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resulting liquid was then flash distilled at 0.1 mm. This liquid 
was carefully distilled, giving a pure compound, b.p. 54-55° at 
2 mm., n2'i, 1.5618; l i t ." b.p. 53-54° at 2 mm., «2»D 1.5612, 
1.5608, and 1.5620. 

Gas- Liquid Chromatographic Analysis.—Solutions of mixtures 
of hydrocarbons for competitive oxidation or chlorination were 
prepared, then aliquots mixed with an aliquot of a standard solu
tion of the internal standard and triplicate g.l.c. analyses per

formed to provide calibration factors to convert area ratios into 
mole ratios. After chlorination or oxidation, analyses were again 
performed at least in triplicate. A number of different column 
substrates, conditions, and internal standards were employed. 
Pertinent details are summarized elsewhere." 

(42) K. C. Will iamson, Jr . , 
L ibra ry . 1903, 
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The competitive oxidation of a number of aralkanes, aralkenes, and benzyl ethers has been performed and 
their reactivities toward the derived peroxy radicals measured. The reactivities are fairly independent of the 
structure of R in ROO-. To explain the rates of oxidation of the pure compounds, it must be assumed that 
termination rate constants are dependent upon the structures of the peroxy radicals. This observation is con
sistent with the rate minima observed in the autoxidatiou of numerous binarv mixtures. 

The rates of autoxidation of numerous substances 
capable of yielding benzylic-type radicals have been re
ported in the li terature.3 From these rates the relative 
values of rate constants for the at tack of peroxy radicals 
upon benzylic hydrogen atoms 

RO2- + RH 
h, 

RO2H R-

or addition to a double bond 

RO,- + > C = C < R O 2 C - C -

have been inferred.30 We thought it advisable to es
tablish firmly the relative values of kp and ka for a 
series of aralkanes (cumene, tetralin, 2°-butylbenzene, 
bibenzenyl), aralkenes (styrene, substituted styrenes,4 

cv-methylstyrene), and benzylic ethers (dibenzyl ether, 
benzyl ethyl ether, 2-phenyl-l,3-dioxolane). We have 
therefore measured the rates of autoxidation of the 
above compounds a t 60° in chlorobenzene and benzene 
solution containing 0.1 M azobisisobutyronitrile (AI-
RN) as well as the rates of oxidation of various binary 
mixtures. In addition, the relative rates of disappear
ance of substrates in the cooxidation of binary mixtures 
was measured by gas-liquid chromatography (g.l .c). 
Table I lists the pertinent results. 

Table I indicates that in many instances rate minima 
were observed in the oxidation of binary mixtures. This 
reflects differences in the termination rate constants as 
well as possibly favored cross termination reactions in 
the cooxidations.3'1-'' 

(1) Th is research was suppor ted by the Air Force Office of Scientific Re
search 

(2) (a! Alfred P Sloan Founda t i on Fellow, 1959-1903; (b) X . I . H . 
Predoc tora l Fellow, ISIOO-1!MW. 

i 3 ! ia) O. A. Russell . J Am Chem. See., 77, 4583 (195.5); (b) G. A. 
Ku-MlI . ihui. 78, 10-17 !195(1}; (e! F. R. M a y o , A. A. Miller, and G. A. Rus
sell, ihic:.. 80, 25(1(1 (HlAS); id) J. Alagy, G. C lement , and J. C Ba laceanu . 
Bull, !.v. ,-him France, 1325 (195B); 1495 (1960); 1792 (1901) 

1! G A Russell and R. C. Will iamson, Jr . , / . Am. Chem. Soc.. 86, 2357 
1904) 

