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Manganese(III)-mediated direct Csp2–H radical
trifluoromethylation of coumarins with sodium
trifluoromethanesulfinate†

Xiao-Hui Cao,a Xiangqiang Pan,a Peng-Jun Zhou,a Jian-Ping Zou*ab and
Olayinka Taiwo Asekunc

Mn(OAc)3-mediated direct Csp2–H radical trifluoromethylation

of coumarins with CF3SO2Na (Langlois reagent) to afford selective

3-trifluoromethyl coumarins in moderate to good yields is described.

This methodology can also be applied to the trifluoromethylation of

quinolinones and pyrimidinones.

Trifluoromethylation has gained increasing interest in recent
years as fluorinated compounds possess wide and specific
bioactivities and have good solubility and lipophilicity which
leads to better membrane permeability and bioavailability than
their non-fluorinated analogues, otherwise, they are more stable
in the metabolic process because they are more difficult to
oxidize.1 Along with the transition metal-mediated or catalyzed
coupling reaction of trifluoromethyl reagents with functionalized
substrates,2,3 radical trifluoromethylation plays an important role
in this area.4

Sodium trifluoromethanesulfinate (CF3SO2Na, Langlois reagent)
is one of the CF3 radical sources, it was first applied in trifluoro-
methylation of aromatic compounds by Langlois in 1991,5a later
extended to enol ethers and disulfides (Scheme 1),5b–d and recently
to biaryls.5e Baran reported the trifluoromethylation of nitrogen-
containing heteroarenes with the CF3SO2Na/t-BuOOH system
(Scheme 1);6 Nicewicz described the hydrotrifluoromethylation of
alkenes with CF3SO2Na using N-Me-9-mesityl acridinium as a
photoredox catalyst7 (Scheme 1). In recent years, Cu-mediated or
catalyzed coupling reactions of CF3SO2Na with aryl-/vinylboronic
acids and unsaturated organotrifluoroborates4h,8 and copper-/iron-
catalyzed decarboxylative trifluoromethylation of a,b-unsaturated
carboxylic acids have been reported.9

Coumarins are significant natural products, which display
wide and interesting pharmacological properties such as anti-
breast cancer,10 anti-HIV,11 anti-Alzheimer,12 vasorelaxant and
platelet antiaggregatory activities.13 In coumarin derivatives,
3-trifluoromethyl coumarins were not easily accessible as
4-trifluoromethyl coumarins.14 In general, introduction of fluorine
atoms into medicinal molecules will increase their bioactivities,
so we became interested in exploring direct trifluoromethylation.
In our recent studies, we reported the direct phosphonylation of
arenes,15 heteroarenes16 and alkenes17 with dialkylphosphites
and the diphenylphosphine oxide/Mn(OAc)3 system. Our goal is
to develop a novel, selective and efficient method for direct
trifluoromethylation of coumarins and other heteroarenes. Herein,
we report a general, straightforward method for trifluoromethyl-
ation of coumarins with CF3SO2Na mediated by Mn(OAc)3

(Scheme 1). Based on the ease of use, safety, environment-
friendly nature and cost, we evaluated CF3I, CF3SO2Cl, CF3SO2SPh,
the Togni reagent, the Langlois reagent and Me3SiCF3, which are
potent sources of CF3 radicals, eventually, the Langlois reagent
(CF3SO2Na, a benchtop stable and inexpensive solid) was selected
as the CF3 radical source. Initially, when CF3SO2Na/t-BuOOH
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a Key Laboratory of Organic Synthesis of Jiangsu Province, College of Chemistry and

Chemical Engineering, Soochow University, 199 Renai Street, Suzhou,

Jiangsu 215123, China. E-mail: jpzou@suda.edu.cn
b Key Laboratory of Synthetic Chemistry of Natural Substances,

Shanghai Institute of Organic Chemistry, Chinese Academy of Science, China
c Department of Chemistry, University of Lagos, Akoka, Yaba, Nigeria

