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pounds by Chvalovsky, et al.” Such CuCl-catalyzed
decomposition of Me;SiCHN. in benzene in the pres-
ence of an excess of cyclohexene gave as the major
product (in 659 yield) anti-7-trimethylsilylnorcarane
(I1). Three minor products were the other 7-trimethyl-
silylnorcarane isomer (III) (79), trans-1,2-bis(tri-
silyl)ethylene (1397), and the cis isomer (9%). All
products were isolated as pure materials by glpc.
The identification of the 7-trimethylsilylnorcarane iso-

Hx_-SiMe; Me;Sis__H

H H

H H
11,n%p 1.4561 I, n*p 14734

mers was based on their analyses and their infrared
and nmr spectra. Particularly the latter were of value:
in the nmr spectrum (in CCly) of II, the Me;Si group
appeared as a singlet at 7 10.09 and the cyclopropane
proton gem to the trimethylsilyl group as a triplet at
7 10.69 (J = 7 cps). In III these resonances were seen
at 7 9.88 and 10.41 (triplet, J/ = 10 cps). In support
of these assignments we may note that previous work
has established that in norcaranes the 7-proton syn
to the —-(CH.)s— bridge is more highly shielded than
is the proton which is anzi to the tetramethylene
bridge and, furthermore, that the magnitude of c¢is
coupling between vicinal protons in cyclopropanes is
greater than that of trams coupling.® The CuCl-
catalyzed decomposition of trimethylsilyldiazomethane
in the presence of an excess of c¢is-4-methyl-2-pentene
gave, in addition to trans- and cis-1,2-bis(trimethyl-
silyl)ethylenes, the two isomers of l-methyl-2-iso-
propyl-3-trimethylsilylcyclopropane. Further carbe-
noid reactions of trimethylsilyldiazomethane are under
investigation.

In conclusion, it should be noted that trimethylsilyl-
carbene has been proposed as an intermediate pre-
viously: in the Me;SiCHCl, + Na-K gas phase reac-
tion (which gave Me;HSiCH=CH,),* in the rather
complicated reaction of Me;SiCH,Cl with lithium,
and in the reaction of Me;SiCH,Cl with n-butyl-
lithium.!! The latter reaction was carried out in
the presence of cyclohexene, but no 7-trimethylsilyl-
norcarane was obtained. More recently, a brief
report concerning trimethylsilylcarboethoxycarbene has
appeared. !
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Oxidation by Metal Salts. 1.
Lead Tetraacetate with Toluene
Sir:

Despite many investigations of the oxidation of
alkylaromatics by lead tetraacetate, the mechanisms of
these processes are not fully understood, and some con-
flicting theories and interpretations are current in the
literature.! In particular, the formation of products in
which the -CH;OAc group has been added to the aro-
matic ring has been observed in a few instances? and
the mechanism of their formation has not been ade-
quately explained. We wish to report our studies on
the oxidation of toluene by lead tetraacetate and present
a general mechanism which explains the production of
these adducts and predicts the conditions conducive
to their formation.

The oxidation of toluene with lead tetraacetate in
refluxing acetic acid containing anhydrous potassium
acetate under a nitrogen atmosphere® yielded two
major products, benzyl acetate (I) and methylbenzyl
acetate (II) (mixture of isomers, predominantly ortho),
along with minor amounts of xylenes (III) and tolyl-
acetic acids (IV).

The Reaction of

CHa CH,0Ac
Pb 0Ac), +
HOAc
CHZOAc
CH,COOH
I v

In a typical experiment in which 21.7 mmoles of
lead tetraacetate was added to a solution of toluene
(15-fold excess) in acetic acid, the following product
yields were obtained: benzyl acetate (7.04 mmoles),
methylbenzyl acetates (4.95 mmoles), xylenes (1.91

(1) Reviewed by R. Criegee in ‘“Oxidation in Organic Chemistry,”’
Part A, K. Wiberg, Ed., Academic Press Inc., New York, N. Y., 1965,
p 277.

(2) (a) L. F. Fieser, R. C. Clapp, and W, H. Daudt, J. Am. Chem.
Soc., 64, 2052 (1942); (b) 1. Jadot and M, Neuray, Bull, Soc. Roy. Sci.
Liege, 29, 138 (1960); (¢) D. I. Davies, J. Chem. Soc., 2351 (1963);
(d) J. M. Davidson and C. Triggs, Chem. Ind. (London), 1361 (1967).

