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Abstract
The benzylic bromination of methoxyimino-o-tolyl-acetic acid methyl ester (1) into (2-bromomethyl-phenyl)-methoxyimino- 
acetic acid methyl ester (2) using N-bromosuccinimide in the presence of 2,2'-azobisisobutyronitrile in various reaction solvents 
were investigated. The efficiency of the reaction was found to be sensitive to the kind of reaction solvents. We found the benzylic 
bromination of 1 to 2 can be performed in 1,2-dichlorobenzene as reaction solvent superior to the classic Wohl-Ziegler procedure 
in both reaction time and isolated yield (8 h vs 12 h, 92 vs 79%). This system provides clean, rapid, and high-yielding reactions 
with replacement of conventional solvents, such as tetrachloromethane, by less-toxic 1,2-dichlorobenzene.
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Figure 1. Synthetic route for (2-bromomethyl-phenyl)-methoxyimino-acetic acid methyl ester (2) by the Wohl-Ziegler bromination of 
methoxyimino-o-tolyl-acetic acid methyl ester (1) in CCl4 solvent. 

1. Introduction

Bromination of aromatic compounds at the benzylic positions 
is one of important organic transformations, as the brominated 
derivatives are used as versatile intermediates in organic synthesis 
[1]. The benzyl radical bromination reactions have been carried 
out using some corrosive bromine sources such as elemental 
bromine [2-4] or N-bromoimides [5]. Nowadays a method using 
a relatively safe and user-friendly brominating agent, N-bromo-
succinimide (NBS) is established as the typical procedure, i.e., 
NBS in refluxing CCl4 in the presence of a radical initiator such 
as benzoyl peroxide or 2, 2′-azobis(isobutyronitrile) known as 
the Wohl-Ziegler bromination [6,7]. However, this protocol 
suffers from the use of the toxic and ozone-depleting solvent 

CCl4 [8], due to its ozone-depleting capability, this solvent has 
been internationally banned (Montreal Protocol), and its use is 
therefore prohibited on an industrial scale [9]. Recently, various 
greener procedures, mainly substituting hazardous CCl4 by more 
benign solvents, such as methyl acetate [10,11], ethyl acetate 
and pivalate [12], trifluoromethylbenzene [13], acetonitrile [14], 
water [15-16], or ionic liquids [17] or even solvent-free conditions 
[17-20] have been developed.

In the course of our research toward a novel class of com-
pounds having an aromatic compound with a methoxyimino- 
acetic acid methyl ester group, we need a brominated aromatic 
compound, (2-bromomethyl-phenyl)-methoxyimino-acetic acid 
methyl ester (2). Compound 2 can be prepared by a benzylic 
radical bromination of methoxyimino-o-tolyl-acetic acid methyl 
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Figure 2. The Wohl-Ziegler bromination of methoxyimino-o-tolyl-acetic acid methyl ester in dichlorobenzene solvent.

ester (1) using the Wohl-Ziegler procedure by the same method 
as when BASF chemist prepared Kresoxim-methyl (2) [21] 
(Figure 1). 

However, we needed to replace the hazardous reaction solvent 
CCl4 into more benign solvents for converting 1 into 2. Thus, 
we have tested the benzyl radical bromination of 1 using several 
reaction solvents to find out a substitute solvent for CCl4. In 
this report, we have found the benzylic bromination of 1 can 
be performed in 1, 2-dichlorobenzene superior to the classic 
Wohl-Ziegler procedure in both reaction time and isolated yield 
(Figure 2). 

2. Experimental

Materials and Reagents. All chemicals, such as chlorobenzene, 
1,4-dichlorobenzene, 1,2-dichlorobenzene, dimethylcarbonate 
were purchased from Sigma-Aldrich Chemicals and used without 
further purification. All of the solvents used for synthesis were 
of analytical grade. Methoxyimino-o-tolyl-acetic acid methyl 
ester (1) was prepared according to previously reported pro-
cedure [22]. Thin layer chromatography (TLC) was carried out 
using Merck 60GF254 plates with a thickness of 0.25 mm (eluant, 
ethyl acetate : hexane (1 : 8, v/v).

