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A nickel-catalyzed product-controllable imidation and amidation of
sp?® C-H bond in substituted toluenes with sulfonamides were
developed. Based on the change of reaction time and atmosphere
from N to O,, this reaction proceeded in high yields and excellent
selectivity under different conditions. Mechanistic details were also
described.

The effective method for the formation of C-N bonds in aryl
imines and amines plays an important role in the organic
synthetic chemistry because of the high prevalence of nitrogen-
containing molecules in natural and pharmaceuticals?!.
Meanwhile, drugs containing the sulfonamide functional group?
(Scheme 1, 1 and 2) have long been identified as a potential ETA
antagonists and showed good performance in the treatment of
congestive heart failure.

In the past few years, direct transformation from C-H bonds to
C-N bonds had attracted much attention and great progress3-
had been made. For example, ligand assisted copper-catalyzed
amination of indane with benzenesulfonamide was reported
in200652, it provided a new route for the amidation of allylic and
benzylic C-H bonds. Then, David and his co-workers reported a.
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ligand assisted amidation of primary benzylic C-H bonds by
using toluene as the partner®®. Recently, a ligand-free copper-
catalyzed amidation of benzylic hydrocarbons and inactive
aliphatic alkanes with simple amides was developed by Huang’s
group®c, this process was efficient in the formation of C-N bond
and the scope was wide which tolerated a range of amides.
However, the selectivity of amidation and imidation process has
not been investigated. Previously, some metal catalysts such as
ruthenium, palladium, and copper were used in the amidation
of sp3 C-H bond. Nickel is one of the most abundant, inexpensive,
and environmentally friendly metals. To the best of our
knowledge, no example concerning nickel-catalyzed selective
amidation and imidaition of C-H bonds was reported. With
respect to imidation, several catalytic systems have been
reported’. However, the high cost of metal catalyst and poor
selectivity inhibit its wide application in synthetic chemistry. In
201274, a new method for oxidative imidation of toluene deriv-
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Scheme 1. Drugs containing the sulfonamide functional group.
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atives with sulfonamides was raised, but the catalyst consist of
Pd-Au complexes was so expensive from the point of economy.
Our group has developed a nickel-catalyzed regioselective
cross-dehydrogenative coupling of inactive C(sp3)-H bonds with
indole derivatives to form C-C bonds8. So we next consider
whether this system can be used in forming C-N bonds. Inspired
by these, we herein demonstrated a new method for the
selective amidation and imidation of sp3 C-H bond in substituted
toluenes with sulfonamides under solvent-free conditions.

Table 1. Optimization of the reaction conditions(?]

Me
? dard d
@%—NHZ N standard procedure
o
2a

1a

Entry Cat. Oxidant ~ Temp  Time Atm  3a(%)  4a(%)r
c) M
1 NiCl, DTBP 120 24 Air 56 15
2 NiCl, DTBP 120 24 N, 69 Trace
3 NiBr; DTBP 120 24 N, 35 Trace
4 NiCl,(PPhg), DTBP 120 24 N, 20 0
5 Ni(acac), DTBP 120 24 N, 28 0
6 Ni(OTf), DTBP 120 24 N, 13 0
7 Ni(OAc), DTBP 120 24 N, 75 Trace
8 CuCl DTBP 120 24 N, 30 0
9 Cu(OAc), DTBP 120 24 N, 25 0
10 FeCl, DTBP 120 24 N, 0 0
11 CoCl, DTBP 120 24 N, 0 0
12 Ni(OAc),  TBHPY 120 24 N, 15 0
13 Ni(OAc),  TBHPH 120 24 N, 33 0
14 Ni(OACc), TBPB 120 24 N, Trace 0
15 Ni(OAC), DDQ 120 24 N, 0 0
16 Ni(OAc), K2S,08 120 24 N, Trace 0
17 Ni(OAc), DTBP 100 24 N, 24 0
18 Ni(OAc), DTBP 140 24 N, 50 0
19 Ni(OAc), DTBP 120 24 Air 70 13
20 Ni(OACc), DTBP 120 24 0, 3 72
21 Ni(OAc), DTBP 120 18 0, 41 40
22 Ni(OAc),  DTBP 120 12 0, 59 33
23 Ni(OACc), DTBP 120 6 0O, Trace Trace

laReaction condition: sulfonamide (0.5 mmol), cat.(10%mmol),
toluene (1.5 mL), oxidant (2 equiv.). [?! Isolated yield. [€170% aq.
l[dI 5N in decane.

Initially, benzenesulfonamide 1a and toluene 2a was chosen as
model substrates to identify suitable reaction conditions (Table
1). To our delight, the yield was increased to 69% when we
change atmosphere from air to N; (entry 2). Next, the choice of
catalyst and oxidant were made, Ni(OAc), (entries 3-11) and
DTBP (entries 12-16) proved to be critical to the reaction
efficiency. In addition, we explored the influence of reaction

2| J. Name., 2012, 00, 1-3

temperature on vyield. Unfortunately, incteasing.othe
temperature and decreasing the tempeFfeLird HIFYedr&s O the
yields (entries 17-18). After the optimization process of catalyst,
oxidant, and reaction temperature, the following amidation was
performed under our standard conditions: 10 mol% of Ni(OAc)»
as the catalyst, 2 equiv. of DTBP as the oxidant. The reaction
temperature was maintained at 120 °C under N;. Furthermore,
the condition of imidation was also investigated. The imidation
product yield was improved under O; (entries 7, 19 and 20).The
yields of imination product was improved with the increase of
reaction time (entry 20-23).