† Electronic supplementary information (ESI) available. See DOI: 10.1039/
c3cc49689a

Received 21st December 2013,
Accepted 3rd February 2014

DOI: 10.1039/c3cc49689a

www.rsc.org/chemcomm

ChemComm

COMMUNICATION

Pu
bl

is
he

d 
on

 1
8 

Fe
br

ua
ry

 2
01

4.
 D

ow
nl

oa
de

d 
by

 L
om

on
os

ov
 M

os
co

w
 S

ta
te

 U
ni

ve
rs

ity
 o

n 
20

/0
2/

20
14

 0
7:

27
:1

6.
 

View Article Online
View Journal

http://dx.doi.org/10.1039/c3cc49689a
http://pubs.rsc.org/en/journals/journal/CC


Chem. Commun. This journal is©The Royal Society of Chemistry 2014

and CF3SO2Na/t-BuOOH/cat. Cu(II) systems were applied to the
trifluoromethylation of coumarin (1a), no reaction was
observed (Table 1, entries 1–3). Then, the other metal oxidants
such as CAN, FeCl3, MnO2 and Mn(OAc)3 were employed for the
reaction, the results indicated that Mn(OAc)3 gave only one
trifluoromethylated product in 26% yield (Table 1, entries 4–7), its
structure was characterized to be 3-trifluoromethyl coumarin (3a)
by 1H, 13C, 19FNMR and HRMS spectral analyses (Scheme 2).
It showed that this reaction is regioselective, the trifluoro-
methylation occurred only at the a-position of the carbonyl
group in the pyranone ring, so Mn(OAc)3 was selected as an
oxidant for trifluoromethylation. When using 3 equivalents
of Mn(OAc)3 for the reaction, the yield reached 50% (Table 1,
entry 8). Solvents such as MeCN, CH2Cl2, HOAc and EtOH were
screened; HOAc gave the best yield (Table 1, entries 8–11). The
ratio of 1a : 2 : Mn(OAc)3 was optimized, and it was found that
1 : 3 : 4 is good for the reaction (Table 1, entries 12 and 13).
Raising temperature caused yield reduction, it may be attributed
to self-coupling of CF3 radicals at higher temperatures (Table 1,
entries 14–16). Eventually, the optimal reaction conditions were
determined to be: a mixture of coumarin (0.1 mmol), CF3SO2Na
(0.3 mmol) and Mn(OAc)3 (0.4 mmol) in HOAc (3 mL), stirred at
25 1C for 24 h.

Subsequently, different coumarins were used for the reaction
and it was found that coumarins bearing electron-donating groups
like Me and OMe on the phenyl ring afforded the expected
3-trifluoromethylated coumarins in 50–56% yields (Table 2,
entries 1–5). However, when CH3 groups occupied the 8-position
of coumarins, the yield was lowered to 44–45%, this was attributed
to the formation of a di-trifluoromethylated by-product (Table 2,
entries 6 and 7). In contrast, coumarins bearing electron-withdrawing

Table 1 Optimization of the reaction conditionsa

Entry Oxidant 1a : oxidant Solvent Temp (1C) Yieldb

1 t-BuOOH 1 : 5 CH2Cl2 : H2O 25 N.R.c

2 t-BuOOH 1 : 5 HOAc 25 N.R.
3 t-BuOOH–cat 1 : 5 CH2Cl2 : H2O 25 N.R.c,d

4 CAN 1 : 1 HOAc 25 N.R.
5 FeCl3 1 : 1 HOAc 25 10
6 MnO2 1 : 1 HOAc 25 12
7 Mn(OAc)3 1 : 1 HOAc 25 26
8 Mn(OAc)3 1 : 3 HOAc 25 50
9 Mn(OAc)3 1 : 3 MeCN 25 16
10 Mn(OAc)3 1 : 3 CH2Cl2 25 25
11 Mn(OAc)3 1 : 3 EtOH 25 15
12 Mn(OAc)3 1 : 4 HOAc 25 56
13 Mn(OAc)3 1 : 5 HOAc 25 46
14 Mn(OAc)3 1 : 4 HOAc 50 45
15 Mn(OAc)3 1 : 4 HOAc 60 43
16 Mn(OAc)3 1 : 4 HOAc 80 30