' 5 ! The river-all r a te expression appl icable to a compe t i t i ve oxidat ion has 
been developed (ref. 3al . The presence of a ra te m i n i m u m in a b ina ry 
(A -h R) mix ture where [A] -f- [Bj =- cons t an t is the result of the va lues of 
the i a t ios , A-AA A'AH. '-'BA *BB. *AA l*tAA) 1 / ! . *'BB ( * t B B ! , / ! . and <+> = 
A'tAB : ' ' t AA'-'tBB ' ' - It can be shown t h a t when 0 = 1 and /̂ AA '̂AB = 
''B \ '-'BB = '-\AA(','tBB>''- A'BB! A't AA) ' / : , a l inear re la t ionship iesu l t s when 
the ra te of oxidat ion is plot ted against [Al or [B I Nonl inear re la t ionships 

Propagation 

AOO- + A (or AH) —->-
AOOA- (or AOOH + A-) (D 

*AB >~A = £ A A / & A B 

AOO- + B (or BH) > 
AOOB- (or AOOH + B-) (2) 

*BB 
BOO- + B (or BH) > 

BOOB- (or BOOH + B-) 

BOO- + A (or AH) — > 
BOOA- (or BOOH + A-) 

Termination 

frtAA 

(3) 

r-R = & B B / & B A 

(4) 

2AOO-

2BOO- nonradical products 

AOO- + BOO-
*r.AB 

This phenomenon has been previously discussed in con
nection with the cooxidation of mixtures of cumene-
tetralin, cumene-indan, and cumene-dibenzyl e ther . 3 a b 

Figure 1 shows the effects of several cooxidants on the 
rate of oxidation of binary mixtures containing styrene. 
Curves such as .3 (/>-methoxystyrene), 4 (/^-nitrosty-
rene), or 7 (benzyl ethyl ether) indicate tha t peroxy 
radicals formed from these substrates have termination 
rate constants approximately the same as those for ter
mination of styrenylperoxy radicals. This seems rea
sonable since all the radicals involved are 2°-benzylic 
radicals.6 Apparently, styrenylperoxy radicals ter
minate more readily than cumylperoxy radicals as in
dicated by the sharp minimum in the rate (curve S, 
Fig. 1) of oxidation of mixtures of cumene and styrene. 
The same effect is observed with cw-decalin (curve 9, 
Fig. 1) where a mixture of 3° and 2°-aliphatic peroxy 

can be observed even when <p = 1 and £tAA ~ ^tBB if the values of k.\\ 
fr.AB, ^BA ^BB. and k.\\ kBB are quite different. Al though values of 4, 
can be obta ined from plots of oxidation ra te vs. [A] or [B] by curve fitting, 
values of kt\\ ^tBB cannot be obtained unless the rat io A'AA '-'BH can be 
independen t ly measured However , the presence of a sharp m i n i m u m in 
the ra te curve seems fairly diagnost ic of large differences in the values of. 
A'tAA. A-tBB. and 01- 0 > > 1 

(O) G. A, R-jssell, J. Am. Chem. Soc., 79, 3871 (19.57). 
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radicals are involved.7 Presumably the rate minimum 
would have been more pronounced with cw-decalin if 
the presence of 2°-aliphatic peroxy radicals could have 
been excluded in the oxidation. The requirements for 
the sharp minimum, as observed with cumene-styrene 
mixtures, is tha t the retarding hydrocarbon should be 
much more reactive toward peroxy radicals than the 
hydrocarbon whose oxidation is being retarded and tha t 
the peroxy radicals formed from the retarder undergo 
self or crossed termination reactions much more readily 
than peroxy radicals derived from the substance being 
retarded.3 a 

To obtain reactivity data toward the peroxy radicals 
the disappearances of cooxidants were measured and the 
results subjected to kinetic analysis by the "Copolym-
erization" equation.8 The results entered in the last 
two columns of Table I indicate considerable spread in 
the solutions of this equation. In some cases a nega
tive intercept was observed. This must mean tha t 
either the analysis for substrate was not accurate or 
that the reactants are being consumed by some process 
in addition to reactions 1-4. Some of the negative 
solutions occurred when styrene was a cooxidant and 
would have been positive if less styrene had been con
sumed. I t would appear tha t styrene may be con
sumed by some process in addition to the four propaga
tion reactions, possibly by a reaction between styrene 
and some oxidation product. 