(3) In the presence of oxygen, the reaction times increased and the
yields of products based on lead tetraacetate consumed decreased, as
would be expected in a radical chain process. These observations are
in accord with those reported by Davidson and Triggs.2d

Journal of the American Chemical Society | 90:4 | February 14, 1968



o L 1 | I L i
) 5 10 15 20 25
[HoAc] / [ TOLUENE]
Figure 1. Oxidation of toluene by lead tetraacetate. Ratio of

benzyl acetate to xylene formed.

mmoles), and tolylacetic acids (1.05 mmoles), thereby
accounting for 9297 of the lead tetraacetate used.*

It was found that the ratio of these products varied
with the acetic acid:toluene ratio used in the reaction

Scheme 1
PbY(0Ac), >

PBIOAC), — PbYOAS); + CHy + CO,

PolCAc), + CH, + CO

CH, xylenes

CH,CH;
I
CsH,CH; / &, ky, \CH,COOH
C¢H,CH;

C6H5 CHz' "__—r_' CHchOH

k4lCGH50H3
C¢H;CH,OAc CH,
I
(and ortho isomer)
H CH,COOH
blV
CH, lP

1I CH,COOH
1 P
CH, CH,
@ P\iKé)OAzc)‘
CH, H,COOH
I

(4) This calculation is based on the stoichiometry of 1 mole of lead
tetraacetate used per mole of I, III, and IV produced and 2 moles of lead
tetraacetate per mole of II obtained.
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Figure 2. Oxidation of toluene by lead tetraacetate.
products.

Ratio of

(Figures 1 and 2). The formation of II under our
conditions cannot derive from the oxidation of xylenes
produced in the course of the reaction in view of the
high molar ratio of toluene to lead tetraacetate em-
ployed (greater than 15:1) and the reactivity of xylenes
relative to toluene determined by competitive technigues
(relative reactivity of toluene, 1; m-xylene, 2.3; p-
xylene, 3.1).

To account for the formation of methylbenzyl ace-
tates and the dependence of the product ratio on the
acetic acid:toluene ratio used, we propose the mecha-
nism given in Scheme .

The facile decarboxylation of tolylacetic acid (IV)
ultimately yielding methylbenzyl acetates (III) is quite
consistent with the known mechanism of the oxidation
of carboxylic acids by lead tetraacetate.5

Applying a steady-state kinetic treatment to the
mechanistic scheme shown, one can derive the following
relationships

d[nj _k [toluene]
T+ v~ & T DHoag T

dqan ’9( a >[HOAC] ki

diIlT} ~ ks\a + 1/[toluene] ' &,

where o = k;/ks.  This would predict a linear relation-
ship between the product ratio and the proper ratio
of toluene and acetic acid used. Figures | and 2 show
that the experimental results agree guite well with the
expected linear relationship.

Relative rate constants were obtained from the slopes
and intercepts of the two lines. From the intercept
of Figure 1, ki/k; was found to be equal to 2.9, i.e.,
side-chain hydrogen abstraction by the -CHj; radical
from toluene occurs approximately three times faster
than its addition to the aromatic nucleus.

Our value appears to be somewhat lower than the
reported values® of 4 and 5; however, this could be due

(5) 1. K. Kochi, J. Am. Chem. Soc., 87, 3609 (1965).

(6) R. P, Buckley, F. Leavitt, and M. Szwarc, ibid., 78, 5557 (1956);
G. E. Corbett and G. H. Williams, J. Chem. Soc., 877 (1966).
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to the difference in conditions employed. A possible
explanation is that the addition of methyl radical to
the aromatic ring is reversible but in our system the
presence of lead tetraacetate intercepts the radical
intermediate very rapidly by electron transfer and
hence decreases the over-all reversibility of addition.
This could also explain the high percentage of the o-
xylene isomer produced in our system, 64 %7, compared
with the reported value of 56 77 using acetyl peroxide.”

From the intercept of Figure 2 the ratio kj/k; was
found to be 0.27; i.e., the -CH,COOH radical, unlike
the more reactive methyl radical, adds to toluene faster
than it abstracts the benzylic hydrogen atom. The
difference in behavior between this radical and methy!
radical can be attributed to the electrophilicity of the
-CH,COOH radical and/or its greater stability, as
indicated by its ready formation in competition with
the resonance stabilized benzyl radical. The more
stable radical would be expected to favor the reaction
of lower activation energy, which in this case is addi-
tion to the ring.?

The average ratio ki/k, obtained from the slopes of
Figures 1 and 2 was found to be 3.9 £ 0.5; i.e., the
-CH; radical abstracts an o«-hydrogen atom from
toluene four times as fast as it does from acetic acid.®
The observed reactivity of acetic acid toward hydrogen
abstraction by methyl radical, which is relatively insen-
sitive to polar effects,!® suggests the existence of con-
siderable resonance stabilization for the -CH.COOH
radical.

Our proposed mechanism serves to explain the con-
flicting observations in the literature and allows one
to predict the conditions required to optimize the yield
of any desired product, thereby increasing the synthetic
utility of lead tetraacetate.

(7) E. H. Eliel, K. Rabindran, and S. H. Wilen, J. Org. Chem., 22,
859 (1957).

(8) M., Cher, C. S, Hollingsworth, and F. Sicilio, J. Phys. Chem., 70,
877 (1966).

