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A dicumyl peroxide-initiated highly selective activation of the (sp3)C-H bond in dichloromethane (DCM, CH,Cl,)
has been achieved, which allows efficient access to dichloronated oxindoles via a free-radical cascade process.
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A dicumyl peroxide-initiated highly selective activation of the
(sp>)C-H bond in dichloromethane (DCM, CH,Cl,) has been
achieved, which allows efficient access to dichloronated
oxindoles via a free-radical cascade process.

0 Dichloromethane (CH,Cl,, DCM) is one of the most
common compounds in chemistry, usually used as solvent.
However, it seems that the DCM could only be used as
solvent. The DCM involved chemical reactions have very
rarely been reported in the past decades.' Of particular

is interests  in  the  free-radical-initiated C-H bond
functionalization, we have focused on selective activation
of inert C-H bond in small molecules for years.”
Encouraged by our previous studies on C-C bond
formation via radical-promoted selective activation of the

» a-hydroxyl C-H bond of alcohol, * * ™ % we began to
question whether the C-H bond of DCM could be
selectively activated. Since the enthalpy of formation of
dichloromethyl radical (CHCI, radical: AHf0 =223+1.0
kcal/mol) is lower than that of chloromethyl radical

» (CH,Cl radical: AH = 28.0 + 0.7 kcal/mol),” the C-H
bond cleavage would happen prior to the C-Cl bond
cleavage under free-radical-initiated conditions (Scheme
1). Especially considering from the stereoelectronic effect,’
the C-centered radical could be stabilized by the adjacent

» Cl-atom since electron delocalization would happen
between the non-bonding orbital and the singly occupied
molecular orbital (SOMO). Therefore, the dichloromethyl
radical would be more stable than the chloromethyl radical.
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Scheme 1. Free-Radical-Initiated C-H Bond Cleavage or C-Cl Bond
Cleavage in DCM.

The N-arylacrylamide and its derivatives are proved to
be excellent free radical acceptors, which are ready to
w0 undergo radical cascade reactions leading to a series of
substituted oxindoles.” Very recently, we have developed
an efficient strategy for synthesis of alkylated oxindoles
via a free-radical addition/cyclization of N-arylacrylamides
with simple alkanes.™ To test our hypothesis, N-methyl-N-
phenylmethacrylamide and DCM were chosen as the
model substrate to optimize the typical reaction conditions
(Table 1). It can be seen from the table that the radical
initiator and the temperature are the key factors affecting
the reaction efficiency. The 3-(2,2-dichloroethyl)-1,3-
dimethylindolin-2-one was isolated as the major product in
nearly quantitative yield by using dicumyl peroxide (DCP)
as the radical initiator, which is far more efficient than
others such as tert-butyl hydroperoxide (TBHP), di- fert-
butyl peroxide (DTBP), K,S,0s, and benzoyl peroxide
ss (BPO) etc (entries 1-6). Decrease or increase of the amount
of DCP led to lower yield of the product than 3 equiv
(entries 7 and 8). The desired product was obtained in 58%
and 91% yields by using 2 mL. and 4 mL of DCM as the
solvent, respectively (entries 9 and 10). Only 33% yield of
the corresponding oxindole was isolated while the reaction
was conducted at 100 °C (entry 11). No product was
observed when the temperature decreased to 90 °C (entry
12).

Table 1. Optimization of the typical reaction conditions. ¢
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|
Radical Initiator b )
Entry DCM (mL) T (°C) Yield (%)°
(equiv)
1 TBHP(3)” 35 110
2 TBHP(3)" 3.5 110 39
3 DTBP (3) 35 110 54
4 K>S:,05(3) 3.5 110
5 BPO (3) 3.5 110 79
6 DCP (3) 35 110 98
7 DCP (2) 35 110 93
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8 DCP (4) 35 110 51 a0 Table 2. Free-Radical Cascade Reaction of N-arylacrylamide
T a
9 DCP (3) 2.0 110 58 with DCM
10 DCP (3) 4.0 110 91 R3 R3 cl
X

1 DCP (3) 3.5 100 33 R + Chogl, SSADCP_ i S

T ] 110°C R P cl
12 DCP (3) 35 90 - N™ =0 N™ =0

R? R2

Entry Substrate Product, yield

“ Reaction conditions: N-methyl-N-phenylmethacrylamide (1 equiv,
0.2 mmol), dichloromethane as solvent, sealed tube, 18 h. ® Measured cl
temperature of the oil bath. ¢ Isolated yields. “ TBHP (in decane). ¢ TBHP ©\ f cl
(in water). 1 N0 N" "0
|
With the modified conditions in hand, we next pay WC'

attention to investigation of the substrate scope. It can be 2 \©\ f NN ©

seen from the Table 2 that a wide range of substituted N- "o !

arylacrylamides are amenable to this reaction. The N-

. . . . . . MeO cl
10 arylacrylamides with various substituents including alkyl MeO
L Cr Y
N0

and methoxyl groups, and halogen atoms located at the 3 |

para position of the aromatic core all gave good to 3.°87%

quantitative yield of the desired oxindoles (entries 1-7). F al

The ortho-substituted N-arylacrylamides also led to the F\Qf m
is products in moderate to high yields (entries 8-10). 4 NS0 "o

Excellent yield of the products were isolated in the case of | 4,52%

bromo-4-fluorophenyl) -N-methylmethacrylamide (entries
» 11 and 12). However, N-(2,4-dimethoxyphenyl)-N- 5,99%

methylmethacrylamide gave only 32% yield of the Br. BVWC'
corresponding  oxindole (entry 13). When N- 6 \Qf g ©
NS0
|

di-substituted ~ N-arylacrylamides such as N-(3,5- o ol cl
dimethylphenyl)-N-methylmethacrylamide  and  N-(2- 5 @\f NN
[Nigae)
|