Table II lists the reactivity data calculated from 
Table I. Column 2 lists the values of k'v/kth cal
culated from the rates of oxidation of the pure sub
strates, where k'p is equal to kp or ka depending on 
whether hydrogen abstraction or addition is involved. 
Columns 3—S of Table II list the reactivities observed 
toward the specific peroxy radicals as calculated by the 
"Copolymerization" equation. 

Discussion 

The data summarized in Table II present a reason
ably consistent picture. There are no major differences 
revealed in the reactivity series when the peroxy radical 
is varied from styrenyl to a-methylstyrenyl, tetralyl, or 
cumyl. The available data for a-ethoxybenzyl and de-
calyl peroxy radicals are also included in Table II , but 
we consider these data less reliable than those for the 
other four peroxy radicals. The agreement between 
the present s tudy and a previous one3a on the relative 
reactivity of cumene and tetralin is not particularly 
good (see Table II) . 

We conclude from Table II tha t peroxy radicals have 
about the same reactivity irrespective of the nature of 
the alkyl substituent. However, termination rate 
constants for peroxy radicals certainly vary with the 
nature of the alkyl substituent. In the over-all rate 
expressions for oxidation this variation appears as an 
inverse square-root dependence and hence the effect of 
variation of the termination rate constant on over-all 
rate is reduced. Nevertheless, several examples of 
variation in kt are obvious in Table II in addition to the 
cumylperoxy-tetralylperoxy radicals discussed previ
ously.3'1 Styrene is about 10-20 times as reactive as 
cumene toward peroxy radicals such as tetralyl- or 
cumylperoxy, bu t the oxidation rate of styrene is only 

(7) F . R Jaffee T. R. S t e a d m a n , and R. W. M c K i n n e y , J. Am. Chem. 
Soc., 85 . 351 (19(53). 

(8) F, R M a y o and C. Wall ing, Chem. Rev.. 46, 191 (1950). 

0.2 0.4 0.6 0.8 

C o n c e n t r a t i o n of s ty rene , mole /1 . 

Fig. 1.—Rates of oxidation of binary mixtures of various 
hydrocarbons and styrene in benzene solution at 60°, 0.10 M 
AIBN; total substrate concentration = 1.0 M; 1, 2-phenyl-
1,3-dioxolane; 2, a-methylstyrene; 3, ^-methoxystyrene; 4, 
/>-nitrostyrene; 5, dibenzyl ether; 6, tetralin; 7, benzyl ethyl 
ether; 8, cumene; 9, cw-decalin. 

five times that of cumene under comparable conditions 
a t 60°. We believe this is due to the fact tha t styrenyl-
peroxy radicals terminate about ten times as fast as 
cumylperoxy radicals.9 Styrene and a-methylstyrene 
have nearly the same reactivity toward peroxy radicals 
and the 2-fold difference in rates of oxidation is thus 
attr ibuted to an enhanced rate of termination of sty-
renylperoxy radicals. cw-Decalin, whose rate of autox-
idation is only about one-half tha t of cumene, is ac
tually more reactive than cumene toward each of the 
three peroxy radicals studied. Here it is believed that 
2°-alkylperoxy radicals derived from m-decalin7 lead 
to a more rapid termination process than tha t ob
served for the 3°-peroxy radicals from cumene.10a In 
the present work, cumene was found to be 0.6 as reac
tive as cw-decalin toward a cumylperoxy radical. 
Utilizing another experimental approach Alagy, Cle
ment, and Balac£anu had previously reported tha t 
cumene was 0.5 times as reactive as decalin (presum
ably a mixture of cis and trans isomers.)3b 

Experimental 
Oxidation Procedure.—The apparatus and procedure were 

identical with those described previously.* 

(9) T h e assumpt ion is m a d e t h a t since &BA '&BB -= ^CA/^CB = 15 t h a t 
&AA/&BB = 15 where A is s tyrene, B is cumene , and C is t e t ra l in . T h e 
best fit with curve 8, Fig 1, occurs when 8 (ref. 3a) = kt.AB ''(ktAA^tBB) 1^2 = 
2 - 3 . 

