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undergo secondary photolysis. However, as was established by
light-filtering experiments, this pathway would require that the
absorption spectrum of 10 extend toward the red as far as 315
nm.

Bicyclic hydrocarbon 4 is already known!® to be a minor product
(15-20%) of the photolysis of diazene 3 at 77 K, where it probably
arises from ring closure of the short-lived singlet state of biradical
1. Compound 4 also seems to be formed in the present experiments
as a photolysis product of triplet 1, but it cannot be a source of
the other monomeric hydrocarbons under these conditions because
it has only end absorption in the ultraviolet region, and is pho-
tochemically stable to 3000-A radiation.

A parallel study!? shows that the thermally produced (pre-
sumably singlet) intermediate 1 uses the internal energy it has
acquired at 400 °C for the exothermic destruction of the C,~C;
bond. In contrast, the photochemically excited triplet 1 generated
here uses its ~90 kcal/mol of excitation energy to stitch up a weak
C—C bond (CsC; of 10 and probably C,—C, of 4), a reaction that

would be endothermic!” in the ground state.
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Although the thermal chemistry of the trimethylenemethane
biradical 1 at moderate temperatures is almost entirely inter-
molecular (dimerization or cycloaddition with olefins),? we have
found a richly detailed set of novel intramolecular transformations
at higher temperature.

Flash vacuum pyrolysis of the diazene 2 at temperatures above
400 °C and pressures of 10-*~10 torr gave the products shown
in Table I. Control experiments established the occurrence of
the reactions 4 — 5 + 6 (+7?); 5=6;5,6,or 7—4;,50r 6 —~
4; and 7 — 4-6. These processes were slow enough to permit the
identification of the primary pyrolysis products as 4 and 7-9.
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Table I. Products of Flash Vacuum Pyrolysisb of Diazene 2
and Eneyne 9%-¢

% yield from reactant

product diazene 2 enyne 9
4 ﬁ 10 31
~
25 10

78
4

30 10

10 32

O DR

9 N 1
10 Q 0 6
114 Q 0 b

@ At 700 °C, 1073-10"* torr, residence time ~0.02 s. ¥ Experi-
mental details given in supplementary material. € Unless other-
wise noted, all products were identified by isolation. 4 Identified

by gas chromatographic retention time.
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Scheme I shows proposed mechanisms for the formation of 4 and
9, in which no attempt is made to decide the extremely subtle
question of whether the actual pathways originate from the bi-
radical 1 or the bicyclic hydrocarbon 3.

The enyne 9 apparently arises by a route beginning with cy-
clization of 1 to the bicyclo[3.1.0]hex-1-ene 12. This compound
suffers thermal vinylidene cycloreversion to the carbene 13, which
then undergoes a well-documented* type of hydrogen shift. The
possibility that the 12 — 9 reaction may be concerted cannot be
evaluated on the basis of the present experiments.

Reversal of the entire cyclization sequence was observed in the
pyrolysis of the enyne 9 (Table I), which gave the same group
of trienes 4-6 obtained from diazene 2. Another major product
from 9 was toluene (8), which also was observed from diazene
2, probably as a secondary product via 9. The formation of 8 can
be rationalized by several mechanisms which we have not yet been
able to distinguish experimentally.

Products 10 and 11, although superficially seeming to resemble
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the methylenecyclopentenes found and plausibly rationalized by
Huntsman’® in the pyrolyses of certain 1-en-5-ynes or their valency
tautomeric eneallenes (1,2,5-trienes), in fact are structurally
different in a crucial sense. They are formed by a novel multistep
mechanism (Scheme II), involving Cope rearrangement, two
successive hydrogen shifts, and ring closure by either of two formal
intramolecular ene reactions.

Two separate isotope-position-labeling experiments were carried
out. Pyrolysis at 700 °C of —C=C—D labeled enyne 15 gave
product 10-d, with the label exclusively at the ring methylene
position (*H NMR absorption at § 3.02). The same treatment
of (CD;),C=C < labeled enyne 14 gave 10 with one exocyclic
methylene deuteron (6 4.91), two ring methylene deuterons, and
three methy! deuterons (8 1.63). Evidently, one of the two methyl
groups of the reactant 14 does not survive intact in the product
10-d¢. In addition to a rationalization of the labeling patterns,
the mechanism®’ of Scheme II predicts that pyrolysis of the
proposed cyclopropane intermediate 17 should give 10. This
prediction was confirmed by the independent synthesis of a mixture
of 17 and its trans stereoisomer (from 3-diazopropyne and 2-
methyl-2-butene), which upon pyrolysis gave >95% of an ap-
proximately equimolar mixture of 10 and 11, each identified by
isolation and independent synthesis.

Scheme I and Table I show that the dominant thermal reaction
of the TMM 1 is cleavage of the C,~C; bond, but cyclization to
12 is competitive. The enyne 9 derived from 12 thus represents
the interface of two connected energy surfaces (Schemes I and
II).
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Recently, we have been concerned to show the occurrence of,
and constraints on, movement of closed-shell molecules® and
radical pairs® when adsorbed on silica gel. From these studies
it seemed to us that the constraints imposed were such that the
reaction course of a photochemical process in solution having
important steric demands ought to be capable of profound change
when the reactant was adsorbed on a silica gel surface. We report
the first clear example of such a major deviation in reaction
pathway.

The photolysis of benzoin derivatives in solution has been studied
extensively, and the main details of the reaction have been elu-
cidated.** In the case of benzoin ethers (1a,b; Scheme I) the
reaction proceeds via the triplet and the radical pair (2; type I
cleavage) to give, as main products, the pinacol ethers (4) and
benzil (), derived from both geminate pair escape and combi-
nation, together with minor amounts of benzaldehyde and benzyl
methyl ether. It appeared possible that a silica gel surface might
function in two senses: (a) restrict the translational movement
in the radical pairs and permit other forms of recombination, for
which there is some analogy;®7 (b} if the absence of the potentially
possible type II hydrogen abstraction (to give 3) were to be at-
tributed, in part, to the low occupancy by 1 of the necessary cisoid
conformation in solution, then hydrogen bonding with the silica
gel could produce the required conformation.’

Our results in methanolic solution, obtained as controls, and
on a silica gel surface are summarized in Table 1.1 1In the solution
photolysis the previously unreported type II contributes in a minor
way and decreases further at lower temperatures. Photolysis on
a silica gel surface!® provided a dramatic difference in behavior.
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