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Little is known about the nature of the transition state in benryl-type 

radical dieproportionation reactions. We wish to report the first data on 

aubstituent effects in such a reaction which show that the transition state is 

radical In character with ereentlally no ionic contribution. 

The peroxide-induced decarbonylatione of a series of substituted 9-(E-X- 

phenyl-9-fluorenyl)acetaldahydeo (!, X = OCR,, CAs, Ii or Cl) in the presence 

of benzyl mercaptan have recently been reported.' We have found that if these 

decarbonylation reactions are carried out in the absence of benzyl mercaptaa 

0019 the rearranged products 9-(E-X-phenyl)pbenanthrenes ,2, and 9,10-dlhydro- 

9-(E-X-phenyl)phenanthrenee 3 are formed. The product percentages, determined 

by nmr, are shown in Table I. 

Table I. Product Percentageaa 

Substituent %,2 x3 X excess ib . 
oca, 68 32 36 
CR* 56 44 12 
a 54 46 8 
Cl 60 40 20 

aError is *1X bX_2 - %_3 

The two possible routes to the formation of 3 are via chain propagation 

(eq. 1) and disproportlonation (eq. 2). 
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All availabla evidence indicatar, however, that little or no chain propagation 

occurs in these dacarbonylation reactione.2 In the nbaence of chain propagation 

the anounte of ,2 and 9 formed should be equal (eq. 2). The fact that 2 Is always 

the major product clearly Indicates that an additional amount of this compound is 

formed in a competing reaction which involve6 a hydrogen atom exchange between 

a re8rranSed radical and a butoxy radical (eq, 3, Schema I). The products, 

,2 and 3. have been found to be stable under the reaction conditions.’ 

Scheme 1 

r _2+_3 (2) 

2 + &-BuOB (3) 

The exothermicity of reaction (3) is predicted to be high* and aCCOrdinS to 

the Hamnond principles*‘ the tranaitlon state for such a reaction will occur very 

early on the reaction coordinate and will Involve little C-8 bond breaking. Con- 

sequently, the transition state will bear a close resemblance to the starting 

radicnl 4 and the rate constant for hydropen atom exchange, kg, will be indepen- 

dent of the substltuent X. An equation, (4). can b a developed which allows the 

calculation of the relative rate constants for the dieproportionatfon reactions. 
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The product ratios and the relative dieproportionatlon rate constants are ehovn 

in Table II. 

Table II. Product Ratios and Relative Rate Constants 
Diepropor. Product 

Subetltuent Exchange Product Relative kD 

OCH* 0.89 0.155 
CR. 3.67 0.630 
H 5.75 1.000 

.Cl 2.00 0.348 

-Although a plot of log relative kD vs. Rammett’e [I value failed to give a 

straight line, excellent linear correlations vere obtained using Taft’s 

aR(p-+1.64; r-0.995; s-0.045)’ and UH (p-+2.00; r-0.990; s-0.022) values.’ These 

results show that the rate of disproportioaation is retarded to a large degree 

by eubstituente vhich can undergo resonance interactions with the ring. 

It Is well established that nearly all substitueots (both electron donating 

and withdrawing) Increase the relative stability of R-benzyl-type redicale.s-17 

The high exothermlclty of the dieproportionatlon resction requires that the 

transition state closely resemble the starting radicals.’ The effects of the 

tvo subetltuenta in the transition state will be different and must be considered 

separately. As In the hydrogen exchange reaction (eq. 3), the eubatituent on the 

hydrogen donor radical will have nearly the same effect in the transition state as 

it does in the Initial radical ,4. Therefore, the eubstltuent on the abetractinp 

radical clearly exerts the controlling influence in this reaction. In the tran- 

sition state the sp* character of the abstracting benzyllc-type carbon atom is de- 

creased and the resonance etabillslng effect of the eubstltuent is. consequently, 

diminished. The overall effect Is a lesser etabilleation of the transition state 

relative to the initial radical. Thus, the greater the radical stability the 

slower the rate of the dieproportionation reaction. The correlations with UR and 

Ui are the results of the resonance stabilielng effects of the eubstituents.” 

This precludes any inductive Influence of the substituents and indicates that 

this dlsproportionation transition state Is of radical character with no contri- 

buting polar effects. 
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Additional work is in progress with this system and a complete report is 

forthcoming. 
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