(10) (a) Suggest ions concerning the detai ls of the t e rmina t ion process con
sistent with 2° - and l ° -a lky lperoxy radicals t e rmina t ing more readi ly t h a n 
3°-a lkylperoxy radicals have been m a d e . 3 a ' 4 See also P. D. Bar t l e t t and 
T. G. Tray lor , J. Am Chem. Soc., 86, 2407 (1983). (b) A. Rieche, E 
Schmi tz , and E. Beyer , Ber., 9 1 , 1835 (1958) 
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T A B L E I 

A U T O X I D A T I O N O F A R A L K A . V E S , A R A L K E . V E S , A . \ D BE.VZVLIC E T H E R S AT 60°" 

Substrate 
A 

S t y r e n e 

S t y r e n e 

S t y r e n e 
S t y r e n e 
S t y r e n e 

S t y r e n e 

S t y r e n e 

S t y r e n e 
S t y r e n e 

S t y r e n e 
S t y r e n e 
S t y r e n e 

S t y r e n e 

S t y r e n e 
S t y r e n e 
S t y r e n e 

S t y r e n e 
S t y r e n e 

S t y r e n e 

S t y r e n e 

S t y r e n e 
S t y r e n e 
S t y r e n e 
S t y r e n e 
S t y r e n e 

S t y r e n e 
S t y r e n e . 
S t y r e n e 

C u m e n e 
C u m e n e 
C u m e n e 

C u m e n e 
C u m e n e 
C u m e n e 
C u m e n e 

C u m e n e 
C u m e n e 

C u m e n e 
C u m e n e 
C u m e n e 
C u m e n e 
C u m e n e 
C u m e n e 

C u m e n e 
C u m e n e 
C u m e n e 
C u m e n e 
C u m e n e 
C u m e n e 

C u m e n e 
C u m e n e 
C u m e n e 
T e t r a l i n 
Te t r a l i n 
Te t r a l i n 
Te t r a l i n 
Te t r a l i n 
T e t r a l i n 

Substrate B 

a - M e t h y l s t y r e n e 
a- M e t h y l s t y r e n e 

a - M e t h y l s t y r e n e 
a - M e t h y l s t y r e n e 

a - M e t h y l s t y r e n e 
a - M e t h y l s t y r e n e 
2-Phenyl -1 ,3-d ioxolane 
2 -Pheny l - l , 3 -d ioxo lane 

2 -Phenyl -1 ,3 -d ioxo lane 
2-Phenyl -1 ,3-d ioxolane 
Dibenzy l e the r 
Dibenzy l e the r 

Dibenzy l e the r 
Dibenzy l e the r 
Benzy l e t h y l e the r 

Benzyl e t h y l e the r 
Benzy l e thy l e the r 
Benzy l e thy l e the r 

Benzy l e t h y l e the r 
Te t r a l i n 

T e t r a l i n 
Te t r a l i n 

T e t r a l i n 

« 's-Decal in 

cu -Deca l i n 
c i j -Decal in 
c is-Decal in 

c is-Decal in 
C u m e n e 
C u m e n e 

C u m e n e 
C u m e n e 
C u m e n e 

Benzyl e t h y l e the r 

Benzyl e t h y l e the r 
Benzy l e t h y l e the r 
Benzy l e t h y l e the r 

Benzyl e thy l e ther 
Benzyl e thy l e the r 

2 ° - B u t y l b e n z e n e 
2 ° - B u t y l b e n z e n e 
2 ° - B u t y l b e n z e n e 

2 ° - B u t y l b e n z e n e 
2 ° - B u t y l b e n z e n e 
2 ° - B u t y l b e n z e n e 
Dibenzy l e the r 
Dibenzy l e ther 
Dibenzy l e the r 
Bibenzyl 
B ibenzy l 
B ibenzy l 
B ibenzy l 
Te t r a l i n 
T e t r a l i n 
Te t r a l i n 

n ' s -Decal in 
c is-Decal in 
m - D e c a l i n 
Benzy l e thy l e the r 
Benzyl e t h y l e the r 
Benzyl e t h y l e the r 

