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Intense attention has been paid in recent years on polar 2 + 2 cycloaddition of electron- 

deficient and -rich olefins. 2 Epiotis and coworkers predicted on the basis of the restricted 

Hartree-F&k type MO calculations that, since the transoid approach of such two olefins is 

energetically favored over the cisoid approach, the cycloaddition may occur through interme- 

diates having two extreme types of conformations, l,Z and Iv. 
3 

They also suggested the 

alternative possibility that the reaction with high stereospecificity goes through an interme- 

diates of type 2 in which the two cycloaddends achieve pericyclic bonding at a long distance. 

These theoretical analyses have prompted us to disclose some experimental findings related 

to this matter. We present here evidence indicative of the involvement of both U- and Z- 

shaped zwitterionic species in a reaction of certain 2r-electron components, 

Reaction of @,a’-dibromo ketones and iron carbonyl generates reactive Z-oxyallyl-Fe(H) 

species (%-electron system), 
4 

which in turn are trapped by certain olefinic substances giving 
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the corresponding cyclopentanone adducts. 5,6 It is known that the oxyallyl species Qgener- 

ated from the dibroma ketone 3 enters into stereospecific cycloaddition with (Z)-B-deuterio- 

styrene, affording the cyclopentanone _$_. 
6 

Now it should be added that the reaction also 

produces as a by-product the open-chain adduct 7 having s olefinic configuration, contami- 

nated with only trace of the z isomer (<lo/o, if any). The structure was elucidated by 

comparing the spectral and chromatographic properties with those of its unlabeled protio 

derivative. 7 Location of deuterium atoms was determined by NMR analysis; 65% of deuterium 

atom which bad been located in position cis, fi to phenyl group was maintained at the vinylic 

position in the product but the remaining 35% was shifted to carbonyl CY position during the 

reaction. Control experiments showed that (1) exposure of the z isomer to the reaction 

conditions gives no or only very little s olefin (<l%), and (2) 5 is not convertible to ‘7 either. 

Thus notably, the keto olefin 7_ has proved to form in a nonstereospecific manner with respect 

to the starting olefinic substrate+ Roth formal [ T2 + a2] cycloaddition, giving the cyclo- 

pentanone E, and electrophilic olefinic substitution, leading to 7, may be simply considered 

to arise from the common intermediateA, but full explanation of the contrasting stereo- 

chemical results displayed by these two reactions, viz., - stereospecific and nonstereospecific 

nature, requires the more detailed analysis of the reaction pathways. 

The stereospecific formation of 6_is rationalized by assuming the U-shaped zwitterion 

5u.6, 8 The strong attractive interactions inherently present between the enolate and cationic 
- 2,9 
parts prevent the structure from rotating around the C,II5C&-ClXI bond that causes loss 
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of stereochemical integrity. On the other hand, the nonstereospecific nature of the electro- 

philic substitution reaction is best accounted for in terms of the Z-shaped intermediate 52 8 
- 

undergoing transformations outlined in Scheme I. In this species electrostatic interaction 

between the charged moieties is of negligible significance in fixing the conformation. Here 

the 60’ rotation, giving g, followed by proton transfer gives rise to the olefin 9 in which the 

stereochemistry of the starting styrene is retained, whereas deuterium elimination from 10 
-’ 

derived via the 120’ rotation, affords the product 1 where the starting olefin stereochemistry 

is inverted + Thus, mixing of these two pathways results in the overall nonstereospecific 

reaction. The z olefinss and% are not produced, since formation of the sterically 

crowded precursors 12 and 14 is energetically unfavorable. 10 
- 
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