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The studies on the scope and limitation of the catalytic reaction
of alkyl esters!® as well as the further application of the new
methodology for the formation of a carbon—transition metal bond
are in progress.
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We have recently discovered' that addition of an electron-de-
ficient acetylene to homoazulene (1) results in ring expansion
of 1 to generate the homoheptalene ring system.?> This novel route
to structurally interesting [12]annulene derivatives has now been
extended to a remarkably simple synthesis of benz{b]homo-
heptalene (3)3 as illustrated in eq 1. Thus benzyne (generated

(1) Scott, L. T.; Kirms, M. A. J. Am. Chem. Soc. 1982, 104, 3530-3531.

(2) Scott, L. T.; Brunsvold, W. R.; Kirms, M. A,; Erden, 1. J. Am. Chem.
Soc. 1981, 103, 5216-5220 and references cited therein, Homoazulene (1)
may also be named 1,5-methano[10]annulene or bicyclo[5.3.1]undeca-
1,3,5,7,9-pentaene.

(3) Homoheptalene (4) may also be named 1,7-methano[12]annulene or
bicyclo[5.5.1]trideca-1,3,5,7,9,1 1-hexaene. Benz[b]homoheptalene (3) may
also be named 3,4-benzo-1,7-methano[12]annulene or 3,4-benzobicyclo-
[5.5.1]trideca-1,3,5,7,9,11-hexaene.
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Table I. Some Properties of Benz[b ] homoheptalene (3)

53-54°C

(400 MHz, CD,CN) perimeter §(1) 5.90, 6(2) 5.73,
5(3)5.66,6(4)5.61,6(5)6.22,5(6) 6.47,5(11)
6.16,5(12) 6.06: benzo ring 6(7) 6.96, 6(8) 7.14,
§(9)7.12,56(10) 6.78; bridge 6(13) 4.52, 6(14)
4.43.

(CDC1,) 6 145.9, 143.3,138.7,137.5, 136.3, 133.3,
132.9,132.7,130.9, 130.6, 130.4, 129.9, 128.5,
127.4 (2C), 126.9,31.2.

2995, 1475, 1445,842 (s), 812,775,763, 727 (s),
707,678, 640 (s) cm™!

UV(CH,CN) Apax 226 (sh), 274,379 nm

mp
'H NMR

13C NMR

IR (KBr)

in situ from excess benzenediazonium-2-carboxylate at 80 °C in
1,2-dichloroethane*) reacts with homoazulene to produce the stable
orange hydrocarbon 3 in 51% yield, presumably via an initial {2
+ 2] cycloadduct (2). The previously unknown title compound
(3) incorporates both a benzene ring (4N + 2 = electrons) and
a [4Nl]annulene derivative into a single bicyclic = system, and we
report here several consequences of that unusual union. Table
I summarizes some of the properties of benz{s]homoheptalene.

The parent homoheptalene molecule 4 was first prepared in an

<o

4

elegant ten-step synthesis by Vogel et al. nearly a decade ago.’
The 7 system of this bridged [12]annulene, unlike that in benzene,
was found to deviate significantly from planarity® and to be
characterized by alternating short and long bonds.>¢ Nevertheless,
'H NMR spectroscopy reveals that hydrocarbon 4 shares with
other [4N]annulenes the ability to support an induced para-
magnetic ring current.’ the methylene bridge protons of 4 resonate
at abnormally low field (8 6.1), whereas the protons attached to
the perimeter resonate at relatively high field (§ 5.1-5.8).° Ring
puckering and bond alternation undoubtedly reduce the ring
current to a level below that in a pure [12]annulene ? as predicted
by theory,” but some cyclic conjugation still remains. The same
structural features likewise reduce the instability (“anti-
aromaticity”) normally associated with [4N]annulenes® and
thereby endow homoheptalenes with an ideal balance between
paratropicity and isolability.

Fusion of a benzene ring onto one bond of a {4V + 2]annulene
causes bond-length alternation, weakens the ring current, and
diminishes the resonance energy in the annulene ring.!>** The
consequences of uniting a benzene ring with a [4N]annulene,
however, have been difficult to assess experimentally, owing to
the lack of stable [4N]annulene/benzannulene pairs.!%!* The

(4) Logullo, F. M.; Seitz, A. H.; Friedman, L. “Organic Synthesis”; Wiley:
New York, 1972; Collect. Vol. 5, pp 54-59.

