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A copper-catalysed direct radical alkenylation of various 

benzyl bromides and α-carbonyl alkyl bromides has been 

developed. Compared with the recent radical alkenylations 

which mostly focused on secondary or tertiary alkyl halides, 

this transformation shows good reactivity to primary alkyl 

halides and tertiary, secondary alkyl halides were also 

tolerated. The key initiation step of this transformation is a 

copper-induced single-electron reduction of C-Br bonds to 

generate alkyl radical species. 

Direct alkenylation of alkyl halides is one of the challenging fields 

and has been extensively studied. Although the palladium-catalysed 

Heck reaction has been widely applied in organic synthesis,1 the 

alkenylation of alkyl halides by palladium still remains a major 

challenge.2 In addition to the oxidative addition pathway for 

palladium-catalysed alkenylation of alkyl halides, a radical-mediated 

approach can serve as a complementary model for the alkenylation 

from alkyl halides because the alkyl halides can be easily activated 

to generate the key intermediate alkyl radical species which have 

high activity to alkenyl acceptors.3 Generally, alkyl halides are 

divided into primary, secondary and tertiary alkyl halides. The 

reactivity of alkyl halides can be correlated with bond dissociation 

energy (BDE) and generally depends on degree of the substitution 

(primary < secondary < tertiary).4 Among the recent development of 

radical alkenylations,5 the alkyl halides were mostly limited to 

secondary alkyl halides or tertiary alkyl halides which attributed to 

the generation of relative stable alkyl radicals.6 The alkenylation of 

primary halides was hard to achieve through a radical process 

because of its low reactivity. Therefore, the development of radical 

alkenylation to expand the application and solve the low reactivity of 

alkyl bromides such as primary alkyl halides is a challenging and 

important task. 

Copper has been a general catalyst to initiate conversion of alkyl 

halides to alkyl radicals, which have been widely applied in copper-

catalysed atom-transfer radical addition (ATRA)7 and atom-transfer 

radical polymerization (ATRP).8 Though copper catalysts can be 

promising catalysts for the alkyl radical generation, the application 

of copper catalysts in the radical alkenylation of alkyl halides is very 

rare. Recently, Takashi Nishikata and co-workers have reported the 

first copper-catalysed radical Heck-type alkenylation reaction 9 

However, the alkyl halides were mostly limited to tertiary alkyl 

halides and the ligand used was very special. Herein, we demonstrate 

our progress in this copper-catalysed radical mediated direct 

alkenylation of various tertiary, secondary and primary alkyl halides 

by using easy available 1,10-phenanthroline (phen) as the ligand 

(Scheme 1). 

 
Scheme 1. Copper-catalysed radical alkenylation of alkyl bromides 

We commenced our studies with 4-methoxystyrene 1a and 2-

(bromomethyl)benzonitrile 2a as model substrates. The best yield of 

the desired product 3a could be achieved in the presence of 20 mol% 

CuCl, 40 mol% phen, 2 equiv Na2CO3 and DMF as the solvent at 
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100 oC (Table 1, entry 4) and other selected results are summarized 

in Table 1. Various copper catalyst precursors were screened (Table 

1, entries 1-4). The Cu(I) catalysts were effective for this 

alkenylation transformation in which CuCl was found to be the most 

effective catalyst precursor, while Cu(II) catalyst proved to be 

ineffective. In addition, different ligands such TMEDA and Acac 

(acetoacetonate) ligand were not effective for this reaction, and the 

product was in less than 5% yield (Table 1, entry 5 and 6). Finally, 

control experiments in the absence of copper catalyst (Table 1, entry 

7) or ligand (Table 1, entry 8) confirmed that these species played a 

critical role in this transformation. 

