
CHEMISTRY LETTERS, pp. 195-198, 1984. (C) The Chemical Society of Japan 1984

 TRIALKYLBORANE-INDUCED CHLORINATIONS OF ALKANE WITH CHLORINE, 

 t-BUTYL HYPOCHLORITE AND N-CHLOROSUCCINIMIDE 

 Masayuki HOSHI, Yuzuru MASUDA, and Akira ARASE* 

 Department of Applied Chemistry, Kitami Institute of Technology, 

Kitami 090 

 Trialkylboranes initiated the chlorinations of alkanes with 

radical chlorinating agents such as chlorine, t-butyl hypochlorite

and N-chlorosuccinimide. The reactions proceeded at 20 C even in

the dark giving monochloroalkanes.

 Previously the authors reported that trialkylboranes initiated the 

chlorination of alkanes with iodobenzene dichloride. 1) The observed highly 

selective introduction of a chlorine atom on an internal carbon atom of the 

alkanes suggests that the iodobenzene chloride radical, PhIC1, is involved in 

the reaction as in the photoinduced reaction with the same reagent, 2,3) and thus 

trialkylborane acts as an initiator of the reaction. None of other types

of organometallic compounds such as alkoxydialkylborane, dialkoxyalkylborane, 

trialkylaluminium and alkyllithium showed such a remarkable initiating property 

as trialkylborane. Although the recent progress in the chemistry of 

organoborane is remarkable, trialkylborane seems to have been utilized mostly as 

an intermediate in organic syntheses. We were interested in the above facts and 

examined the initiating property of trialkylborane for the chlorinations of 

alkanes with some radical chlorinating agents other than iodobenzene dichloride. 

In this report, trialkylborane-induced chlorinations of alkanes with chlorine, 

t-butyl hypochlorite and N-chlorosuccinimide are described. 

 All reactions were carried out by using 60 mmol of alkanes and 6 mmol of 

chlorinating agents at 20 C and the results are shown in Table 1. 

In the presence of trihexylborane, chlorine dissolved in carbon 

tetrachloride chlorinated 2,3-dimethylbutane in the dark giving a mixture of 

1-chloro-2,3-dimethylbutane and 2-chloro-2,3-dimethylbutane. Although a part of 

hexyl group of trialkylborane was converted to chlorohexane, the most of 

chlorine was utilized for the chlorination of 2,3-dimethylbutane. When a small 

amount of trihexylborane, 0.3-0.9 mmol, was employed, chlorine seemed to be 

consumed almost exclusively for the chlorination of 2,3-dimethylbutane. The 

reaction proceeded rapidly at 20 C, and gave a fairly good yield of chloro-2,3-
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dimethylbutanes in 1 h, in contrast to the poor yield obtained in the absence 

of trihexylborane under the same reaction conditions. 

The reaction was not regioselective. No remarkable change was observed in 

the distribution of chloro-2,3-dimethylbutane isomers when trialkylborane 

was changed from trihexylborane to tributylborane or tricyclohexylborane. 

Further, as appeared in the chlorination with iodobenzene dichloride, the yield 

and the isomer distribution were similar to those obtained in the photoinduced 

chlorination with the same reagent. Accordingly, trialkylborane seems to act 

as an initiator of the reaction which gives the chlorine radical. 

Similar results were obtained when 3-methylpentane or n-heptane was 

subjected to the reaction. 

t-Butyl hypochlorite was known to chlorinate 2,3-dimethylbutane in the 

presence of 2,2'-azobis(2-methylpropionitrile) or under the irradiation of 

light to give 2-chloro-2,3-dimethylbutane as the main reaction product. 4) 

Likewise, in the presence of trihexylborane, this reagent chlorinated 2,3-

dimethylbutane in the dark at 20 C giving 2-chloro-2,3-dimethylbutane as the 

main product accompanied by the small amount of 1-chloro-2,3-dimethylbutane. 

