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Abstract: A free radical-initiated methylation and/
or a-chloro-B-methylation of N-arylacrylamides
with dimethyl sulfoxide under the analogous
Fenton reaction condition has been developed,
which provides an effective and facile cascade strat-
egy for the synthesis of oxindoles and chlorinated
amides.
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The so-called “magic methyl effect” makes methyla-
tion very popular in synthetic organic chemistry."!
The introduction of a methyl group into organic mole-
cules could improve their biological and chemical
properties.”) In the past decades, although several
methylating protocols have been achieved by using
methyl-metal reagents,’! MelL™ DMSO,"!
MeCOOH,®! peroxides’™ etc. as methylating re-
agents, more practical methods remain highly desira-
ble.

Oxindole and its derivatives have drawn much at-
tention from chemists."!”) Recently, alkyl-substituted
oxindoles which are prepared from cascade methyla-
tion of N-arylacrylamides by employing oxides or per-
oxides as the methyl source have been reported by
Liu,”¥ Zhu,"! Cheng" Li,™! Chen,!"*"! and others.
But challenging problems such as high-cost methyl re-
agents and oxidants remain to be addressed so far.
Herein, in combination with our studies on radical
cascade reactions,'” we have developed a system
which holds the advantages of common and economi-
cal methyl sources as well as oxidants, and easy oper-
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ation. After a lot of attempts, we successfully accom-
plished the first example of a free radical cascade
methylarylation or a-chloro-f-methylation of N-aryl-
acrylamides by making use of dimethyl sulfoxide as
methyl regent, iron(II) chloride as catalyst and chlor-
ine source, and hydrogen peroxide as oxidant, which

is similar to the Fenton reaction conditions
(Scheme 1).1'7)
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Scheme 1. Methylation or methylchlorination of alkenes
with dimethyl sulfoxide.

Initially, N,N-diphenylmethacrylamide and dimethyl
sulfoxide were chosen as the model molecules to test
the reaction conditions (Table 1, also see the Support-
ing Information for details). It was found that the
yield of the product in 18 hours is better than that in
6 and 12 hours (entries 1-3). No product was obtained
without any catalyst (entry4). Variation of the
amount of iron(II) chloride and hydrogen peroxide
greatly affected the reaction efficiency (entries 5-12).
Addition of 1 mL, 2 mL and 4 mL of dimethyl sulfox-
ide generated the desired product 1 in 61%, 70%, and
83% yields, respectively (entries 13-15). Finally, the
terminal product 1 was isolated in 85% yield under
the optimal conditions: N-arylacrylamides (1 equiv.,
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Table 1. Optimization of the typical conditions.!

FeCI2
©\ f . g H20;
N0 7N Ny 25°C NS0
Ph Ph
1
Entry Iron(Il) chlo- Hydrogen peroxide Time Yield
ride [equiv.]  (30%) [equiv.] [h] [% ]
1 0.5 5 6 50
2 0.5 5 12 58
3 0.5 5 18 85
4 - 5 18 n.r.
5 0.1 5 18 6
6 0.2 5 18 59
7 0.3 5 18 64
8 1.0 5 18 75
9 0.5 1 18 47
10 0.5 2 18 69
11 0.5 3 18 73
12 0.5 4 18 75
136 0.5 5 18 61
14405 5 18 70
1505 5 18 83
[l Reaction  conditions: ~ N,N-diphenylmethacrylamides

(1 equiv., 0.25 mmol), DMSO (3 mL), 25°C, N..
] Isolated yields.
€l DMSO (1 mL).
@ DMSO (2 mL).
] DMSO (4 mL).

0.25 mmol), FeCl, (0.5equiv., 0.125 mmol), H,O,
(30%, 5 equiv., 1.25 mmol) and DMSO (3 mL), 25°C,
N,, 18 h, sealed tube.

With the modified conditions in hand, this system
was used to investigate the substrate scope (Table 2).
As can be seen, the N-methyl- and N-benzyl-substitut-
ed substrates gave the corresponding desired products
in 60% and 76% yields, respectively (2 and 3). Halo-
gen atoms such as Cl, Br and I substituted on the
acrylamides afforded the products in moderate yields
(4-6). Only the N-arylacrylamides with electron-do-
nating groups could react well in the system (7-11),
which also indicated that the steric effect was not so
obvious. Notably, 2- [methyl(phenyl)carbamoyl]allyl
acetate and 2-[(1,3-dioxo-2,3-dihydro-1H-inden-2-yl)-

o

LT - A
t O
Ph

@8 mL)

FeCl, (0.25 g, 2.0 mmol)
H,0, (2.26 g, 20.0 mmol)

N,, 25 °C

[INiO (1

N

Ph
(0.65 g, 62% isolated yield)

(1.00 g, 4.0 mmol)
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Table 2. Iron-promoted free radical cascade methylation of
N-arylacrylamides with dimethyl sulfoxide.

0.5 equiv. FeCl, z R
o] o  5.0equiv. H0, R
R! + U _— T T
NTNZORY TS N, 25°c,18h SFIL
R2 R3 N (6]
RT=Ar R2
Cl
Tk R Ok
Ph
2,60% 3,76% 4,70%
B : E/\ I : E /\ Ph\: E:\
ll\l O N” 0 ll\l (0]
|
5, 54% 6, 50% 7,57%
e ket we
N0 N X0 0 ll\l o)
OMe I OMe |
8, 50% 9, 45% 10, 38%
OAc 0O
fowaliowe ﬁb
o Yoo e
1, 47% 12, 76% 13, 53%
(o] Reaction  conditions: ~ N-arylacrylamides (1 equiv.,

0.25 mmol), iron(II) chloride (0.5 equiv., 0.125 mmol),
hydrogen peroxide (30%, Sequiv.,, 1.25mmol) and
DMSO (3mL), 25°C, N,, 18 h.

