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前  言 

中国化学会第十九届全国金属有机化学学术讨论会于2016年10月28～31日

在浙江大学紫金港校区体育馆成功举行。本届会议由中国化学会主办，浙江大学

化学系、浙江省化学会和中国科学院上海有机化学研究所金属有机化学国家重点

实验室共同承办，并得到国家自然科学基金委与浙江省科协的资助。本届会议云

集了我国金属有机化学界的著名专家学者以及广大研究生约1500人，其中包括8

位院士、25位国家杰青等著名专家学者，另外，还邀请了美国、香港以及新加坡

的著名化学家。与会代表围绕金属有机化学研究的前沿科学问题展开热烈交流，

展示最新研究成果、展望学科未来，极大地促进了我国金属有机化学研究的进一

步发展。 

本届会议共收到会议论文549篇，参会代表们围绕金属有机化学研究的前沿

科学问题，以大会报告、邀请报告、口头报告和墙报展等进行了形式多样、丰富

多彩的交流。会议共安排了5个大会报告、1个黄耀曾金属有机化学终身成就奖获

奖报告、2个黄耀曾金属有机化学奖获奖报告、25个邀请报告、24个口头报告以

及317个墙报展。会议的成功举办，也获得中国化学会的赞誉，并授予本次会议

承办单位“优秀学术交流组织奖”。本届会议还得到了国家自然科学基金委员会、

浙江省科协和26家相关领域企业和公司的赞助与支持，在此表示衷心地感谢！ 

为了支持我国金属有机化学的发展，集中展示我国金属有机化学研究的最新

成果，《有机化学》编辑部于2017年5月出版一期“金属有机化学专辑”。该专

辑共录用稿件29篇，其中综述与进展8篇，研究论文14篇，研究简报6篇, 研究通

讯1篇。感谢《有机化学》编辑部对本专辑按时出版所付出的辛劳！萨恩化学技

术(上海)有限公司、苏州欣家园化学科技有限公司、江苏欣诺科催化剂有限公司、

三泰科技(常州)有限公司对本专辑印刷出版提供了大力支持，在此也深表感谢！ 
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铁催化烯基芳烃的氢芳基化、甲基芳基化和二芳基化制备非对称 

1,1-二芳基烷烃的反应 

Kaki Raveendra Babua,b    陈绍维 a,b    李亚军 b    鲍红丽*,b 

(a福州大学化学化工学院  福州 350108) 

(b中国科学院福建物质结构研究所  煤制乙二醇及相关技术重点实验室  福州 350002) 

摘要  报道了一种新型的铁催化的烯基芳烃的氢芳基化、甲基芳基化和双芳基化的反应. 富电子的苯甲醚以及 1,3,5-

三甲氧基苯在温和条件下和烯基芳烃反应得到非对称的 1,1-二芳基烷烃. 其中, 在氢芳基化反应中, 苯甲酰基过氧化物

被用作氧化剂; 在甲基芳基化和双芳基化反应中, 叔丁基过氧酯是氧化剂.  

关键词  氢芳基化; 甲基芳基化; 双芳基化; 烯基芳烃; 1,1-二芳基烷烃 

Iron Catalyzed Oxidative Hydroarylation, Methylarylation, and Diary- 
lation of Vinylarenes to Generate Unsymmetrical 1,1-Diarylalkanes

Babu, Kaki Raveendraa,b    Chen, Shaoweia,b    Li, Yajunb    Bao, Hongli*,b  
(a College of Chemistry and Chemical Engineering, Fuzhou University, Fuzhou 350108) 

(b Key Laboratory of Coal to Ethylene Glycol and Its Related Technology, Fujian Institute of Research on the 
Structure of Matter, University of Chinese Academy of Sciences, Fuzhou 350002) 

Abstract  A novel iron catalyzed hydroarylation, methylarylation, and diarylation of styrenes to form unsymmetrical 
1,1-diarylalkanes with electron rich anisole and 1,3,5-trimethoxybenzene under mild conditions have been developed. Benzoyl 
peroxide is used as an oxidant for hydroarylation, whereas in the case of methylarylation and diarylation the oxidant tert-butyl 
peracetate is used. 
Keywords  hydroarylation; methylarylation; diarylation; vinylarenes; 1,1-diarylalkanes 