a Reaction conditions: coumarin (0.1 mmol) and CF3SO2Na (0.3 mmol),
24 h. b Isolated yield. c The ratio of CH2Cl2 : H2O is 3 : 1, N.R. indicates
no reaction. d Using 20% mmol CuSO4 as catalyst.

Scheme 2

Table 2 Reactions of coumarin 1 and sodium trifluoromethanesulfinate 2a

Entry Coumarin 1 Products 3 and yieldb

1

2

3

4

5

6

7

8

9

10

11

12

13

14

15

16
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groups like Cl and NO2 on the phenyl ring gave the products in
good yields (up to 70%) (Table 2, entries 8–11). In addition, the
electronic and steric effects of the 4-substituent of coumarins
were explored, this revealed that both of them played a less
significant role in the reaction (Table 2, entries 12–17).

A mechanism for the reaction of coumarins (1) with
CF3SO2Na (2) is proposed in Scheme 3. Trifluoromethyl radical
6 derived from 2 is selectively added to the 3-position of 1 to
form intermediate radical 7, which is oxidized by Mn(OAc)3 to
form carbocation 8, and deprotonation of 8 gives product 3.

We extended this method to other heteroarenes such as
2-quinolinone derivatives 4a and 4b, as expected, the CF3

radical was selectively added to the 3-position of 4a and 4b to
afford 3-trifluoromethyl quinolinone-2 (5a and 5b) in 58% and
53% yields, respectively (Table 3, entries 1 and 2). Furthermore,
when pyrimidinones (4c–4e) were exploited for the reaction,
5-trifluoromethyl pyrimidinones (5c–5e) were obtained in
57–63% yields (Table 3, entries 3–5).

In conclusion, a novel method for direct Csp2–H radical
trifluoromethylation of coumarins was developed through
the reaction of sodium trifluoromethanesulfinate (CF3SO2Na,
Langlois reagent) with coumarins in the presence of Mn(OAc)3.
The reaction proceeded under mild conditions in air to afford
selective 3-trifluoromethyl coumarins in moderate to good yields,
this methodology is straightforward and provides a general,
effective and cheap way for the synthesis of 3-trifluoromethyl
coumarins and other trifluoromethylated heteroarenes such
as 3-trifluoromethyl quinolinone-2 and 5-trifluoromethyl
pyrimidinones.

JPZ thanks the National Natural Science Foundation of China
for financial support (No. 20772088 and 21172163) and A Project
Funded by the Priority Academic Program Development of
Jiangsu Higher Education Institutions.
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Scheme 3

Table 3 Reactions of heteroarene 4 and sodium trifluoromethane-
sulfinate 2a

Entry Heteroarene 4 Product 5 and yieldb

1

2

3

4

5

a Reaction conditions: coumarin (0.5 mmol), CF3SO2Na (1.5 mmol) and
Mn(OAc)3�2H2O (2.0 mmol) in HOAc (10 mL), 25 1C, 24 h. b Isolated
yield.

ChemComm Communication

Pu
bl

is
he

d 
on

 1
8 

Fe
br

ua
ry

 2
01

4.
 D

ow
nl

oa
de

d 
by

 L
om

on
os

ov
 M

os
co

w
 S

ta
te

 U
ni

ve
rs

ity
 o

n 
20

/0
2/

20
14

 0
7:

27
:1

6.
 