] Isolated yields.

methyl]-N-methyl-N-phenylacrylamide resulted in the
products 12 and 13 in 76% and 53% yields, respec-
tively. Meanwhile, under the best conditions, this reac-
tion could be scaled up to the gram level easily [Eq.
(D).

We next found that N-H substituted N-phenylme-
thacrylamides underwent an o-chloro-B-methylation
reaction rather than the methylarylation reaction. The
reason is that it is difficult to bring in a conformation
for direct N-H substituted substrates. A series of ex-
periments was also complied to modify the reaction
conditions (see the Supporting Information for de-
tails). Then, we began to study the substrate scopes
under the optative condition (Table 3). We can see
that substrates with both electron-donating and with-
drawing groups could be tolerated in the system (14—
21), although the desired products were isolated in
low yields. Furthermore, N-naphthyl- and N-benzyl-
substituted methacrylamides gave products 22 and 23
in 31% and 30% yields, respectively.

The reaction was inhibited when TEMPO was
added to the system. It suggests that a free radical
process would be involved in this system. According

© 2017 Wiley-VCH Verlag GmbH & Co. KGaA, Weinheim


http://asc.wiley-vch.de

COMMUNICATIONS

asc.wiley-vch.de

Adva
Synthesis &
Catalysis

Table 3. Iron-promoted free radical a-chloro-f-methylation
of N-arylacrylamides with dimethyl sulfoxide.
R4

o 1.0 equiv. FeCl, R3 ¢l
» J\ﬂ o 5.0 equiv. HyO,
< 4 + S _— 1
N" YR “°N Np2soc 18h RNTo
H RS H
R'=Ar, Bn
Cl cl
N (6] \©\ N (6]
H H 0 H
14, 25% 15, 45% 16, 33%
Cl Cl
Cl
\/t\ MeO \/t\ MeO \/t\
N (6] \©\N o N 0
H H OMe
17, 32% 18, 36% 19, 47%
cl cl
Aohalaoha T
N" =0 N0 N~ >0
H H H
20, 22% 21, 36% 22,31%
cl
Ph/\N\/to\
H
23, 30%
] Reaction  conditions: ~ N-arylacrylamides (1 equiv.,

0.25 mmol), iron(II) chloride (1 equiv., 0.25 mmol), hy-
drogen peroxide (30%, 5 equiv., 1.25 mmol) and DMSO
(3mL), 25°C, N,, 18 h.

] Isolated yields.

to the literature!'® precedent study and experimental
data, a possible mechanism is shown in Scheme 2. The
intermediate A is produced by the reaction of dimeth-
yl sulfoxide with hydrogen peroxide. With the assis-

tance of iron(II) chloride, intermediate A undergoes
a heterolysis reaction and forms hydroxy ion and free
radical B. Methyl radical and methylsulfinyl acid are
gained by p-cleavage of radical B. Next, radical C is
formed via the additon of methyl radical to the
double bond of N-arylacrylamides. Then, radical C
adds to the aromatic ring and generates radical D,
which can be oxidized by iron(IIT) and yields the car-
bocation E. The terminal product is produced by the
hydroxy ion pulling the proton from the carbocation
E. With N-H substituted substrates, the radical C ab-
stracts a chlorine atom from iron(II) chloride and
gives the a-chloro-B-methylation product.

In summary, we have achieved the first economical
and convenient protocol for free radical-triggered cas-
cade methylation or a-chloro-g-methylation of N-ary-
lacrylamides by means of dimethyl sulfoxide as
methyl source, iron(II) chloride as both catalyst and
chlorine source. Further studies on methylation reac-
tions via the novel free radical approach are under
way in our laboratory.

Experimental Section

General Experimental Procedure

A  mixture of N,N-diphenylmethacrylamide (1 equiv.,
0.25 mmol), iron(II) chloride (0.5 equiv., 0.125 mmol), hy-
drogen peroxide (5 equiv., 1.25 mmol) and DMSO (3 mL)
was stirred at room temperature under nitrogen conditions
for 18 h in a sealed tube (15 mL). After the reaction had fin-
ished, the mixture was extracted with ethyl acetate and
water, evaporated under vacuum and purified by column
chromatography to afford the desired methylation product.

A mixture of N-phenylmethacrylamide (1 equiv.,
0.25 mmol), iron(II) chloride (1 equiv., 0.25 mmol), hydro-
gen peroxide (5 equiv., 1.25 mmol) and DMSO (3 mL) was
stirred at room temperature under nitrogen conditions for
18 h in a sealed tube (15 mL). After the reaction finished,
the mixture was extracted with ethyl acetate and water,
evaporated under vacuum and purified by column chroma-
tography to afford the desired a-chloro-f-methylation prod-
uct.

o & OH
I H202 HO Fe(ll) Fe(lll _
g \ < (1 HO 0. MeSOH
N = Z°N —_— S - =
—OH- PO
A ) B , 9
— RN~ Re
I R3
HO_T R4 R4
H RS rs S
"\ FeCIg
GF- GF - GF 2_ R1
N0 R%= “NT0
' Fe 1) Fe(lll) H
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E D c
Scheme 2. Plausible mechanism.
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