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HOMOCAZULENE
ELECTROPHILIC AROMATIC SUBSTITUTION REACTIONS.
PARALLELS TO THE CHEMISTRY OF AZULENE
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Abstract: Homoazulene (1), like azulene (2), undergoes Friedel-Crafts acylation under
exceptionally mild conditions (no Lewis acid) and exhibits the same site-selectivity as azulene;
sequential disubstitution takes place exclusively at the o- and «'-positions in the smaller ring.

Homoazulene (1,5-methano[10]annulene, 1)1 differs constitutionally from azulene (2} by the
formal replacement of a transannular bond with a bridging methylene group. From 'H NMR
spectroscopy,! one can see that the 10-electron cyclic & system in 1 supports a large induced
diamagnetic ring current, despite the fact that it suffers significant distortion from planarity.2 The
resonance energy of 1 has also been determined freom heats of hydrogenation measurements and
found to be 25% of the value for benzene.3 Thus, homoazulene can be regarded as "aromatic" on
both spectroscopic and thermodynamic grounds. In fact, many of the electronic properties of
homoazulene parallel the distinctive electronic properties of the prototypical nonalternate molecule,
azulene, presumably as a consequence of transannular homoconjugation in 1.1.4 Herein we report
the first chemical reactions of homoazulene and note that the parallels between 1 and 2 extend now
even to the chemistry of the two systems.

- )
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Azulene undergqes electrophilic aromatic substitution at the a-position in the smaller ring with a

wide range of reagents under exceptionally mild conditions (no Lewis acid required).5 Further
substitution introduces a second group more slowly at the a'-position in the same ring to give 1,3-
disubstituted azulenes (eq 1).5 These results are fully consistent with theoretical calculations and
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with the known polarization of azulene, which concentrates electron density in the five-membered

@O @O (1)

E* = (CF3C0)0, (CCI;CO),0, C(NOy)4, PhN.*, NBS, NCS, etc

Exposure of homoazulene to 4-5 eq of trifluoroacetic anhydride and 8-10 eq of triethylamine in
methylene chioride at 0 °C for 6 min produces 1-triflucroacetylhomoazulene 3a as a viscous red oil
in 91-95% yield.”? As an indication of the electronic properties of the homoazulene ring system, it
should be noted that the carbonyl stretching band in the infrared spectrum of 3a appears at 1668
cm-1, which is considerably lower than that for triflucroacetylbenzene (1720 cm-1), though not as low
as that for triflucroacetylazulene (1645 cm-1).5¢ Trichloroacetyl chloride likewise reacts
exothermically with homoazulene at 0 °C in the presence of excess triethylamine to give the
corresponding 1-trichloroacetylhomoazulene 3b as an orange-red solid in 75-89% vyield.7 In both
cases, triethylamine serves to prevent the acid-catalyzed polymerization of unsubstituted
homoazulene (1). Such rapid Friedel-Crafts acylations under basic conditions attest to the high
susceptibility of homoazulene to eiectrophilic attack.

1 XsCmi® XsCmi®
2 F _ & _— & (2)
— — ——
’ X=F XC
a = O
b X-=cl 3 4

In comparison with the parent hydrocarbon, these acylated homoazulenes 3a and 3b exhibit
greatly reduced sensitivity to acid and electrophiles and, unlike 1, survive normal chromatography on
silica gel. Indeed, the substitution reactions described above stop after introduction of the first
trihaloacetyl group, even when excess reagent is employed. Under more forcing conditions,
however, a second Friedel-Crafts acylation can be induced. Thus, 1,3-bis-
trifluoroacetylnomoazulene (4a)? has been prepared in 40-56% yield by treatment of 3a with
trifluoroacetic anhydride and boron triflucride etherate in ether at room temperature for several hours;
the presence of polyvinylpyridine in the reaction mixture aids reproducibility.

A one-pot synthesis of 1,3-bjs-trichloroacetylhomoazulene (4b) directly from homoazulene has
been accomplished by first acylating 1 at 0 °C in methylene chloride with 4 eq of trichloroacetyl
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chloride in the presence of 2.2 eq of pyridine and then refluxing the reaction mixture for 15 h. In this
manner, the doubly acylated homoazulene 4b7 can be obtained in 62% yield as a dark red solid,
together with a 16% yield of the monoacylated homoazulene 4a.

These doubly acylated homoazulenes, especially 4a, exhibit an unexpected sensitivity toward
base and water. Though protected by the electron withdrawing substituents from attack by acids and
electrophiles, the & systems in 4a and 4b appear to be activated toward Michael addition.

Attempts to broaden the range of these elsctrophilic substitution reactions has so far been
thwarted by the acid sensitivity of unsubstituted homoazulene (1). Acetic anhydride and
trichloroacetic anhydride fail to react with 1 under neutral or basic conditions, but the addition of
Lewis acids (e.g., SnCl,) simply destroys the homoazulene. N-Bromosuccinimide, nitronium
tetrafluoroborate, and nitrosonium tetrafluoroborate all react uncontrollably with 1 even at -78 °C to
give unidentified olefinic products.

The high reactivity and site selectivity of aromatic substitution in azulene is commonly explained
by the exceptional stability of a Wheland intermediate that contains a tropylium ion (5).8 The
intermediacy of a homotropylium ion (6) in aromatic substitutions on homoazulene would explain the
correspondingly high reactivity and site selectivity reported here for 1. Direct support for this
explanation was obtained by dissolving homoazulene in neat trifluoroacetic acid. An NMR spectrum
of the resulting solution clearly indicated that quantitative protonation had occurred t¢ produce
homotropylium ion 6 (E = H).?2 Quenching the acid solution regenerated homoazulene. The
extraordinary speed of these proton transfer reactions presumably accounts for the minimal
polymerization of homoazulene in this experiment. Azulene can likewise be protonated to give
tropylium ion 5 (E = H), but much stronger acids are required, e.g., conc H,SO, or 85% H3P0,.10

We conclude that, contrary to previous claims,!! homoazulene does indeed undergo electrophilic
aromatic substitution reactions and note that the parallels between 1 and 2 extend now even to the
chemistry of the two systems.
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