(VIIa), mp 236-237°; meso-VIla, mp 188-189°).

" COOR
AR
ROOC-HZC-$-3-CH2-C00R

COOR
a:R=H

yir b:R=CH3

The mixture melting point with authentic rac-VIIall
was undepressed. Esterification of the product with
diazomethane gave a tetramethyl ester with mp 61.5-
62.5° (lit.'® rac-VIIb, mp 62°; meso-VIlb, mp 74-75°).
The mixture melting point with authentic rac-VIIb
was undepressed, with meso-VIIb it was 40-55°. Boil-
ing of the product VIla with acetyl chloride for several
hours yielded a dianhydride with mp 172-173° (lit."
racemic, 172-173°; meso, 248°).

The racemic configuration of our product could also
be established from small differences between the nmr
spectra of rac- and meso-VIIb: rac-VIIb § 3.72 (s,
6 H, 2 CH,), 3.69 (s, 6 H, 2 CH,), 3.45-3.26 (m, 2 H),
2.94-2.37 (m, 4 H), |Juic| = 4.5 and 8.5 Hz, |Jeem| =
16.5 Hz; meso-VIIb 6 3.71 (s, 6 H, 2 CHjy), 3.69 (s,
6 H, 2 CH;), 3.44-3.23 (m, 2 H), 2.87-2.31 (m, 4 H),
IJvie] = 4.5 and 8.5 Hz, |Jeem| = 16.5 Hz.

This unambiguous establishment of the trans con-
figuration of VI firmly settles in our opinion that photo-
cyclization of IV proceeds in the first excited state.

(11) Authentic samples of rac- and meso-VIIa were obtained as
described by Alder,!® but the oxidation of the intermediate Diels—
Alder adduct was carried out with ozone instead of potassium per-
manganate or nitric acid. The similarity between our products and
those of Alder excludes the fact that unexpected rearrangements or
isomerizations may occur during ozonolysis,

Th. J. H. M. Cuppen, W. H. Laarhoven*

Department of Organic Chemistry, R. C. University
Toernooiveld, Nijmegen, The Netherlands
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Microwave Spectrum and Dipole
Moment of Benzvalene
Sir.

The benzene isomers (CqHs) represent a class of
compounds of great theoretical and experimental in-
terest. Their synthesis and characterization is largely
of recent origin, although in the case of fulvene! the
history is considerably longer. Dewar benzene,?
dimethylenecyclobutene,® and benzvalene! have been
only recently synthesized, and, in the case of prismane,?
the parent hydrocarbon has not yet been reported.
All of the parent species share the common character-
istic of relative instability, particularly when isolated.

Numerous theoretical studies® of these species have
been performed. The number of experimental in-
vestigations of molecular properties has been relatively
small, however, presumably because of the difficulties

(1) See, for example, C. A, Coulson and G, S. Rushbrooke, Proc.
Cambridge Phil. Soc., 36, 193 (1940); G. W, Wheland and D. E. Mann,
J. Chem. Phys., 17, 264 (1949).

(2) E. E. van Tamelen and S. P, Pappas, J. Amer. Chem. Soc., 85,
3297 (1963).

(3) A. T. Blomquist and P. M, Maitlis, Proc. Chem. Soc., 332 (1961).

(4) K. E. Wilzbach, J. S. Ritscher, and L, Kaplan, J. dmer. Chem.
Soc., 89, 1031 (1967).

(5) K. E. Wilzbach and L. Kaplan, ibid., 87, 4004 (1965).

(6) See, for example, R. E. Christoffersen, ibid., 93, 4104 (1971);
L. Praud, P. Millie, and G. Berthier, Theor. Chim. Acta, 11, 169 (1968);
N. C. Baird and M. J. S. Dewar, J. Amer. Chem. Soc., 91, 352 (1969).
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encountered in synthesizing, purifying, and handling
the compounds. Molecular structure data have been
obtained for fulvene and dimethylenecyclobutene
from microwave’ and electron diffraction?® studies, and
the structure of the hexamethyl derivative of Dewar
benzene has been determined by electron diffraction?
also.

We report here the microwave spectrum of benz-
valene, tricyclo[3.1.0.02-5}hex-3-ene. The sample syn-
thesis was performed by the method of Katz, er al.,1®
followed by vpc purification and nmr identification as
described by Wilzbach,* er al. Microwave spectra
were obtained by the conventional techniques. Benz-
valene was found to be remarkably stable in our standard
copper wave-guide cell at —78°, although some slow
decomposition could be noted.

