examined previously is (Me;Si),C- which has a half-
life of only 2 hr at this temperature 3¢

(D) The z-Bu(Me;Si)CCH(SiMe;), radical, 2, was
prepared by photolysis of -BuC=CH, Me;SiH, and
t-BuOO-2-Bu (1:2:4 v/v). At 50° the half-life of 3 X
10~¢ M 2 was 23 hr. Storage of a much more con-
centrated solution of 2 for many hours at 50° left a
residue of 1 (about 3 97 based on the initial 2).

~97% , +BuC= CHSiMe, > 2
MeSi: + +-BuC==CH
~3%  Me,Si(t-Bu)C=CH —
, 3MeSi:
t-Bu: + Me;SiC=CH —— 1

The (z-Bu);CCH(SiMe;), radical, 3, was generated by
Me;Si- addition to (¢-Bu),C=CHj, via the intermediate
(-Bu).CCH.SiMe; radical® and by Me,Si- addition to
(¢-Bu);C=CH-s-Bu (presumably via the (¢-Bu);CCH-
(-Bu)SiMe; radical which was too short lived to be
positively identified). The latter method of prepara-
tion gave 3 which, at concentrations in the range 2 X
10~¢ to 2 X 10-% M, decayed with first-order kinetics
and had a half-life of 2.3 hr at 50°.

MeSi- + (+Bu),C==CH, — (t-Bu).CCH,SiMe,

wuo .
Me,Si-

(t-Bu),C=CHSiMe;, —> 3

/—(1-Bu')

Me,Si* + (+-Bu),C==CH¢-Bu — (¢-Bu),CCH(¢-Bu)SiMe,

The (z-Bu),CCH(s-Bu), radical, 4, was prepared by
hydrogen abstraction by -BuO- from the parent hy-
drocarbon.® This radical also decays with first-order
kinetics, 75/, = 9.8 secat 25°,

The stability of the foreging radicals decreases from 1
to 4. Radicals 1, 2, and 3 probably decay by CH,
elimination from an «-substituent, such a process
occurring more readily from #-Bu than from Me;Si.
Radical 4 probably loses a 3-(z-Bu-). Unless 1 decays
by a bimolecular process at high concentrations (i.e., a
disproportionation), we see no reason why it should
not be isolated if a more convenient source is dis-
covered.

The epr parameters of 1, 2, 3, and 4 are listed in
Table I. Values of a8 are so low that they are within
the line width for 2, 3, and 4. That is, proton splittings
are not completely resolved in these radicals and so
they all yield a single line epr spectrum that is flanked
only by the appropriate 1*C and/or 2°Si satellites. Only
for radical 1 are the protons on the a-substituents fully
resolved (see Figure 1). The principal multiplet of 1
can be reproduced extremely well by computer simula-
tion using at least four combinations of proton cou-
pling constants, a line width (AH,,) = 0.1 G, and a'*
(6 1*C) = 4.88G, viz: (i) a®(9H) = 0.135,a2(9H) =
0.27, a® (1 H) = 0.675 G; (ii) ¢® (9 H) = 0.135, ¥
(9 H) = 0.405 G; (i) a® (10 H) = 0.135, a® (O H) =
0.405 G; (iv) a®* (9 H) = 0.135, ¢® (1 H) = 0.27, a®
(9 H) = 0.405 G. - The hyperfine coupling to the lone
B-H must therefore be uniquely small,” and in fact pos-

(7) The lowest a¥8 for a tetrasubstituted ethyl in solution known to us
is 3.68 G for 9,9’-bifluorenyl-9-yl.28  The exceptionally low value of aH8
in 1 may, in part, be a consequence of the known ability of a-silicon
substituents to “‘mop-up” a good deal of electron density.?

(8) F. A. Neugebauer and R. W. Groh, Tetrahedron Lett., 1005
(1973).
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sibility (i) was eliminated by treating (CD;);Si- with
CH,CN. The resulting [(CD3):Si;CCH[Si(CD3)s]s
radical had no resolvable deuteron couplings and the
width (AH,,) of the principal line was only 0.48 G.
The 8-H coupling in 1 must therefore be <0.27 G.