 
Alkyl arenes are important structural motifs in numerous 

pharmaceuticals, agrochemicals, and fine chemicals.[1] In 
particular, 1,1-diarylalkanes are particularly significant 
because they are structural moieties in various synthetic 
molecules and biologically active natural products.[2,3] Un-
symmetrical 1,1-diarylalkanes such as the biologically ac-
tive 1,1-diarylalkane structures I～V shown in Figure 1 
have widespread applications in medicinal chemistry.[4] On 
account of the importance of these chemicals, various 
methods for their synthesis have been developed.[5～10] 

Two important synthetic strategies for hydroarylation of 
olefins that have been employed are Friedel-Crafts alkyla-
tion and transition-metal catalysis. The Friedel-Crafts 
methods involve different Lewis acids, such as gold com-
plexes,[11] bismuth reagents,[12] graphene oxide,[13] FeCl3,

[14] 
AlCl3,

[15] Ca(NTf2)2/Bu4NPF6,
[16] electrophilic phospho-

niumcation catalysts,[17] Brönsted acids,[18] zeolites,[19] and 
acidic resins[20]. The other synthetic method uses promising 
transition metal catalysts, such as Pd/Cu,[21] Ir,[22] Ru,[23] 
Pt,[24] and a TMSCl/ZnBr2

[25] cocatalyst system, offering 
hydroarylation products with good regio- and chemo-  
selectivity. Methylarylation and diarylation of vinylarenes 
are two further efficient strategies to construct 1,1-diarylal- 
kanes. The diarylation of vinylarenes has recently been 
reported by Lei et al.[26] Oxidative C-H/C-H cross-coupling 
between electron-rich arenes and vinylarenes affords 
1,2-diaryl alkanes. Li’s group[27] disclosed a metal-free 
oxidative methylarylation of olefin. Elemental iron is a 
highly abundant, non-toxic, and cheaply available metal, 
and is also attractive for the development of catalytic 
transformations.[28] With a continuation of our development 
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Figure 1  Biologically active 1,1-diarylalkanes. 

of iron-catalyzed efficient synthetic methods leading to 
olefins,[29] we wish in this paper to report the iron-catalyzed 
hydroarylation, methylarylation, and diarylation of vinyl- 
arenes with electron rich arenes at ambient temperature. 

1  Results and discussion 

We began our studies by reacting the commercially 
available styrene (1a) and anisole (2) in the presence of 
Fe(OTf)3 as a catalyst, benzoyl peroxide (BPO) as a oxi-
dant, in 1,2-dichloroethane (1,2-DCE) at room temperature. 
This led to a hydroarylated product (3a). After optimization 
of the reaction conditions, the best yield of 3a was achieved 
in 1,2-DCE at room temperature with 5 equivalents of ani-
sole and 40 mol% of BPO in the presence of 10 mol% of 
Fe(OTf)3. 

With the optimal reaction conditions in hand, we next 
investigated the substrate scope of the reaction, and the 
results were summarized in Table 1. High regioselectivity 
was observed and the parent styrene (1, R＝H) gave the 
desired product (3a) in 71% yield[12a,12b,13,14,25]. Alkyl sub-
stituted styrenes afforded products 3b～3d in good yields. 
Further, halide substituted styrenes delivered 3e～3g in 
moderate yields and p-vinyl phenyl acetate gave compound 
3h in 39% yield. Finally, indene provided product 3i in 
moderate yield. 
Based on our previous studies, we moved our attention to 

change the reaction conditions, in particular, using the ox-
idant tert-butyl peracetate (50 wt% in aromatics) in place of 
BPO in the reaction between styrene and anisole. As ex-
pected, the methylarylated product, methoxy-4-(1-phen- 
ylpropyl)-benzene (4a) was obtained. After optimization of 
the reaction conditions for this reaction, the best yield of 4a 
was achieved in 1,2-DCE at room temperature with styrene. 