(benzol[d][1,3]dioxol-5-yl)-N-methylmethacrylamide and

N-methyl-N- (naphthalen-2-yl)methacrylamide were used
25 as the substrates in this system, a mixture of regio-selective I W

isomers were obtained (entries 14 and 15). The ratio of the 7 \Q f NSo &

isomers indicated that cyclization occurred prior to the Y ©

electron-rich site, which is reasonable because the possible

secondary C-centered radical with an adjacent carbonyl “
30 group should be electrophilic. That is why no reaction 8 Q\N\/io N0 ¢
occurred by using strongly electron-withdrawing groups | 8 53%
such as NO, and CN substituted on the aromatic ring of the al
N-arylacrylamides (entry 16). In addition, the N,N- f )
diphenylmethacrylamide and N-benzyl-N- 9 NS0 N
;s phenylmethacrylamide as  well as  N-methyl-N- ome | OMe .
phenylacrylamide are effective substrates in this reaction 8 To% o
(entries 17-19). Finally, the functional groups such as f
hydroxyl, ester, and lactam could be well survived in this 10 N0 hll o¢
system (entries 20-22). a | “

Cl
11 f L&Niocl
T 0]
X
Cl
N~ ~0
Br

12, 97%
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Q
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MeO MeO cl phenylmethacrylamide with dibromomethane under the
3 f g © typical conditions (equation 1). It is also noteworthy that
o N Oome ! 0 this reaction can be easily scaled-up to gram level
¢ 13, 32% (rsm 40%) (equation 2), which indicates that it might be potentially
<Om\(c' applied in chemical industry.
6} ’i‘ o Cl
Br
<0:©\ f 14,9 25% ©\ \/f +  CHyBrp SeaDCP oeP m (1)
14 o 15 NS0 110°C, 24 h
(6] T 0 O/\ o | ’\Il (]
Cl 23, 22% (rsm 52 %)
l\‘l o
14'9 47% CHClI,
OO cl ©\ f chy, DCPE-889,18 mmo) @fg
> o
N o ” N"o o 110°C, 24 h i
f 1521% (1.05g, 6mmol)  35mL (1,1.24 g, 80% isolated yi
? ¥ Ol o
O ) In order to investigate the mechanism for this reaction,
"o »s an intermolecular competing kinetic isotope effect (KIE
| peting P
15',954% experiment was carried out. As demonstrated in Scheme 2,
ON °2N\©\J/g\(c' a significant KIE was observed with the ky/kp = 5.0 at a
16 \CL f N o © low conversion level. The results further confirm that the
"o ! C-H bond even C-D bond would be cleaved prior to the C-
16,0% N % Cl bond under free-radical-initiated conditions.
©\J/E\( Additionally, it also indicates that the cleavage of C-H
17 thfo N0 c bond would be involved in the rate-determining step of this
Ph Ph procedure.
17, 96%
cl . Cﬁgcmz
5 0]
@ f & CHCL (175mb) o oo N
18 NS0 N™ "0 + _— \
L NS0 110°C, 18h
Ph Ph | CDCly (1.75 mL) @egcnclz
18,72% o
1eq
c 0.3 mmol N
Z \
19 ©\N/£0 m 40 ky/kp = 5.0 (raw material conversion 30%)
| ! Scheme 2. KIE Experiment.
19, 46% (rsm 38%)
HO . . o .
HO cl A free-radical addition/cyclization cascade mechanism
20 ©\ i for this process is proposed in Scheme 3. Homolysis of
NS0 . .
N o | ss DCP forms cumyloxyl radical, which abstracts the H-atom
| 20, 75% from DCM leading to dichloromethyl radical A and 2-
o =<tBu ° ¢ o phenylpropan-2-ol which has been obtained as a byproduct.
o) Alternatively, f-cleavage of the cumyloxyl radical would
0" >Bu . . .
21 Y give the methyl radical and acetophenone which has also
@N o N s0 been isolated in this system. Methane and radical A would
| 21,72% be formed via hydrogen abstraction of DCM by the methyl
g R radical. Then addition of the radical A to N-arylacrylamide
o Nm would generate a radical intermediate B, which cyclizes to
22 @T% ol the aromatic core giving radical C. Direct hydrogen
N” 0O . . . . .
(I N ss abstraction or single-electron oxidation of radical C
22,70% of the

“ Reaction conditions: N-arylacrylamide (1 equiv, 0.2 mmol), DCP (3

equiv, 0.6 mmol), dichloromethane (3.5 mL) as solvent, sealed tube, 110

°C (measured temperature of the oil bath), 18 h, unless otherwise noted. b

Isolated yields. © Cu,O (10 mol%, 0.02 mmol) was added. 1pCp (4 equiv,
5 0.8 mmol).

Furthermore, the desired dibromomethylated oxindole
23 can be isolated in 22% yield by reaction of N-methyl-N-

followed by deprotonation
carbocation would form the final product.

corresponding
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Scheme 3. Proposed Mechanism.
In conclusion, a free-radical-initiated selectively

functionalization of the C-H bond of DCM has been
achieved, which allows efficient access to
dichloromethylated oxindoles via radical
addition/cyclization of N-arylacrylamides with DCM.°
Though the bond dissociation energies (BDE) of C-H (97.3
+ 1.0 kcal/mol) in DCM is higher than that of C-CI (80.8
kcal/mol),” the corresponding products via the
dichloromethyl radical not the chloromethyl radical have
been observed in this system. One could realize that the
reactivities and/or selectivities of free-radical promoted
15 C—H bond functionalization might be not due to the BDE
of the C-H and C-X bonds, but the stability of the
corresponding carbon centered radical.
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