The microwave spectrum was that of an asymmetric
rotor with a-type transitions and was assigned by its
characteristic Stark effects and its agreement with pre-
liminary predictions. Fourteen rotational transitions
were measured, a portion of which are listed in Table I.

Tablel. Rotational Transitions of Benzvalene
Transition Obsd= Obsd — calcd®
0p = o 9165.69 —0.01
1y = 219 16945.27 0.01
1o = 202 17839.51 0.04
o= 2n 19717.62 0.09
212 -_ 313 2514981 001
202 — 303 25834.94 0.00
2n — 3 29190.56 0.00
313 = 414 33162.32 —0.09
505 —_ 524 1971486 —001
615 — 644 20646.48 —0.03
o All values in MHz. ? Using best fit rotational constants given
in text,

The complete set of transitions yielded rotational con-
stants of 4 = 7389.233 £ 0.007 MHz, B = 5275.919
=+ 0.004 MHz, and C = 3889.779 + 0.003 MHz.

We have also determined the electric dipole moment
by measurements of the second-order Stark effect.!!
The data in Table II lead to |ur| = || = 0.88 =

Table II. Stark Effect Measurements
———(Ay[EY) X 10f————
Transition M Obsd= Calcd?
lio = 2n 0 0.2418 0.2474
21— 31 2 —0.3894 —0.3813
2u = 32 1 —0.1141 —0.1072
212~ 313 2 0.5408 0.5497
212~ 313 1 0.1256 0.1247
¢ Units are MHz/(V/cm)?, Stark cell calibrated using pocs =
0.71521 D. ' Calculated using u, = yo = 0; u, = 0.883 D.

0.01 D. The vanishing values of uy, and y, are in accord
with the spectral observations and the C,, molecular
symmetry.

(7) R. D. Brown, F. R. Burden, and Jay E. Kent, J. Chem. Phys.,
49, 5542 (1968).

(8) M. Rouault and Z. L. Waziutynska, Acta Crystallogr., 10, 804
(1957); A.Skanke, Acta Chem. Scand., 22, 3239 (1968).

(9) M. J. Cardillo and S. H. Bauer, J. Amer. Chem. Soc., 92, 2399
(1970).

(10) T.J.Katz, E.J, Wang, and N. Acton, ibid., 93,3782 (1971).

(11) S. Golden and E, B. Wilson, Jr., J. Chem. Phys., 16, 669 (1948).
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The benzvalene dipole moment is unusually large
compared to those normally found in monocyclic
and bicyclic hydrocarbons. For example, the moment
is 0.13 D in cyclobutene,!? 0.19 D in cyclopentene,!?
0.26 D in bicyclo[2.1.0]pentane,!¢ and 0.40 D in bi-
cyclo[2.1.0lpent-2-ene.'®* The saturated molecule bi-
cyclobutane has, however, a quite large value, 0.68 D. 18
It is interesting to note that the sum of the moments
of cyclobutene and bicyclobutane is quite similar to
that of benzvalene. This is reasonable when it is
recognized that the benzvalene moment may be con-
sidered to consist of the vector sum of parallel group
moments of cyclobutene and bicyclobutane fragments.
Since the unsaturated portion of the cyclobutene frag-
ment is surely the negative end, we may conclude from
this simple analysis that the negative ends of both bi-
cyclobutane and benzvalene lie below the bridgehead
bond. This conclusion is in accord with the theoretical
analyses of Gierke, et al.,'" and Schulman and Fisa-
nick.8

With the present data we cannot make an unam-
biguous structural determination. However, the ob-
served rotational constants are in good agreement with
a C,, structure consisting of a bicyclobutane fragment

(Rec = 1.50 A, dihedral angle = 110°,1* Ry, = 1.31
A, R;; = 1.55 A, and typical hydrogen atom param-
eters). More definitive structural information must

await studies of isotopically substituted species. This
work is currently underway and will be reported at a
later time.
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(12) H. Kim and W. D. Gwinn, J. Chem. Phys., 42,3728 (1965).

(13) S.S. Butcher and C. C. Costain, J. Mol. Spectrosc., 15, 40 (1965).

(14) R. D. Suenram and M. D. Harmony, J. Chem. Phys., 56, 3837
(1972). The dipole moment data in Table V are off slightly due to
inadvertent use of incorrect conversion factors. Numbers in the col-
umn headed ‘“Obs” should be multiplied by 0.896 and those in the
“Calc” column by 0.893. The correct value of y, should be 0.255
which rounds to 0.26 = 0.01.

