Open Access Article. Published on 26 April 2017. Downloaded on 1/19/2026 1:04:01 AM.

Thisarticleislicensed under a Creative Commons Attribution 3.0 Unported Licence.

(cc)

RSC Advances

ROYAL SOCIETY
OF CHEMISTRY

View Article Online
View Journal | View Issue

i '.) Check for updates ‘

Cite this: RSC Adv., 2017, 7, 22797

Yuhang Yang,}? Jiajia Gu,}* Zheng Fang,*® Zhao Yang,® Ping Wei® and Kai Guo

Copper-catalyzed one-pot oxidative amidation
between methylarenes and aminesf

A new method for the direct one-pot oxidative amidation between methylarenes and amines catalyzed by
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copper has been developed. This method integrates methylarene oxidation and amide bond formation,

which are usually accomplished separately, into a single operation. In addition, the reaction provides
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Introduction

The formation of amide bond is one of the most important
organic chemistry reactions because amide functional group has
extensive applications in pharmaceutical compounds, natural
products and polymers." The synthesis of amides is usually
carried out through the reaction of carboxylic acids or carboxylic
acid derivatives with amines in the presence of coupling
reagents,” which produce byproducts.* Moreover, these
approaches have several disadvantages, such as poor atom
utilization, using hazardous reagents and generation of waste
which causes environmental problems. To overcome these
problems, alternative methods have been developed for amide
syntheses, such as the Beckmann rearrangement,* Staudinger
reaction,” Schmidt reaction® and Ugi reaction.” Other methods
involving selective hydrolysis of nitrile,* dehydrogenative ami-
dation of alcohol,’ coupling of amine with a-halonitroalkane
promoted by iodonium,' aminocarboxylation of aromatic
halides,'* direct synthesis of amides from alcohols and nitro-
arenes or amines,'” transamidation of amines™ and oxidative
amidation of aldehydes or alcohol* have also been reported.
Among these methods, oxidative amidation has received
considerable attention in terms of green chemistry and economic
factors and is highly desirable as it uses cheap, abundant and
less hazardous starting materials.

Direct oxidative amidation has attracted much attention due
to atom economy and environmentally benign issues. Toluene
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a relatively high yield and has a wide substrate scope. Moreover, the starting reagents are abundant and
available in a convenient way at a cheaper price.

and other methylarenes have also been used for oxidative
amidation for the synthesis of aromatic amides. Mizuno and his
co-workers reported the direct aerobic oxidative amidation of
methylarenes using urea as the amine source in the presence of
MnO,, catalyst (Scheme 1a).** Even though the method was
novel, the drawback was predictable. At 150 °C, urea decom-
poses easily, thereby limiting the yield. Wu'® and Sun'’ also
used this strategy to synthesise amides employing N,N-dime-
thylformamide as the amine source in the presence of ZnBr,
catalyst (Scheme 1b). Recently, Wang et al. reported iron-
catalyzed oxidative amidation of methylarenes (Scheme 1c).*®
Through this method, methylarenes have performed well with
primary amines; however, their yield was less when secondary
amines were used. Singh' and Sekar*’have reported the oxida-
tive amidation of methylarenes using N-chloramine as the
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Scheme 1 Metal-catalyzed oxidative amidation of methylarenes and
amines.
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amine source in the presence of MnO, and Fe(OAc),, respec-
tively (Scheme 1d). However, methylarenes with electron-
withdrawing group did not perform well with this method.
Moreover, economic starting materials used in these studies
would be more attractive for the chemical industry. However,
rigorous reaction conditions for oxidative amidation of meth-
ylarenes and the limited substrate scope limits their applica-
tions. Herein, we report an efficient and green one-pot
procedure for the direct oxidative amidation of methylarenes
with N-chlorosuccinimide, which have been prepared from
amines, catalyzed easily by accessible copper salts (Scheme 1e).
The starting materials of the reaction are abundant, economical
and easily accessible, and the method is green, efficient, simple
and convenient. Moreover, the reaction has a wide range of
substrate scope.