With a set of reaction conditions in hand, we then investigated
the range of sulfonamide coupling partners that could be
employed. Gratifyingly, this transformation showed excellent
tolerance for sulfonamide derivatives and provided the
corresponding amidation products in good to excellent yields.
For example, benzenesulfonamides containing electron-
donating groups (Me and OMe) could produce the desired
products in 70% and 72% yields. Benzamides bearing electron-
withdrawing groups, such as Cl and Br, proceeded the reaction
in relatively lower yields (65% and 63%). Methanesulfonamide
was also tolerated in the nickel-catalyzed amidation
methodology. To our delight, xylenes and mesitylene coupled
with benzamide well. Halogen-containing toluene was also
tolerated and gave the N-alkylation products in good yields,
however, the yields of ortho and meta substituted toluene was
relatively lower than para substituted toluene because of steric
effect.

Furthermore, the imidation reaction of toluenes was
investigated (Table 3). For the reaction of toluene with
benzenesulfonamide, 72% obtained.
Meanwhile, the reaction of  toluenes and 4-
methylbenzenesulfonamide proceeded well too.

Some experiments were investigated to get insight into the
reaction mechanism. Firstly, under standard conditions, 2.0
equivalents of 2,2,6,6-tetramethyl-1-piperidinyloxyl (TEMPO)
were added, no desired product was detected in the reaction
mixture (determined by GC-MS; Scheme3, 1 and 2), which
implied that the radical process proceeded in both amidation
and imination. Subsequently, a series of reactions were
conducted.

As shown in Scheme4, (1)-(3), the results indicated that
imidation progress is mainly consistent with the oxidative
dehydrogenation pathway than aldehyde amine
condensation. Therefore, a possible mechanism based on our
experimental results and previous reports® for the amidation
and imidation of benzylic sp3 C-H bonds is proposed in Scheme
5. Our proposed mechanism begins with the decomposition of
DTBP to produce a tert-butoxy radical and tert-butoxide anion
assisted by Ni(OAc),. Then, the tert-butoxy radical abstract a
hydrogen atom from toluene to form a benzyl radical. At the
same time, sulfonamides react with the tert-butoxide anion and
provides anion intermediate (C). Subsequently, the benzyl
radical reacts. with intermediate (C) to provide radical anion (D).
Next, (D) affording the amidation product (E) via SET process.
Finally, (E) undergoes an oxidative dehydrogenation progress to
produce the imidation product (F) assited by Ni(OAc),.

isolated yield was

rather
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Table 2. Nickel-catalyzed amidation of sp3 C-H bond in Table 3. Two representative nickel-catalyzeg., imidatign

substituted toluenes with sulfonamides substrates were examined. DOI: 10.1039/C70B00022G
o . o H o o
Il A condition a I iti I
R—ﬁ—NHz + R-_:i) _conditiong, g 6 N R—ﬁ—NHz + COndItlong R—ﬁ—Nf
° 7\ o] o)
R K
1 2 3 1 2a 4
R=Ph, p-Toly.
o lalReaction condition: sulfonamide (0.5 mmol), cat. (10% mmol),

0 o )
Qéfﬂ Me@&H MeO @ﬁ N toluene derivatives (1.5 mL), oxidant (2 equiv.), 24h under O,.
“ s}

Scheme 3. Control experiments.

3a75% 3b 70% 3¢ 72%
o 1 amidation
9 9 H i H
ﬁ S-N Me—S-N N -
° ¢ © Qs NH, sandard procedgs /7, _{ |
TEMPO(2equip) o
3d 65% 3e 63% 3f78%
09
9 Me H ? /u
2 imidation

O:m

; O
) b b
39 60% @g NH, + standard procedure g N
—NH;
g 50% 3h 80% 3i77% Me i TEMPO(2equ) (‘,‘ 5

‘s’?}@@@b

O

3j 69% 3K 66% 3172% Mé Scheme 4. Control experiments.
o o
1 H o] i H
_ H _
OPy . O, OBy
° cl °
3m 58% F 3n72% el 30 63% %:“:’L Qg"‘:
o o Me o Air 24h ¢
o H o | nH 0 =
i o )R O30 e O oy on (el o
) ) ) o DTBP N, 24h o
Ni(OAc), C u
75% DTBP H
3p 76% 3q 77% Br 3r65% 0, 24h e
-7
(o] 70%
1]
O
(2)
35 69%
o %4
g NH; + L as:
l{Reaction condition: sulfonamide (0.5 mmol), cat. (10% mmol), “ 2 DTEP O, 2an ) o
toluene derivatives (1.5 mL), oxidant (2 equiv.), 24h under N,
80% 5%
. . . . 3
Nickel appears to play two roles in our system. First, nickel 3)
catalyzes the decomposition of DTBP to generate tert-butoxy Me o
o

the N-H bond of sulfonamides. Second, nickel participates in the

radical and tert-butoxide anion, which are the species that @g N DTBP ngN N Qg,ﬂ
—_— 1 o JI]
cleave the C-H bond of the primary benzylic hydrocarbons and o : 0, 24n o b o %

imidation after the amidation progress to form the imidation 4% 0%
product.
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Scheme 5. Possible mechanism.
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Conclusions

In summary, we described an efficient and excellent chemo-
selective nickel-catalyzed amidation and imination of primary
benzylic hydrocarbons and sulfonamides. The protocol uses
cheap Ni(OAc), as the catalyst, DTBP as the oxidant under
ligand-free and solvent-free conditions. Worth noting is that the
reactions are influenced by oxygen and reaction time. Besides,
benzenesulfonamide, methanesulfonamide and a variety of
toluene derivatives were all tolerated well in this procedure.
Further studies along mechanistic details and more mild
reaction conditions are under investigation.
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