In substituted ethyl radicals, values of «¥8 can be
approximately described by the empirical relation,?1°
a%¥ = A4 4+ B cos? 0, where # is the angle between
C.2,, axis and the C,, Cg4, Hg plane. For the constants,
A and B values of 0-5 and 40-45 G have been sug-
gested.’® The very small value of ¢¥s for 1 (and also
for 2, 3, and 4) implies that § = 90° (i.e., a6 = A).

R,d '
R, Ra

R,

These radicals must be locked into this conformation
by steric factors.!!:!? The relatively large values of
a”8iy also support this conformational assignment.!!
Moreover, since R, and R’, are always magnetically
inequivalent, our general failure to resolve splittings
due to protons on «-Me;Si and «-(z-Bu) groups is not
surprising.

The 'variety of ways in which these and other?-*.13
long-lived carbon centered radicals (not necessarily
containing Me;Si or #-Bu: groups)!® can be obtained
suggests that they are far more ubiquitous in free-
radical chemistry than has previously been supposed.

(9) A.R. Bassindale, A, J. Bowles, M. A, Cook, C, Eaborn, A. Hud-
son, R. A, Jackson, and A. E. Jukes, Chem. Commun., 559 (1970).

(10) See, e.g., H. Fischer in “Free Radicals,” Vol. 2, J. K. Kochi, Ed.,
Wiley, New York, N. Y., 1973, Chapter 19,

(11) For a discussion of the conformational effect in substituted
ethyl radicals see ref 2, and references cited therein.

(12) For comparison, the less hindered Me;CCHMe;, radical shows a
much weaker preference for this conformation (Table 1), but the prefer-
ence does become more pronounced as the temperature is lowered,
i.e., a8 = 11.9 G at 20° and 9.8 G at ~ 120° (in cyclopropane).

(13) D, Griller and K. U. Ingold, unpublished results.

(14) N.R.C.C. Postdoctoral Fellow 1973-1974,

D. Griller,* K. U. Ingold*

Division of Chemistry, National Research Council of Canada
Ottawa, Ontario, Canada KIAORY

Received June 4, 1974

Ozonolysis of cis- and trans-Diisopropylethylene
with Added Oxygen-18 Acetaldehyde
Sir:

Three proposals for the mechanism of the reaction of
ozone with alkenes in solution have received prominent
attention: the Criegee mechanism,! the syn-anti
zwitterion mechanisms,?>? and the aldehyde inter-
change mechanism.* It is well known that aldehydes

added to alkene solutions may be incorporated into
final ozonides produced wvia ozonization. The alde-

(1) R. Criegee, Rec. Chem. Progr., 18, 11 (1957).

(2) N. L. Bauld, J. A. Thompson, C. E. Hudson, and P. S. Bailey,
J. Amer. Ch:m, Soc., 90, 1822 (1968).

(3) (a) R. P. Lattimer, C. W, Gillies, and R. L. Kuczkowski, J. Amer.
Chem. Soc., 95, 1348 (1973); (b) R. P. Lattimer, R, L. Kuczkowski, and
C. W. Gillies, ibid., 96, 348 (1974).

(4) (a) P. R. Story, R. W. Murray, and R. D. Youssefyeh, J. Amer.
Chem. Soc., 88, 3144 (1966); (b) R, W. Murray, R. D. Youssefyeh,
and P, R. Story, ibid., 89, 2429 (1967).
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hydic oxygen atom will appear in the final ozonide at
either the ether or a peroxy site. A zwitterion path-
way1~? to ozonide formation will result in incorporation
of aldehydic oxygen only at the ether site, while the
aldehyde interchange pathway will result in peroxy in-
corporation.

Several workers have used ®O-enriched aldehydes as
tracers to distinguish between the two basic pathways to
ozonide formation. In these studies the 80O-enriched
aldehydes have been added to ozonolysis reaction
mixtures, and the site of enrichment of #0 in the final
ozonides produced has been determined either by micro-
wave spectroscopy or mass spectrometry of ozonides or
of alcohols obtained by reduction of ozonides. Instudies
involving low molecular weight alkenes or phenyl al-
kenes, only ether enrichment has been observed.>7
In other studies dealing with larger alkyl alkenes,
both ether and peroxy incorporation have been re-
ported. 10

