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. 
The unique ability of certa3n neighboring groups to facilitate 

carboniun Ion fomatlon has stimulated significant research effort and so- 

controversy (I). In the fonaationof free radidl inter6mdiata6, mighbor- 

ing groups are much 1066 effective. Theonlyluge-ighboringgrcap 

effects am obssrvsd for wlecul6s po6se66ing heavy at.0166 (2) and (3). 

Ofparticul$r i.ntere6taretho60 Carbcni~ions OcntAining neigh- 

boring cyclopropyl groups. Roberts and coworkers have postulated, on the 

basis of kinetic and product isclatlcn evidence, that the bicyclcbutcnl~ 

ion (I) Is rsspcnslbls for the increased stability of the cyclopropylcar- 

blnylsystemandtbatrearrangedpmducts resultbecause of itslntmmdlacy. 

.‘I C .‘+t 

I 

Thy predict by mans of wleoular orbital thsory (4), that ths ssms stability 

will not be imparted tc developing cyuloprcpglcarbinyl free radicals or carbab 

ions. 

Some workers have observed neighboring group partlclpatlon by an 

adjacent cyclopropyl moiety in free radical reactions. Neighboring group 

stabllieation by cyclopropyl has been observed in both decomposlticn and 

addition reactions (5). Remrmgements of cyclopropylcarbimyl free radicals 

to the corresponding allylcarbinyl systems have been observed. !l'he extent of 
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rearrangement and the degree of rate acceleration appear to be a function of 

several variables. 

It occurred to us that a unique cyclopropylcarbinyl free radical 

would be the l:Or-~~~)-cyclopro~lcarbi~l free radical (II). Rearrange- 

(II) 

ment of this free radical wuld lead to an enolate radical (III) which, upon 

CR2 - &i2 

I OH 
CH = C' 

"6H5 

(III) 

chain transfe:r and tautomerization, would produce the corresponding open chain 

ketone. In addition, owing to the interesting stability of free radicals 

possessing a(.-hydroxy substituents (6) it was felt that an U-omgen atom 

might magnify any contributions to the stability of the free radical intermediate 

by the cyclopropyl group. 

As an approach to the problem, ue have attempted to generate 

(~-valor)-cyclopropylcarb~l free radicals in solution by known methods. 

We have treated phenylcyolopropylcarbinol with di-&-butyl peroxide (DTBP) at 

130' (71, and we have treated phenyl oyclopropyl ketone with 2-butanol and 

KYTBP at 130' (8). In addition, we have attempted photoreduction of phenyl 

cyclopropyl ketone in alcoholio solvents (9). 

Treatment of phenylcyclopropylcarbinol with UTFJP produced butyro- 

phenone and Phenyl cyclopropyl ketone. The results of a typical experiment as 

obtained by vapor phase chromatographic analysis by means of a column of 5s 

carbowax 4000 on firebrick at 12p and &O" are shown in Table I. 
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TABLE I 

The Reaction of Phenylcyclopropylcarbinol with DTBP at 130' 

Reaotents (amounts in Imaoles) 

Cyolopropylphenylcarbhl 6.94 
DrBP--_----__..-..--- .73 

Products 

@utyllcohol-- .64 
Acetone -mm .ll 
Butyrophemne --- .41 
cyolopropyl Phenyl 
Ketone -w-m- .43 

~clopropylpheqvlcr- 
birx9 (Residual) 4.54 

We propose the following mechanism for the reaotion of phenylcyclo- 

propylcarhinol with Dl'BP (l-7). 

mp -? 2 cH.)- po. 

=3 

(A’ ) 

(1) 

OH ,q 
A' + C& - (: - CH 1 

F% ?” l cH2 

‘%z 

OH + C6HS - $ - CH,I 

cH2 

(B*) 

cH2 - CH;! 
I 
CH = C 

#OH 

"SH5 

(C-1 

c*+E: __* C6H5C = CHCH$H3 + B' 

(2) 

(3) 

(4) 
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s 
2B* + 

C#s - 
,C?? 

