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% Ihe unique ability of certain neighboring groups to facilitate
carbonium ion formation has stimulated significant research effort and some
controversy (1). In the formation of free radical intermediates, neighbor-
ing groups are much less effective, The only large neighboring group
effects are observed for molecules possessing heavy atoms (2) and (3).

0Of particular interest are those carbonium ions containing neigh.
boring cyclopropyl groups. Roberts and coworkers have postulated, on the
basis of kinetic and product isolation evidence, that the bicyelobutonium
ion (I) is responsible for the increased stability of the cyclopropylcar-
binyl system and that rearranged products result because of its intermediacy.

They predict by means of molecular orbital theory (4), that the same stability
will not be imparted to developing cyclopropylcarbinyl free radicals or carban.
ions.

Some workers have observed neighboring group participation by an
adjacent cyclopropyl molety in free radical reactions. Neighboring group
stabilization by cyclopropyl has been observed in both decomposition and
addition reactions (5), Rearrangements of cyclopropylcarbinyl free radicals
to the corresponding allylcarbinyl systems have been observed. The 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 cyclopropylearbinyl free radical
would be the (®~hydroxy)-cyclopropylearbinyl free radical (II). Rearrange-
CgHs = EH. |2

H N g,
(1I1)
ment of this ree radical would lead to an emolate radical (III) which, upon
CH, - CH,

l OH

’
CH = C_

C6H5
(III)

chain transfer and tautomerization, would produce the corresponding open chain
ketone. In addition, owing to the interesting stability of free radicals
possessing ol -hydroxy substituents (6) it was felt that an X-oxygen atom
might magnify any contributions to the stability of the free radical intermediate
by the cyclopropyl group.

As an approach to the problem, we have attempted to generate
(e ~hydroxy)-cyclopropylcarbinyl free radicals in solution by known methods.
We have treatsd phenylcyclopropylcarbinol with di-t-butyl peroxide (DTBP) at
130° (7), and we have treated phenyl cyclopropyl ketone with 2-butanol and
DIBP at 130° (8). In addition, we have attempted photoreduction of phenyl
eyclopropyl ketone in alcoholic solvents (9).

Treatment of phenylcyclopropylcarbinol with DIBP produced butyro-
phenone and thenyl cyclopropyl ketone. The results of a typical experiment as
obtained by vapor phase chromatographic analysis by means of a colum of 5%

carbowax 4000 on firebrick at 125° and 40° are shown in Table I,
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TABLE I
The Reaction of Phenylecyclopropylcarbinol with DTBP at 130°

Reactants (amounts in mmoles) Products
Cyclopropylphenylcarbinol 6.94 1-Butyl Alcohol — 64
DIBP <73 F L) 7 T P —— .11

Butyrophenone weeee- o4
Cyclopropyl Phenyl

Ketone emwmc——aweme 43
Cyclopropylphenylcara
binol (Residual) 4,54

We propose the following mechanism for the reaction of phenyleyclo.
propylearbinol with DTBP (1=7).

DIBP ——> 2CHy =€ - 0- (1)
CHy
(a)

QB cH, s |oc
A-+c6ns-<':-cul ——> CHy - C- OH+ CgHg - C - CH | )
i ¢ 3.7 5% 3 ~c
H CHy iy

on (8-)
CH, - EH2
B — | o (3)
CH = C_
C6H5
(c+)
OH

t
Co 4 M — C6H5C = CHCHZCHB + Be

0 )
C4BCCH,CH,CHy
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2Be —— CgHg -c-cn(lm2 (5)

0 0
() [
Co ——> CgHy - C - CH,CH,CH, + [:6H5 - C = CH,CH = cnz] (6)

Q
Cells = c - CH,CH == CH, + B or C+ ——> higher molecular weight (7
products

Table II lists the producis, measured by vapor phase chromatographic analysis
as before, obtained from cyclopropyl phenyl ketone, 2-butanol and DTBP.

TABLE IT
The Reaction of Cyclopropyl Phenyl Ketone with 2.Butanol and DTBP at 130°

Reactants (amounts in mmoles) Products
Phenyl Cyclopropyl Ketone w-—- 1 69 Acotone ceemmmmcmm—we 041
DTBP t-Butyl Aloohol wemme 2,50
2-Butanol 31 36 2-Butanone —eeeme—==~ 1.89
Butyrophenone weee--. 0,60

Cyclopropylphenyl-

€arbinol e--eeeme-= 0.26
Phenyl Cyclopropyl
Ketone (Residual) =w= 0.35
We propose the following mechanism for the reaction of cyclopropyl

phenyl ketone with 2-butanol and DIBP (8-16).

DIBP —> 24 (8)
oH CHy on
As + c33§c2}15 ——> cH; - SH- OH + CHg~ ¢ = C,Hg ()
3

(D*)
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0 c

D-+CH-3-CH'|H2——-> B-+cn3-'c5-cn (10)

6”5 sc 275

Hy
Be =———> (¢ (11)
OH o
Co + CHy - E{ - C,Hg ———> CgHsC = CHCH,CH; + D (12)
]

CgHs = C - CH,CH,CH, (13)

0 .C O &
2 Bs ——> C6H5 - 3 - CILIH2 + °635 - f': - cr!:lg2 (14)

CH, B %
4.9}

0 0
' I
2 Ce —mm> C6H5 - C = CH20H20H3 +[CéH5 -« C = CHZ'CH = CH% (15)

C6H5 - g - CH20H = CH2 + B* or C+ ————> higher molecular weight (16)
products

Attempts to photoreduce cyclopropyl phenyl ketone in aleohol
solutions were frustrated by an extremely low quantum yleld of photoreduc-
tion. This observation parallels a similar finding by Brown and Coyle (10).
Work is being continued on this aspect of the problem.

Hydrogen atom addition to the carbonyl group oxygen provides a
method for determining the relative stabilities of transition states in which
aryl alkyl carbinol radicals are being produced. lListed 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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TABLE IIT *
Relative Reactivities of Aryl Alkyl Ketones Towards Hydrogen Atom Addition
Ketone k %% Alkyl Ketone
k Isobutyrophenone
Acetophenone 7,60 + .80
Propiophenone 3.33 + 20
Isobutyrophenone 1.00
Cyclopropyl Phenyl Ketone 36,00 + 1.00

apetermined by the method of Huyser and Neckers (8).

The relative reactivities of acetophenone, propiophenone and
isobutyrophenone toward hydrogen atom addition can be explained by the hyper-
conjugative (or inductive) contributions of the ™ hydrogen atoms to the
free radical IV, V and VI .

OH OH
CgHg = € = CHy €——> c6H5c': = CHy, He (3 structures)

()
?H C.)H He
06!-{5 - g - CH20H3 e——> 06H5C = CH(.!H3 (2 structures)
w)
OH OH

Cghls - € - CH(CH,), €——> Celisl = C(CHy)py He (1 structure)
(vI)

On this basis, one would expect cyclopropyl 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 cyclopropylearbinyl - allylcarbinyl radical
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rearrangement, stabilization of the free radical through contributions by
both the allylcarbinyl and the cyclopropylcarbinyl 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 radical

carbon to have more electropositive character.

B ooh .
Cellg = C = CH | © &—> CH, - CB,
L] \CHZ
| on
CH == C_
Cellg

(VII)

Experiments with similar systems, including these containing cyclobutyl

groups, are in progress.
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