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The Hofmann rearrangement has been induced by 

the electroorganic method using potassium bromide as a mediator, 

of which role in the reaction is really catalytic. 

The electroorganic reaction involving mediators in the reaction system has 

been attracting much attention from mechanistic and synthetic points of view, 

since the oxidation or reduction of substrates proceeds in this system at lower 

potentials than those required for the direct anodic oxidation or cathodic 

reduction of substrates. One of our interests in the study on electroorganic 

chemistry has been devoted to the finding and development of new systems 

involving mediators. 2a-c) 

We describe herein an electrochemical mediatory system in which the Hofmann 

rearrangement 3,4) of primary amides 1 to carbamates 3 is easily accomplished 

under mild conditions (eq. 1).

(1)

This electroorganic Hofmann rearrangement is schematically represented in 

Fig. 1, which comprises the regeneration of bromonium ion from bromide ion on 

the anode and of potassium from potassium cation on the cathode, and the reaction 

system involving the reaction of 1 with bromine and potassium methoxide which are 

formed in situ from bromonium ion and potassium, respectively.

Fig. 1. Schematic Representation of Electroorganic Hofmann Rearrangement
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The overall process is the transformation of 1 to 2 without consuming 

potassium bromide, though 3 will be formed as the final product through 

the reaction of 2 with methanol. Although the transformation of 1 to 3 has been 

well known as the Hofmann rearrangement, the advantages of this electroorganic 

method are in the following points: 

(1) In the electroorganic method, a catalytic amount of potassium bromide is enough 

in theory to forward the reaction. On the other hand, the usual Hofmann 

rearrangement consumes 1 equivalent of bromine and 2 equivalents of base. 

(2) The usual Hofmann rearrangement has to be carried out under strongly basic 

conditions, whereas in the electroorganic method, the generated bromine and 

potassium methoxide react rapidly with 1, so that the reaction medium is 

always kept neutral. Accordingly, the electroorganic method is applicable to 

the Hofmann rearrangement of amides bearing groups which are unstable under 

basic conditions. 

A general procedure is as follwos. A solution of potassium bromide (0.75 

mmol) and an amide (2.5 mmol) in 10 ml of methanol was added into a cell (50 ml,

Φ3.2cm × 6 cm)equipped with platinum anode(2 cm × 2 cm) and cathode

(2 cm × 2 cm). The cell was cooled with a water jacket and a constant current

(0.1- 0.4 A) was passed with stirring. After 3 - 30 F/mol of electricity was 

passed, methanol was removed in vacuo, and the products were isolated from 

the residue by column chromatography (silica gel). In some cases, the yields 

were determined by glc. The results are shown in Table I. 

In this electroorganic Hofmann rearrangement, that the oxidation of bromide 

ion (Br-) to bromonium ion (Br +) is one of the initiation reactions is supported 

by the fact that the yield of 5 was highly dependent on the anode potential, and 

satisfactory yields were obtained at higher anode potential than the oxidation 

potential 2c of bromide ion (Table II). 

The regeneration of bromide ion is clearly demonstrated in the relationship 

between the yield of 5 and the amount of potassium bromide shown in Table III, 

in which the yield of 5 based on potassium bromide was always higher than 100%, 

the highest yield being 570%. 

The use of potassium chloride instead of bromide was also effective in 

the transformation of 1 to 2, whereas the yield and the current efficiency 

decreased (run 2 in Table I). The electroorganic Hofmann rearrangement did not 

take place when potassium iodide was used as a mediator. 

As described above, the electroorganic Hofmann rearrangement is achievable 

under very mild reaction conditions, so that isocyanate7) can be obtained as 

a sole product (run 9 in Table I), or as a mixture with carbamate (runs 10 and 1l). 

Also, the electroorganic reaction of epoxyamide 18 yielded the desired product 19 

in which the epoxyl group remained intact (eq. 2), whereas the treatment of 18 

under the usual reaction conditions of the Hofmann rearrangement gave 

unidentified products which did not possess the epoxyl group.
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Table I. Electroorganic Hofmann Rearrangement

a)Isolated yields. b) The yields were determined by glc method. c) See ref. 9.

Table II. Electroorganic Hofmann

Rearrangement

at of Cyclohexanecarboxamide(4) at a Controlled Potential a)

Table III. Electroorganic 
Hofmann Rearrangement of 
Cyclohexanecarboxamide (4) 
to 5

a)The mediator was potassium bromide
. 

b) The yield was determined by glc method 

after 3 F/mol of electricity was passed. a) Molar ratio . b)
Based on potassium bromide. 

C) See ref
. 10.
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