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Abstract: Seven 14C-products (toluene, cycloheptatriene, phenylacetylene, "U-2," biphenyl, diphenylmethane, 
and phenylcycloheptatriene) from hot-atom reactions of 14C ions of 5-keV kinetic energy in solid (—196°) benzene 
have been partially degraded. The results indicate the formation of the intermediate 14C-carbenes, methylene, 
benzylidene, and cycloheptatrienylidene, and reactive 1 ̂ -containing fragments, particularly a C2 species. Cyclo-
heptatrienylidene and cycloheptatriene apparently undergo extensive isomerization during, or immediately follow
ing, their formation. This isomerization is compared with other known modes of isomerization of cycloheptatriene 
and found to be best represented as 1,2-hydrogen shifts. It appears that, in the system under investigation, a mech
anism different from the thermal has to be assumed. 

I n the preceding paper1 we reported on the identity 
and yields of products from the irradiation of ben

zene at —196° by 14C ions and atoms. The present 
paper proposes the mechanisms that we believe are in
volved in the formation of the observed products. 

Dependence, or rather, nondependence of kind and 
yields of the products on state and energy of the irradi
ating carbon over the range (15-0.1 keV) tested1 is very 
limited with respect to the information it provides on the 
identity and energy of the reactive intermediates. H ow-
ever, the identity of the final products is very often 
strongly suggestive of the mechanisms involved in their 
formation. An even more powerful means for eluci
dating the detailed mechanism is the knowledge of the 
location of the former hot 14C atom within the product 
molecule. We have, therefore, partially degraded all 
of the major products (i.e., those with yields larger than 
1 % with respect to the entering hot particle): toluene 
(T), cycloheptatriene (CHT), phenylacetylene (PhAc), 
biphenyl (Ph2), diphenylmethane (Ph2CH2), phenylcy
cloheptatriene (PhCHT), and a compound, " U - 2 , " 
whose identity has not been established yet, but whose 
two principal hydrogenation products, methylcyclo-
hexane and toluene, are taken as proxies. From the re
sults, we have drawn specific, though tentative, con
clusions concerning the primary reaction products, 
their dynamics (isomerization), and their subsequent 
chemical fate. 

Results 

Figure 1 shows the label distributions that we have 
determined. The values listed (percentages of activity 
in each position) are averages of usually two or three in
dependent activity determinations. The estimated 
errors reflect both the accuracy of the liquid scintilla
tion counting method and the errors in the weight deter
mination of the radioactive samples.2 Values in paren
theses have been obtained by difference. 

Comparison with degradations by other authors is 
possible only for toluene because our other products 
have either not been reported or were not degraded. 
Wolf and coworkers report that 8 6 % of the radioac-

(1) H. M. Pohlit, T.-H. Lin, W. Erwin, and R. M. Lemmon, / . Am. 
Chem. Soc, 91, 5421 (1969). 

(2) T. H. Lin and H. M. Pohlit, Anal. Biochem., 28, 150(1969). 

tivity is in the methyl carbon of toluene formed from the 
interaction of recoiling 14C atoms with benzene.3 The 
activity found in other positions are: 1, 8 % ; 2 , 4 % ; 3, 
2 % ; 4> 1 %•" (The asterisk in Figure 1 denotes that al
though phenylcycloheptatriene isomerizes under the 
conditions of glpc, presumably due to [l,5]-hydrogen 
shifts,6 the original irradiation product may well be the 
7-phenylcycloheptatriene as indicated in the figure. 
However, we have shown that it does not isomerize to 
diphenylmethane under the same glpc conditions, so 
that the latter is indeed an original hot-atom product.) 

Experimental Section 

Irradiations. The irradiation techniques have been described in 
the preceding paper.1 The kinetic energy in this irradiation was 
5 keV; the length of irradiation was 3 hr; the total amount of 
incorporated activity was ca. 6 X 106 dpm (6 X 104 dpm per 1 % 
product; see preceding paper). 

