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We recently reported the transition-metal-free Suzuki–
Miyaura coupling reaction of allylic bromides

1
 with arylboronic 

acids, which gave the corresponding allylated products (Scheme 

1, eq 1). We also reported the transition-metal-free Suzuki–

Miyaura coupling reaction of propargylic bromides
2
 with 

arylboronic acids, which gave the corresponding propargylated 

products (Scheme 1, eq 2). We thought that a similar catalyst-free 
system could be extended to arylation of benzylic bromides.  

Herein we would like to report the transition-metal-free cross-

coupling reaction of benzylic bromides with arylboronic acids 

(eq 3).
3,4,5

 

 
Scheme 1. Transition-metal-free cross-coupling reaction 

Table 1. Screening of reaction conditionsa 

 
Entry Base Solvent Temp (°C) Yield (%)

b 

1
 

Cs2CO3 CH2Cl2 60 32 

2 Cs2CO3 CHBr3 110 47 

3 Cs2CO3 Toluene
 

110 38 

4 Cs2CO3 BTF
c
 110 57

 

5 CsF BTF 110 41 

6 K2CO3 BTF 110 14 

7 KF BTF 110 14 
a
 Reaction conditions: 1a (1.0 equiv), 2a (1.3 equiv), base (1.5 equiv), solvent/H2O (0.4 M for 1a), bath temp. (°C), 18 h. 

b
 Isolated yield.

 c
 Benzotrifluoride. 
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The cross-coupling reaction between arylboronic acids and various benzylic halides proceeded 

without using a transition-metal catalyst to give the corresponding diarylmethanes in moderate 

to good yields. 

2009 Elsevier Ltd. All rights reserved. 
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Treatment of benzyl bromide (1a) with 4-

methoxyphenylboronic acid (2a: 1.3 equiv) and Cs2CO3 (1.5 

equiv, purchased from Wako Pure Chemical Industries, Ltd.) in a 

mixed solvent of CH2Cl2/H2O (10/1) at 60 °C for 18 h gave 1-

benzyl-4-methoxybenzene (3a) in 32% yield (Table 1, entry 1). 

   In this reaction, water is necessary to dissolve boronic acid 2a 

and benzyl alcohol was formed as by-product (21%), which was 

obtained by hydrolysis of 1a. We then surveyed the effects of 

solvent and reaction temperature. The reaction using CHBr3/H2O 

(10/1) as the solvent at the elevated temperature such as 110 °C  

 

Table 2. Transition-metal-free cross-coupling reaction of benzylic bromides 1 with arylboronic acids 2a 

 
Entry 1 2 Product 3 Yield (%)

b 

1
 

   

57 

2 

   

55 

3 

   

68 

4 

 
 

 

49
 

5 

   

46 

6 

   

42 

7 

   

42 

8 

 

 

 

22 

9 

   

41 

10 

    

57 

11 

   

29 

12 

   

30
c 

a
 Reaction conditions: 1 (1.0 equiv), 2 (1.3 equiv), Cs2CO3 (1.5 equiv), BTF/H2O (0.4 M for 1), 110 °C, 18 h. 

b
 Isolated yield. 

c
 Only the (E)-isomer of 3l was obtained. 



  

 3 
afforded 3a in 47% yield (entry 2). Whereas toluene/H2O (10/1) 

was less effective (38%; entry 3), further improvement of the 

yield was achieved using BTF(benzotrifluoride)/H2O (10/1) 

(57%; entry 4). The use of CsF in BTF/H2O (10/1) as a base gave 

3a in 41% yield (entry 5). However, the use of K2CO3 and KF 

was far less effective (entries 6 and 7). 

With the optimized reaction conditions of entry 4 in hand 

(Table 1), the scope of the present metal-free Suzuki–Miyaura 

coupling reaction was investigated  (Table 2). 4-Methylbenzyl 

bromide (1b) showed comparable reactivity with benzyl bromide 

(1a) (55%; entry 2). The reaction of 2-(bromomethyl)naphthalene 

(1c) with 2a gave the corresponding product 3c in 68% yield 
(entry 3). 3,5-Dimethoxybenzyl bromide (1d) also reacted with 

2a to afford 3d in 49% yield (entry 4).
6
 It is interesting to note 

that bromine-containing benzyl bromides (1e and 1f) tolerated 

the reaction conditions to furnish the corresponding cross-

coupling product 3e and 3g in 46% and 42% yields, respectively 

without the formation of any trace amount of double arylated 
products (entries 5 and 6). These are interesting, since the 

palladium-catalyzed Suzuki-Miyaura coupling reaction of 1e 

with 2a is known to give the biaryl product as major product.
7
 

Indeed, when 1 mol % of Pd(OAc)2 was added to the reaction 

mixture under our standard reaction conditions, the biaryl 

product 4 was obtained as a major product after 5 h (Scheme 2). 
p-Cyano-substituted benzyl bromide 1g gave 3g in 42 % yield 

(entry 7). Electron-poor aryl boronic acid was less reactive as in 

the cases of our former studies on allylation and propargylation 

(entry 8). Whereas 3,4-dimethoxyphenylboronic acid (2b) 

worked well for the present metal-free coupling reaction (entries 

9 and 10), dimethylamino-substituted phenylboronic acid 2c gave 
a poor result (entry 11). The cross-coupling reaction of trans-2-

(4-methylphenyl)vinylboronic acid (2e) with benzyl bromide (1a) 

proceeded to give the benzylated E-form alkene 3l in 30% yield 

(entry 12). Electron-poor aryl boronic acid, such as p-CF3-

phenylboronic acid, did not react with 1a.
8
 This is in contrast 

with the good result by palladium-catalyzed reaction.
4
 

 
Scheme 2. Palladium-catalyzed Suzuki–Miyaura coupling 
reaction of 1f with 2a 

These catalyst-free conditions were also applicable to the 
cross-coupling reaction of benzylic chlorides (Scheme 3). 
Thus, the reaction of 4-methoxybenzyl chloride (5a) with 2a 
gave 3m in 47% yield. Similarly, 1-
(chloromethyl)naphthalene (5b) reacted with 2a to give 3n in 
51% yield. 

 
Scheme 3. Transition-metal-free cross-coupling reaction of 
benzylic chlorides 5 with 4-methoxyphenyl boronic acid (2a) 

 

Scheme 4 illustrates a possible rationale for the present cross-

coupling reaction, in which we assume an ipso-attack of 

arylboronic acid is involved.
1a,2

 As a first step, 2a would be 

converted to borate anion A by H2O and Cs2CO3. A would then 

react with benzyl bromide (1a) through six-membered ring 

transition state B to give the cross-coupling product 3a, 
accompanied by the liberation of boronic acid.

9,10
 

 
Scheme 4. Possible mechanism for the formation of 3a from 
2a and 1a. 

 

In summary, we have shown that, in the presence of cesium 

carbonate as a base and H2O as a co-solvent, cross-coupling 
reaction of benzylic bromides and chlorides with arylboronic 

acids can take place without the use of any transition-metal 

catalysts. Though the yields are not so high, this protocol 

provides a mild method to prepare diarylmethanes, which are 

potentially useful compounds.
11

 Additional applications of metal-

free cross-coupling reactions are currently underway in our 
Laboratory. 
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Highlights: 

 

Transition-metal-free cross-coupling of benzylic halides with arylboronic acids. 

 

Ionic substitution mechanism via a six-membered ring transition state is proposed. 

 

Arylboronic acids react with benzylic halides at ipso-position of B(OH)2. 

 

 
 