(9) F. G. Edwards and F. R. Mayo, J. Am. Chem. Soc., 72, 1265
(1950), reported that toluene is 3.8 times as reactive as acetone per
hydrogen toward - CHjs radical at 100°,

(10) C. Walling, “Free Radicals in Solution,” John Wiley and Sons,
Inc., New York, N. Y., 1957, p 494.
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Differences in the Reactivities of Trifluoromethyl and
Methyl Radicals Produced by Photodissociation®
Sir;

Laser emission from the *P.,, — ?P:, iodine atom
transition has been observed in the photodissociation of
several alkyl iodides.?® The optical gain coefficient in
a laser depends inversely on the Doppler width of the
emitted line, and this in turn is related to the molecular
dynamics of the photodissociation process.® In this
communication we report preliminary results of the
photolysis of trifluoroiodomethane in the presence of

(1) This research sponsored by the U. S. Atomic Energy Commission.

(2) J. V. V. Kasper, J. H. Parker, and G. C. Pimentel, J. Chem. Phys.,
43, 1827 (1965).

(3) M. A. Pollack, Appl. Phys. Lett., 8, 36 (1966).

(4) R. N. Zare and D. R, Herschbach, Appl. Optics Suppl., 2, 193
(1965).

hydrogen-containing substrates. The contrast in the
behavior of these systems with the analogous methyl
iodide systems is relevant to the question of energy dis-
tribution in photodissociation.

The near-ultraviolet absorption spectrum of CF,l 3 is
very similar to that of CH;l,® as is the estimated C-I
bond dissociation energy (54 kcal/mole).” In both
cases, the iodine atom from dissociation is excited to
the 2P., state, 22 kcal/mole above the ground state.
With 2537-A radiation, this leaves 36 kcal/mole to be
distributed among the radical and the iodine atom. If
the energy is entirely translational, this division is de-
termined by the conservation of momentum and energy;
the CF; radical is produced with 23 kcal/mole of excess
energy, whereas the CH; radical would have 32 kcal/
mole. Methyl radicals produced in this way are cap-
able of undergoing hydrogen abstraction reactions of the
types—ls

CH, + RH —» CH, + R (1)

where RH is methyl iodide or an added hydrogenic com-
pound. Activation energies for such reactions are
typically several kilocalories per mole. For analogous
reactions of the CF; radical

CF; + RH —> CF;H + R 2)

the activation energy is 10-11 kcal mole when RH is
H,!'4 or CH4.'* The similarity in the energetics of the
CF;I-RH and CH;I-RH systems would lead one to ex-
pect a quantum yield for fluoroform in reaction 2 com-
parable to that for methane in reaction 1. The latter
value is 3 X 10-% for the photolysis of methyl iodide at
2537 A and 1.5 X 10~* for the photolysis of CD;l at
3130 A (13 kcal/mole of excess energy).

The data of Table I show that this is not the case. In

Table I.  Photolysis of CFsl by 2537-A Radiation
at Room Temperature

Reactant concne Product concn®

CF3I Other CF3H Other dora
1.22 6.23 (Hy) 0.22 3 X 1073
0.19 0.82(CH,) <0.005 <5 X 1079
0.15 0.27(CH;I) <0.001 14.4(CH,) <5 X 10
0.12 (C,Hp)
0.28 0.23 (NO) 220 (CF;NO)
@ In units of 1073 M, °®In units of 1078 M.

particular, the experiment with a mixture of CH;l and
CF;l shows that ®cp,u/®cu, £ 3 X 1074 No C;F;was
detected in the reaction products from any of these

(5) 1. R. Dacey, Discuss. Faraday Soc., 14, 84 (1953).

(6) D. Goodeve and C. Porret, Proc, Roy. Soc. (London), A165, 31
(1938).

(7 R. K. Boyd, G. W. Downs, J. S. Gow, and C. Horrex, J. Phys.
Chem., 67, 719 (1963).

(8) R. D. Schultz and H. A. Taylor, J. Chem. Phys., 18, 194 (1950).

(9) F. P. Hudson, R, R. Williams, Jr., and W. H. Hamill, ibid., 21,
1894 (1953).

(10) R. B. Martin and W. A. Noyes, Ir., J. Amer. Chem. Soc., 75,
4183 (1953).

(11) G. M. Harris and J. E. Willard, ibid., 76, 4678 (1954).

(12) R. D. Souffie, R. R. Williams, Jr., and W. H. Hamill, ibid., 78,
917 (1956).

(13) R. D. Doepker and P. Ausloos, J. Chem. Phys., 41, 1865 (1964).

(14) (a) P. B. Ayscough and J. C. Polanyi, Trans. Faraday Soc., 52,
960 (1956); (b) G. O. Pritchard, H. O. Pritchard, H. I. Schiff, and A. F.
Trotman-Dickenson, ibid., 52, 849 (1956); (¢) C. L. Kibby and R. E.
Weston, Jr., unpublished work.

(15) R. E. Dodd and J. Watson-Smith, J. Chem. Soc., 1465 (1957);
H. Carmichael and H. S. Johnston, J. Chem. Phys., 41, 1975 (1964).
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