With these optimized reaction conditions, we next in-
vestigated the substrate scope of the reaction, and the results 
were summarized in Table 2. The parent styrene 1 (R＝H) 
provided product 4a in 64% yield. Alkyl substituted sty-
renes afforded products 4b～4d with good yields. Halo-
gen-substituted styrenes delivered 4e～4g in moderate 

Table 1  Substrate scope for the hydroarylation of vinylarenesa 

 

OMeOMe

OMe

F

OMe

OMe OMe

Cl

AcO

OMe

3a, 71% (78:22) 3b, 76% (87:13) 3c, 74% (80:20)

3e, 55% (80:20) 3f, 41% (74:26)

3h, 39% (88:12)

3d, 68% (78:22)

OMe

Br

3g, 46% (91:9)

OMe

3i, 52% (89:11)

H H H

H H H

H H

H

a Reaction conditions: 1 (1 mmol), 2 (5 mmol), BPO (40 mol%), catalyst (10 
mol%), solvent (2 mL), r.t., 12 h. Yield of the isolated product. Regioselectivi-
ty was determined by the 1H NMR spectra of the crude products. 

yields and the ester substituted styrene gave compound 4h 
in 33% yield. Subsequently, to learn the flexibility of the 
reaction with other electron rich aromatic systems, 
1,3,5-trimethoxybenzene (5) was used in place of anisole in 
the above reaction. Surprisingly, instead of forming the 
methylarylated product, the diarylated product 2,2'-(phe- 
nylmethylene)bis(1,3,5-trimethoxybenzene) (6a) was ob-
tained. After optimization of the reaction conditions for the 
diarylation reaction, the best yield of 6a was achieved in 
CH3CN at room temperature with 5 equivalents of 
1,3,5-trimethoxybenzene (5) and 1.5 equivalents of 
tert-butyl peracetate in the presence of 10 mol% of the 
catalyst Fe(OTf)3. 

With these conditions in hand, we next examined the 
substrate scope of the reaction, and the results were sum-
marized in Table 3. The parent styrene gave the diarylated 
product (6a) in 68% yield and alkyl substituted styrenes 
afforded products 6b～6d with good yields. Additionally, 
halogen-substituted styrenes delivered 6e～6g with mod-
erate to good yields. The ester-substituted styrene gave 6h 
in 42% yield. 1-(Chloromethyl)-4-vinylbenzene provided 
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Table 2  Substrate scope for the methylarylation of vinylarenesa 

 

OMe
OMe

OMe

F

OMe

OMe OMe

Cl

OMe

AcO

Me
Me

Me

Me Me Me

Me

4a, 64% (93:7) 4b, 71% (90:10) 4c, 65% (84:16)

4e, 43% (91:9) 4f, 56% (89:11)

4h, 33% (90:10)

4d, 57% (90:10)

OMe

Br

Me

4g, 58% (96:4)  
a Reaction conditions: 1 (1 mmol), 2 (5 mmol), MeCOOOt-Bu (50 wt%) (1.5 
mmol), catalyst (10 mol%), solvent (2 mL), r.t., 12 h. Yield of the isolated 
product. Regioselectivity was determined by the 1H NMR spectra of the crude 
products. 

compound 6i in 62% yield and indene afforded compound 
6j with a relatively low yield (35%). 

To investigate the mechanism of methylarylation and 
diarylation reaction, we carried out a radical capture reac-
tion by adding a radical-trapping reagent (2,2,6,6-tetra- 
methyl-piperidinyloxy, TEMPO) to the reaction system. 
The desired product 4a or 6a could not be detected by 
GC-MS, but the methylated TEMPO (1-methoxy-2,2,6,6- 
tetramethylpiperidine) was observed. Based on the above 
result and previous studies,[26,28] a plausible mechanism for 
the methylarylation and diarylation of styrenes via a single 
electron transfer catalytic cycle is proposed in Scheme 
1.[14,26] Initially, Fe(OTf)3 is reduced to the active catalyst 
Fe(II) (A). Then Fe(II) (A) could be oxidized by tert-butyl 
peracetate through a single-electron transfer to afford the 
methyl radical and Fe(III) (B). If anisole is used, the re-
sulting methyl radical will react with a styrene directly to 
form a benzylic radical intermediate (C), which is then 
oxidized by the Fe(III) species to form a carbocation (D). 
The carbocation (D) then undergoes a Friedel-Crafts reac- 
tion with anisole to obtain the desired product. If 1,3,5-  

