Tetrahedron Letters No.26, pp. 1751~1754, 1964, Pergamon Press Ltd,
Printed in Great Britain,

1,2-DIPHENYIPHENANTHRO[ 1 JCYCLOBUTADIENE : A HIGHLY
UNSTAELE CONDENSED ARGMATIC CYCLOBUTADIENE

M. P. Cava and D, Mangold
Evans Chemical laboratory The Ohio State University

Columbus 10, Ohio
(Received 14 May 1964)

Recently we described the synthesis of 1,2-diphenylnaphtho{blcyclo-
butadiene (I), the first example of an isolable compound containing a
cyclobutaediene nucleus which has only one pair of neighboring carbons
fused to an aromatic system.l The unique stability of hydrocarbon I may
be attributed not only to the two phenyl substituents, but also to the
fact that +the cyclobutediene ring in I is fused to the B,B-bond of naph-
thalene, & position of low m-bond order.»2 It may be predicted, conse-
quently, that fusion of a 1,2-diphenylcyclobutadiene moiety to a position
of high n-bond order in an aromatic system (g._g._ the 9,10-bond of phenan-
threne) would lead to a molecule of much lower stability than that of I.
This prediction has been confirmed by the generation of the very unstable
molecule 1,2-diphenylphenanthro[l]cyclobutadiene (I1) s reported bere.

The photolysis of dihydrophencyclone (III)® in benzene solution,
using a Hanovia medium pressure ultreviolet lemp (quartz probe), afforded
trans-1,2-diphenylphenanthro{l]cyclobutene (IV), m.p. 195-197°, in good
yield (82%, based on unrecovered ketone IIT);%»5 derivatives of phenan-
thro[lleyclobutene have not been synthesized previously.®’” The trans
configuration was assigned to hydrocarbon IV on the basis of a comparison
of NMR data with related compounds in the benzocyclobutene and the naph-
tho[bJeyclobutene series.®/%:® Thus, the phenyl protons (7.42 6) showed
no evidence of shielding, whereas the benzylic protons (3.78 §) were
highly shielded by the phenyl groups. The presence of & thermally labile
four-membered ring in IV is in accord with its quantitative rearrangement
at 150° to an isomeric hydrocarbon, m.p. 196-198°, assigned the structure
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of 9-phenyl-9,14-dihydrodibenz[a,c Jarkhracene (V); similarly, reaction of
1V with sulfur dioxide at 150° afforded, in 49% yield, a sulfone, m.p.
> 320°, assigned the structure o‘f 1,3-diphenyl-1,3-dihydrophenanthro
[9,10-cTthiophene-2,2-dioxide (VI).3
Bromination of IV with N-bromosuccinimide (2 equivalents) gave, in
64% yield, 1,2-dibromo-1,2-diphenylphenanthro{lleyclobutene (VII), m.p.
253-255°; the bromine atoms in VII were shown to be benzylic and reactive,
since they were lost by solvolysis of VII in methanol with the formation
of the corresponding dimethoxy compovnd (VIII), m.p. 192°, in 61% yield.?*
Attempts to prepare 1,2-diphenylobenanthro[lleyclobutadiene (II) from
only an amorphous high-melting polyme'r; the assumed intermediate II could
not be trapped in a Diels-Alder reaction by conducting the debromination
in the presence of diphenylisobenzofuran. The debromination of VII was
effected salso in benzene by nickel tetracarbonyl, but the product again
was & polymeric hydrocarbon rather than a nickel bromide-cyclobutadiene
complex. Strong evidence for the intermediary formation of II in these
reactions was obtained by conducting ‘the zinc debromination of VII in ben-
zene in an oxygen atmosphere, when 9,10-dibenzoylphenanthrene (IX),"l2 m.p.
198°, was formed in 85% yield. The oxidation of an unstable cyclobuta-
diene to s diketone by molecular oxygen, probably by way of a cyclic per-
oxide, has been observed previously in the case of tetraphenylcyclobuta-
d.;i.ene.:“5
The failure of the unstable 1,2-diphenylphenanthro[l]cyclobutadiene
(II) to yield a definite dimer or t+o behave as an active dienophile, as
well as 1ts rapid reaction with oxygen, suggests that this molecule may
exist as a triplet in the ground state. Molecular orbital calculations
concerning IT will be of considerable interest in this regard.
Acknowledgment. We thank the National Science Foundation for & grant
in support of this work.
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