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seem to support that a preferential cleavage of the C;-C; bond
of the cyclobutane ring is not essential for the decarbonylation
of the cage ketones. It is rather more plausible that efficient
overlapping of the developing p orbitals at the C,-C; carbons
with those of the ketonic bridge is a major factor. However, the
effect of the phenyl groups should not be overlooked, Cage
ketones like 11 with no phenyl substituents were synthesized
by the irradiation of the corresponding dienones 12,'5 and their
pyrolytic reactions were investigated. Around 450 °C, the
ketones 11 underwent a rather simple pyrolysis without de-
carbonylation reverting to the starting dienones 12 in nearly
quantative yields. This reaction is analogous to that of 5,
implying that the phenyl groups participate in the decarbon-
ylation reaction by weakening the C;-C3 bond in 1. It is con-
ceivable that the phenyl groups raise the m-character of the
C,-C; bond, resulting in an efficient perturbational interaction
in the transition state 7. Further studies are in progress to in-
vestigate the definite nature of the decarbonylation.
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A Reactivity Criterion of Aromaticity and
Antiaromaticity in Macrocyclic Annulenes!
Sir:

The determination of the aromaticity of macrocyclic
“Hiickel”2 (4n + 2) w-electron systems and the antiaromaticity
of (4n) systems has been mainly based on their magnetic
properties, as measured by 1H NMR spectrometry.? By con-
trast, the classical concept of aromaticity of benzenoid com-
pounds, developed in the last century, was based on reactivity
considerations (retention of type, ease of formation). We now
report a related reactivity criterion of aromaticity in macro-
cyclic “Hiickel” [4n + 2]annulenes, as well as antiaromaticity
in macrocyclic {4n]annulenes.

The Diels-Alder reaction of dimethyl acetylenedicarbox-
ylate with the dimethylbisdehydro[14}annuleno(c]furan (1)4-6

H,C CH, HC CH,
Lm=2 3m=2
2m=1 4m=1

at room temperature to give the adduct 3 (50% yield) has been
described previously.” Surprisingly, the corresponding reaction
with the closely related dimethylmonodehydro[12]annule-
no[c]furan (2)8 to give 4 could not be effected, even in boiling
benzene. We suspected that this lack of reactivity of 2 was due
to the potential formation of an antiaromatic [4rn]annulene
derivative, although strain factors might also have played a
part. It was therefore decided to synthesize the [16]- and
[18}annuleno[¢}furans (12°2 and 13%%), and to study their
Diels-Alder reactions.

Wittig reaction of the dialdehyde 5°:19 with 1 mole equiv of
carbethoxymethylenetriphenylphosphorane!! in CH,Cl, (20°,
20 h) yielded 30% of the monoester 6'22 as pale yellow prisms,
mp 91-93°.13 Reduction of 6 with i-Bu,AlH in benzene (20°,
1 h), followed by oxidation of the resulting diol with MnO; in
CH,Cl; (20°, 2 h), led to the dialdehyde 7 as pale yellow
prisms, mp 114-116°,'3in 55% yield. Treatment of 7 with an
excess of the Mg derivative of 3-bromo-1-butyne!4 in ether-
THF (—30to 0°, 15 min) gave a stereoisomeric mixture of 10,
which on successive coupling with anhydrous Cu(OAc); in
pyridine-ether (50°, 3.5 h), conversion to the dimesylate with
mesyl chloride and N(C3Hjs)3!3 (0°, 1 h), and elimination with
1,5-diazabicyclo[4.3.0]non-5-ene (20°, 4 h), afforded the di-
methylbisdehydro[16}annuleno[c}furan (12)!2% as orange
prisms, mp 137-140°!3 (17% yield based on 7). The 'H NMR
spectrum of 12 (CDCl;, 100 MHz) had bands, inter alia, at
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OHC CHO

8, R = COOC,H;
9, R = CHO

12 m=Ln=2
13, m=n=2 H,C CH,

T 2.74 (s, furan), 3.6-4.0 (m, H®), and 8.20 (s, CH3). The
corresponding bands in the “open” analogue 15 are at 72.47,
3.62, and 8.02, indicating the 16-membered ring of 12 to be
weakly paratropic.

Treatment of triethyl phosphonoacetate (2.3 mole equiv)
with NaH (2.3 mole equiv) in THF (0°, 40 min),!6 and then
with the dialdehyde 5 (1 mole equiv, 0-20°, 75 min), led to the
diester 8'22 as yellow prisms, mp 58-61°13 in 70% yield. Re-
duction of 8 with i-Bu,AlH and subsequent oxidation with
MnO, gave 44% of the dialdehyde 9 as yellow crystals, mp
134-137°.13 This dialdehyde was then converted in 7% overall
yield to the dimethylbisdehydro[18]annuleno[c]furan (13)!2b
(vellow needles, dec >150°)!3 via the stereoisomeric diols 11,
essentially by the above described method.!” The 'H NMR
spectrum of 13 (CDCl;, 100 MHz) had bands, inter alia, at
72.32 (s, furan), 3.20 (d, J = 11 Hz, H¢), and 7.96 (s, CH3),
indicating the 18-membered ring to be weakly diatropic.

Interestingly, the [16}annuleno([c}furan (12) did not react
with an excess of dimethyl acetylenedicarboxylate at room
temperature (7 days), whereas the [18}annuleno[c]furan (13)
formed the normal adduct (maroon prisms, dec >180°)!3 in
over 90% yield after 2 days. On the other hand, maleic anhy-
dride was found to react with all of the dehydroannuleno-
[c]furans (1, 2, 12, and 13) to give exo adducts of type 14.!8

6053

Table . Bimolecular Rate Constants@

Compound kg (1. mol~! min~!)
Dehydro[12]annuleno[c]furan (2) 0.01
Dehydro[14]annuleno[c]furan (1) 2.7
Dehydro[16]annuleno[c]furan (12) 0.08
Dehydro[18]annuleno[c]furan (13) 1.7
“Open” model 15 0.44

2 Reactions with maleic anhydride in benzene at 23°.

Similarly, reaction of maleic anhydride with the “open” ana-
logue 154 led to the exo adduct 16.13

The bimolecular rate constants (kg) for the Diels-Alder
reactions of maleic anhydride with the dehydroannuieno-
[c]furans 1, 2, 12, and 13, as well as with the “open” model 15,
are given in Table 1.1920 The reaction rates of the 14- and
18-membered ring compounds 1 and 13 are clearly faster than
those of the model 15, whereas those of the 12- and 16-mem-
bered ring compounds 2 and 12 are slower. It is reasonable to
assume that the transition states in these reactions resemble
the products to some extent, and that the relative rates reflect
the resonance energies of the products. It thus appears that the
dehydro[4n + 2]annulenes formed from 1 and 13 are stabilized
as compared to the linear polyenyne 16, whereas the dehy-
dro[4n]}annulenes formed from 2 and 12 are destabilized.
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