Table 1. Optimization of conditions for the reaction of 4-methoxystyrene 1 

and 2-(bromomethyl) benzonitrile 2a a  

 

Entry [Cu] L Yield [%] 

1 CuCl2 Phen 5 

2 

3 

4b 

5 

6 

7 

8 

CuI 

CuBr 

CuCl 

CuCl 

CuCl 

no 

CuCl 

Phen 

Phen 

Phen 

Acac 

TMEDA 

Phen 

no 

79 

82 

83(80) 

< 5 

< 5 

n.d. c 

n.d. c 
 a Reaction conditions: 1 (1.0 mmol), 2a (0.5 mmol), catalyst (20 mol%), 
ligand (40 mol%), Na2CO3 (1.0 mmol), DMF (2.0 mL), 100 oC, N2, 24 h. GC 

yield. b The yield in the parentheses was isolated yield. c n.d. = no desired 

product. 

With the optimal conditions established, various alkenes 1 were 

tested to react with 2-(bromomethyl)benzonitrile 2a to form the 

corresponding alkenylation products 3 (Table 2).  

Table 2. Scope of copper-catalysed radical alkenylation of different alkenes 

1 and 2-(bromomethyl) benzonitrile 2a a 

 
a Reaction condition: 1 (1.0 mmol), 2a (0.5 mmol), CuCl (20 mol%), 1,10-

phen (40 mol%), Na2CO3 (1.0 mmol), DMF (2.0 mL), 100 oC, N2, 24 h. 
Isolated yield.  

This reaction was successfully amenable to a wide range of 

substituted styrenes, and moderate to good yields were achieved with 

substrates bearing functional groups such as OMe (3a), Me (3b) and 
tBu (3c). In addition, the effect of steric with substituents ortho to the 

olefin (3d) also provided moderate yield. Interestingly, indene could 

also be employed to get the target alkenylation product without any 

difficulties (3e). Furthermore, the 1,1-disubstituted olefins (3f and 

3g) were suitable for this reaction and the corresponding products 

were obtained in good yields.  

Next, we investigated the copper-catalysed radical alkenylation 

reactions of different benzyl bromides 2 (Table 3). Under the 

standard conditions, a wide range of functional groups, including the 

C-Br, C-Cl, C-F, CF3 and CN groups were compatible with this 

method. In addition, the primary α-carbonyl alkyl bromides were 

also tested under the optimized reaction conditions. The 

bromoacetonitrile (3n) provided the target product in moderate yield, 

while the ethyl bromoacetate afforded a poor yield (3m) because of 

the low reactivity. 

Table 3. Scope of copper-catalysed radical alkenylation of different benzyl 

bromides 2 and 4-methoxystyrene 1
a 

 
a Reaction conditions: 1a (1 mmol), 2 (0.5 mmol), CuCl (20 mol%), 1,10-

phen (40 mol%), Na2CO3 (1.0 mmol), DMF (2.0 mL), 100 oC, N2, 24h. 
Isolated yield. bNMR yield 

Inspired by the positive results of primary alkyl halides, we next 

extended this alkenylation reaction to secondary and tertiary α-

carbonyl alkyl bromides as well (Table 4). Under the optimized 

reaction conditions described above, secondary α-carbonyl alkyl 

bromides bearing ester and cyano groups were shown to react with 

4-methoxystyrene in good yields (3o and 3p). Furthermore, a tertiary 

α-carbonyl alkyl bromide bearing ester underwent the alkenylation 

transformation with 1a smoothly in 85% yield (3q). 

Table 4. Scope of copper-catalysed radical alkenylation of α-carbonyl alkyl 

bromides 2 and 4-methoxystyrene 1a a 
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a Reaction conditions: 1a (1.0 mmol), 2 (0.5 mmol), CuCl (20 mol%), 1,10-

phen (40 mol%), Na2CO3 (1.0 mmol), DMF (2.0 mL), 100 oC, N2, 24h. 

Isolated yield. 

To gather some insights into this radical alkenylation reaction, 

radical scavengers, such as TEMPO and BHT, were employed in the 

reaction (Table 4). As a result, the reactions were completely shut 

down, which could indicate that this transformation involved radical 

intermediates.  

Table 5. Radical inhibiting experiments. 

 

Additive Yield of 3aa 

none 80% 

TEMPO (2 equiv) 

BHT (2 equiv) 

0 

0 

a Reaction conditions: 1a (1.0 mmol), 2a (0.5 mmol), CuCl (20 mol%), 1,10-
phen (40 mol%), additive (1.0 mmol), Na2CO3 (1.0 mmol), DMF (2.0 mL), 

100 oC, N2, 24 h. GC yield. 