In the first report that indicated substantial O en-
richment at the peroxy site, Story, ef al.,5 added [©#0]-
acetaldehyde in the ozonolysis of frans-diisopropyl-
ethylene. The resultant ¥O-enriched methyl isopropyl
ozonide was reduced with lithium aluminum hydride or
methyllithium, and the ethanol and isobutyl alcohol
produced were analyzed by mass spectrometry. It was
concluded that 687 of the methyl isopropyl ozonide
produced in one reaction (and 77%, in a second trial)
was formed by a pathway which placed the O label
at a peroxy site. In the present communication we
report results which are in disagreement with this
conclusion. In our experiments under reaction condi-
tions similar to those employed by Story, et al.® we
have found that most of the O label appears at the
ether site in methyl isopropyl ozonide.

Five separate ozonolyses of cis- or frans-diisopropyl-
ethylene (99%, Chemical Samples Co.) with added
80-enriched acetaldehyde (55.0 £ 0.3 9 by mass spec-
trometry) were carried out in pentane solvent (99.9 97,
Chemical Samples Co.). The enriched acetaldehyde
had been prepared by exchange with #O-enriched
water.’

The alkene and aldehyde concentrations and reaction
temperatures are given in Table I. Ozone flow rates

Table I. Ozonolyses of Diisopropylethylene with Added
Acetaldehyde-1.0O
Al- % total %, ether
kene Al- Alde- Reac- ozomnide ozonide
config- kene hyde tion 150 180
uration concn  concn temp enrich- enrich-
(M) (M) (M) (&) ment ment
Trans 0.88 0.58 -78 546404 51.3k£1.1
Trans 0.82 0.43 —-95 547402 52.1%£0.7
Trans 1.94 1.25 —-111 54.43:0.4 51.0=%=1.8
Cis 1.11 0.68 -78 54.64%0.5 53.0x£0.6
Cis 0.92 0.46 —-111 54.7+£0.3 49.0£0.8

(5) S. Fliszar and J. Carles, J. Amer. Chem. Soc., 91, 2637 (1969).

(6) C.W. Gillies and R. L. Kuczkowski, J. Amer. Chem. Soc., 94, 7609
(1972).

(7) C. W. Gillies, R. P, Lattimer, and R. L. Kuczkowski, J. 4mer.
Chem. Soc., 96, 1536 (1974),

(8) P.R. Story, C. E. Bishop, J. R, Burgess, R. W. Murray, and R. D,
Youssefyeh, J. Amer. Chem. Soc., 90, 1907 (1968).

(9) R.W. Murray and R. Hagan, J. Org. Chem., 36, 1103 (1971).

(10) P. R. Story, J. A, Alford, J. R. Burgess, and W, C. Ray, J. Amer.
Chem. Soc., 93,3042 (1971).

employed were ~0.13 mmol/min; reactions were
carried out to ~809 completion based on alkene.
The ozonides were separated from solvent after fast
warm-up!! using low temperature vacuum distillation;
ozonide products were trapped at —63°.  Gas chro-
matographic techniques were used to separate methyl
isopropyl ozonide from diisopropyl ozonide.

Mass spectrometry’ was used to determine the site of
80-enrichment in the methyl isopropyl ozonide prod-
uct. An AEI MS-902 mass spectrometer was used
with an ionizing voltage of 70 V and a source tempera-
ture of 50-80°. The total ®O enrichment was ob-
tained from the molecular ion. The (MeHCOCH-i-
Pr)* ion was observed (loss of O;) and used to deter-
mine the ether ®O enrichment. Relative intensities
of the mass peaks in the regions of interest are given in
Table II. The molecular ion (m/e 132) and ether frag-

Table II. Relative Intensities of Mass Peaks of
Unenriched Methyl Isopropyl Ozonide

mfe
134 133 132 131 130 102 101 100 99 98
1.0 7.8 100 90 €03 0.1 07 87 4.0 0.6

ment ion (m/e 100) were by no means the strongest
peaks in the spectrum. These peaks were much weaker
than the fragment ions at m/e 89, 72, 56, and 44. Spec-
tra of ®O-enriched ozonides were analyzed using pro-
cedures described previously.” The total and ether
80 enrichments for the various ozonide samples are
given in Table I. The uncertainties listed were deter-
mined from at least ten traces for the 134/132 (parent
ion) pairs, while at least 20 traces were analyzed for the
weaker 102/100 (MeHCOCH-i-Pr)* pairs. The stan-
dard errors were calculated at the 909 confidence level.

