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The thermal or photochemical decomposition of the salts of tosylhydrazones of aldehydes and
ketones is a well established procedure for the generation of carbenes.1 We find that thermo-
lysis of the sodium salt of benzocyclobutenone tosylhydrazone (1) in benzene (70 hr at reflux,
or 3.5 hr at 140°) gives 9a,10-dihydrobenz[alazulene (2) in 20-30% yield. The structure of (2)

follows from its spectroscopic properties: 1H n.m.r. (90 MHz, CDCl3) § 7.56-7.06 (m, 4H aroma-—

tie), 6.55-6.30 (m, 3H, vinyl), 6.22-6.00 (m , 1H, vinyl), 5.24 (d of d, J9 92 = 4 Hz, J9 8 =
» £
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9.5 Hz, 1H, H9), 3.60 (d of d, J

= 18 Hz, J

10x,10n 10x,9a = 10 Hz, 1H, H10x) and 3.18-2.78 (m,

2H, H10n and H9a); mass spectrum m/e 180 (M+, 100%), 179 (100), 178 (60), 165 (55), 152 (17),

89 (25), 76 (25), 63 (15), 51 (10); electronic spectrum AEtOH

217 (log € 4.53), 250 sh (3.91),
330 (3.94) nm, and from the conversion of (2) into the known2 benz[alazulene in 51% yield by
hydride ion abstraction followed by deprotonation (Scheme 1).

The formation of (2) can be rationalised (Scheme 2) in terms of addition of benzocyclobut-
enylidene (4) to benzene to give the spironorcaradiene (6), which can isomerise to the spiro-

cycloheptatriene (8). Electrocyclic ring opening of the benzocyclobutene moiety of (8) would

afford the o-quinodimethane derivative (10), or the equivalent diradical (12), which on ring
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closure gives the observed product (2).
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Generation of 2-methylbenzocyclobutenylidene (5) from the sodium salt of 2-methylbenzo-
cyclobutenone tosylhydrazone3 in refluxing benzene gave a single stereoisomer of 9a,10-
dihydro-10-methylbenz[alazulene (14) (31%), 1H n.m.r. (90 MHz, CDClB) § 7.55-7.00 (m, 4H,
aromatic), 6.72-5.94 (m, 4H, vinyl), 5.30 (d of d, J9,8 = 10 Hz, J9,9a = 4 Hz, 1H, H9), 3.31
(d of q, J10,9a = 4 Hz, JlO,CH3 = 7 Hz, 1H, H10), 2.54 (7 line m, 1H, H9a), 1.36 (d, J = 7 Hz,
34, CH3), mass spectrum m/e 194 (M+, 30%), 180 (15), 179 (100), 178 (45), 165 (10), 152 (8),
89 (18), 76 (10). Molecular models reveal that the 9a,10-dihydrobenz[a]azulene ring system 1is
conformationally rather rigid and that the C10-H1Ox: C9a-H9a and C10-ClOn: C9a-H9a dihedral
bond angles are ca 0° and 110° respectively. Hence Jle,9a should be substantially larger in
magnitude than JlOn,9a'4 In the spectrum of (2), one of the H10 methylene proton resonances
overlaps with that of H9a, but the other H10 resonance at § 3.60 shows coupling to H9a, with
J = 10 Hz. We therefore assign the signal at § 3.60 to H10x, the exo-proton which is cis to
H9a. In the methyl substituted compound (14), J10,9a = 4 Hz, which is consistent with H10 and

H9a being in a trans orientationm.
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The finding that (14) has the trans stereochemistry shown raises an interesting
mechanistic point. If the ring opening of the benzocyclobutene derivative (9) takes place in
a controtatory fashion to give the o-quinodimethane derivative (11) having the methyl group
in the less crowded "outer" environment, then the predicted disrotatory ring closure of (11)
should jield cis-9a,10-dihydro-10-methylbenz[alazulene. The fact that the trans isomer (14)
is formed suggests that the spirocycloheptatriene to dihydrobenz[a]azulene rearrangement
proceeds via diradicals (12) and (13), in which steric constraints prevent the attainment of
the planar n-electron systems of (10) and (11). Carbon-carbon bond rotation in the diradical
(13) can compete with ring closure to give the more stable trans product (14) .5

Attempts to isolate the spirocycloheptatriene intermediates (8) and (9) by carrying out
the carbene addition to benzene at a lower temperature have so far been unsuccessful. Thus
photochemical generation of the carbene (5) in benzene at 10° gives only the dimer (15) (56%)

as a mixture of diastereomers (Scheme 3).6
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SCHEME 3

In general, only those carbenes which are incapable of undergoing intramolecular reactions
give appreciable yields of addition products with benzene or other aromatic substrates.1 In
the case of benzocyclobutenylidene (4) (and its methyl derivative) addition to benzene occurs

readily presumably because intramolecular rearrangement processes are energetically unfavourable
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Thus methylenebenzocyclopropene (16), the product expected7 from ring contraction of (4),
would be highly strained, and benzocyclobutadiene (17), the expected7 product of insertion
into the o C-H bond, possesses antiaromatic character. While we cannot rule out the
possibility that (16) and (17) are formed and consumed in our reactions, the angular dimer

(18) which is usually formed when (17) is generated,8 was not detected in the thermolysis of

w?
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i)

As in the case of benzocyclobutenylidene, insertion into the o C-H bond or ring

I-I--CEC—CH=CH2

contraction do not appear to be important reaction pathways.