C-CHI +M 

.C% 

i? 
0 

2 c* ~+ C6H5 - c - C~C~CH3 + 
n 

& - c - ay2-I - C% I (6) 

c&j - c - ci%$H = c% + B* Or c* higher molecular weight 
products 

(7) 

Table II list;s the products, measured by vapor phase chromatographic analysis 

as before, obtained fIvm cyclopropylphenylketane, 2-butanoland DTBP. 

TABLE II 

The Reaction of Cyclopropyl Phenyl Ketone with 2-ButawJ and DTBP 

Reaotants (amounts in amoles) Products 

at 130' 

Phemyl Cyclopropyl Ketone -- 1.69 
DTBP -----I._---_- 
2sButan ----,::$ 

Acetane __I__I- 0.41 
t_Butyl Alcoholol ----- 2.50 
2-Butanone ------_- 1.89 
Butyropherone ---- 0.60 
Cyclopropylphenyl- 
carbirol------- 0.26 

Phenyl Cyclopmpyl 
Ketone (Residual) 

We propose the following mechanism for the reaction of 

phenyl ketone with Z-butanol and DTBP (816). 

DTBP __) 2 

0* CH3 
A* + CH EC H -> CH3 - k 

3k 2 5 
- OH + 

A’ 

?” 
CH3- y - C2Hs 

-- 0.35 

cyclopropyl 

(8) 

(9) 
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E ,c% s 
D* + C& - - CH,I 4 

F? 
B’ + C% - c - C2Hs 

B* d C' 

PH OH 

C* + CH3 - C - C2HS 

!I 

+ C6H56 - CHCH2C% + D* 
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(10) 

(11) 

(12) 

(13) 

(14) 

0 

2 c* .* C6Hs - E - CH2CH2CH3 + C& - C - CK;Ca = 
[ 

a 

C,5H5 - 8 - CH2CH = 'X2 + B* or Cm p-a higher molecular 
products 

=ight (16) 

Attempts to photoreduce cyclopropyl phenyl ketone in aloohol 

solutions were frustrated by an extremely low quantum yield of photoreduc- 

tion. This observation parallels a simUar finding by Brown and Coy10 (10). 

Work is being continued on this aspect of the problem. 

Hydrogenatom rdditiontothe carbonylgroupo~nprovides a 

method for determining the relative stabilities of transition states In uhloh 

aryl alkyl carbinol radicals are being produced. Listed in Table III are the 

relative reactivities for addition of a hydrogen atom to the carbonyl oxygen 

of a series of aryl alkyl ketones. 
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TARLEIIIa 

Relative Reactlvities of Aryl Alloil. Ketones Towards Hmirosen Atom Addition 

K&OI~ kAry1 Alkvl Ketone -- 
k IsobutgTophenone 

Acetopheuone 7.60 +.80 

Propiophemm 3.33 + .20 

Isobutyrophenone 1.00 

Cyclopropyl Phenyl Ketone 36.00 + 1.00 

aDetermined by the method of Huyser snd Neckers (8). 

The relative reactivities of acetophenone, propiophemne and 

isobutyrophsmne toward hydrogen atom addition can be explained by the hyper- 

conjugative (or induotive) oontributions of the g-hydrogen atoms to the 

free radical IV, V and VI . 

?H 

?” OH I+ 

C6HS - z - CH2CH3 C-> C6H56 - CHCH3 (2 structures) 

(V) 

PH ?H 
C6Hs - F .- CH(mq2 <-> C&C = C(CH$2' He (1 eUctU=) 

(VI) 

On this basis, one wmld expeot oyulopropyl phenyl ketone to be about as 

reactive as ?isobutyrophenone. However, cyclopropyl phenyl ketone is some 

36 times more reactive toward hydrogen atom addition. Since products are 

isolated which point to a cyclopropylcarbinyl - allylcarbinyl radical 
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rearrangement, stabilisation of the free radical through contributions by 

both the allylcarbiuyl and the oyclopropylcarbinyl systems to the hybrid 

may be indicated. The highly electronegative oxygen atom located on the 

carbon at which the free radical is developing (VII) causes the radloal 

carbon to have mre electropositive character. 

Experiments with similar systems, including these oontaining cyclobutyl 

groups, are in progress. 

Acknowledgment is made to the donors of the Petrbleti Research 
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this research. 
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