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

Babu, Kaki Raveendra®’

Chen, Shaowei®’

Li, Yajun® Bao, Hongli**

(“ College of Chemistry and Chemical Engineering, Fuzhou University, Fuzhou 350108)
(¢ 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 zerz-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.!"! In
particular, 1,1-diarylalkanes are particularly significant
because they are structural moieties in various synthetic
molecules and biologically active natural products.**! 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.!”! On
account of the importance of these chemicals, various
methods for their synthesis have been developed.” %

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,[”] bismuth reagents,“z] graphene oxide,'¥ FeCl;,1¥
AICL;,™ Ca(NTH),/BugNPF, " electrophilic phospho-

* Corresponding author. E-mail: hlbao@fjirsm.ac.cn

[18] [19]

niumcation catalysts,m] Bronsted acids, ™ zeolites," ' and
acidic resins*”. The other synthetic method uses promising
transition metal catalysts, such as Pd/Cu,*Y 1r,*H Ry,
Pt,**! and a TMSCI/ZnBr,"*! 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.*® Oxidative C-H/C-H cross-coupling
between electron-rich arenes and vinylarenes affords
1,2-diaryl alkanes. Li’s group”” 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.*® 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,™ 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); 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)s.

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!"**!?!31435] " 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 fert-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

Chin. J. Org. Chem. 2017, 37, 1160~1164

a

Table 1 Substrate scope for the hydroarylation of vinylarenes

3c, 74% (80:20)

,1

3f, 41% (74:26)

OMe
o Xy Fe(OTf); (10 mol%)
L~ + BPO (40 mol%)
1,2-DCE, r.t., 12 h

OMe

1
OMe
H O H

3b, 76% (87:13)

OMe

OMe
o O
F

3d, 68% (78:22) 3e, 55% (80:20)

OM
© OMe
” S
Br AcO

3g, 46% (91:9)

3h, 39% (88:12) 3i, 52% (89:11)

© 2017 Chinese Chemical Society & SIOC, CAS

“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 "H 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
CH;CN 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);.

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

http://sioc-journal.cn/ 1161
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Table 2 Substrate scope for the methylarylation of vinylarenes”
OMe
OMe
R @/\ Fe(OTf)s (10 mol%)
|
= + MeCOOOt-Bu Me
X
1,2-DCE, r.t, 12 h R:—
1 2 Z 4

e

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

o

4d, 57% (90:10) 4e, 43% (91:9) 4f, 56% (89:11)

o

4g, 58% (96:4) 4h, 33% (90:10)

“Reaction conditions: 1 (1 mmol), 2 (5 mmol), MeCOOO?-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 "H 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,?** a plausible mechanism for
the methylarylation and diarylation of styrenes via a single
electron transfer catalytic cycle is proposed in Scheme
1.2 Initially, Fe(OTf); is reduced to the active catalyst
Fe(Il) (A). Then Fe(II) (A) could be oxidized by tert-butyl
peracetate through a single-electron transfer to afford the
methyl radical and Fe(Ill) (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(IIl) 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-

1162 http://sioc-journal.cn/

Table 3 Substrate scope for the diarylation of vinylarenes”

OMe
Fe(OTf); (10 mol%)
rRCOT Y
! _— MeCOOOt-Bu
MeO OMe CH3CN, r.t,12h
1 5
A OMe
Ar
A A= ¥
I r=
R—— P
MeO OMe
6
Ar N Ar Ar
6a, 68% 6b, 74% 6¢c, 72%
Ar Ar Ar
Ar /©)\,Ar /©)\/Ar
F Cl
6d, 69% 6e, 52% 6f, 64%
Ar Ar Ar
Ar Ar Ar
Cl
Br AcO
6g, 67% 6h, 42% 6i, 62%
Ar
CI-+
6j, 35%

© 2017 Chinese Chemical Society & SIOC, CAS

“Reaction conditions: 1 (1 mmol), 5 (5 mmol), MeCOOO#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(IIl) 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.

Chin. J. Org. Chem. 2017, 37, 1160~1164
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Fe(OTf);
+ T
Ar ArH A ~R Fe(ll) Me)J\O,O\{/
A
Arl R Fredel-Crafts Reaction D
1

R = Me when Ar-H = anisole AN
R = Ar when Ar-H = 1,3,5-trimethoxy benzene

Ar1/-\/R Fe(lll) AR

c 5 ¢

Scheme 1 Plausible mechanism for the methylarylation and diarylation of styrenes

3 Experimental section

3.1

The thin-layer chromatography (TLC) plate was used to
track the reaction, and the UV light waves were 254 and 365
nm. The "H NMR and *C 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

Instruments and agents

Styrene 1 (104 mg, 1 mmol), anisole 2 (541 mg, 5 mmol),
Fe(OTf); (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). "H NMR (400 MHz, CDCl;) 6: 7.36~7.32
(m, 2H), 7.28~7.19 (m, SH), 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); "°C
NMR (100 MHz, CDCl3) d: 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; '"H NMR, "*C 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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