Gas-Liquid Chromatographic Separation. Glpc separations of 
all compounds, with the exceptions (noted in the text) of the di
methyl acetylenedicarboxylate adduct of CHT and of dimethyl 
phthalate were carried out on columns of 20 % Carbowax 2OM on 
DMCS-treated Chromosorb W. The columns were: analytical, 
10 ft X 0.25 in. o.d., 40 ml He/min; preparative, 12 ft X 0.75 in. 
o.d., 300ml/min. 

Isolation of Compounds from the Irradiation Mixtures. To 500 
iul of the benzene solution of the products we added 5 /J! each of T, 
CHT, PhAc, Ph2, Ph2CH2, PhCHT, and phenylhexane (as "carrier" 
for U-2). Aliquots of this mixture were then separated into com
ponent compounds by analytical glpc (70° for 12 min, then 10°/min 
to 200°, and then held at that temperature). Individual com
pounds ("peaks") were trapped ( — 196°) as they emerged from the 
glpc column. 

Degradation Procedures. (1) Toluene. In order to remove 
contaminating cycloheptatriene, the toluene was first hydrogenated 
(2 atm of H2, PtO2, 2 hr at room temperature). The resultant cyclo-
heptane is easily separated from the toluene by glpc. The distribu
tion of activity between the ring and the methyl group of the toluene 
is accomplished by chromic acid oxidation to benzoic acid, followed 
by a decarboxylation via the Schmidt reaction;6 the resultant CO2 
and aniline were counted by liquid scintillation methods.2 

(2) Cycloheptatriene. This compound was isolated under glpc 
conditions that did not cause isomerization (all parts of the glpc 
instrument were below 120°). Partial degradation was accom
plished by thermal decomposition (after glpc purification) of a 

(3) A. P. Wolf, B. Gordon, and R. C. Anderson, / . Am. Chem. Soc, 
78,2657(1956). 

(4) R. Visser, C. R. Redvanly, F. L. J. Sixma, and A. P. Wolf, Rec. 
Trav. Chim., 80, 533 (1961). 

(5) A. P. ter Borg and H. Kloosterziel, ibid., 82, 741 (1963). 
(6) E. F. Phares, Arch. Biochem. Biophys., 33, 173 (1951). 
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CH,—85.4 ± 1.5 

( Q ) M2.8 ± 0.3 
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toluene 1,3,5,-cycloheptatriene 
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.0 ± 0.4 

diphenylmethane phenylcycloheptatriene* 

CH,— 64.6 ± 1.5 

and methylcyclohexane 

from "U-2" 

Figure 1. Distribution of 14C in major products formed by the 
irradiation of solid benzene with 14C+ions (KE = 5 keV). 

Diels-Alder adduct7 (dimethyl acetylenedicarboxylate). The ad-
duct was glpc purified on 10% SE 30 on DMCS-treated Chromo-
sorb W. 

measurements," that a label isomerization concurrent with the 
Diels-Alder addition cannot amount to more than 0.1-0.2% activity 
in dimethyl phthalate, assuming 90% completion (yields of over 
80% are commonly obtained) in 6 hr and essentially first-order 
reaction because of the large excess (about fourfold) of the di-
enophile. 

(3) Phenylacetylene. After isolation and purification by glpc, 
150 M! of both ethylbenzene and benzene were added to the labeled 
phenylacetylene, and the mixture was hydrogenated (PtO2, 2 atm 
of H2, room temperature, 6 hr), The ethylbenzene was separated 
and purified by preparative glpc at 100°. Oxidation of this com
pound with chromic acid gave (after purification by sublimation) 
30 mg of benzoic acid, which was degraded via the Schmidt reac
tion, giving the activity in the a carbon and the ring. The activity 
in the /3 carbon was determined by the difference between those of 
the ethylbenzene and the benzoic acid. 