(5) Vogel, E.; Konigshofen, H.; Miillen, K.; Oth, J. F. M. Angew. Chem.
1974, 86, 229; Angew. Chem. Int. Ed. Engl. 1974, 13, 281-283.

(6) Mugnoli, A.; Simonetta, M. J. Chem. Soc., Perkin Trans. 2 1976, 822.

(7) Pople, J. A.; Untch, K. G. J. Am. Chem. Soc. 1966, 88, 4811-4815.

(8) The more nearly planar [12]annulene = system of 13-methylphenalene
supports a substantially stronger paramagnetic ring current (CH; 'H NMR
§ +35!): Moore, M.; Amero, A.; Noire, P. D.; Grohmann, K. G. Fourth
International Symposium on the Chemistry of Novel Aromatic Compounds,
Jerusalem, 1981, Abstr 18.

(9) Breslow, R. Acc. Chem. Res. 1973, 6, 393-398,

(10) For an excellent review on benzannulenes, see: Mitchell, R. H. Isr.
J. Chem, 1980, 20, 294-299.

(11) Mitchell, R. H.; Carruthers, R. J.; Mazuch, L; Dingle, T. W. J. Am.
Chem. Soc. 1982, 104, 2544-2551. Mitchell, R. H.; Yan, J. S. H.; Dingle,
T. W. Ibid. 1982, 104, 2551-2559. Mitchell, R. H.; Williams, R. V.; Dingle,
T. W, 1bid., 1982, 104, 2560-2571. Mitchell, R. H.; Williams, R. V.; Ma-
hadevan, R.; Lai, Y.-H.; Dingle, T. W, Ibid. 1982, 104, 2571-2578.

(12) Cremer, D.; Giinther, H. Justus Liebigs Ann. Chem. 1972, 763, 87.

(13) Hess, B. A., Jr.; Schaad, L. J.; Agranat, 1. J. Am. Chem. Soc. 1978,
100, 5268-5271.

(14) Benzannelation of didehydro[4/N]annulenes has been studied: (a)
Staab, H. A.; Gunthert, P. Chem. Ber. 1977, 110, 619. (b) Giinther, H,;
Glinther, M. E.; Mondeshka, D.; Schmickler, H.; Sondheimer, F.; Darby, N.;
Cresp, T. M. Ibid. 1979, 112, 71-83.
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synthesis of hydrocarbon 3 accordingly provides a unique op-
portunity for direct NMR comparison between a paratropic
[4N]annulene (4) and a monobenzo derivative thereof (3).
One important aspect of this comparison concerns the effect
of benzannelation on the dynamic #-bond shift observed previously
in the parent compound.® Of the two valence isomers 4a and 4b,

S I o
4a 4b

the latter is now highly favored, as can be seen by examining the
vicinal H,H coupling constants obtained from a 400-MHz 'H
NMR spectral analysis of 3.

29 49

&63’“

A
CR R
Jyicin Hz

These values, in fact, correspond quite closely to those estimated
for 4 at =135 °C,’ where the =-bond shift is slow on the NMR
time scale (average difference <0.6 Hz). Thus, the geometric
features of the [4N] perimeter must be comparable for the two
compounds, and one may expect paratropic behavior also for the
benzannelated system 3. Indeed, several aspects of the 'H NMR
chemical shift data in Table I attest to the presence of a para-
magnetic ring current in the [12]annulene moiety of 3: (1) The
bridge protons resonate at 2.2 ppm lower field than those of an
atropic model.’* (2) The benzo protons show the relation §, <
8, which is typical for benzo rings fused to paratropic systems.!?
(3) Even the benzo B-protons are shielded by 0.23 ppm relative
to d(benzene). (4) The signals for the “olefinic” protons H-
(1)-H(4) appear upfield by 0.6-0.9 ppm from the reference value
for cyclic conjugated olefins (6.5 ppm!“®).

