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THERE has been much recent interest in the preparation of [10Jannulenes, the simplest
(bn + 2) x-electron homologs of benzene. However, synthetic entry to such elusive substances
has been gained to this time only by photochemical or thermal valence bond isomerization of
9 ,10-d.il'wdrc:ras.phthea.lenes.2 We have been engaged in developing new synthetic approaches to
cyclodecapentaenes and wish at this time to call attention to the exo0,ex0-11,12~diazatetra-
2,5 7,10

cyclofk.k.2.0 Jdodeca-3,8,11-triene system (1). This molecule contains an azo linkage

NéN

1
and ten appropriately disposed (CH) units and is therefore an attractive potential precur-
sor of [10]annulene. We describe here the preparation of the first member of this class of
azo compounds and present a preliminary account of its thermal behavior.

Gradual addition of powdered ceric ammonium nitrate to a cold (00) stirred acetane solu-
tion of cyclobutadieneiron tricarbonyl (2) and diphenyl-s-tetrazine (3) results in the produc-
tion of adduct 6 (T7% yield) derived from cne equivalent of tetrazine and two of cyclotuta-
diene. This tetracyclic azo campound (.6)3 is reasoned to be the result of initial Diels-Alder
condensation of cyclobutadiene to 3, facile loss of nitrogen from % (s symmetry-allowed o2 +
0% + ,2g bond clea.vage),4 and addition of a second mole of cyclobutadiene to 5. Since 6 is
the only product formed, irrespective of the relative proportion of tetrazine present, it

appears that 5 (the bicyclic valence tautomer of & 1,2-diazocine) is more reactive toward
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The exo,exo configuration of 6, assigned to conform with symmetry-controlled secondary

5
orbital interactions operative in the transition state for cycloaddition to 5, was supported

CDCla
GM T. ’4-0-

T7.95 (m, 10, aromatic), 5.91 (s, 4, vinyl), and 3.45 (s, &, allylic). Because the steric

by its mmr spectrum which fully substantiated a highly symmetrical structure:

bulk of the cyclobutene ring in 5 opposes the approach of oyclobutadiene fram the top sur-
face, this four-membered ring necessarily becomes cis to the developing azo linkage. The

endo,exo isomer of Q (I) would be expected to exhibit an nmr spectrum displaying two separate
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cyclobutene regions, by analogy to the spectral properties of §} exo,exo isomer 9, like é,
=]

shows a highly symmetrical spectrum.

Thermal decormposition of 6 in refluxing o-dichlorobenzene (30 min) leads to the produc-
tion of Jﬂ.qu and gf in yields of T78.% and 8%, respectively. The structures of these hydro-
carbons were secured on the basis of their ultraviolet spe:c’crza.7 and unequivocal synthesis from
2,6-<1ipheny1--h-tetra.lone.E3 Control experiments showed that interconversion of 10 and 11 clear-

ly is not operative under the thermolysis conditions; however, prolonged heating of the mix-
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ture does result in oxidation of both 10 and 11 to 2,6-diphenylnaphthalene.

While the nature of the phenyl substitution in 10 and 11 virtually requires the transient
occurrence of a 1l,6-diphenylcyclodecapentaene, isolation of the less conjugated dihydronaph-
thalene 10 &s the majar product (ratio of 10/11 produced is 9.8) demonstrates that the sub-
sequent rearrangement of this [10Jannulene intermediate is not controlled by the relative
gtabilities of these two unsaturated hydrocarbons. Thius result is rationalizable in terms
of different rates of thermal [1,5] sigmatropic hydrogen shifts in 12, the bicyclic valence
tautomer of the [10Jannulene. Two such suprafacial migrations in 12 are possible; whereas
movement in the counterclocksise direction (1,5-8 shift) leads to 13, 1,5-R shift affards 14,
Such competitive processes would be expected to be controlled by stabilization factars in 13

and :_':,lf, if ‘the respective transition states reside close to product. Since 13 is mare exten-

1,5-8 Hy “ efls 1,5-5 Hp
—> _ 10

Hl CGHS Hg

1,5-R Ha
L

sively conjugated than :_I\.{t, its rate of production would be faster in view of the anticipated
differences in activation energies for the two rearrangements. Further progress along these
two reaction coordinates requires that Hp migrate in the same sense as H in each instance,
if the benzenoid character in 10 and 11 is to be established.g

The 12 — 10 and 12 —» 11 rearrangements thus occur under considerable control by the
developing systems of extended conjugation. Realization that such a complex set of migra-

tions is governed by electronic considerations of this type should now serve to further the
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predictive power of orbital symmetry relationships, particularly in those situations where
two or more alternatives are possible.

Further extensions of the thermal degradation of ll,lE-dia.za.tetracyclo[h.h-.2.02’5.07’103-
dodeca-3,8,11-trienes as an approach to hitherto unknown cyclodecapentaenes, together with

the photochemistry of these polycyclic azo compounds, will be reported subsequently.
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