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A direct arylation of unactivated benzene with acyl peroxides was
developed, affording biaryls in good to excellent yields. The
transformation underwent radical pathway under metal-free,
base-free and additive-free conditions with good functional
groups compatibility.

Biaryl scaffolds are abundant in a great many natural products,
pharmaceuticals, agrochemicals and functional organic
materials.” Undoubtedly, transition metal catalyzed cross
coupling reactions including many classic name reactions like
Suzuki, Negishi, Ullman, Hiyama, Stille, and Kumada couplings
as well as the direct arylation of aromatic C-H bonds were
demonstrated as efficient approaches for the synthesis of
biaryls in the past decades (Scheme 1, eq. 1).2 However, these
methods suffered from some inevitable drawbacks such as the
employment of noble metals or very sensitive organometallic
reagents. Therefore, the development of efficient synthetic
approaches performed under transition-metal-free conditions
is highly desired.®> In this regard, homolytic aromatic
substitution (HAS) by an aryl radical and related processes was
developed and provides as an alternative and promising
strategy toward biaryl structures without the participation of
metals.” For example, the coupling of aryl halides with
benzene derivatives promoted by organic additives in the
assistance of base through homolytic aromatic substitution has
emerged as a transition-metal-free approach for the direct
arylation toward biaryls (Scheme 1, eq. 2).° Except for aryl
halide, styrenes and benzyl alcohols were also suitable
coupling partners in the transition-metal-free direct arylation
of benzene (Scheme 1, eq. 3).6 Although those transition-metal-
free approaches for the synthesis of biaryls have made
remarkable progress, organic additive and base were needed
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in most cases.

Additionally, decarboxylative arylation of carboxylic acid
and aryl halide catalyzed by transition-metals was also
employed for the preparation of biaryls (Scheme 1, eq. 4).7
However, those catalytic systems were complex and difficult to
handle. Acylperoxide which usually used as oxidant was
demonstrated as excellent aryl donor and successfully applied
in the Pd-catalyzed arylation of aromatic C-H bond.® zhu have
developed a decarboxylation/cyclization of 2-
isocyanobiphenyls with acylperoxides to 6-aryl
phenanthridines under metal-free and base-free conditions.’
With respect to the importance of decarboxylative arylation,
herein we report a direct arylation of benzene with acyl
peroxides toward biaryls under metal-free, base-free and
additive-free conditions (Scheme 1, eq. 5).10

AflX 4+ ARRM Transition-metal Arlm—Ar2 eq. 1

X =1, Br, Cl, OTf, etc.

ArX . Organic additives Ar—@ eq.2
t-BuOK

X=1,Br Radical pathway
Ar\/

. TBHP, 1,2-DNB Ar_@ q.3
Ar—CH,OH

Arl-X *  ArCOOH

-Co,
X =1,Br, Cl

This work: metal-free, base-Radical pathway
free, additive-free

Scheme 1. The method toward biaryls.

In our previous work,11 when benzoyl peroxide was used as
aryl radical source, considerable amount of biphenyl was
detected. We once thought it was formed by homocoupling of
phenyl radicals. While, further elaborate study indicated that
the biphenyl was generated from the reaction between phenyl
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radical and solvent benzene. The inert phenyl C-H bond was
activated under such conditions. With this interesting result in
hand, we begin our research on the direct arylation of benzene
by utilizing 4-chlorobenzoic peroxyanhydride and benzene as
the model reaction. To our delight, the reaction performed
efficiently at 100 °C in the absence of metal, additive or base,
giving the product 3aa in 86% yield along with about 0.2 mmol
of 4-chlorobenzoic acid. The yield of 3aa was decreased to 21%
at 80 °C, whereas no better yield was obtained at elevated
temperature (Scheme 2). Additionally, the product 3aa was
isolated in 82% when the reaction was conducted in 2 mmol
scale.

"7 Y©©~m

1a, 0.2 mmol 2a,1mL

T=100°C, yleld 86%
T=80°C, yield =21%
T =120 °C, yield = 78%

Scheme 2. Temperature effect

With the optimized conditions in hand, the scope of aryl acyl
peroxides was investigated. The aryl acyl peroxides bearing
electron-withdrawing or -donating substituents were reacted
smoothly with benzene, providing the products in good to
excellent vyields (Figure 1). Various halogenated aryl acyl
peroxides were suitable for the procedure and a range of
substituted aryl acyl peroxides such as m- and p-chloro-,
fluoro-, bromo-, and iodo-groups proceeded efficiently to give

the products in excellent yields. These halogen groups (F, Cl, Br,

I) were kept intact during the transformation, offering the
potential for further functionalizations.
withdrawing groups such as
trifluoromethyl were also well tolerated. Generally, the aryl

Strong electron-
carbonyl, nitro and

acyl peroxides 1a-1l bearing electron-withdrawing groups
delivered the product in higher yields than their electron-
donating analogues 1p-1t. Additionally, steric effect was
obvious. For ortho-methyl aryl acyl peroxide resulted the
corresponding product (3ra) in only 40% yield. Moreover, the
arylation also occurred on mono substituted benzene as
toluene with the isolation of regio-isomers 3ob (o/m/p =
2.4/1.6/1.0) in moderate yield. The reaction of aryl acyl
peroxides with chlorobenzene or bromobenzene also ran
smoothly and gave the indistinguishable regio-isomers 3oc or
3pd in good yields.

Then, some experiments were conducted to investigate the
reaction mechanism. Radical scavenger 2,2,6,6-tetramethyl-
piperidine oxide (TEMPO) and 2,6-di-tert-butyl-4-
methylphenol (BHT) were added into the reaction under
standard conditions, respectively. As expected, the arylation
was completely suppressed (Scheme 3). These results
indicated this procedure undergoes a radical pathway.
Moreover, kinetic isotope experiment was conducted and
showed a low K,/Kj value, which suggested that the cleavage
of phenylic C-H bond is not the rate-determining step in this
transformation (Scheme 4). Moreover, about 0.2 mmol 4-
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chlorobenzoic acid was isolated when the reactign of..2a with
1a was conducted in 0.2 mmol scale undérdtandard cEnfitions.

Figure 1. The substrate scope °
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“ Reaction conditions: 1 (0.2 mmol), benzene (1 mL), 100 °C, 12 h.°
The ratio of isomers was determined by "4 NMR. © The o/m/p ratio
was difficult to identify by "H NMR.

1a + 2a +TEMPO —andard 3aa
Not detected
Standard
1a + 2a + BHT  —gonditons 3aa

Not detected

Scheme 3. Radical trapping experiments

Based on these results, a plausible mechanism is proposed
in Scheme 5. First, peroxide 1 is thermally decomposed and
the following CO2releasing gives aryl radical A. Subsequently,
the addition of radical A to benzene produces radical
intermediate B, which is oxidized by peroxide 1to form cation
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intermediate C. Finally, the deprotonation of intermediate C
gives the biaryl product 3.

0.2 mmol 2a,0.5mL 2a', 0.5 mL
Ku/Kp = 1.1

Scheme 4. Kinetic isotope experiment

ArCOO ™ * CO, + Ar®

—%#

J©¥

Scheme 5. Proposed mechanism.

In conclusion, we have disclosed a direct arylation of
unactivated benzene with acyl peroxides affording the biaryls
in good to excellent yields. This transformation went through
radical pathway under metal-free, base-free and additive-free
conditions with good functional groups compatibility.
Compared with previous methods toward biaryls, this
procedure is more simple, mild and environment friendly.
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