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Abstract: Electrochemically induced Hofmann rearrangement under new solvent systems containing a 
vaa'iety of alcohols was developed. Since the reaction proceeds under mild conditions (neutral), a variety 
of carbamales possessing various alkoxy moieties could be easily prepped by this method. An epoxy 
functional group in the amide and alcohol parts remained intact during the electrolysis. 
© 1997 Elsevier Science Ltd. 

The Hofmann rearrangement is well known as a useful reaction in organic synthesis to convert primary 

carboxamides to amines or earbamates possessing a one earbon-shortened structure, 1 while much effort has 

been so far devoted to the development of modified reagents to optimize the Hofmann rearrangement since the 

classical Hofmarm rearrangement using an aqueous NaOH and Br z is not always effectively applicable to all 

kinds of substrates because of insufficient oxidizing power of the reagents or of the instability of the products 

under the reaction conditions. Such modified reagents are, for example, CH3OBr, 2 Pb(OAc)4, 3 

PhI(OCOCF3)2,' NaBrOz-NaBr, s PhCH2(CH3)3N÷Br3, 6 Hg(OAc)2, 7 PhI(OAc)2, s NBS-KOH, ~b and NBS- 

CH3ONa. 9 These modified methods, however, require more than one equivalent or an excess amount of the 

oxidizing reagent which is undesirable from an environmental viewpoint. On the other hand, we already 

developed an eleca'ochemieally induced Hofmann rearrangement (the E.I-Hofmann rearrangement) in which the 

bromonium ion electrochemically generated from a catalytic amount of KBr in CH3OH mediated the 

rearrangement to afford methyl carbamates. 10 We report herein a new solvent system for the E. l-Hofmann 

rearrangement, which effects the transformation of primary earboxamides 1 to a variety of alkyl earbamates 2 

(eq 1). A general method to prepare a variety of alkyl earbamates 2 from 1 is unprecedented. 

0 the electrochemically induced Hofmann rearrangement 

H (the E.I-Hofinann rearrangement) 

R ~ NH2 ~- 
R'OH/CH3CN 

1 

0 

R N H ' ~ O R  , (1) 
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A typical procedure is as follows: A solution of 1 (2.5mmol) and Et4NBr (1.25mmol) in aeetonitrile 

(10mL) containing an alcohol R'OH (1.0-10.0 equiv, to 1) was charged in a one-compartment cell equipped 

with Pt plate anode and cathode (lcm x 2cm), and a constant current (100mA) was passed through the cell at 

room temperature until 2. 0-4. 0F/mol of electricity was passed. After usual work-up, the corresponding 

carbamates 2 were obtained in various yields. The results are summarized in Table 1. 

Acetonitrile was selected as a suitable solvent for the E. I-Hofmann rearrangement on the basis of the result 

of the solvent effect. Use of methylene chloride, dimethyl sulfoxide and dimethylformamide resulted in lower 

yields of 2 than in aeetonitrile (for R'=CHg(CH2)gCH3: 28% in CHzCI2; trace in DMSO; 62% in DMF; 82% in 

CH3CN ) . 

The Hofmann rearrangement using Br2-NaOCH 3 in acetonitrile containing methanol for l a  was examined 

in order to compare with the E. I-Hofmann rearrangement, and it was found that the former yielded carbamate 3 

in a low yield with a by-product 4 (eq 2), suggesting the advantages of the E.I-Hofrnann rearrangement. 

Br2 
(2.0 equiv, to la)  

CH3(CH2)4CONH2 NaOCH3 ~ CH3(CH2)4NHCO2CH 3 

la  (5.0 equiv, to la) 3 30% 
CH3OH 

(5.0 equiv, to la) 
in CH3CN 

H H 
C H 3 ( C H 2 ) 4 / N ~ N " ~  (CH2)4CH3 (2) 

O O 

4 40% 

As shown in Table 1, the E.I-Hofrnann rearrangement under conditions using acetonitrile as a solvent 

containing primary alcohols such as methanol, 1-butanol and 2, 2, 2-trifluoroethanol afforded the corresponding 

alkyl carbamates 2 in moderate to good yields (runs 1-4, 7-18), though secondary alcohol resulted in a lower 

yield of 2 (run 5 in Tab.l) and no t-butyl earbamate was obtained in the reaction with t-butyl alcohol (run 6). 

A significant feature of our reaction system is its neutral nature. During electrolysis, the reaction 

conditions did not become acidic or basic. Thus, carboxamide I f possessing an epoxy group gave esters 

keeping the epoxy group intact (run 14), and also epoxy alcohol could be used (run 7). As an application of 

this feature to organic synthesis, an optically active epoxy alcohol 511 was treated with l a  to give an optically 

active carbamate 6,12 which was converted to an optically active 1-pentyl-5-hydroxyoxazolidinone 7 without a 

loss of optical purity (eq 3).  13 

In conclusion, this new E.I-Hofmann rearrangement makes possible the preparation of a variety of alkyl 

carbamates 2, useful intermediates in organic synthesis, from carboxamides 1. The mechanism and further 

application of this new reaction are now under investigation. 



8881 

Table 1. The E.I-Hofmann rearransement in the presence of a variety of alcohols 

Carboxamides 
Run R-CONH2 (la-h) a AlcohOlSR,oH (equiv.to 1) b F/tool e 

R- 

Yields (%) of 
Alkyl Carbamates # 

1 CH3(CH2)4- la 

2 la 

3 la 

4 la 

5 la 

6 la 

7 la 

8 PhCH2- lb  

9 lb 

10 0 - -  le 

11 lc  

12 t-Bu- ld  

f_~CO2CH3 

13 (M.j) '~1 le  

j~(CH2)7CH3 
14 0 ~ . ~  I f  

(CH2)7- 

15 I f  

16 Ph- lg  

17 p'CH3OPh- lh 

18 lh 

CH3OH (5.0) 2.2 

CF3CH2OH (5.0) 2.2 

CH3(CH2)3OH (5.0) 2.9 

PhCH2OH (5.0) 3.0 

i-PrOH (10.0) 3.0 

t-BuOH (10.0) 2.7 

~ ' - - - O H  (1.0) 3.0 

CF3CH2OH (5.0) 2.0 

CH3OH (5.0) 3.2 

CH3(CH2)3OH (5.0) 2.4 

CF3CH2OH (5.0) 2.1 

CF3CH2OH (5.0) 2.2 

CH3(CH2)3OH (5.0) 2.2 

CH3(CHE)aOH (5.0) 3.0 

CF3CH2OH (5.0) 2.0 

CF3CH2OH (5.0) 2.0 

CH3OH (5.0) 2.6 

CF3CH2OH (5.0) 4.0 

98 

83 

82 

80 

44 

0 e 

53 

66 

79 

40 

95 

63 

74 

41 

50 

58 

67 

50 

a The amount of carboxamide was 2.5 mmol. 
b A mixed solvent with CH3CN (10mL) was used. 
e Pt electrodes (1 cmx 2 cm) were used, and direct current (100mA) was passed. 
d Isolated yields. 
e la was recovered. 
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C H 3 / ~ / ~ / C O N H 2  

la 

n-BuLi 

in THF 
_78~C 

95% 

the E.I-Hofrnann H / 0  
rearrangement 

.~. C H 3 / ~ / ~ / N ~ y  ~ O~o'" 7 ' '  /\  o .o,,, 
v' 6 53% at 3.0F/mol 

5 H 

O 
C H 3 ~  N.,-K,. O (3) 

OH 
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