The results in Table I indicate that in each of the
ozonolyses studied, nearly all of the 8O enrichment
occurs at the ether site. In each trial, however, there
is a small difference between the enrichment of the
parent ion and the ether fragment ions. One explana-
tion for this difference would be that a small amount of
peroxy O incorporation has occurred, either through
the aldehyde interchange pathway! or some other
mechanism.!? In support of this explanation, the
differences in total vs. ether O enrichment seem statis-
tically significant both individually and collectively for
the five runs. Internal checks, such as the good agree-
ment in the total 8O enrichment for the five trials
and the consistent intensity ratios of the 132-100 peaks,
are satisfactory. Moreover, in other ozonides similar
mass spectral analyses were corroborated by micro-
wave spectroscopy’; this lends support to the analysis
procedure employed here.

One must be cautious, however, before attaching too
great a significance to the small difference in total vs.
ether 8O enrichment. The ether fragment mass peaks
are quite weak compared to the parent and several of
the major fragment ions.!® Also, other peaks of un-

(11) R. W.Murray and R. Hagen, J. Org. Chem., 36, 1098 (1971).

(12) One possibility has been suggested by S. Fliszar and J. Carles,
Can.J. Chem., 47,3921 (1969).

(13) The weak intensity for the M — 32 ions (and sometimes the
parent ions) for heavier aliphatic ozonides has been previously noted
by other workers.»14 This is in contrast, however, to the results for
ethylene, propylene, and 2-butene ozonides? which have more prominent
parentand M — 32 ions.
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known origin occur in the spectra with intensities equal
to a few per cent of the ether fragment, and one cannot
discount the possibility that the small apparent differ-
ence in total vs. ether ®*O enrichment is due to an un-
known fragment or impurity in the spectrum. It would
require further very careful work to more unambigu-
ously establish whether or not the small apparent per-
oxy O incorporation is real.!®

In any case, our principal conclusions seem well
founded. The mass spectral results show that nearly
all of the aldehydic oxygen is incorporated at the ether
site in the final ozonide; this supports a zwitterion path-
way. The upper limit for processes that produce per-
oxy 80 incorporation, such as the aldehyde interchange
pathway, is about 109 in our runs.!® These results
indicate therefore that such an alternative pathway for
the formation of methyl isopropyl ozonide from diiso-
propylethylene is considerably less important than
previously supposed.® The reason that our results differ
from those reported earlier by Story, e al.,? is not clear.
Reaction conditions were similar in both studies. We
have, in fact, employed lower reaction temperatures
than those used previously, and a nonzwitterion path-
way should become more important as the reaction
temperature is decreased.!! The notable difference is
that our analysis dealt with the ozonides themselves
while the previous study determined the 8O enrich-
ment in alcohols derived from the ozonides; this latter
procedure is therefore less direct. 77
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(14) M. Bertrand, J. Carles, S. Fliszar, and Y. Rousseau, Org. Mass
Spectrom., 9,297 (1974).

(15) For example, if a small correction (7%) is made to the m/e 100
fragment based on the small peak observed at 98 (loss of H.0:), the
values for percent ether 80O enrichment become 53.2, 54.1, 52.8, 55.1,
and 50.7%. A difference between total and ether *Q enrichment is
then no longer clearly apparent for four runs, We have been reluctant
to prefer these values since it is not entirely certain that the small mass 98
peak originates from ozonides. Further work is necessary on this
point,

(16) The figure of 109 is estimated from the last run in Table I.
Extrapolation of that run to 100 %] 80 enrichment in the ozonide leads
to about 90 7 120 ether enrichment,

(17) C. E. Bishop and P. R. Story, J. Amer. Chem. Soc., 90, 1905
(1968).
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A New Hypothesis Concerning the Reactive Species in
Carcinogenesis by 7,12-Dimethylbenz[a]anthracene.
The 5-Hydroxy-7,12-dimethylbenz{a]anthracene~
7,12-Dimethylbenz[a]anthracen-5(6 H)-one Equilibrium
Sir:

Previous attempts’? to isolate and characterize 5-
hydroxy-12-methylbenz{a]anthracene (1) and 5-hydroxy-
7,12-dimethylbenz[ajanthracene (2) have failed to yield
either 1 or 2, although the presence of 1 and 2 was in-
ferred because of conversions of crude reaction products

(1) W. M. Smith, Jr., E. F. Pratt, and H. J. Creech, J. Amer. Chem.
Soc., 73,319 (1951).