Benzy l e thy l e ther 
Benzyl e t h y l e the r 
Benzy l e t h y l e the r 

[A]o 

1.000 

0 . 2 0 0 

500 
.800 

.900 

.950 

0 . 3 0 0 
. 500 

800 

0 , 2 0 0 
. 500 
, 800 

0 , 0 5 0 
200 

.500 
700 

0 . 2 0 0 

.500 

.800 

0 , 0 5 0 
• .200 

.500 

.800 

.700 
500 

.300 

.100 
.050 

1.000 
0 . 9 3 0 

.800 

.500 

.200 

.100 

.030 

0 , 1 0 0 
.200 
.500 
800 

.900 

.950 

.900 

.500 

0 . 2 0 0 
.500 
.800 
800 

.500 

.200 

.200 
500 

800 
.930 
.800 
.500 
.200 
.100 
030 

IB], 

1.000 
0 . 8 0 0 

500 
200 

100 
. 050 

1.000 

0 , 7 0 0 

, 500 
200 

1.000 
0 . 8 0 0 

,500 
200 

1.000 
0 . 9 5 0 

800 
. 500 
300 

1 000 

0 . 8 0 0 
. 500 
, 200 

1 000 
0 . 9 5 0 

.800 

500 
200 
300 

.500 

.700 

.900 
.950 

0 . 0 7 0 
.200 
500 

.800 

.900 

.970 

1.000 
0 . 9 0 0 

800 
.500 
. 200 

.100 
050 

.100 

.500 
1.000 
0 800 

500 
.200 
.200 
.500 
800 

.800 

.500 

.200 
070 

. 200 

.500 

.800 

.900 

.970 

Init. rate of oxid.'* 
Chloro-

Benzene benzene 

2 5 . 4 2 6 . 8 
5 1 . 6 
3 9 . 4 

26 5 
2 4 . 8 
24 4 
2 5 . 4 
7 7 . 4 
34 . 1 

2 6 . 6 
2 4 . 0 
2 8 . 1 2 6 . 1 
2 5 . 8 

2 4 , 0 
2 3 . 0 

8 , 7 8 . 7 4 
9 . 6 

1 1 . 6 
15 .4 
19 2 

13 .2 

1 0 . 5 
1 2 . 4 
2 1 0 

3 3 

2 , 6 
6 , 1 

1 1 . 6 
1 9 . 4 

1 8 . 3 
1 5 . 0 

1 0 . 5 
5 .7 
3 3 

5 . 8 5 .70 
2 . 9 
3 9 
5 7 
8 . 1 

1 0 . 0 

10 .7 

3 . 7 3 58 
3 . 6 
3 . 8 
4 . 2 

4 , 8 
5 . 4 
3 . 7 
4 . 8 

12 .9 

3 0 

... 