(4) Biphenyl. After repeated glpc purification at 200°, 100 mg 
of unlabeled biphenyl was added. The compound was then oxi
dized by chromic acid in acetic acid. From the activity of the 
resultant benzoic acid, the specific activity of the two Cj's of the bi
phenyl was calculated. A confirmation of this value was obtained 
through the Schmidt degradation of the benzoic acid. 

(5) Diphenylmethane. In order to remove all contamination 
which would yield benzoic acid upon oxidation of diphenylmethane, 
the latter was tiist oxidized to benzophenone, purified on prepara
tive glpc, and degraded to benzoic acid and aniline according to 

O 

PhCH2Ph ^ PhCPh ^ 
250J 

10 hr 

O 

II H H,0, rP 
P h - C — N — P h ^-2-

PhCOOH + PhNH3 

The specific activity of the methylene carbon of the Ph2CH2 was ob
tained from that of the benzoic acid. The activity in the phenyl 
groups was revealed by that of the aniline. 

(6) Phenylcycloheptatriene. The phenylcycloheptatriene sample 
was hydrogenated (2 atm OfH2, PtO2, 25°) and the resultant phenyl-
cycloheptane isolated and purified by preparative glpc. Phenyl-
cycloheptane was oxidized to benzoic acid and adipic acid, which 
were further degraded according to 

H2CrO, 

;©c 
COOMe 

COOMe 

Counting the dimethyl phthalate (glpc purified under the same 
conditions as the Diels-Alder adduct) gives the activity in carbons 
2, 3, 4, and 5 of the CHT. The summed activities of carbons 1, 6, 
and 7 were determined by difference. 

The validity of the above degradation scheme was checked by 
synthesis of l,3,5-cycloheptatriene-7-14C, via 14CH2N2 and benzene 
over CuBr,8 and subsequent degradation. [14CH2N2 was obtained 
through hydrolysis of N-methyl-14C-N-nitrosourea, which was 
synthesized from 1 4 CH 3 NHrHCl (New England Nuclear Corp.) 
and urea in the standard procedure.9] After applying the above 
degradation to a glpc-purified sample of cycloheptatriene-14C, the 
resultant dimethyl phthalate was found to contain 2.5 mole % of 
the starting specific activity. The implied label isomerization was 
presumably due to the synthesis mechanism. We assume this be
cause the activity in dimethyl phthalate was increased only to 3 % 
when a sample of the same batch of cycloheptatriene-14C was kept 
at 150° for 6 hr (Diels-Alder addition reaction conditions) before 
degradation. The latter experiment indicates, in line with rate 

(7) K. Alder and G. Jacobs, Chem. Ber., 86, 1528 (1953). 
(8) E. Miiller and H. Fricke, Ann., 661, 38 (1963). 
(9) "Organic Syntheses," Coll. Vol. II, John Wiley and Sons, Inc., 

New York, N. Y., 1943, p 461. 
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The activity in the phenyl group, and in C7 of PhCHT, was deter
mined from that of the aniline and CO2, respectively, obtained from 
the Schmidt degradation of the benzoic acid. The activity of Ci, j 
was obtained from the CO2 that resulted from the Schmidt degrada
tion of the adipic acid. The 1,4-butanediamine was oxidized to 
succinic acid and oxalic acid; the activity in the carboxyl groups of 
the former gave the activity in C2,5 of the PhCHT, in the oxalic acid 
that of C3,4. 

The validity of the above degradation procedure was verified as 
follows, starting with cyclohexanone-l-14C (purchased from New 
England Nuclear Corp.). This compound was converted to cyclo-
heptanone-l-14C by reaction with CH2N2, and then to phenylcyclo-
heptane, as follows. 