The electron paramagnetic resonance (EPR) was also used to 

study this radical process. As shown in Figure 1(a), no EPR signal 

was observed when CuCl, 1,10-phen were tested in 2.0 mL DMF at 

100 oC for 1 hour. However, when the mixture of CuCl, 1,10-phen 

and 2a under the same condition, a strong  Cu(II) EPR signal could 

be detected (Figure 1(b)). In addition, the homo-coupling of 2a had 

also been detected by GC-MS, which indicated the formation of 

alkyl radical. Therefore, this transformation is Cu(I)-induced single-

electron reduction of C-Br bonds to generate alkyl radical species 

and Cu(II) species. 

Figure 1. EPR spectra. 
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According to the previous reports and the above results, a 

proposed mechanism for this copper-catalysed radical alkenylation is 

described in Scheme 2. The alkyl radical I is generated by the 

reaction between Cu(I) species and the alkyl bromide 2 through 

single-electron transfer process. After the generation of alkyl radical 

I, the addition of alkyl radical I to alkene 1 gives the radical 

intermediate II, which then reacted with Cu(II) species to form the 

brominated intermediate III and Cu(I) species. Meanwhile, Cu(I) 

species is regenerated to complete the catalytic cycle. Subsequently, 

the brominated intermediate III elimination with the base to obtain 

the desired product 3.  

 

Scheme 2. Proposed mechanism. 

Conclusions 

In conclusion, we have demonstrated a copper-catalysed 

radical alkenylation of various benzyl bromides and α-carbonyl 

alkyl bromides to furnish α-vinyl carbonyls and allylbenzene 

derivatives. Specifically, this transformation shows good 

regioselectivity to primary alkyl halides and tertiary, secondary 

alkyl halides that bear β-hydrides are also tolerated. The key 

initiation step of this transformation is copper-induced single-

electron reduction of C-Br bonds to generate alkyl radical 

species. 

This work was supported by the 973 Program 

(2012CB725302), the National Natural Science Foundation of 

China (21390400, 21025206, 21272180 and 21302148), and the 

Research Fund for the Doctoral Program of Higher Education 

of China (20120141130002) and the Program for Changjiang 

Scholars and Innovative Research Team in University 

(IRT1030).The Program of Introducing Talents of Discipline to 

Universities of China (111 Program) is also appreciated. 

 

Notes and references 
aCollege of Chemistry and Molecular Sciences, Wuhan University, 

Wuhan, 430072, P. R. China. Fax: (+86)-27-68754672; Tel: (+86)-27-

68754672; E-mail: aiwenlei@whu.edu.cn 
bNational Research Center for Carbohydrate Synthesis, Jiangxi Normal 

University, Nanchang 330022, Jiangxi, P. R. China 

† Electronic Supplementary Information (ESI) available: General 

procedures, spectral data and other supplementary information. See 

DOI: 10.1039/b000000x/ 

‡ HongYi and Xu Zhang contributed equally to this work.  

1. (a) R. F. Heck and J. P. Nolley, J. Org. Chem., 1972, 37, 2320-2322; 

(b) T. Mizoroki, K. Mori and A. Ozaki, B. Chem. Soc. Jpn., 1971, 44, 

581-581; (c) S. Bräse and A. D. Meijere, in Metal-Catalyzed Cross-

Coupling Reactions, Wiley-VCH Verlag GmbH, 2008, pp. 217-315. 

2. (a) L. Wang, Y. Pan, X. Jiang and H. Hu, Tetrahedron Lett., 2000, 41, 

725-727; (b) G. Z. Wu, F. Lamaty and E. Negishi, J. Org. Chem., 

1989, 54, 2507-2508; (c) F. Glorius, Tetrahedron Lett., 2003, 44, 5751-

5754; (d) L. Firmansjah and G. C. Fu, J. Am. Chem. Soc., 2007, 129, 

11340-11341; (e) H. Narahashi, A. Yamamoto and I. Shimizu, Chem. 