Results and discussion

Morpholine 1a (1.0 equiv.) and methylbenzene 2a (10 equiv.) were
used as starting materials to synthesise benzoyl morpholine, and
the reaction was regarded as template reaction. In the beginning,
morpholine was treated with N-chlorosuccinimide (NCS, 1.1
equiv.) at room temperature for 3 h, and methylbenzene,
Cu(OAc), (10% mol) and TBHP (70% wt in water, 8.0 equiv.) were
added into the reaction mixture under 80 °C to generate the
amide product 3a with 48% yield (Table 1, entry 1). The yield was
not good, so the reaction condition should be optimized.
Different parameters such as catalysts, oxidants, and solvents
were examined. In the first step, different copper salts such as
Cu(OAc),, CuSO,-5H,0, and CuCl, were used to test the reaction
and Cu(OAc), has shown superior activity among all of the cata-
lysts with 48% yield (Table 1, entries 1-8). Furthermore, different
oxidants involving TBPB, H,0, and m-CPBA were used to evaluate
the reaction and the best results were obtained for TBHP (Table 1,
entries 9-11). Moreover, the product was obtained only in trace
amounts when H,0, and m-CPBA were used as oxidants. There
was no product observed in the absence of an oxidant (Table 1,
entry 12). The amounts of reactants were studied (Table 1, entries
13-15), based on which, 20% mol of catalyst and 8.0 equiv. of
oxidant were chosen as the best mole ratio. It was found that
increasing the amount of oxidant unlimitedly and decreasing the
amount of oxidant did not yield good results. Finally, some
additives were used to improve the yield of the reaction (Table 1,
entries 16-19). After using some additives, yield of the product
improved significantly, and TBAI performed better than others.
In addition, using TBAI as additive without catalyst decreased the
yield to a great extent (Table 1, entry 20).

After figuring out optimum reaction conditions, a large
range of commercially available methylarenes was used to test
the substrate scope for this reaction; the result has been dis-
played in Table 2. It was surprising to note that methylarenes
with electron-donating groups, such as CH; (Table 2, 3b-3d),
OCHj; (Table 2, 3e), or electron-withdrawing groups, like NO,
(Table 2, 3f), CI (Table 2, 3g), resulted in corresponding amide
products with excellent yield. Moreover, it was notable that the
reaction possessed excellent chemo-selectivity when amines
reacted with p-xylene (Table 2, 3b), m-xylene (Table 2, 3¢) and o-

22798 | RSC Adv., 2017, 7, 22797-22801

View Article Online

Paper
Table 1 Selected results for screening the optimum reaction
conditions”
: e O g
[ j NCS [Nj 2a ©)J\N/\
(o) rt,3h o catalyst oxidant K/O
1a 3a
Entry Catalyst Oxidant Additive Yield” (%)
1 Cu(OAc), TBHP — 48
2 Cu(OAc), H,0 TBHP — 44
3 CuS0,-5H,0 TBHP — 32
4 CuCl, TBHP — 26
5 Cuo TBHP — 33
6 CuBr TBHP — 42
7 Cul TBHP — 38
8 Cu,0 TBHP — 21
9 Cu(OAc), TBPB — 39
10 Cu(OAc), H,O0, — Trace
11 Cu(OAc), m-CPBA — Trace
12 Cu(OAc), — — —
13¢ Cu(OAc), TBHP — 57
144 Cu(OAc), TBHP — 59
15° Cu(OAc), TBHP — 34
16/ Cu(OAc), TBHP — 42
17% Cu(OAc), TBHP — 58
18" Cu(OAc), TBHP I, 72
19° Cu(OAc), TBHP KI 79
20/ Cu(OAc), TBHP TBAI 82
21* Cu(OAc), TBHP NIS 74
22 — TBHP TBAI 29

“ Reaction conditions: morpholine (1.5 mmol), NCS (1.65 mmol, 1.1
equiv.), in 10 mL acetonitrile, stirring at room temperature for 3 h. To
this reaction mixture, added toluene (15 mmol, 10 equiv.), catalyst (10
mol%) and oxidant (12 mmol, 8 equiv.), stirring at 80 °C for 24 h.
b Isolated yield. ° Reaction performed using 20 mol% of Cu(OAc),.
? Reaction performed using 50 mol% of Cu(OAc),. ° Reaction
Jperformed using 20 mol% of Cu(OAc), and 3 equiv. of TBHP.

Reaction performed using 20 mol% of Cu(OAc), and 5 equiv. of
TBHP. £ Reaction performed using 20 mol% of Cu(OAc), and 10
equiv. of TBHP. " Reaction performed using 20 mol% of Cu(OAc), and
20 mol% of I,. * Reaction performed using 20 mol% of Cu(OAc), and
20 mol% of KI.”/ Reaction performed using 20 mol% of Cu(OAc), and
20 mol% of TBAL * Reaction performed using 20 mol% of Cu(OAc),
and 20 mol% of NIS.

xylene (Table 2, 3d) to obtain mono-amide products. The reac-
tion could even tolerate some heterocycles as substrates, such
as thiophene (Table 2, 3h) or oxole (Table 2, 3i) and they per-
formed well.

