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Condensations of methyl cyanoacetate and 4-nitrobenzyl
cyanide with 2-isopropyl-, 2-methyl-, and 2-phenyltropones in
Ac20O gave isomeric 1-, 2-, and 3-substituted heptafulvene deriva-
tives. The mechanism of reaction was explained in terms of a re-
mote nucleophilic attack of the active methylene compounds to
acetoxycycloheptatrienylium salt, followed by [1,5] sigmatropic hy-
drogen shift and elimination of acetic acid.

The most convenient method of synthesizing 8,8-disubstituted heptafulvenes is
the AcyO-mediated condensation of active methylene compounds with tropones.l) In
connection to other synthetic project,2) we have carried out the condensation of 2-
methyltropone (1) with methyl cyanoacetate (2) in refluxing AcO solution. Surpris-
ingly, the products isolated via silica-gel column chromatographically were, along
with 8-cyano-8-(methoxycarbonyl)-1-methylheptafulvene (3a), isomeric 2-methyl
and 3-methyl derivatives (3b and 3¢) (Scheme 1).3) _
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Therefore, we have extended the study to a few tropone derivatives and ob-
tained results as reported herein. It should be noted that the carbonyl carbon of the
starting 1 is transformed into hydrogen-carrying spZ2-carbons in 3b and 3c.

When an Ac20 solution of 2-phenyltropone (4) and 2 was refluxed for 30 min,
the products obtained were 8-cyano-8-(methoxycarbonyl)-2-phenylheptafulvene
(5b) and 8-cyano-8-(methoxycarbonyl)-3-phenylheptafulvene (S¢) via chromato-
graphic separation. No 1-phenyl derivative (S5a) was detected.
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Parallel results were observed in the reaction of 4 with 4-nitrobenzyl cyanide
(6) to afford 8-cyano-8-(4-nitrophenyl)-2-phenylheptafulvene (7b) and 8-cyano-8-
(4-nitrophenyl)-3-phenylheptafulvene (7¢) (Scheme 2)
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Through fractional
recrystallizations of 7b

H-4 H5
from EtOAc, pure Z-7b H3 Ho '_'_—’1(1‘
was isolated. Thermal !_LI I_L?

isomerization of Z-7b in
refluxing benzene for 10
h did not proceed at all, o1

but in CDCl3, an E,Z-equi- 6.3 6.1 59 5.7 5.5
libration occurred at 20
°C in 5 h. Consequently, 5
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isomerization.  The
NMR spectrum of Z-7b is
illustrated in Fig. 1.

Similarly, the reaction of 2-isopropyltropone (8) and 2 afforded regio-isomeric
mixture of respective heptafulvenes, 8-cyano-2-isopropyl-8-(methoxycarbonyl)hep-
tafulvene (9b), and 8-cyano-3-isopropyl-8-(methoxycarbonyl)heptafulvene (9c), but
no 1l-isopropylderivative (9a), while the reaction of 8 and 6 afforded all possible three
8—Cyano-8-(4—nitrophe'nyl)heptafulvenes, ie., 1-, 2-, and 3-isopropyl derivatives
(10a, 10b, and 10c¢) (Scheme 3).

Fig. 1. The TH NMR Spectrum (270 MHz) of Z-7b.
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When a mixture of the heptafulvene and the active methylene compound was
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further heated under the reaction conditions, no regio-isomerization of the starting
heptafulvene occurred; e.g., heating 7b with either 6 or malononitrile (11) in Ac20
for 5 h caused a quantitative recovery of the starting material. Thus, the products
are not mutually interconvertible, and formed in parallel and independent manner
(Scheme 4).
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To explain the present results, a remote attack of the active methylene deriva-
tives to acetoxycycloheptatrienylium ions can be proposed as the most plausible
mechanism; the subsequent [1,5] sigmatropic hydrogen shift of the resultant cyclo-
heptatriene system and the elimination of acetic acid should give the products as de-
picted (Scheme 5).

NCCHQX
———»
ACQO/A
1,5-H- shlft 1,5-H-shift -AcOH/A
H OAc
AcOH/A AcOH/A CN
R
X/

CN
Schemes
Consequently, the condensation of active methylene compounds with tropones in
Ac20 is not so simple as has been considered.

The occurrence of the conjugate ad-
.- . . . O NCCH,COOMe COOMe
dition might be due to a steric hin- (2)
drance of the bulky substituent on AczolA
the tropone ring toward nucleo- Me 12
philic attack of the bulky active
methylene reagents.
Being consistent with this, 4-methyltropone (12) exclusively condensed with 2 to
give 3¢ (Scheme 6).

In addition, the reaction of tropone-2-d (13-2-d) with 2 gave E- and Z-8-cyano-
8-(methoxycarbonyl)heptafulvenes-2-d (14-d). The deuterium distribution of 14
indicated essentially the carbonyl carbon attack of 2 according to !H NMR spectral

Scheme 6.
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analysis.
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Scheme 7.

Therefore, the remote attack observed in the substituted tropones is attributable
to a sterical reason.

Nevertheless, several ring-substituted 8,8-dicyanoheptafulvenes are reported to
be formed via normal substitution mechanism; Kitahara synthesized 8,8-dicyano-1,6-
dimethylheptafulvene from 2,7-dimethyltropone and 11,1) and the X-ray analysis
determined its structure,?) and we ourselves investigated the condensation of 11
with 2,5-dioxygenated tropones to obtain only normal products.’) Obviously, 11, the
most frequently used active methylene compound, is not sufficiently bulky to cause
the conjugate addition.
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