(15) S.L.Hsu, A, H. Andrist, T. D. Gierke, R. C. Benson, and W. H,
Flygare, J. Amer. Chem. Soc., 92, 5250 (1970).

(16) M. D, Harmony and K. W, Cox, ibid., 88, 5049 (1966).

(17) T. D. Gierke, R, C. Benson, and W, H. Flygare, ibid., 94, 339
(1972).

(18) J. M. Schulman and G. J. Fisanick, ibid., 92, 6653 (1970).

(19) K. W. Cox, M, D. Harmony, G. Nelson, and K. B. Wiberg,
J. Chem., Phys., 50, 1976 (1969). The dihedral angle needed to fit the
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Photochemical Transformations. VII.
Nature of Photosensitized Hydrolysis of
2-Bromohomotriptycene!

Sir:
Photoinduced solvolyses, competing with homolytic

reactions, of substituted benzyl chlorides, acetates, and
ethers in aqueous dioxane or aqueous ethanol were

(1) Paper VI: 8. J. Cristol, G. A. Lee, and A. L. Noreen, Tetra-
hedron Lett., 4175 (1971),

Carbenium Ion

first reported by Zimmerman and his students.? More
recently, similar competitions with benzyl and sub-
stituted benzyldialkylsulfonium salts,® in water, alco-
hols, and acetonitrile, and with analogous ammonium
salts,* in alcohols and acetonitrile, have been demon-
strated. Although direct irradiation was utilized in
these cases, absence of photosensitization and system-
atic quenching® experiments do not permit deter-
mination of the multiplicity of reaction intermediates.
All three groups have given reasonable arguments for
their assumption that the photosolvolysis reactions
involve carbenium® ion intermediates, although their
data do not exclude direct displacement mechanisms.
Addition—elimination mechanisms have been proposed
for displacement reactions in aromatic systems’ and
in the photosolvolysis of aryl benzoates,® consistent
with “normal” ground-state mechanisms; again direct
displacement mechanisms are conceivable, and, in the
second case, acylium ion intermediates are also possible.
Our own ideas regarding the plausibility of inter-
mediacy of carbenium ions in photoinduced rearrange-
ments® led us to systems where rearrangements and
solvolyses compete and to an interest in solvolysis of
benzyl halides.!® Ground-state solvolyses of 2-tri-
benzobicyclo[3.2.2]nonatrienyl bromide (bromohomo-
triptycene, 1-Br) have been previously investigated.!!

© O

1 2

Q. .9
OO Orp

D
D
3

The cationic intermediate(s) led to complete scrambling
of C-1 and C-2, as noted by deuterium labeling, i.e.,
2-Br gives a 509, mixture of 2-OCH; and 3-OCH;
upon methanolysis and 2-OAc and 3-OAc on acetolysis.
On the other hand the analogous radical intermediate
resists rearrangement, 2-D giving pure 2-Br under
Wohl-Ziegler conditions. !!

(2) (2) H. E. Zimmerman and V. R. Sandel, J. 4dmer. Chem. Soc.,
85, 915 (1963); (b) H. E. Zimmerman and S. Somasakhara, ibid., 85,
922 (1963).

(3) A. L. Maycock and G. A, Berchtold, J. Org. Chem., 35, 2532
(1970).

(4 M. A, Ratcliff and J. Kochi, ibid., 36, 3112 (1971),

(5) Ratliff and Kochi used oxygen to try to trap free radicals in the
photolysis of dibenzyldimethylammonium chloride in ethanol. Their
report that this did not affect the product ratio suggests that both the
radical and ionic processes involved singlet states,

(6) G. A.Olah, J. Amer. Chem. Soc., 94, 808 (1972).

(7) (a) E. Havinga and M. L. Kronenberg, Pure Appl. Chem., 16,
137 (1968); (b) R. L. Letsinger and J. H. McCain, J. Amer. Chem. Soc.,
91, 6425 (1969).

(8) J. G. Pacifici, J. S. Zannucci, G. R. Lappin, J. C. Ownby, and
C. A. Kelly, Mol. Photochem., 3, 175 (1971).

9) (a) S. J. Cristol, G, O. Mayo, and G. A. Lee, J. Amer. Chem.
Soc.,91,214(1969); (b)S. ], Cristol and G. A. Lee, ibid., 91, 7554 (1969).

(10) G. C. Schloemer, Ph.D. Thesis, University of Colorado, 1972.

(11) S. 1. Cristol and D. K. Pennelle, J. Org. Chem., 35, 2357 (1970).
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