(2) Unpublished results in the Ph.D. Thesis of C. C. Davis, Ohio
State University, 1966.
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into the corresponding amino derivatives by the Buch-
erer reaction.! The formation of 2 on mild acid hydrol-
ysis of 5,6-dihydro-7,12-dimethylbenz{a]anthracene 5,6~
epoxide (3) was claimed,? but no melting point or other
analytical data on this compound were reported.

In our attempts to prepare 2 we have found that the
compound exists as a mixture of 7,12-dimethylbenz{a]-
anthracen-5(6 H)-one (4) and the phenolic tautomer 2.
On vacuum sublimation of ¢is-5,6-dihydro-7,12-di-
methylbenz[a]anthracen-5,6-diol* (5) from acidic alu-
mina we obtained a solid sublimate’ whose nmr and ir
spectra indicated that a mixture (ca. 1:1) of ketonic and
phenolic substances was at hand.® This material (m/e
272.1205; calcd 272.1201) gives a red 2,4-DNPH deriva-
tive,> mp 229-230° dec, in a sealed capillary, on re-
crystallization from dioxane. In order to tell whether
the 5-keto or 6-keto isomer (or a mixture of the two)
was present we synthesized 5-methoxy-7,12-dimethyl-
benz{a]anthracene (6) (nmr, CDCl,, (CH;).Si, & 2.78
(s, 3 H, 7-CHy), 3.13 (s, 3 H, 12-CHjy), 3.90 (s, 3 H,
OCH;), 6.93 (s, 1 H, 6-H)), by a method somewhat
better than that described,! and 6-methoxy-7,12-di-
methylbenz[a]anthracene’ (7), mp 140-141° (6 3.13 (s, 6
H, 7- and 12-CH;), 3.83, 3 H, OCH;), 6.59 (s, | H,
5-H)), and cleaved each by heating with sodium ethyl-
mercaptide in dimethylformamide.® The resulting deep
red solutions of sodium salts were treated in situ with
acetic anhydride to yield 5-acetoxy-7,12-dimethylbenz-
[a)Janthracene (8),> mp 149-150° (nmr 2.40 (s, 3 H,

CH,

LR=H 5
2,R=CH,

X
CH,
4 2,X=0H
6,X = OCH,
8,X = OCOCH,
1. C,H,;8 Na*
—_—
6 2. (CH3C0)20 8

\ CH;0H, H' /

(3) S. H. Goh and R. G. Harvey, J. Amer. Chem. Soc., 95, 242 (1973).

(4) R. Criegee, B. Marchand, and H. Wannowius, Justus Liebigs Ann.
Chem., 550, 99 (1942); J. W, Cook and R. Schoental, J. Chem. Soc., 170
(1948).

(5) All new compounds gave C and H analyses, ir, mass spectra,
and nmr data consistent with the postulated structure,

(6) The distinguishing features of the nmr (CDCls, (CHj3)4Si standard)
were a broad singlet at § 5,38 (rel intensity 19) attributed to OH and a
singlet at § 3.62 (rel intensity, 46) attributed to the methylene adjacent
to the carbonyl group. The band at 5.38 disappeared within 1 min when
D;O was added. In one experiment the band at 3.62 disappeared in 40
min when the solution was shaken with Dy;O-K,CQ; solution. The
peak at 3.62 reappeared when HyO was added. In CCl; the peaks are at
& 6.17 and 3.67 with relative intensities of 8.6 and 21.2, respectively.
In the ir spectrum in CHCl;, bands at 2.97 u (OH) and at 5.94 (CO) are
noted (3.02 and 5.99 in a KBr pellet),

(7) A description of this work will soon be published.

(8) G. 1. Fentrill and R. W. Mirrington, Tetrahedron Lett., 1327
(1970).
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