3 . 8 
3 . 7 
4 . 4 

1 1 . 0 
8 . 8 
9 . 1 

10 .2 
12 .4 

1 0 . 3 

[ A ] [ 

0 . 1 5 3 

.405 
608 

0 . 1 8 6 

.377 

. 730 

0 .162 

.417 

685 

0 . 1 1 8 
. 302 

.439 

0 ,167 
,413 

656 

0 , 5 9 4 

.424 

.234 

0 . 7 4 9 
455 
186 

0 . 1 6 3 
432 

625 

0 ,147 
,410 
650 

,730 
.482 
.177 
.192 

466 
.726 

0 . 6 0 0 
.399 
.163 

[BIf 

0 . 5 7 0 

. 397 
141 

0 . 3 8 8 

.230 
162 

0 . 7 4 0 

460 

183 

0 . 740 

.456 

.267 

0 . 7 2 8 

.439 

186 

0 . 2 9 4 

490 
.695 

0 . 1 3 4 

360 
. 680 

0 . 7 6 4 

.468 

.164 

0 . 7 8 5 
.476 
.168 
134 
408 

. 662 

.750 
446 
170 

0 . 1 5 2 

418 
.710 

'ke 

0. 9 ± 0 . 1 

1.18 
0 . 7 1 , 0 . 7 8 

0.2 ±o 2 

- . 2 0 
56, 0 . 3 0 

; . 65 ± 0 Oo 

1 79 
1.58, 1.61 

3.6' ± 0 , 3 

5 . 0 4 
3 60, 3 .13 

2.8 ± 0 . 5 

1.07 
2 94, 4 , 3 

6.5 ± 1 

8 , 1 

6 6 , 4 , 5 

0.1 zk 0.1 
41 

.02, - 0 . 1 1 

1 15 ± 0 05 
1.31 

1.00, 0 . 9 6 

2 . 4 2 
0 89, 0 . 7 8 
0 ± 0 . 2 

0 . 3 3 
.07, - 0 . 5 6 
.5S 

. 58 

. 58, 0 . 58 

0, SS ± 0 02 
94 
92, 0 82 

'V," 

1.2 ± 0 . 1 

1.40 
0 . 8 7 , 1.26 

1 .5 zk: 1 

0 . 6 6 

3 . 5 0 , 0 . 9 5 

O 26 ± 0 ,03 
.29 
. 2 0 , 0 . 2 8 

0 zk 0.2 

0 . 0 9 8 
0 , 0 5 4 , - 0 , 1 7 

1. 2 ± 0, 6 
0 , 4 2 
0 .65 , 2 . 58 

-0.2 ± 0 . 2 
.11 

- .27 , - 0 . 3 0 

2.1 ± 0 . 2 

2 . 5 4 

1 . 9 9 , 1 . 9 0 

0.025 ± 0 . 0 1 
0 . 0 6 
0 04, - 0 . 0 9 

- 0 . 1 2 
- 0 , 1 4 , - 0 50 

2, .•> ± i 
6 . 4 4 
1 32, 1.06 
1 56) 
1 56 

1 56, 1.56 

0, 4S ± 0 , 02 
0 . 5 5 

. 4 7 , 0 . 4 6 
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TABLE I (Continued) 

0.01 ± 0. 002 
.004 
.009,0.015 

1.3 ± 0.2 
1.69 
1.44,0.84 

Subscripts 0 and f refer to initial and final concentration in moles/1. * Ml. of oxygen 
(STP) per 100 min. for 10 ml. of a solution containing 0.10 M AIBX, corrected for nitrogen evolution. c From solution of the "Co-
polymerization" equation. The first experiment of each set determines a straight line when r\ is plotted as a function of rs (VA = 

&AA 

JAA/^BB; r-e — £BB/&BA; AOO- + A > AOOA', etc.). The second experiment determines another straight line which intersects 
the first at the values listed. The third experiment defines a third line which intersects the first two at the points shown. The center 
of gravity of the triangle thus formed is given in italic type. A reasonable experimental uncertainty has been estimated. 

Substrate 
A 

T e t r a l i n 

T e t r a l i n 

T e t r a l i n 

Te t r a l i n 

Te t r a l i n 

Te t r a l i n 

Substrate 
B 

CM-Decal in 

c is-Decal in 

« s - D e c a l i n 

a - M e t h y l s t y r e n e 

a - M e t h y l s t y r e n e 

a - M e t h y l s t y r e n e 

[A)0 

0 . 8 0 0 

.500 

.200 

.200 

.500 

800 

[B ]o 

0 . 2 0 0 

.500 

.800 

800 

.500 

.200 

Ink. rate 

Benzene 

9 . 5 

6 . 5 

4 . 1 

of oxid.6 

Chloro-
benzene [A]1 

0 . 6 0 0 

.365 

.133 

.136 

.354 

.574 

[B] I 

0 . 1 7 5 

.450 

.750 

458 

.335 

.123 

rxc 

1.89 ± 0 . 0 1 

1.88 

1.89, 1.91 

0.85 ±0.1 

1.31 

0 . 69, 0 . 59 

" Cooxidations performed in benzene solution. 