(10) A. P. ter Borg, H. Kloosterziel, and N. Van Meurs, Rec. Trao 
CArw., 82, 717(1963). 
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The phenylcycloheptane was then subjected to the degradation 
procedure described above. The activity found in the resultant 
adipic acid was 2.9% of that in the starting phenylcycloheptane-14C. 
It is not known whether this minor scrambling occurred during the 
synthesis reactions or during the degradation of the phenylcyclo
heptane. 

(7) U-2. To the glpc-purified U-2 were added 150-M1 portions of 
both toluene and methylcyclohexane. The mixture was hydro-
genated (2 atm of H2, PtO2, 25°, 1.5 hr), and the toluene and methyl
cyclohexane were separated by preparative glpc. The determina
tions of the methyl ring activity distribution in the toluene was made 
just as described above under Toluene. The same is true for the 
methylcyclohexane, which was first converted to toluene by vapor-
phase dehydrogenation (30% Pd-C, 515°). 
Discussion 

Because of journal-space limitations, this section is 
necessarily limited. An expanded discussion is to be 
found in the Ph.D. theses of Helmut M. Pohlit and Tz-
Hong Lin, University of California, Berkeley, 1969. 

Toluene and Cycloheptatriene, It has long been 
postulated that fast carbon atoms abstract hydrogen 
atoms from organic molecules to form CH and, in 
subsequent similar steps, CH2, etc., radicals,3 '11-14 even 
though the bond-energy differences involved may, as in 
this case, indicate endothermicity.15 Toluene and cy
cloheptatriene were therefore assumed to be due to a 
bimolecular reaction between CH2 and benzene, in anal
ogy with the thermal and photochemistry of CH2 rad
icals. Rather than invoking a new mechanistic scheme 
(involving, e.g., something other than a CH2 radical), 
we assume that the small deviation (13%) from expec
tation in toluene as well as the large (at least 45 %) in 
cycloheptatriene are due to isomerization of the latter 
following or during its formation. 

Suryanarayana and Wolf16 suggested, among other 
mechanisms, that all of T is formed from an interme
diate norcaradiene and CHT. This is in contrast to 
Lemmon and Strohmeier's17 observation that there is 
less than 0.2% activity in the ring of toluene, prepared 
by the photolysis of 14CH2N2 in benzene, while under 
the same conditions the cycloheptatriene product ex
hibits a large degree of isomerization, apparently due to 
1,2-hydrogen shifts.18,19 In other words, isomerization 
of cycloheptatriene to toluene seems to be absent under 
the photolysis conditions. 

More detailed mechanisms for the reactions of CH2 

were suggested by DeMore and Benson20 and by Cveta-
(11) C. MacKay, P. Pollak, H. E. Rosenberg, and R. Wolfgang, / . 

Am. Chem. Soc, 84, 308 (1962). 
(12) G. Stocklin and A. P. Wolf, ibid., 85, 229 (1963). 
(13) H. M. Frey and G. B. Kistiakowsky, ibid., 79, 6373 (1957). 
(14) H. M. Frey, Proc. Chem. Soc, 318 (1959). 
(15) T. L. Cottrell, "The Strengths of Chemical Bonds," 2nd ed, 

Butterworth & Co., Ltd., London, 1958, p 173 ff. 
(16) B. Suryanarayana and A. P. Wolf, / . Phys. Chem., 62, 1369 

(1958). 
(17) R. M. Lemmon and W. Strohmeier, J. Am. Chem. Soc, 81, 106 

(1959). 
(18) W. von E. Doering and P. P. Gaspar, ibid., 85, 3043 (1963). 
(19) W. R. Roth, Angew. Chem., 75,921 (1963). 
(20) W. B. DeMore and S. W. Benson, Advan. Photochem., 2, 219 

(1964). 

