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Abstract: Clemmensen reduction (zinc and hydrogen chloride 

in dry diethyl ether) of 1-methoxy- and l,S-dimethoxy-cy- 

clohexa-1,4-diene affords the cyclopropyl ethers, l-me- 

thoxy- and 1,5-dimethoxy-bicycloI3.l.Olhexane; in the 

presence of acetic anhydride, reduction of 6-acetyl-l-me- 

thoxy-6-methyl-cyclohexa-1,4-diene leads regiospecifical- 

ly to 7-acetoxy-l-methoxy-6,7-dimethyl-bicyclo~4.l.O~hept- 

4-ene. 

The Clemmensen reduction (amalgamated zinc and hydrogen chloride) of a,B- 

unsaturated ketones and of 1,3-diketones often leads to rearranged products. 

The reaction has been shown to involve intermediate cyclisation to cyclopro- 

panols or cyclopropane-diols, and a number of these have been trapped as 

their acetates by carrying out the reaction in the presence of acetic anhy- 

dride." ' Some typical examples are shown in Scheme 1; whereas the a,B- 

6oH “:-o_O’ &OH b_c 

Scheme 1 
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enone J and the “non-enolisable” 2,2-disubstituted 1,3-diketone 2 undergo a 

Z-electron reduction to the cyclopropanol 2 and cyclopropane-diol 2, respec- 

tively , the enolisable 1,3-diketone 2 undergoes a 4-electron reduction to the 

cyclopropanol l; similarly, 

acetate ,8. 2d 
the mono-enol acetate 2 affords the cyclopropyl 

Here we report that the Clemmensen reduction (in dry diethyl ether at 

-35’C) of enol ethers formally derived from cyclohexenones and cyclohexane- 

1 ,3-diones also leads, in some cases, to cyclised products. The course of 

the reaction is not, however, always the one that might have been expected by 

analogy with the corresponding enones and 1,3-diketones. 

Reduction of the enol ether :,a3 led in 40% yield to the cyclopropyl ether 

13a;4 some l- -?I and 3-methylcyclohexene were also formed. Similarly, the bis- 

(enol ether) 10a *U,’ although formally derived from an enolisable 1,3-diketone, 

also underwent a Z-electron reduction to give the cyclopropyl diether ,I$: 

(40% yield). 4 

x3 OMe 

R 
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Scheme 2. R = $, H; k, Me; 5, iPr. 

An alkyl group R on one of the double bonds in 2 and ic disfavours cycli- 

sation to a cyclopropyl ether. Thus, no cyclopropyl ether ,l3~ was obtained 

from $,c, which gave the aromatic disproportionation product 4-isopropyl-3-me- 

thylanisole, and the cyclised dicthers ,l$k were formed in only 15% yield from 

lQb_ and were accompanied by polymers. 4 

Protonation of the enol ether Ll has been shown to afford the conjugated 

cation 16b;’ ,VV-u this is the O-methyl derivative of 16a, which is the protona- %?9-Lz 
tion product of the cyclohexenone A, and the postulated first intermediate 

in the Clemmensen reduction of this enone to the cyclopropanol 5. We there- 

fore expected that the reduction of the enol ether Ai would lea: to the cor- 

responding cyclopropyl ether l3~. This, however, is not the case; reduc- 
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tion of Lz led to a mixture of l- and 3-methylcyclohexene (1:6 ratio) and 

m-methylanisole. These products presumably result from the disproportiona- - 
tion of 12 3b,c 

%% triggered by a radical intermediate (cf. l7), to form z-me- 

thylanisole and 3-methoxycyclohexene; reduction of the latter by zinc and 

hydrogen chloride is known6 to afford very selectively 3-methylcyclohexene, 

the less stable olefin. 

We have also carried out the reduction of compound ll,7 an enol ether de- 

rived from a “non-enolisable” 1,3-diketone (cf. t). - The reductive cyclisa- 

tion of this compound could lead to four different cyclopropane derivatives. 

In the event, the reaction was found to be regiospecific; reduction of 11 

in the presence of acetic anhydride afforded, in 70% yield, the cycloproG:- 

ne-diol ether acetates lS_8 (2 epimers, 1:1.4). The relatively high yield 

obtained in this case may reflect the fact that the original cyclohexadiene 

Jl_ has a quaternary carbon atom and cannot disproportionate to an aromatic 

compound. 

Clemmensen reductions probably involve successive proton and l-electron 

transfers (from the medium and from the zinc surface, respectively), and a 

plausible mechanism for the formation of cyclopropyl ethers from the enol 

ethers $ and lO_ is shown in Scheme 3. Disproportionation of these cyclohexa- 

diene substrates (which are effective H’ donors) is probably caused by an 

intermediate radical such as 17, the adsorption of which on the zinc surface 

(and hence its further reductyzn to give l8) is hindered when R = alkyl. 

Scheme 3. [Zn] = bulk zinc; R’ = Me or OMe. 

The formation of the cyclopropyl ethers J? and lJ may therefore represent 

the first examples of the direct conversion of 4-cyclohexenyl radical interme- 

diates l7_ into stable bicyclo[3.1.0] compounds in simple unstrained systems.’ 
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