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of 4,5-Benzocyclohepta-1,2,4,6-tetraene
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The complex chemistry of the @Hg potential energy surface

involves several fascinating skeletal rearrangements (Schehe 1). 5 56.3 1330 2270

1-Naphthylcarbenelf, 4,5-benzobicyclo[4.1.0]hepta-2,4,6-triene H

(2), and 2,3-benzocycloheptatrienylider® (nterconvert ther- (two imaginary
mally in solution and photochemically in low-temperature ma- frequencies)

trixes, as do the corresponding isomers in the 2-naphthylcarbene

series 8, 9, and10).23 Although the 1- and 2-naphthylcarbene “ “ :
rearrangement manifolds remain independent at moderate tem-

peratures, a pathway connecting the two manifolds becomes 6 13.8 10 41.8

accessible at higher temperatures. Flash vacuum pyrolysis of either ,

1- or 2-naphthyldiazomethateor the highly exothermic reaction H V

of naphthalene with atomic carboaffords cyclobutajelnaph-

thalene 4), which arises from €H insertion in 1-naphthylcarbene * CH ]
(1). 4,5-Benzocyclohepta-1,2,4,6-tetraen® has long been - - O‘
postulated as the key intermediate in the interconversion pathway

connecting the isomeric 1- and 2-naphthylcarbetes@8), and 7 537 8 323 9 27.7
recent density functional theory calculations support this inter-
pretation’ Yet, despite 20 years of study, direct experimental
evidence for allené remains confoundingly elusivieand the
mechanism of the naphthylcarbene rearrangements remains th&cheme 2
target of scrutiny.>7

We report herein the generation, spectroscopic characterization, ©) Na®
and photochemical and thermal reactivity of 4,5-benzocyclohepta- N-N—Ts Np
1,2,4,6-tetraened. In devising a suitable route & we adapted hv or A
the novel diazo precursd3 that Chapman and Abelt utilized to S —2 - g ©‘

generate the parent cyclohepta-1,2,4,6-tetragfig(Echeme 25.

aB3LYP/6-31G* relative energies (kcal md) given in italics (singlet
state+ ZPVE; ref 7).

Synthesis of the,f-unsaturated tosylhydrazone sHitproceeded 12
from the corresponding saturated ketone, 6,7-benzobicyclo[3.2.0]- o Na®
hepta-3,6-dien-2-oné following the general protocol of Chapman N-N—Ts

and Abelt? Isolation of neat diazo compoundl by the
conventional thermolysis of tosylhydrazone $dis problematic, “ “ hv or A “_
as the deep purple diazo compound decomposes rapidly, even

on a—78°C coldfinger. Matrix isolation of diazo compourid
is achieved by pyrolysis of salts and direct co-deposition of

(1) (a) Jones, W. M. IrRearrangements in Ground and Excited States  the pyrolysate with argon at cryogenic temperatures. The experi-
deMayo, P., Ed.; Academic r::’ress: New York, %\9%0; Vol. 1, Chapter 3. (b) mental and B3LYP/6-31G**?calculateé? IR spectra for 2-diazo-
Gaspar, P. P.; Hsu, J.-P.; Chari, S.; JonesTbtrahedron1985 41, 1479~ - i - -3 6-di i
1507. (c) Platz, M. S.; Maloney, V. M. liinetics and Spectroscopy of 6'57 benioblcyc|0[3.2.0] hepta-3,6-dierii) are in good accord
Carbenes and Biradicaj$latz, M. S., Ed.; Plenum Press: New York, 1990; ( igure ) . L .