View Article Online

http://dx.doi.org/10.1039/c3cc49689a


Chem. Commun. This journal is©The Royal Society of Chemistry 2014

2012, 51, 6511; (o) M. Y. Hu, C. F. Ni and J. B. Hu, J. Am. Chem. Soc.,
2012, 134, 15257; (p) R. Shimizu, H. Egami, Y. Hamashima and
M. Sodeoka, Angew. Chem., Int. Ed., 2012, 51, 4577; (q) Z. B. He, T. Luo,
M. Y. Hu, Y. J. Cao and J. B. Hu, Angew. Chem., Int. Ed., 2012, 51, 3944;
(r) Y. W. Zeng, L. J. Zhang, Y. C. Zhao, C. F. Ni, J. W. Zhao and J. B. Hu,
J. Am. Chem. Soc., 2013, 135, 2955; (s) H. Egami, R. Shimizu, S. Kawamura
and M. Sodeoka, Angew. Chem., Int. Ed., 2013, 52, 4000.

4 (a) J. A. Ma and D. Cahard, J. Fluorine Chem., 2007, 128, 975; (b) A.
Studer, Angew. Chem., Int. Ed., 2012, 51, 8950; (c) A. T. Parsons and
S. L. Buchwald, Nature, 2011, 480, 184; (d) D. A. Nagib and
D. W. C. MacMillan, Nature, 2011, 480, 224; (e) P. V. Pham,
D. A. Nagib and D. W. C. MacMillan, Angew. Chem., Int. Ed., 2011,
50, 9232; ( f ) P. V. Pham, D. A. Nagib and D. W. C. MacMillan, Angew.
Chem., Int. Ed., 2011, 50, 6119; (g) D. A. Nagib, M. E. Scott and
D. W. C. MacMillan, J. Am. Chem. Soc., 2009, 131, 10875; (h) Y. Ye,
S. A. Kunzi and M. S. Sanford, Org. Lett., 2012, 14, 4979; (i) Y. Ye and
M. S. Sanford, J. Am. Chem. Soc., 2012, 134, 9034; ( j ) Y. Ye, S. H. Lee
and M. S. Sanford, Org. Lett., 2011, 13, 5464; (k) S. Mizuta, S.
Verhoog, X. Wang, N. Shibata, V. Gouverneur and M. Medebielle,
J. Fluorine Chem., 2013, 155, 124; (l ) S. Mizuta, K. M. Engle,
S. Verhoog, O. Galicia-Lopez, M. O’Duill, M. Medebielle,
K. Wheelhouse, G. Rassias, A. L. Thompson and V. Gouverneur,
Org. Lett., 2013, 15, 1250; (m) S. Mizuta, S. Verhoog, K. M. Engle,
T. Khotavivattana, M. O’Duill, K. Wheelhouse, G. Rassias,
M. Medebielle and V. Gouverneur, J. Am. Chem. Soc., 2013,
135, 2505; (n) Y. Yasu, T. Koike and M. Akita, Chem. Commun.,
2013, 49, 2037; (o) I. V. Kuvychko, K. P. Castro, S. H. M. Deng,
X. B. Wang, S. H. Strauss and O. V. Boltalina, Angew. Chem., Int. Ed.,
2013, 52, 4871; (p) Y. Yasu, T. Koike and M. Akita, Org. Lett., 2013,
15, 2136; (q) J. J. Dai, C. Fang, B. Xiao, J. Yi, J. Xu, Z. J. Liu, X. Lu,
L. Liu and Y. Fu, J. Am. Chem. Soc., 2013, 135, 8436; (r) X. W. Liu,
F. Xiong, X. P. Huang, L. Xu, P. F. Li and X. X. Wu, Angew. Chem., Int.
Ed., 2013, 52, 1; (s) E. Pair, N. Monteiro, D. Bouyssi and O. Baudoin,
Angew. Chem., Int. Ed., 2013, 52, 5346.