Lett., 2004, 33, 348-349. 

Page 3 of 4 Organic & Biomolecular Chemistry

O
rg

an
ic

&
B

io
m

ol
ec

ul
ar

C
he

m
is

tr
y

A
cc

ep
te

d
M

an
us

cr
ip

t



COMMUNICATION Journal Name 

4 | J. Name., 2012, 00, 1-3 This journal is © The Royal Society of Chemistry 2012 

3. (a) I. Ryu, N. Sonoda and D. P. Curran, Chem. Rev., 1996, 96, 177-

194; (b) F. Alonso, I. P. Beletskaya and M. Yus, Chem. Rev., 2002, 

102, 4009-4092. 

4. M. B. Gillies, K. Matyjaszewski, P.-O. Norrby, T. Pintauer, R. Poli and 

P. Richard, Macromolecules, 2003, 36, 8551-8559. 

5. (a) W. Affo, H. Ohmiya, T. Fujioka, Y. Ikeda, T. Nakamura, H. 

Yorimitsu, K. Oshima, Y. Imamura, T. Mizuta and K. Miyoshi, J. Am. 

Chem. Soc., 2006, 128, 8068-8077; (b) B. P. Branchaud and W. D. 

Detlefsen, Tetrahedron Lett., 1991, 32, 6273-6276; (c) Y. Ikeda, T. 

Nakamura, H. Yorimitsu and K. Oshima, J. Am. Chem. Soc., 2002, 

124, 6514-6515; (d) C. Liu, S. Tang, D. Liu, J. Yuan, L. Zheng, L. 

Meng and A. Lei, Angew. Chem. Int. Ed., 2012, 124, 3698-3701; (e) Q. 

Liu, H. Yi, J. Liu, Y. Yang, X. Zhang, Z. Zeng and A. Lei, Chem. Eur. 

J., 2013, 19, 5120-5126; (f) R. Matsubara, A. C. Gutierrez and T. F. 

Jamison, J. Am. Chem. Soc., 2011, 133, 19020-19023; (g) R. 

Matsubara and T. F. Jamison, J. Am. Chem. Soc., 2010, 132, 6880-

6881. 

6. (a) W. T. Eckenhoff and T. Pintauer, Catalysis Reviews, 2010, 52, 1-

59; (b) W. Tang, N. V. Tsarevsky and K. Matyjaszewski, J. Am. Chem. 

Soc., 2006, 128, 1598-1604. 

7. (a) D. P. Curran, D. Kim and C. Ziegler, Tetrahedron, 1991, 47, 6189; 

(b) M. S. Kharasch, P. S. Skell and P. Fischer, J. Am. Chem. Soc., 

1948, 70, 1055; (c) J. M. Muñoz-Molina, T. R. Belderrain and P. J. 

Pérez, Eur. J. Inorg. Chem., 2011, 2011, 3155-3164; (d) G. K. 

Weidner, A. Giroult, P. Panchaud and P. Renaud, J. Am. Chem. Soc., 

2010, 132, 17511; (e) H. Yorimitsu, H. Shinokubo, S. Matsubara, K. 

Oshima, K. Omoto and H. Fujimoto, J. Org. Chem., 2001, 66, 7776. 

8. (a) M. Kato, M. Kamigaito, M. Sawamoto and T. Higashimura, 

Macromolecules, 1995, 28, 1721-1723; (b) K. Matyjaszewski and J. 

Xia, Chem. Rev., 2001, 101, 2921-2990; (c) T. Pintauer and K. 

Matyjaszewski, Chem. Soc. Rev., 2008, 37, 1087-1097. 

9. T. Nishikata, Y. Noda, R. Fujimoto and T. Sakashita, J. Am. Chem. 

Soc., 2013, 135, 16372-16375. 

 

 

Page 4 of 4Organic & Biomolecular Chemistry

O
rg

an
ic

&
B

io
m

ol
ec

ul
ar

C
he

m
is

tr
y

A
cc

ep
te

d
M

an
us

cr
ip

t