Chapter 8. (d) Wentrup, C. Iklethoden der Organischen Chengléouben Broadband irradiationi(>571, >472, or>237 nm) of diazo
Wey); Regitz, M., Ed.; G. Thieme Verlag: Stuttgart, 1989; Vol. E19b, pp iX i i i
824076, (e) Platz. M. SAcc. Chem. Red995 26, A87-492. complol:nddl_l, matrix |sola;)id in argon 'atdlt? K,hresults in the

(2) Coburn, T. T.; Jones, W. M. Am. Chem. Sod974 96, 5218-5227. complete disappearance di accompanied by the appearance

(3) (@) West, P. R.; Mooring, A. M.; McMahon, R. J.; Chapman, OJL. of 4,5-benzocyclohepta-1,2,4,6-tetraee (IR (Ar, 10 K) 3060
Org. Chem.1986 51, 1316-1320. (b) Albrecht, S. W.; McMahon, R. J.
Am. Chem. Sod 993 115 855-859. (c) Bonvallet, P. A.; McMahon, R. J. (11) Lee, C. T.; Yang, W. T.; Parr, R. ®hys. Re. B 1988 37, 785~
J. Am. Chem. S0d.999 121, 10496-10503. 789

(4) (a) Becker, J.; Wentrup, CChem. Commun198Q 190-191. (b) (12) Becke, A. DJ. Chem. Phys1993 98, 5648-5652.
Wentrup, C.; Mayor, C.; Becker, J.; Lindner, H. Tetrahedron1985 41, (13) Frisch, M. J.; Trucks, G. W.; Schlegel, H. B.; Scuseria, G. E.; Robb,
1601-1612. M. A, Cheeseman, J. R; Zakrzewski, V. G,; Montgomery, J. A, Jr;
(5) (a) Engler, T. A.; Shechter, Hetrahedron Lett1982 23, 2715-2718. Stratmann, R. E.; Burant, J. C.; Dapprich, S.; Millam, J. M.; Daniels, A. D.;
(b) Engler, T. A.; Shechter, Hl. Org. Chem1999 64, 4247-4254. Kudin, K. N.; Strain, M. C.; Farkas, O.; Tomasi, J.; Barone, V.; Cossi, M.;
(6) Zheng, F.; McKee, M. L.; Shevlin, P. B. Am. Chem. Sod999 121, Cammi, R.; Mennucci, B.; Pomelli, C.; Adamo, C.; Clifford, S.; Ochterski,
1123711238. J.; Petersson, G. A.; Ayala, P. Y.; Cui, Q.; Morokuma, K.; Malick, D. K.;
(7) Xie, Y.; Schreiner, P. R.; Schleyer, P. v. R.; Schaefer, HJ.FAm. Rabuck, A. D.; Raghavachari, K.; Foresman, J. B.; Cioslowski, J.; Ortiz, J.
Chem. Soc1997 119 1370-1377. V.; Stefanov, B. B.; Liu, G.; Liashenko, A.; Piskorz, P.; Komaromi, I.;
(8) Waali, E. E.; Lewis, J. M.; Lee, D. E.; Allen, E. W. I.; Chappell, A. K. Gomperts, R.; Martin, R. L.; Fox, D. J.; Keith, T.; Al-Laham, M. A.; Peng,
J. Org. Chem1977, 42, 3460-3462. C. Y.; Nanayakkara, A.; Gonzalez, C.; Challacombe, M.; Gill, P. M. W.;
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Figure 1. Top: Computed IR spectrum (B3LYP/6-31G*, scaled by 0.98)
of 4,5-benzocyclohepta-1,2,4,6-tetraefie Center: IR difference spec-
trum showing the appearance®énd disappearance of diazo compound

11 upon irradiation af >237 nm, 40 min (Ar, 10 K). Bottom: Computed
spectrum (B3LYP/6-31G*, scaled by 0.97) of diazo compoatd

m, 3030 m, 1842 w, 1600 w, 1476 w, 1445 w, 1374 w, 1290 w,
1248 w, 1159 w, 891 w, 834 m, 805 m, 792 m, 759 s, 735 w,
713 w, 697 m, 630 s, 574 m, 500 m ctpnUV/visible (Ar, 10 K)

Amax 230 nm. The experimental and computed IR spectra for 4,5-

benzocyclohepta-1,2,4,6-tetraeBg display excellent agreement

(Figure 1), and the absence of additional IR absorptions in the

experimental spectrum establishes tifafs the predominant
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diazo compound, bypassing carbet® or whether carben&6
is formed with sufficient vibrational activation to undergo ring
opening to allené.

