J. Am. Chem. Soc. 1984, 106, 18671868 1867

Formation and Intermolecular Capture of
m -Quinodimethane

Joshua L. Goodman and Jerome A. Berson*

Department of Chemistry, Yale University
New Haven, Connecticut 06511
Received December 8, 1983

The m-quinodimethane biradical 112 has been characterized
by fluorescence?® and electron paramagnetic resonance (EPR)*
spectroscopy, and its tetramethyl derivative, 2, probably is the
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precursor of the octamethylmetacyclophane 3 formed® in the
reaction of 6,6-dimethylfulvene with dimethylvinylidene. The
present paper reports a new synthetic method for the generation
of 1, which permits the first observations of its intermolecular
capture by olefins.

The synthesis is aimed at the unknown hydrocarbon 5, which
is expected!®* to be thermally unstable with respect to 1. Although
all attempts to convert the known ketone 9 directly to § by me-
thylenation so far have led to intractable products,® two indirect
methods are feasible (Scheme 1).” Both involve protection of the
endocyclic double bond of 9 before methylenation. In method
A, the endocyclic double bond is restored by, respectively, a base
or Norrish type II* photoinduced $-elimination of an ester moiety
from 6 or 7. Method B employs the Norrish type II photoreaction
to eliminate the enol of acetone or acetophenone, respectively, from
the ketones 10 or 11.

That method A leads to 5 and ultimately to 1 is suggested by
the formation (in 8-16% yields) of the known® metacyclophane
4 from 6 and 7 in solution reactions. Moreover, irradiations of
glassy or polycrystalline samples of 7 (unfiltered Oriel high-
pressure Hg arc, 77 K) in EtOH or i-PrOH in the cavity of a
Varian E-9 EPR spectrometer give rise to a spectrum of a ran-
domly oriented triplet species, which (except for different doublet
impurity lines near g = 2) is identical with the one obtained by
Wright and Platz* from «,«’-didiazo-m-xylene in hydrogenic
matrices and assigned to m-quinodimethane.

Method B is more suitable for a study of the reactions of 1.
Irradiation of 10 in 4:1 EtOH/MeOH, propyleneglycol, or i-PrOH
with an unfiltered Hg arc at 77 K gives a triplet EPR spectrum
indistinguishable from the previous one. Warming of the i-PrOH
matrix again gives metacyclophane 4. In the presence of large
excesses of olefins (see below), irradiation (300 nm) of solutions
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% Methods: (1) NaOH, aqueous THF; (2) Ph,PCH,, THI"; (3)
esterify; (4) NaOMe, MeOH, RCOCH,CO,R’ (R =CH, or Ph, R’ =
CH, or Et, respectively); (5) Ph,PCH,, THI"; (6) NaOH, aqueous
THF; (7) from 6, KO-2-Bu/Me,SO; from 7, /iv; (8) /iv.
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of 10 at 25 °C gives adducts empirically derived from 1 mol each
of 1 and olefin. That these reactions initially generate the bicyclic
hydrocarbon 5 is suggested (i) by the observation that the known!®
acetophenone enol can be observed by low-temperature NMR
spectroscopy of a CDCl, or acetone-d, solution of 11 that had
been photolyzed at 78 °C and (ii) by the intramolecular kinetic
isotope effect ¢/ dp ~ 2.2 (determined by competition experi-
ments) in the photolysis of 10-3,3-d, in the presence of a large
excess of 2,3-dimethylbutadiene. Under these conditions the
Norrish type II photocleavage very probably occurs in the singlet
manifold, since the triplet Norrish type II photocleavage is strongly
suppressed by dienes.!! The isotope effect observed here is similar
in magnitude to that in other Norrish type II singlet processes.'*

Conjugated dienes (butadiene, 2,3-dimethylbutadiene, 2.4-
hexadiene, and isoprene) are efficient traps for the reactive in-
termediate 1 generated by photolysis of 10. Yields of adducts
with these dienes are 40~-60%. Conjugated esters and nitriles also
serve as fair to good traps, but butyl vinyl ether and methanol
fail to capture 1.