Figure 2. Detailed mechanisms for "insertion" reactions and iso-
merizations leading to toluene and cycloheptatriene. 

novic;21 that work suggests that our results may be in
terpreted as (see Figure 2) (a) in the C-H "insertion" 
reaction the ring carbon skeleton remains unaltered, 
and (b) in the C = C "insertion" there is formed the in
termediate biradical I, which is assumed to isomerize as 
indicated and thus cause the deviations from labeling 
specificity (13% in T, more than 45% in CHT). It is 
clear that, if this biradical is the precursor to cyclohep
tatriene, the ring-enlarging followup reaction (and the 
reverse) must be much faster than the 1,2-hydrogen 
shift which produces toluene. This is supported by 
Berson and Willcott's observations22 and DeMore 
and Benson's calculations.20 If hydrogen shifts occur 
while in the seven-membered' ring constitution (II or 
III), some activity will appear in the ring part of I, and 
thus eventually also in that of toluene. The reason why 
this should be observed in this system, while it is ob
viously not observed in photolysis, has to be seen in the 
much higher kinetic energy that CH2 can attain in our 
system.20 

An essential implication of this mechanism is that 
those hydrogen shifts which cause the label isomeriza
tion in cycloheptatriene have to be faster than the ring 
enlargement (or reverse) reaction. Much information 
is available on the isomerization of CHT by thermal 
activation.10-23,24 However, in the latter process the 
assumption of equilibrium for all degrees of freedom is 
more nearly fulfilled than in our system. In fact, "mi
gration" of energy from the forming bond into the other 
degrees of freedom of the same molecule competes with 
the rate of deactivation through collisions with other 
molecules ( = 1 0 ~ n sec). If, indeed, a thermal mode 

(21) R. J. Cvetanovic, H. E. Avery, and R. S. Irwin, / . Chem. Phys., 
46, 1993 (1967). 

(22) J. A. Berson and M. R. Willcott, III, / . Am. Chem. Soc, 88, 2494 
(1966). 

(23) K. N. Klump and J. P. Chesick, ibid., 85, 130 (1963). 
(24) K. W. Egger, ibid., 90, 1, 6 (1968). 
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IV v H 
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Figure 3. Routes to labeled diphenylmethane and phenylcyclohep-
tatriene. 

should account for the label isomerization in CHT and 
T ([l,5]-H-shift10-25), it would have to produce a la
beling pattern in T that increases from carbon 1 to 4. 
In cycloheptatriene the 7, 3, 1, and 2 positions should be 
labeled in decreasing order. While detailed degrada
tion data on cycloheptatriene are not yet available, our 
own preliminary, as well as Wolf's,4 data on toluene in
dicate the opposite. Calculations on the basis of con
secutive 1,2-hydrogen shifts, however, best fit the data. 

Characteristically, 1,2-hydrogen shifts in cyclohep
tatriene have been observed (besides during photochem
ical synthesis) in nonthermal systems, e.g., in photolysis 
of cycloheptatriene,18'19 where toluene is also a prod
uct.26 It is therefore reasonable to conclude that most 
of the isomerization is caused by a nonthermal process 
and that a "hot spot,"27 if this implies equilibration of the 
degrees of freedom of the microcanonical subsystems, 
does not exist. 

A difficulty arises from the fact that the considerable 
activity in positions 2 and 3 of cycloheptatriene, and the 
still considerable labeling of the meta and para positions 
of toluene, require repetition of these 1,2-hydrogen 
shifts. A way out would be to assume that in addition 
to the (in the Woodward-Hoffmann terminology25) 
sigmatropic rearrangement of order [1,7] there are also 
those of [1,3] and [1,5] taking place between formation 

(25) G. B. Gill, Quart. Rev. (London), 22 (3), 338 (1968). 
(26) R. Srinivasan, J. Am. Chem. Soc, 84, 3432 (1962). 
(27) J. E. Willard, Ann. Rev. Nucl. Sci., 3, 193 (1953). 

and the next deactivating collision, or, more likely, that 
it takes more than one collision to deactivate the colli
sion complex completely and that these successive colli
sions open up different rearrangements, possibly also 
one of order [1,5], that is, the predominant thermal iso
merization. 