Benzocycloheptatetraené does not display an efficient
photochemical rearrangement, and the IR spectra display only
very minor changes under a variety of irradiation conditions.
Nevertheless, short wavelength irradiatiar/(237 nm) of allene
6 affords weak signals for the characteristic UV/visible and ESR
spectra of triplet 2-naphthylcarben®).g>1416 Triplet 1-naphth-
ylcarbene 1) is not observed. From earlier studiésye know
that 2-naphthylcarben8)(photoequilibrates with 2,3-benzobicyclo-
[4.1.0]hepta-2,4,6-triened) under these irradiation conditions.
Although 9 could not be detected spectroscopically, its presence
in low concentration was inferred from the fact that subsequent
band-pass irradiatioml (= 290 + 10 nm) led to the expected
increase in intensity of triplet 2-naphthylcarbe@.

Thermolysis of tosylhydrazone sodium s&f (90-110°C, 2
x 1072 mmHg) followed directly by flash vacuum pyrolysis of
the resulting diazo compountil (600 °C, 2 x 102 mmHg)
produces an isolable mixture of cyclobwtdihaphthalene 4,
51%), 1-methylnaphthalene (23%), 2-methylnaphthalene (9%),
and naphthalene (17%) in low chemical yield. This result suggests
that 4,5-benzocyclohepta-1,2,4,6-tetraef)ag indeed a compe-
tent intermediate in the thermal equilibration of 1- and 2-naph-
thylcarbenesiand8). Previously, West et al. reported a tentative
assignment for 4,5-benzocyclohepta-1,2,4,6-tetraépher{ the
basis of several IR absorptions common to the pyrolysis/matrix
isolation quenching of 1- and 2-naphthyldiazometh#&nehree
bands reported in the fingerprint region (832, 629, 500%¢m
display excellent agreement with our spectrum of 4,5-benzocy-
clohepta-1,2,4,6-tetraené)( although weaker bands at higher
energy (1206-1600 cn1?) do not.

The methylnaphthalenes may be formed by trapping of carbenes
1 and8 through a sequence of hydrogen abstraction reactibns.

photoproduct. The characteristic IR, UV/visible, and ESR spectra The formation of naphthalene is mechanistically intriguing.

of benzobicyclo[4.1.0]heptatrien@sand9 and triplet naphthyl-
carbenesl and 8 are not observe#l. Alternate structures 6,7-
benzobicyclo[3.2.0]hepta-3,6-dien-2-ylideris;(either singlet or
triplet), H-shift productsl7a—c, and planar 3,4-benzocyclohep-
tatrienylidene 18; triplet) can be ruled out on the basis of their

calculated IR spectret. B3LYP calculations suggest that singlet
18 is not a minimum on the potential energy surfaééThe
computed barrier to ring opening of singltes to 6 is 4.4 kcal/
mol, while that for a 1,2 hydrogen shift to giv&ais 24.5 kcal/
mol.**15As in the case of the photochemical conversion of diazo
compoundl13 to cycloheptatetraen®4,® it is not clear whether
the rearrangement dfl to 6 occurs in the excited state of the

(14) Information available as Supporting Information.
(15) Patterson, E. V.; McMahon, R. J. Org. Chem.1997, 62, 4398~
4405.

Naphthalene is also a minor product in the gas-phase thermolysis
of other 1-naphthylcarbene precurs#tsand the pyrolytic loss

of a one-carbon species to form naphthalene has been observed
in the related benzocycloheptatriene systém.

In summary, the enigmatic allene 4,5-benzocyclohepta-1,2,4,6-
tetraene §), predicted by theory to be a low-energy isomer on
the GiHs potential energy surface, is directly observed in an argon
matrix at 10 K. A series of photochemical and thermal experi-
ments establish the mechanistic pathways that connect &lene
to naphthylcarbenet and 8.
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(16) The disappearance of benzocycloheptatetr&eisehighly sensitive
to matrix thickness. The IR bands f6r(thick matrix) decrease only slightly
under these conditions, with no new absorptions appearing. In a UV/visible
experiment (thin matrix)6 disappears completely.

(17) (a) Pomerantz, M.; Ross, A. $. Am. Chem. Sod.975 97, 5850~
5855. (b) Pomerantz, M.; Combs, G. L., Jr.; Fink,JROrg. Chem198Q 45,
143-149.