5 (a) B. R. Langlois, E. Laurent and N. Roidot, Tetrahedron Lett., 1991,
32, 7525; (b) B. R. Langlois, E. Laurent and N. Roidot, Tetrahedron

Lett., 1992, 33, 1291; (c) B. R. Langlois, D. Montkgre and N. Roidot,
J. Fluorine Chem., 1994, 68, 63; (d) T. Billard, N. Roques and
B. R. Langlois, J. Org. Chem., 1999, 64, 3813; (e) Y. D. Yang,
K. Iwamoto, E. Tokunaga and N. Shibata, Chem. Commun., 2013,
49, 5510.

6 Y. Ji, T. Brueckl, R. D. Baxter, Y. Fujiwara, I. B. Seiple, S. Su,
D. G. Blackmond and P. S. Baran, Proc. Natl. Acad. Sci. U. S. A.,
2011, 108, 14411.

7 D. J. Wilger, N. J. Gesmundo and D. A. Nicewicz, Chem. Sci., 2013,
4, 3160.

8 (a) Y. Li, L. P. Wu, H. Neumann and M. Beller, Chem. Commun.,
2013, 49, 2628; (b) M. Presset, D. Oehlrich, F. Rombouts and
G. A. Molander, J. Org. Chem., 2013, 78, 12837.

9 (a) Z. J. Li, Z. L. Cui and Z. Q. Liu, Org. Lett., 2013, 15, 406;
(b) T. Patra, A. Deb, S. Manna, U. Sharma and D. Maiti, Eur. J. Org.
Chem., 2013, 5247.

10 (a) M. A. Musa, J. S. Cooperwood, M. Khan and F. Omar, Curr. Med.
Chem., 2008, 15, 2664; (b) I. Kempen, D. Papapostolou, N. Thierry,
L. Pochet, S. Counerotte, B. Masereel, J. M. Foidart, M. J. Reboud-
Ravaux, A. Noel and B. Pirotte, Br. J. Cancer, 2003, 88, 1111.

11 C. Spino, M. Dodier and S. Sotheeswaran, Bioorg. Med. Chem. Lett.,
1998, 8, 3475.

12 P. Anand, B. Singh and N. Singh, Bioorg. Med. Chem., 2012, 20, 1175.
13 E. Quezada, G. Delogu, C. Picciau, L. Santana, G. Podda, F. Borges,

V. Garcia-Moraes, D. Vina and F. Orallo, Molecule, 2010, 15, 270.
14 (a) M. Matsui, K. Shibata, H. Muramatsu, H. Sawada and

M. Nakayama, Chem. Ber., 1992, 125, 467; (b) J. T. Liu and
W. Y. Huang, J. Fluorine Chem., 1999, 95, 131; (c) W. Dmowski and
K. Piasecka-Maciejewska, Org. Prep. Proced. Int., 2002, 34, 514;
(d) J. K. Augustine, A. Bombrun, B. Ramappa and C. Boodappa,
Tetrahedron Lett., 2012, 53, 4422.

15 W. Xu, J. P. Zou and W. Zhang, Tetrahedron Lett., 2010, 51, 2639.
16 X. J. Mu, J. P. Zou, Q. F. Qian and W. Zhang, Org. Lett., 2006, 8, 5291.
17 (a) X. Q. Pan, J. P. Zou, G. L Zhang and W. Zhang, Chem. Commun.,

2010, 46, 1721; (b) X. Q. Pan, L. Wang, J. P. Zou and W. Zhang, Chem.
Commun., 2011, 47, 7875.

Communication ChemComm

Pu
bl

is
he

d 
on

 1
8 

Fe
br

ua
ry

 2
01

4.
 D

ow
nl

oa
de

d 
by

 L
om

on
os

ov
 M

os
co

w
 S

ta
te

 U
ni

ve
rs

ity
 o

n 
20

/0
2/

20
14

 0
7:

27
:1

6.
 

View Article Online

http://dx.doi.org/10.1039/c3cc49689a