Phenylcycloheptatriene and Diphenylmethane. These 
two isomeric compounds can best be regarded as prod
ucts of two-step reactions. The first, in complete 
analogy to the "insertion" mechanisms for CH2, leads to 
the carbenes benzylidene and cycloheptatrienylidene. 
The second is the familiar reactions of these carbenes 
with another benzene molecule (see Figure 3).2 8 - 3 1 If 
no isomerization of the intermediates, IV and V, is as
sumed, the products should be specifically methylene-
labeled diphenylmethane and 7-phenyl-l,3,5-cyclohep-
tatriene-7-14C. This is essentially the case for the first 
compound (91 % activity in the methylene) but not for 
the second (only 52% in C-7). The decreasing activity 
in the cycloheptatriene ring for carbons 1, 2, and 3 of 
PhCHT demonstrates what we had to infer for cyclo
heptatriene in order to understand the labeling in tol
uene. Apparently, an entirely analogous situation ex
ists as for the cycloheptatriene-toluene system: con
siderable isomerization in the seven-membered ring 
carbene, but only a little in the benzylidene, which we as
sume to be due to isomerization of cycloheptatrienyl
idene via intermediate VI. The large amount of activ
ity in the phenyl ring of phenylcycloheptatriene is much 
more than would be compatible with a common pre
cursor, benzylidene, for diphenylmethane and phenyl
cycloheptatriene. One way of rationalizing this is to 
assume that a benzylidene (IV) rearranged from cyclo
heptatrienylidene (V) has a different spin state than that 
from C—H bond insertion of C, and that the subsequent 
reaction with a C—H and C = C bond are strongly spin 
selective. Another rationale is the intermediate for
mation of the spiro[6.6]tridecahexaene (VII of Figure 3), 
subsequently rearranging to phenylcycloheptatriene. 
Our attempts to identify this compound among the 
products has led to an upper yield limit of 0.01 % (com
pared to about 6 % for phenylcycloheptatriene), making 
this route less appealing. 

C7H6 intermediates of various conformations have 
been suggested for hot-atom reactions of carbon in ben
zene.32 The structure of the intermediates postulated 
by us is inferred from (a) the nature of the final products, 
(b) the activity distribution in these products, and (c) the 
similarity with carbene chemistry. It is, of course, not 
excluded that these inferred intermediates are in them
selves rearrangement products of "adducts" of quite 
different structures. Wolfgang and coworkers33-35 

have substantiated "adducts" between carbon and var
ious substrate molecules, in particular, ethylene. In 
these systems, also, extensive isomerization of these 

(28) C. D. Gutsche, G. L. Bachman, and R. S. Coffey, Tetrahedron, 
18,617(1962). 

(29) D. B. Denney and P. P. Klemchuk, / . Am. Chem. Soc, 80, 3289 
(1958). 

(30) W. M. Jones and C. Ennis, ibid., 89, 3069 (1967). 
(31) M.Jones, Jr., J. Org. Chem., 33, 2538 (1968). 
(32) T. Rose, C. MacKay, and R. Wolfgang, J. Am. Chem. Soc, 89, 

1529 (1967). 
(33) C. MacKay and R. Wolfgang, ibid., 83, 2399 (1961). 
(34) M. Marshall, C. MacKay, and R. Wolfgang, ibid., 86, 4741 

(1964). 
(35) J. Dubrin, C. MacKay, and R. Wolfgang, ibid., 86, 4747 (1964). 
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intermediates was observed, as double-labeling experi
ments revealed. 