Moreover, commercially available amines were used to test
the substrate scope of this reaction. The results of the test are
shown in Table 3. The table shows that disubstituted amines,
such as cyclic (Table 3, 3j-31) and acyclic amines (Table 3, 3m-
3n) played a great role in the reaction to obtain the corre-
sponding amide products in good yields. Monosubstituted
amines (Table 3, 30-3r) have also shown excellent tolerance. On
using amines with steric hindrance (Table 3, 3s-3t), results were
good.

Aiming to exhibit the practical applications of the technology
described above, we used copper-catalyzed one-pot oxidative

This journal is © The Royal Society of Chemistry 2017
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Table 2 Scope of methylarenes®

X o
Ra - R
Rq NCS Ri ) 2 N
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R, t,3h Ry Cu(OAC),/TBAI/TBHP :
1 3
o o o
) ) 0
K/O e} bo
3a,81% 3b, 86% 3¢, 81%
o o o
éxm @*Nﬁ J@)Lm
Lo HsCO © O,N Lo
3d, 81% 3e, 76% 3f, 86%
o 0 0
NN
" "y a0
C|M@ s Lo ‘o o
3g, 83% 3h, 78% 3i, 82%

% Reaction conditions: morpholine (1.5 mmol), NCS (1.65 mmol, 1.1
equiv.), in 10 mL acetonitrile, stirring at room temperature for 3 h. To
this reaction mixture, added methylarenes (15 mmol, 10 equiv.),
catalyst (20 mol%), additive (20 mol%) and oxidant (12 mmol, 8
equiv.), stirring at 80 °C for 24 h.

Table 3 Scope of amines®

0
Ry R
Ry NCS Ri. 2 N
NH ———» /N—Cl ————» R3 &
R> 1,3h R, Cu(OAc),/TBAI/TBHP 2

3

D N O

3a, 81% 3], 87% 3K, 79%
o] o)
@)J\D N/\ @NAPh
K kPh
31, 88% 3m, 66% 3n, 89%
i . i
H H H
30, 79% 3p, 78% 3q, 76%
i : L : L
N N
3r, 84% 3s, 64% 3t, 82%

¢ Reaction conditions: amines (1.5 mmol), NCS (1.65 mmol, 1.1 equiv.),
in 10 mL acetonitrile, stirring at room temperature for 3 h. To this
reaction mixture, added toluene (15 mmol, 10 equiv.), catalyst (20
mol%), additive (20 mol%) and oxidant (12 mmol, 8 equiv.), stirring
at 80 °C for 24 h.
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amidation as a key step to synthesise moclobemide, a type of
monoamine oxidase inhibitor antidepressant. On beginning
with commercially available methylarenes, parachlorotoluene,
we were able to obtain the corresponding product with 69%
yield (Scheme 2).

Based on previously reported studies, we considered
a possible mechanism for this reaction and it is shown in
Scheme 3. In the first step, TBAI was oxidized to IO~ (or 10, ")
by TBHP, and TBHP transformed into ¢-BuOH. Then, IO~ (or
10,7) acted as real oxidizing agent to oxidize toluene to benzyl
alcohol and benzyl alcohol was further oxidized to benzyl
aldehyde. Copper played an important role in the reaction.
Cu(u) reacted with TBHP in such a way that TBHP transformed
into tert-butylperoxy radical and H'. Cu(u) also transformed
into Cu(i). Tert-butylperoxy radical captured a hydrogen from
an aldehyde, thereby transforming the aldehyde into acyl
group. With redox reaction, the protonated N-chloramine was
transformed into amino radical, as reported by Minisci.”»** In
the last step, amino radical and the acyl groups were
coupled to yield corresponding amide products. To verify the
conjecture, acyl radical, generated from toluene under the
abovementioned reaction conditions, was trapped with
2,2,6,6-tetramethylpiperidine-1-oxyl (TEMPO) resulting in the

NH2 _cl
HN [¢]
NCs Cl
N > J— >
Cu(OAC),/TBAI/ TBHP

[oj " { [: ) o i

Scheme 2 Synthesis of moclobemide.
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Scheme 3 Proposed mechanism for amide synthesis.
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Scheme 4 Trapping of the acyl radical.

formation of TEMPO adduct, which was detected by HRMS
(Scheme 4).

Conclusions

In summary, we developed an effective and environmentally
friendly method for the synthesis of amides via copper-
catalyzed one-pot direct oxidative amidation between methyl-
arenes and amines. This method has combined methylarenes
oxidation and amide bond formation into one procedure, which
otherwise would follow two distinct steps. Using copper as
a catalyst and TBHP as the sole oxidant proved to be economical
too. What's more, the starting materials of the reaction are
abundant, economical and easily accessible, and the reaction
has a wide range of substrate scope.
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