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ABSTRACT: Electrochemical reduction of 2,2-dibromo-1,3 

presence of olefins afforded the [3+2] cycloadducts, 

derivatives, regioselectively. 

,- diketones in the 
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The importance of [3+2] cycloaddition reactions has emerged as tools for 

construction of heterocyclic compounds as well as for functionalization of C-C 

unsaturated bonds. 1 Recently we have reported that reduction of 2,2-dihalo- 

1,3-diketones with copper powder in the presence of an olefin afforded [3+2] 

cycloadducts, dihydrofuran derivatives.2 In exploring other effective re- 

ducing agents we envisioned an electrochemical method, i.e. cathodic reduction 

of dibromodiketones in the presence of an olefin. The reaction does indeed 

occur as expected (eq. l), and this reaction seems to provide a new simple and 

versatile method for the synthesis of dihydrofuran derivatives. 3 Herein we 

wish to report the results of preliminary studies. 
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The reaction is simple to perform. A 2,2-dibromo-1,3-diketone (1.0 mmol) 

was electrochemically reduced in an H-type divided cell equipped with platinum 

electrodes in the presence of an olefin (5.0 mmol). After 2.15 F/m01 of 

electricity was passed, aqueous work-up followed by flash chromatography gave 

the corresponding dihydrofuran derivatives in good yields. 

N,N-Dimethylformamide (DMF) and acetonitrile seemed to be the solvent of 

choice as shown in Table 1. In dimethyl sulfoxide (DMSO) the yields of cyclo- 

adducts were low. As a supporting electrolyte tetraethylammonium p-toluene- 

sulfonate (Et4N OTs) gave the most satisfactory yields among the examined. Use 

of tetraethylammonium bromide (EthN Br) or tetrabutylammonium perchlorate 

(Bu4N ClO4) resulted in lower yields of the dihydrofuran derivative. Current 
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Table 1. Electrochemical Reduction of Dibromodimedone in the Presence of 

Styrene a 

solvent b supporting current density % yield of 

electrolyte ' mA/cm 2 dihydrofuran d 

~~~---_----___---___-~~~~---~~----__----~--~~~~---~~~----_-----__----____-----_ 

DMF Et4N OTs 20 46 

10 47 

3.0 67 

0.75 84 

0.50 89 

CH3CN Et4N OTs 0.50 97 

Et4N Br 0.50 55 

Bu4N C104 0.50 43 

DMSO Et4N OTs 0.50 34 

~~----_~-----_~~-----~~~~~~-~~~~~~--~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 

a Reactions were normally carried out with 1.0 mmol of dibromodimedone and 5.0 

mm01 of styrene at room temperature. b 2.5 ml. ' 0.20 mol/l. d Yields were 

determined by GLC. 

density has a marked effect on this reaction. The yields increased by re- 

ducing the current density, and 0.50 mA/cm2 seemed to be of choice from a 

practical point of view. 

Table 2 summarizes the results obtained with several olefins and di- 

bromodiketones. Although the scope of this reaction has not been fully 

explored, reactivity of cyclic dibromodiketones seems to be much higher than 

that of acyclic dibromodiketones. Dibromoacetylactone and dibromobenzoyl- 

acetophenone did not afford cycloadducts under the conditions. Presumably 

rigid conformation of cyclic dibromodiketones play a major role. Interest- 

ingly, electrochemical reduction of dibromoindandione in the presence of an 

olefin lead to the formation of a cyclopropane derivative, rather than a 

dihydrofuran; the reason is not clear at present. Conjugated olefins such as 

styrene derivatives and 1,3-dienes were quite effective as acceptor, but non- 

conjugated olefins such as 1-decene failed to react. High regioselectivity of 

the present reaction should be noted. From styrene derivatives only 2-aryl- 

substituted dihydrofurans were obtained. 3-Aryl isomers were not detected 

under the conditions. Reactions with 1,3-dienes also afforded a single 

regioisomer of the dihydrofuran derivatives. 

Baizer et al. reported that gem-polyhalides such as carbon tetrachloride 

and ethyl trichloroacetate are cathodically reduced to generate carbanion 

intermediates which attack electron-deficient olefins to produce ultimately 

cyclopropane derivatives. 4 However, low reactivity of electron-deficient 
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Table 2. Reduction of Dibromodiketones in the Presence of Olefin a 

______-_________________--_________-----______-------_______------________----- 

dibromodiketone olefin product % yield b 

-------____--_______------_____---------_____--------________-----__________--- 

BBr 
0 

35 0 

PhCH=CE2 89 

C 

0 

fi I 0’ 

PhCH=CH2 

PhCH=CE2 f 

0 

CM ’ 0’ 
0 

* 
1: 

0 Ph 

d 

53 

58 

70 

94 

37e 

87e 

~----------------___~~~~~-~~~-----~-----~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 

a Reactions were normally carried out with 1.0 mmol of a dibromodiketone and 

5.0 mmol of an olefin in Et4N OTs/DMF at current density of 0.5 mA/cm'. 

b Determined by GLC. ' E/Z = 3.3/l. d Only E isomer was obtained. e Isolated 

yield. f Carried out in CH3CN. 

olefins such as methyl vinyl ketone in the present reaction disfavors this 

type of mechanism. It has also been reported that electrochemical reduction 

of carbon tetrachloride leads to the formation of dichlorocarbene which can be 

trapped by an olefin. 5 Therefore carbene intermediate seems to be a possible 

candidate of the reactive intermediate. 6 However, loss of stereospecificity 

observed in the reaction of isosafrole (Table 2) excludes a concerted addition 
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of ketocarbene as a 1,3-dipole, 7 and suggests a stepwise mechanism involving a 

freely rotating intermediate. Regioselectivity exhibited by styrenes and 1,3- 

dienes' can also be rationalized by considering radical attack to these 

acceptors. ' Thus an electro-generated radical seems to be the most likely 

candidate of the intermediate. Further studies to elucidate a scope of the 

reaction and a detailed mechanism are currently in progress. 
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