It is equally apparent, however, that the benzene ring in 3 has
caused a marked reduction of the paramagnetic ring current in
the 12-electron = system relative to that in the parent homo-
heptalene 4. The bridge protons in 4 resonate at even lower field
than those in 3 by ca. 1.6 ppm,!6 and the “olefinic” protons in 4
resonate at higher field than those in 3 by ca. 0.4 ppm. Using
a value of 2.2 ppm for the CH, resonance in an atropic system!>
and 6(CH,) of 4, we estimate that 3 sustains 50-60% of the
paramagnetic ring current effect present in 4. Thus, benzan-
nelation reduces the paramagnetic ring current of this [4N]-
annulene by approximately the same percentage that benzan-
nelation reduces the diamagnetic ring current of several rigid [4N
+ 2]annulenes.'®!! Quantitative effects of benzannelation on other
[4Nlannulenes have previously been reported only for dehydro
systems.'* The present study consequently represents an important
step toward broadening our understanding of electron delocali-
zation in bicyclic = systems.
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(15) anti-1,6,8,13-Bismethano[14]annulene: Vogel, E.; Haberland, U;
Giinther, H. Angew. Chem. 1970, 82, 510; Angew. Chem., Int. Ed. Engl. 1970,
9, 513.

(16) The possibility that this difference in 6(CH,) between 3 and 4 might
result mainly from through-space shielding by the benzene ring in 3 can be
rejected on the following grounds: (1) the small shift difference between
H(13) and H(14), with H(13) at the low-field side; (2) the location of the CH,
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It is surprising how little attention has been paid to the emission
spectroscopic behavior of transition-metal oxo complexes,!:?
particularly in view of the widespread interest in their electronic
structures.™!% Qur interest in exploring excited-state oxygen atom
transfer chemistry has led us to examine dioxorhenium(V) systems,
and we have discovered that several of these complexes possess
relatively long-lived emissive excited states in solution.

The electronic absorption spectrum of z7ans-ReO,L? exhibits
a weak band maximizing between 400 and 450 nm (L = CN",
z = =3, Anax 404 nm; L = pyridine (py), z = +1, Ay 415 nmy;
L =1/sen, z = +1, A, 450 nm).!! Straightforward electronic
structural considerations suggest that the band be assigned to
IEq(bzg)! (€)' < 'Ajy(byy)? and that a less intense lower energy
shoulder be attributed to the transition to 3E,.}?

Luminescence is observed from crystalline samples containing
trans-ReO,L4* (L = pyridine, pyridine-ds, 4-picoline, and 4-
tert-butylpyridine), Re'*0,(pyridine),*, and ReO,(CN),*~. The
emission maxima are all near 650 nm at 300 K, and at low
temperature a great deal of vibrational fine structure is resolved.
The 5 K single-crystal emission spectrum of K,ReO,(CN), is very
complex but does display a progression (865 cm™) corresponding
to the symmetric Re—O stretching vibration. The 5 K emission
spectrum of crystalline trans-[ReO,(py)s]BPh, is much less
complex and exhibits progressions in a 900-cm™ Re-O stretching
mode as well as a 185-cm™! vibration that probably corresponds
to the symmetric Re—py stretching coordinate (Figure 1). A
Franck—Condon analysis of this emission spectrum indicates a
0.1-A excited state distortion of each Re—O bond (Re-O = 1.86
A ('A}), [ReOy(py)s]C1:2H,0).1* Both the estimated distortion
and the relatively long radiative lifetimes (Table I) are consistent
with an assignment of 3E, as the emissive excited state.!

Perdeuteration of the pyridine ligands in rrans-ReQ,(py)s*
increases the excited-state lifetime in crystals by more than a factor
of 4 (Table I). Oxygen-18 substitution, however, does not lead
to a similar increase in lifetime. These data are consistent with
a weak coupling model for radiationless decay in these systems
where the rates of nonradiative deactivation are sensitive to the
frequencies of the highest energy vibrations (C—H) in the mole-
cule.!* Chemical modification of the equatorial pyridine ligands
(4-picoline, 4-rert-butylpyridine) shortens the excited-state lifetime
by a factor of 3.
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