Typical procedure for the benzylic bromination of 
methoxyimino-o-tolyl-acetic acid methyl ester (1) 

To a solution of methoxyimino-o-tolyl-acetic acid methyl ester 
(1) (3.00 g, 14.49 mmol) in o-dichlorobenzene (50 mL), NBS 
(5.16 g, 28.98 mmol) and AIBN (95 mg, 0.58 mmol) was 
added sequentially and the mixture was heated with a magnetic 
stirring at 80 ℃ for 8 h. Toluene (100 mL) was added to the 
cooled (room temperature) reaction mixture. The progress of 
the reaction was monitored by TLC; Rf of the starting com-
pound (1) = 0.3, Rf of the product (2) = 0.25. When the reaction 
mixture was heated for 8 h, the starting material disappeared 
on TLC and the reaction completed. The mixture was concen-
trated under reduced pressure and the residue was subjected to 
silica gel column chromatography (eluant, ethyl acetate : hexane 
(1 : 10, v/v) to give the desired product as a pale-yellow oil (3.81 
g, 92%).

3. Results and Discussion

The benzylic bromination of methoxyimino-o-tolyl-acetic acid 
methyl ester (1) following the Wohl-Ziegler procedure using 
CCl4 gave the desired compound in 70% in our hand. The 
efficiency of the benzylic bromination of methoxyimino-o-tolyl- 
acetic acid methyl ester (1) using other solvents was first studied, 
where the reaction mixture of 1 (1 mmol) dissolved in 2 mL 
of solvents containing AIBN (0.04 eq.) and NBS (1.25 eq.) in 
a sealed vessel was heated at 60 ℃ for 8 h. As shown in Table 
1, 1,2-dichlorobenzene turned to be a possible candidate for 
substituting CCl4. Next, we tested the effect of the reaction tem-
perature on this reaction using o-dichlorobenzene. We found the 
reaction proceeds within the temperature range of 60 and 90 ℃ 

and the optimum temperature was 80 ℃ as shown in Table 2.

Table 1. Effect of solvent on the benzylic bromination of meth-
oxyimino-o-tolyl-acetic acid methyl ester under non- 
optimized conditiona)

Entry Solvent Yield (%)
1 CCl4 70
2 benzene 40
3 hexane 40
4 Ethyl ether No reaction
5 dichloromethane 40
6 1,2-dichlorobenzene 70

a) The reaction of methoxyimino-o-tolyl-acetic acid methyl ester (1 
mmol scale) using AIBN (0.04 eq.) and NBS (1.25 eq.) in a sealed 
vessel at 60 ℃ for 8 h

Table 2. Effect of reaction temperature on the benzylic bromination 
of methoxyimino-o-tolyl-acetic acid methyl estera)

Entry Reaction temperature (℃) Yield (%)
1 50 No reaction
2 60 70
3 80 80
4 90 60
5 120 No reaction
5 160 No reaction

a) The reaction of methoxyimino-o-tolyl-acetic acid methyl ester (1 
mmol scale) containing AIBN (0.04 eq.) and NBS (1.25 eq.) in 2 ml 
of 1,2-dichlorobenzene at 80 ℃ for 8 h.
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Figure 3. 300 MHz 1H-NMR spectrum of methoxyimino-o-tolyl acetic acid methyl ester (1).

Figure 4. 300 MHz 1H-NMR spectrum of (2-bromomethyl-phenyl) methoxyimino-acetic acid methyl ester (2).