From butadiene, the major products are the cyclophane 12 and
an approximately equal amount of a 13:1 mixture of the ortho
and para substituted indans 13 and 14 (Scheme II).2* Compound
12 is converted to the known!# [6]metacyclophane by catalytic
hydrogenation. The indans 13 and 14 are identified by spectro-
scopic data and independent syntheses of hydrogenated adducts.
Similar products are obtained from 2,3-dimethylbutadiene and
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from 2,4-hexadienes. In these cases, we have found that the
product composition is virtually unaffected by dilution or O,. This
behavior contrasts with that of trimethylenemethane cyclo-
additions, where capture of two sequentially formed intermediates,
a singlet and a triplet, permits the product composition to be
manipulated by such perturbations.!s

The cycloadditions to cis,cis- and trans,trans-2,4-hexadiene
preserve the stereochemistry about the propenyl side chain in the
indan product, but the relative configuration (assigned by NMR)
of the new pair of asymmetric centers of the indan ring is pre-
dominantly trans, regardless of the starting diene. Thus, the indan
products from cis,cis- and trans,trans-2,4-hexadiene, respectively,
are 5.4:1 and 6.9:1 trans/cis mixtures. The major components
differ only in the stereochemistry of the propenyl side chain, and
upon diimide reduction to propyl derivatives, they each give the
same product.

These results are consistent with capture of only one type of
intermediate, which reacts in a two-step cycloaddition mechanism
through a long-lived adduct biradical. That the true reactive
intermediate has static or time-averaged bilateral symmetry is
shown by the equal amounts of deuterium at positions a and b
in product 13 from butadiene and 10-9,9-d, *H NMR). Although
direct evidence on the spin state of the intermediate is not available,
the observed symmetry properties and cycloaddition stereochem-
istry are those expected of the triplet state of biradical 1.
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Intersystem crossing plays a critical role in defining the in-
tramolecular dynamics of diphenylcarbene (DPC) and thereby
directly affects its spin state depdent chemistry.!> For example,
the chemistry of DPC depends on the rapid thermal equilibration
that takes place between its ground triplet state and its low-lying
singlet state.>* In fluid solution, at room temperature, the singlet
to triplet conversion step has been found®’ to proceed at a rate
on the order of 10'° s71, while the reverse triplet to singlet con-
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Table I. Intersystein Crossing Rate of Diphenylcarbene in
Various Solvents

Ep(30),0

solvent?® 107 %kgyp, 57! kcal/mol
isooctane 1052+ 0.95 30.9
3-methylpentane 10.52 + 0.93 30.9
diethyl ether 7.69: 0.65 34.6
tetrahydrofuran §.5+¢045 374
butyronitrile 3.57+0.26 43,1
acetonitrile 3.23:0.19 46.0
acetonitrile, 274 K 290+ 0.25 46.9¢
acetonitrile, 253 K 2,60t 0.26 47.9¢

% Temperature at 300 K unless specified otherwise. b Reference
7a; Ep(30) values of isooctane and 3-methylpentane were assumed
equal to those of n-hexane. € This work.
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Figure 1. Plot of log (kgt) as a function of the solvent polarity parameter
E+1(30) for various solvents.

version step is roughly 3 orders of magnitude slower. Beyond this
information little is actually known about the intersystem crossing
rates associated with the carbene system. The problem of
characterizing the factors, which include both intermolecular and
intramolecular effects on the intersystem crossing dynamics of
the carbene, remains an outstanding issue. In particular, an
extremely important question is the extent to which the envi-
ronment can affect the intramolecular spin conversion dynamics
of the carbene. In this communication we wish to report the
observation of a novel solvent polarity effect on the singlet to triplet
intersystem crossing rate of DPC. A similar observation on the
ground triplet formation rate of another carbene, fluorenyledine,
in two solvents has been reported recently.’

In the studies reported here the diphenylcarbene is generated
by photoexcitation of diphenyldiazomethane in the ultraviolet,
which yields !DPC upon loss of nitrogen from the excited singlet
state of the diazo compound. Once formed, !DPC will undergo
energy relaxation via intersystem crossing to produce the ground
triplet, DPC (eq 1). The rate of 3DPC formation (ksy) was

k,
*Phy,C=N, —= 'Ph,C — *Ph,C )

measured by means of a laser-induced fluorescence experiment.’
The experiment consisted of the irradiation of a vacuum degassed
solution of diphenyldiazomethane (8 X 10 M) with a picosecond
laser pulse at 266 nm using a passively mode-locked Nd/YAG
laser (25-30-ps fwhm, < 0.02 mJ). The formation rate of *DPC
was monitored by its laser-induced fluorescence using a weak probe
pulse at 266 nm at variable time delays.

The results given in Table I show that the intersystem crossing
rate constant depends strongly on the choice of solvent. A key
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