Table 3  Substrate scope for the diarylation of vinylarenesa 

Fe(OTf)3 (10 mol%)

R

CH3CN, r.t., 12 h

Ar

OMe

MeO OMe

R
Ar =

OMe

MeO OMe

Ar

1 5

6

MeCOOOt-Bu

 

Ar
Ar

Ar

F

Ar

Ar Ar

Cl

Ar

Cl
AcO

Ar

Ar Ar

ArAr

Ar

Ar
Ar Ar

Ar

Ar

6a, 68% 6b, 74% 6c, 72%

6e, 52% 6f, 64%

6i, 62%6h, 42%

6d, 69%

Ar

Br

Ar

6g, 67%

6j, 35%  

a Reaction conditions: 1 (1 mmol), 5 (5 mmol), MeCOOOt-Bu (50 wt%) (1.5 
mmol), catalyst (10 mol%), solvent (2 mL), r.t., 12 h. Yield of the isolated 
product. 

trimethoxy benzene is used, a methyl radical will abstract an 
H-atom to form methane, and a 1,3,5-trimethoxyphenyl 
radical will be formed. This 1,3,5-trimethoxyphenyl radical 
will then react with a styrene to form a benzylic radical 
intermediate (C). The benzylic radical intermediate will be 
oxidized by the Fe(III) species to form a benzylic carbo-
cation (D). The carbocation (D) then undergoes a Friedel- 
Crafts reaction with 1,3,5-trimethoxy benzene to yield the 
desired product.  

2  Conclusions 

In summary, we have developed an iron-catalyzed hy-
droarylation, methylarylation, and diarylation of styrenes 
with electron rich anisole and 1,3,5-trimethoxybenzene. 
This transformation tolerates several functional groups and 
enables the convenient synthesis of unsymmetrical 1,1- 
diarylalkanes in moderate to good yields. A plausible 
mechanism for the methylarylation and diarylation has been 
proposed. 



   
Chinese Journal of Organic Chemistry  COMMUNICATION  

 
Chin. J. Org. Chem. 2017, 37, 1160～1164 © 2017 Chinese Chemical Society & SIOC, CAS http://sioc-journal.cn/     1163 

 

Scheme 1  Plausible mechanism for the methylarylation and diarylation of styrenes

3  Experimental section 

3.1  Instruments and agents 

The thin-layer chromatography (TLC) plate was used to 
track the reaction, and the UV light waves were 254 and 365 
nm. The 1H NMR and 13C NMR were recorded on a Bruker 
advance 400 NMR spectrometer. All the reagents were 
purchased from the reagent company. 

3.2  Synthesis of compound 3a 

Styrene 1 (104 mg, 1 mmol), anisole 2 (541 mg, 5 mmol), 
Fe(OTf)3 (50 mg, 10 mol%), benzoyl peroxide (BPO, 97 
mg, 40 mol%) and 1,2-DCE (2 mL) were added into a flame 
dried Schlenk tube with a stirring bar and the reaction 
mixture was stirred for 12 h at room temperature. The re-
action solution was diluted with ethyl acetate and filtrated 
through the diatomite. The filtrate was concentrated by 
rotary evaporation under reduced pressure and the residue 
was purified by column chromatography on silica gel (ethyl 
acetate/petroleum ether) to yield para-3a (161 mg, 76%, 
colorless liquid). 1H NMR (400 MHz, CDCl3) δ: 7.36～7.32 
(m, 2H), 7.28～7.19 (m, 5H), 6.90～6.88 (m, 2H), 4.16 (q,  
J＝7.2 Hz, 1H), 3.83 (s, 3H), 1.67 (d, J＝7.2 Hz, 3H); 13C 
NMR (100 MHz, CDCl3) δ: 157.8, 146.7, 138.5, 128.5, 
128.3, 127.5, 125.9, 113.7, 55.2, 43.9, 22.0. 

 
Supporting Information  Optimization tables; general 
procedures for hydroarylation of vinylarenes, methylaryla-
tion of vinylarenes and diarylation of vinylarenes; mecha-
nistic reactions with TEMPO; 1H NMR, 13C NMR spectra 
for the products. The Supporting Information is available 
free of charge via the Internet at http://sioc-journal.cn. 
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