T A B L E I I 

R E L A T I V E R E A C T I V I T I E S O F P E R O X Y R A D I C A L S T O W A R D A R A L K A N E S AND A R A L K E N E S , 60° , B E N Z E N E S O L U T I O N 

, Attacking peroxy radical 

Substrate 

2 -Pheny l - l , 3 -d ioxo lane 

a - M e t h y l s t y r e n e 

p - M e t h o x y s t y r e n e 

S ty rene 

^ - N i t r o s t y r e n e 

Benzyl e thy l e the r 

Dibenzy l e ther 

Te t r a l i n 

C u m e n e 

2 ° - B u t y l b e n z e n e 

Bibenzyl 

a 's-Decal in 

kv'/kt1/*" 

6 . 2 

4 . 1 

3 .2" 

2 . 0 

2 . 0 " 

0 . 6 3 

2 . 2 

1.00 

0 . 4 0 

0 . 2 1 

0 . 1 7 

0 . 1 9 

Styrenyl 

14 

3 . 1 

4 . 0 " 

2 . 8 

1.7" 

0 . 7 5 

1.7 

1.0 

o-Methyl 
styrenyl 

1.2 

1.1 

1.0 

Tetralyl 

1.2 

Cumyl 

0.8 

1.1 

ce-Ethoxybenzyl Decalyl 

-10 

1.0 0.48 

0.40, 

0 Relative values; from Table I using the expression, - d [ 0 2 ] / d / = k'p[RH](Riy/'/(2kt)1/' + RJ2 (ref. 6); R1 = 1.31 X 10" 
mole/l.-sec. (D. G. Hendry and G. A. Russell, / . Am. Chem. Soc, 86, 2368 (1964)). " Ref. 4. c Ref. 3a, 90°. " Ref. 3d. 
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Materials.—The solvents, AIBN, styrene, and cumene em
ployed have been described.4 a-Methylstyrene showed a purity 
of greater than 99% by g.l.c. It was chromatographically 
filtered through silica gel before use. Tetralin (Eastman Kodak 
Co.) was rectified with a spinning band column to remove a 
lower boiling component and decalin. The fraction used con
tained a trace of decalin but had a purity greater than 99.7% by 
g.l.c. It was passed through silica gel before use. cw-Decalin 
was a gift from W. R. Grace Co. Rectification through a Todd 
column gave a fraction greater than 99% pure with the major 
impurity being tetralin. It was passed through silica gel before 
use. 2°-Butylbenzene (Eastman Kodak Co.) was rectified 
through a spinning band column to give material, K20D 1.4898. 
Bibenzyl (Eastman Kodak Co.) was recrystallized from ethanol; 
m.p. 52.8-53.1°. 2-Phenyl-l,3-dioxolane was prepared from 
equal molecular amounts of benzaldehyde and ethylene glycol in 
the presence of a trace of p-toluenesulfonic acid. Benzene was 
employed to azeotrope water which was collected in a Dean-Stark 
trap. When 80% of the theoretical water had been collected the 
reaction was stopped and the product washed with 10% sodium 

bicarbonate solution, dried, and a crude vacuum distillation per
formed. This was followed by two careful rectifications with a 
15-in. spinning band column. The fraction, b.p. 78° at 2.5 mm., 
K20D 1.5270 1.5269, lit.10b, consisted of 99% 2-phenyl-l,3-dioxolane 
and 1% benzaldehyde as analyzed by g.l.c. The autoxidation of 
2-phenyl-l,3-dioxolane showed a decreasing rate with time, 
presumably from the ionic decomposition of the hydroperoxide to 
form phenol. 

Analytical Procedure.—The oxidates were first chromato-
graphed to remove oxidation products as described previously.4 

Elution with a 20-fold excess of benzene was proved to elute 
quantitatively the substrates employed. The concentrations of 
reactants were determined after oxidation by use of a number of 
different g.l.c. columns, conditions, and internal standards.11 
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