Table 3. Effect of NBS and AIBN catalyst on the benzylic bromina-
tion of methoxyimino-o-tolyl-acetic acid methyl estera)

Entry AIBN (eq.) NBS (eq.) Yield (%)
1 0.01 1.25 33
2 0.02 1.25 61
3 0.04 1.25 70
4 0.08 1.25 70
5 0.12 1.25 70
6 0.20 1.25 70
7 0.30 1.25 70
8 0.04 1.87 90
9 0.04 2.00 92
10 0.04 2.50 92

a) The reaction of methoxyimino-o-tolyl-acetic acid methyl ester (1 
mmol scale) in 2 ml of 1,2-dichlorobenzene at 80 ℃ for 8 h.

The effect of the amount of added NBS and AIBN catalyst 
on the reaction was studied. The classical Wohl-Ziegler procedures 
conventionally have used the amount of AIBN in the range of 
0.01-0.4 eq. of the starting material and the amount of NBS 
between 1.25-2.5 eq. of the starting material [6,7]. When we 
tested the bromination reaction of 1 using AIBN catalyst between 
0.01 and 0.30 eq. in the presence of 1.25 eq. of NBS, the re-
action yields increased as the amount of AIBN up to 0.04 eq. 
and more than 0.04 eq. of the catalyst was found not necessary 
as shown in Table 3 (Entry 1-7). The formation of the brominated 
product increases with the amount of added NBS between 1.25 
and 2.0 eq. of the reagent NBS, but more than 2.0 eq. of NBS 
seemed not necessary (Entry 3, 8-10 in Table 3).

The above results suggested the best reaction condition for 
the benzylic bromination of 1 can be established as follows; the 
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Table 4. The benzylic bromination of methoxyimino-o-tolyl-acetic 
acid methyl ester using other solvents using NBS (2.0 eq.) 
and AIBN (0.04 eq.) at 80 ℃ for 8 h

Entry Solvents Yield (%)
1 1,2-dichlorobenzene 92
2 benzene 40
3 chlorobenzene 87
4 1,4-dichlorobenzene 70
5 dimethylcarbonate 89

compound 1 is reacted with NBS (2.0 eq.) and AIBN (0.04 eq.) 
in o-dichlorobenzene at 80 ℃. 

The chemical purity of the brominated product 2 which was 
finally purified by silica gel chromatography was easily analyzed 
by 300 MHz 1H-NMR with comparison to the reported example 
[23] as shown in Figure 4. The singlet peak at δ 4.32 (Br-CH2- 
of 2) which appeared after the reaction with disappearance of 
the singlet proton at δ 2.20 (CH3- of 1) (Figure 3) clearly shows 
this reaction afforded a clean and efficient mono-bromination 
at the benzylic position of the compound 1.

Moreover, the classic Wohl-Ziegler procedure requires the 
longer reaction time (12 h) and less yield (79%) [21] vs our 
procedure with 1,2-dichlorobenzene (8 h, 92%). Finally, we 
tested this reaction using other aromatic solvents using the same 
reaction condition and results were shown in Table 4. So far, 
we first found the benzylic bromination of 1 to 2 can be per-
formed in 1,2-dichlorobenzene as reaction solvent superior to 
the classic Wohl-Ziegler procedure using other solvents. We need 
to apply this procedure in many benzylic bromination examples. 
Further work is in progress for finding out the generality of this 
method. 

4. Conclusion

The Wohl-Ziegler benzylic bromination of methoxyimino- 
o-tolyl-acetic acid methyl ester (1) using CCl4 solvent is known 
as the classical synthetic route to a key intermediate 2. We found 
the Wohl-Ziegler reaction in 1,2-dichlorobenzene as reaction 
solvent can be in a superior manner in both reaction time and 
isolated yield. When the compound 1 is reacted with NBS (2.0 
eq.) and AIBN (0.04 eq.) in o-dichlorobenzene instead of using 
prohibited CCl4 at 80 ℃, the benzylic bromination proceeds 
with a higher yield (92% vs. 79%) and in a shorter reaction time 
(8 h vs. 12 h). Thus, this procedure provides clean, rapid, and 
high-yielding reactions with replacement of toxic solvents, such 
as tetrachloromethane, by less-toxic 1,2-dichlorobenzene.
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