Phenylacetylene. With more than 96 % of the total 
activity in the acetylene part, there is strong support for a 
C2Hj; (X = 0 ,1 , or 2) precursor which reacts with a ben
zene molecule in a second step, rather than the decom
position, as part of a random fragmentation, of one 
particular, possibly Ci3Hi2, intermediate. Additional 
support comes from the high concentration of label in 
both the a and /3 carbon. The pickup of another 
carbon atom by a fast 14C atom can, as classical me
chanical calculations for inelastic two-body collisions 
show, occur at rather high energies, via a stripping 
mechanism, rendering the product C2 fast and reactive. 
Some of these precursors may, however, originate from 
a "low-energy" mechanism as proposed by Rose, et ah, 
for acetylene.32 On the other hand, acetylene may also 
be formed via the stripping mechanism. The double-
labeling experiments on the acetylene formation36'37 

in various systems are not necessarily incompatible with 
such a stripping mechanism since the "stripped" carbon 
may very well carry along its hydrogen(s), because of 
their small mass. 

Temporary incorporation of carbon into the ring 
with incomplete fragmentation could be the source, 
besides for phenylacetylene at lower energies, for var
ious n-alkylbenzenes, of which we have identified all up 
to n = 7 in the hydrogenated sample. Their degrada
tion is pending. 

Benzene and Biphenyl. These compounds may be 

(36) J. Dubrin, C. MacKay, and R. Wolfgang, J. Amer. Chem. Soc, 
86,959(1964). 

(37) J. Dubrin, C. MacKay, and R. Wolfgang, / . Chem. Phys., 41, 
3267 (1964). 

The photochemistry of cyclic polyenes has attracted 
a great deal of recent interest. Numerous rear

rangements and attempts at mechanistic interpretation 

(1) This research was supported by the Air Force Office of Scientific 
Research (SRC), Office of Aerospace Research, U. S. Air Force, Grant 
No. 837-67. 

due to the same initial process, however, the decay mode 
being the exact reverse (benzene), or quasi-reverse, 
leading to a phenyl radical which reacts with another 
benzene molecule. The 80% activity in the 1 carbon is 
quite surprising because, if we are dealing with a phenyl 
radical in a "hot spot," we would expect little restriction 
to isomerization. This is another indication for the 
virtual absence of "thermalization" in such a hypothet
ical "hot spot." 

U-2. The two hydrogenation products, toluene and 
methylcyclohexane, exhibit equal (within the error 
limits) methyl/ring activity ratios. Label incorporation 
into the phenyl ring is highest here of all phenyl-labeled 
products. However, the significance of this fact de
pends very much on the origin and identity of U-2. 

Throughout the preceding discussions we attempted 
to explain the formation of each product with one type 
of mechanism only. This may, occasionally, permit 
different products (such as cycloheptatriene and tol
uene) depending on certain dynamic parameters, such 
as internal energy, of the transition state pertaining to 
the particular mechanism. We do not wish to imply by 
the foregoing discussion that there could not be two, or 
even more, completely different routes in some cases, 
particularly with respect to the two extremes of the en
ergy scale. Alternatives are readily conceived. Sup
port or exclusion of the suggested mechanisms may 
come from experiments now in progress, namely, deter
mination of the energy dependence of the integral reac
tion probability, coupled with degradations of products 
from low-energy irradiations. 
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have been reported and are summarized in a recent re
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Photolysis of Matrix-Isolated 1,3,5-Cyclooctatriene and 
Bicyclo [4.2.0] octa-2,4-diene. Spectra of Their Transient 
Photolysis Products1 
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Abstract: Ultraviolet and infrared spectroscopy have been used to study the photochemistry of 1,3,5-cycloocta-
triene (I) and bicyclo[4.2.0]octa-2,4-diene (IV) suspended in inert vapor matrices at 200K. cw,cw-l,3,5,7-Octa-
tetraene, benzene, and ethylene were found to be common primary photoproducts of the two parent valence isomers. 
Photolysis of I also yields another primary product. This product reverts to the starting material at room tem
perature and has a vibrational spectrum which supports its assignment as a strained cyclic stereoisomer of I. These 
results are discussed in conjunction with the results of previous flash photolysis and solution photochemical mech
anisms involved. 
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