entry 9). The reaction with TMSI instead of
TMSCI provided 3aa in 84% yield (entry 10).

With the optimized conditions in hand, the substrate scope
was investigated (Scheme 1). A variety of primary amines were
allowed to react with 1a under the optimized conditions. Para-
and ortho-toluidines afforded the corresponding transamidated
products 3ab and 3ac in 82% and 77% yields, respectively. The
reaction with 2,4,6-trimethylaniline provided 3ad in a slightly
reduced yield, due to the steric hindrance of 2,4,6-trimethyl-
aniline. 4-Methoxy- and 4-methylthio-anilines afforded 3ae and
3af, respectively, in good yields. 4-Fluoro- and 4-trifluoromethyl
anilines gave 3ag and 3ah in 69% and 63% yields, respectively.
Primary amines bearing heteroaromatic rings, such as pyridine,
thiazol, and benzothiazole rings, likewise provided the corres-
ponding amides 3ai, 3aj, and 3ak, respectively, in good yields.
Alkyl substituted primary amines, such as allyl amine and cyclo-
hexyl amine, produced the corresponding amides 3ao and 3ap
in 39% and 41% yields, respectively. However, n-hexyl amine
did not generate the desired product 3aq.

This journal is © The Royal Society of Chemistry 2020
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Scheme 1 Transamidation of 1a with various primary amines. Reaction
conditions: 1a (0.2 mmol), 2 (0.4 mmol), NiCl, (0.02 mmol), L4
(0.02 mmol), TMSCL (0.4 mmol), and Mn (1.0 mmol) were reacted in
NMP (1.0 mL) at 160 °C for 16 h. *1a (1.5 mmol) was used.

Subsequently, various substituted aryl amide derivatives
were allowed to react with aniline under the optimized con-
ditions (Scheme 2). 2-, 3-, and 4-Methyl substituted N-methyl-
N-phenylbenzamides 1b, 1c and 1d exhibited good yields in
the formation of 3ba, 3ca, and 3da, respectively. N-Methyl-N-
phenylbenzamide derivatives, bearing tert-butyl, methoxy, tri-
fluoromethyl, fluoride, and phenyl groups at the para-position
of benzamide, provided the corresponding amides 3ea, 3fa,
3ga, 3ha, and 3ia in good yields. N-Methyl-N-phenyl-2-
naphthamide afforded 3ja in 69% yield. However, only a trace
amount of 3ka was formed from N-methyl-N-phenyl-1-
naphthamide.

NiCl, (10 mol %)
L4(10 mol %)
Mn (5 equiv)

TMSCI (2 equiv)

NMP, 160°C, 16 h

éjﬁjm@)k@@)kg 2,0

3ba (65%) 3ca (79%) 3da (73%) 3ea (70%)

Q)‘@ /©)L© Q)‘O

.*O w0 -*Q

3fa (74%) 3ga (77%) 3ha (82%)
3ia (81%) 3ja (69%) 3ka (trace)

Scheme 2 Transamidation with substituted N-methyl-N-phenylbenza-
mide derivatives with aniline. Reaction conditions: 1 (0.2 mmol), 2a
(0.4 mmol), NiCl, (0.02 mmol), L4 (0.02 mmol), TMSCI (0.4 mmol), and
Mn (1.0 mmol) were reacted in NMP (1.0 mL) at 160 °C for 16 h.

This journal is © The Royal Society of Chemistry 2020

View Article Online

NiCl, (10 mol %)
_ L4(10mol%)
Mn (5 equiv)

Communication
Lo 10 e
_R?
©)kl}l + HoN @
R! TMSCI (2 equiv)
1 2a NMP, 160°C, 16 h

o't ofro o

1a—d (68%)

1a-b (8%) 1a—c (trace)

Scheme 3 Reactions of benzamide derivatives with aniline.

Unactivated tertiary benzamides 1a-b, 1a-c, and 1a-d were
evaluated in the reaction with aniline under standard con-
ditions, as shown in Scheme 3. N,N-dimethyl- and N-methyl-N-
benzyl benzamides provided considerably low yields of 3aa.
N,N-Diphenylbenzamide (1a-d) afforded 3aa in 68% yield.

To study the reactivity of this catalytic system, several
control experiments were conducted (Scheme 4). The reaction
between N-methylaniline, a leaving group of 1a, and
N-phenylbenzamide, did not yield any product. This result
implies that the reverse reaction is not favored under standard
conditions. A competitive experiment between two different
benzamides, with either electron-withdrawing or electron-
donating substituents, was conducted using 4-methoxyaniline
under standard conditions to provide 3de and 3he in 15% and
22% yields, respectively. Similarly, a competitive experiment
between two different anilines 2e and 2g was conducted.
4-Methoxyaniline and 4-fluoroaniline afforded 3ae and 3ag in
45% and 25% yields, respectively. These results suggest that
benzamides bearing electron-withdrawing substituents are
more active than those with electron-donating groups, and
that anilines substituted with electron-donating groups are
more active than those having electron-withdrawing groups.

o

1a (0%)

D)LQ

@)
o standard
conditlons
N + HN
H
3aa

o

(b) /@)J\N, Ph
Me’ Me OMe

' 3de (159
1d (1.0 equiv) /©/ z:)anndc:;l;: e (15%)
H,N ~conditions,,
o o OMe
2e (1.0 equiv) /©/
_Ph

F Ve F

1h (1.0 equiv) 3he (22%)

OMe
© OMe 0 /©/
o :
HoN @H

[0}

2e (1.0 equiv)  standard
n-Ph (H0eauN)  onaitions 3ae (45%)
' F
o Y R Y
i N
1a (1.0 equiv) HoN ©)LH

2g (1.0 equiv) 3ag (25%)

Scheme 4 Control experiments.
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Conclusions

In summary, unactivated tertiary amides, such as N-methyl-N-
phenylbenzamide, reacted with primary amines in the pres-
ence of NiCl, and a briphos ligand to deliver transamidated
secondary amides in good yields. The employment of NiCl,
has several advantages, as it is an inexpensive and easily
handled reagent. Among the briphos ligands, N-3,5-dimethoxy-
phenyl substituted briphos having a tert-butyl substituent at
the phenol moiety, L4, provided optimal results. It was found
that briphos ligands bearing electron-donating groups and
sterically bulky substituents exhibited superior activity com-
pared to other briphos ligands. We believe that the steric
bulkiness of the ligands plays a major role in improving the
reactivity of the Ni catalysts. Accordingly, tert-butyl substituted
briphos ligands L3, L4, and L6 showed better reactivity than
the non-substituted briphos ligands L1, L2, and L5. Among
tert-butyl substituted briphos ligands, electronic tuning was
achieved with methoxy groups, showing that L4 is the optimal
ligand. We will not discuss the detailed ligand effect further at
this moment, but will continue to investigate the reaction
mechanism to completely understand the ligand effect.
Aromatic amines, including heteroaromatic amines, benzyl
amines, and alkyl amines, afforded the transamidated pro-
ducts in moderate to good yields. Various substituted
N-methyl-N-phenylbenzamides displayed good activity in the
transamidation of aniline.
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