It was reported that in the reaction of a deficient amount of t-butyl 

hypochlorite with a mixture of trialkylborane and cyclopentane, chloroalkane and 

chlorocyclopentane were formed competitively. 5) However, in the present 

reaction, the presence of 0.3 mmol of trihexylborane was found to initiate the 

effective chlorination of 2,3-dimethylbutane without the formation of any 

detectable amount of chlorohexane derived from trihexylborane. Similar results 

were obtained when 3-methylpentane and n-heptane were subjected to the reaction. 

It has been reported that in the presence of benzoyl peroxide, N-chloro-

succinimide chlorinated alkanes on refluxing for 12 h in carbon tetrachloride 

giving chloroalkanes in moderate yield. 6) 
In the presence of 0.3 mmol of trihexylborane, chlorination of alkanes 

with N-chlorosuccinimide was so sluggish that only a trace amount of 

chloroalkane was formed after 24 h of the reaction at 20 C. However, the yield 

of chloroalkanes increased with the increase of the quantity of trihexylborane. 

For example, with 1.5 mmol of trihexylborane, 2,3-dimethylbutane gave a 56% 

yield of a mixture of 1-chloro-2,3-dimethylbutane and 2-chloro-2,3-dimethyl-

butane (1: 99) at 20 C even in the dark. Like other cases described above, 

the presence of large amount of trihexylborane reduced the yield of the desired 

chloroalkanes and increased the amount of chlorohexane. While, the photoinduced 

chlorination, carried out under the same reaction conditions, gave no reaction 

product. 
There have been some controversies about the radical chain carrier of the 

chlorination of alkanes with N-chlorosuccinimide.7-9) In contrast to the 

chlorination with chlorine, the high regioselectivity shown in this reaction 

seems to suggest that the radical chain carrier is not the chlorine atom but 

succinimide radical. 

In above three chlorinations trialkylborane seems to initiate the 

chlorination in a similar manner, and the reaction mechanisms may roughly been
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Table 1. Chlorinations of Alkanes with Chlorine, t-Butylhypochlorite and 

N-Chlorosuccinimide in the Presence of Trialkylborane. a)

a) The reaction was carried out at 20 C by using 60 mmol of alkane and 6 mmol 

of chlorinating agent, and 0.3 mmol of trialkylborane except for the reaction 

with N-chlorosuccinimide where 1.5 mmol of trialkylborane was used. b) Reaction 

products are represented as follows for convenience:

c) Estimated by GLC and based on the chlorinating agent employed. d) A 500-W high 

pressure mercury lamp was used.
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written as follows.

However, in the reactions with t-butyl hypochlorite and N-chlorosuccinimide 

a small but apparent effect of the structure of alkyl group of trialkylborane 

upon the isomer distribution was observed in contrast to the reaction with 

chlorine. Thus, in the case of tributylborane, the ratio of the terminal 

chloroalkane increased compared with that in the case of tricyclohexylborane. 

On the other hand, the situation was reversed in the case of tricyclohexyl-

borane. Accordingly further studies must be needed to clarify the role of 

trialkylborane and the mechanisms of these reactions. The detailed study and 

the utilization of this effect will be appeared elsewhere. 

The following experimental procedure is representative. In a 50-ml round 

bottomed flask, protected from light by black plastic bag and flushed with 

argon, 60 mmol of 2,3-dimethylbutane and 0.3 mmol of trihexylborane10) were 

placed. To the stirred solution 6 mmol of chlorine in 6 ml of carbon tetra-

chloride was slowly added at 20 C. After 1 h of the reaction under the weak 

stream of argon, the reaction mixture was neutralized with aqueous sodium 

hydroxide and washed several times with NaCl-saturated water. The reaction 

mixture was analysed by GLC using chlorobenzene as an internal standard 

material. In the reaction using t-butyl hypochlorite, the experimental 

procedure was the same as described above. The reaction with N-

chlorosuccinimide was carried out in a similar manner as described in our 

previous paper.1)
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