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Abstract: Double annulation of 1,6-bis(bromomethyl)-1,3,5-

cycloheptatriene with diethyl acetonedicarboxylate under basic conditions

provided the title cyclooctadecane derivative having formally two 1,3,5-

cycloheptatriene moieties. An NMR study of the compound suggested that

one moiety stays as a cycloheptatriene form and the other as a norcaradiene

form. X-ray crystallographic analysis revealed that two methano bridges

have syn- and anti-configurations to the central carbonyl bridge and also

showed that one of the moieties having the syn-methano bridge stays a CHT

form and the other having the anti-methano bridge stays an NCD form.
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  Over the last forty years since the first review on norcaradienes written by G. Maier in 1967 up

to now,1 many papers on a cycloheptatriene (CHT, 1)-norcaradiene (NCD, 2) equilibrium (called

also tautomerism or valence isomerization) have appeared,2,3 proving that there is continuing

interest in this subject in organic chemistry. In general, CHT is thermodynamically more stable

than NCD which has a strained cyclopropane ring. Thus, the equilibrium shifts to the side of CHT.

However, electronic and conjugative effects by a substituent around the carbon skeleton can shift

the equilibrium to the reverse side.4 Besides those effects, a peculiar structural constraint of

molecules can affect the equilibrium.5,6 While tetra- and pentamethylene bridges at the 1,6-

positions of CHT do not affect the equilibrium in 4 and 5, a trimethylene bridge constricts the

carbon atoms at the 1,6-positions to freeze the NCD form in 3 (Chart 1).6 This tendency can be

seen in the structure of an anti-type of doubly methano-bridged dihydro[14]annulene 6 having the



partial structure of 5; both cycloheptatriene moieties in 6 stay as the CHT form.7 Therefore, we

expected that the title compound 7, diethyl tetracyclo[8.8.1.13,8.112,17]henicosa-3,5,7,12,14,16-

hexaen-19-one-1,10-dicarboxylate, would have two CHT forms whatever stereochemical

relationship between the bridges it has. Herein we describe the synthesis, actual structure and

some reactions of 7.

Scheme 1

1 2

Chart 1

43 5

Chart 2

6

Chart 3

O

CO2Et

CO2Et

7

1

10

2

3
4

5

6

7
8

9

11
12

13

14

15

16
17

18

1920 21

  The title compound 7 was synthesized by double annulation of diethyl acetonedicarboxylate (9)

with 1,6-bis(bromomethyl)-1,3,5-cycloheptatriene (8)8 under basic conditions either by a one-pot

procedure or in a stepwise way.9 The yield of the latter method was found to be slightly better than

that of the former. It is worthy to note that only one stereoisomer was obtained as a product in

these annulations (vide infra). Based on analysis of the NMR spectra, the gross structure of this

product was estimated to have one CHT form and one NCD form. The 1H NMR spectrum of the

product showed signals for four pairs of methylene protons in addition to signals of four olefinic

protons and two ethyl ester groups. Among the four, two pairs with a twofold signal height to

others are assigned for the methylenes on the principal ring. One of the two remaining pairs at !

1.42 and 2.42 ppm with a smaller signal height has a coupling constant of 12.0 Hz and can be

assigned to the methylene bridge of a CHT form, and the other at !  –0.22 and 1.18 ppm has a



coupling constant of 3.4 Hz and can be assigned to the cyclopropane methylene of an NCD form.

Thus, the result clearly indicates that the product has both forms, contrary to our prediction. In

order to clarify the exact structure of the product, an X-ray crystallographic structure analysis was

carried out.10 Single crystals of 7 were obtained by recrystallization from a mixture of

dichloromethane and hexane at room temperature. Its ORTEP drawings are shown in Fig. 1. The

crystal structure shows that the C-20 methano bridge has syn-configuration to the C-19 carbonyl

bridge and the C-21 methano bridge has anti-configuration and the right-wing cycloheptatriene

part of the structure 7 was found to stay as the NCD form. Thus the compound does not have the

structure of 7a but that of 7b shown in Chart 4.
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Figure 1. ORTEP drawings of 7.
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  The stereoselectivity leading to the configuration between the carbonyl group and two methano

bridges can be rationalized by the following facts derived from PM3 semi-empirical molecular

orbital calculations;11 1) There are two syn- and anti-enolate anions 11 of bicyclo[5.4.1]dodeca-

7,9,11-trien-4-one, instead of its actual diester enolate, which are possible as an intermediate in the

second annulation. Among them the syn- enolate is predicted to be slightly more stable than the

anti- enolate.12 2) The syn-enolate has only enough room at the opposite side to the methano

bridge for an electrophilic attack as shown in Fig. 2. The stereoselectivity of the anti-configuration

between the carbonyl and C-21 methano bridges may be controlled by minimizing the steric

hindrance between the enolate oxygen and the methylene protons at the 7 position of 8 in the

alkylation reaction of the enolate.

Figure 2. The optimized structures of syn- and anti-enolate anions 11.
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There are four possible valence isomers, 7a-d, for a stereoisomer having the syn- and anti-



configurations. Semi-empirical molecular orbital calculations of the norester compound 12, as a

simplified model for 7, predict that 12b is the most stable as shown in Fig. 3.13 The carbon

skeleton of tetracyclo[8.8.1.13,8.112,17]henicosa-3,5,7,12,14,16-hexaen-19-one in 12a has two

cyclooctanone moieties, one of which appears like a crown form through the 19-1-18-17-20-12-

11-10 carbons and the other like a slightly spread boat-chair form through the 19-1-2-3-21-8-9-10

carbons. The latter conformation is unusual as a conformer of eight-membered rings.14 A

combination of two components creates a peculiar structure with a relatively long atomic distance

between the 11 and 18 carbon atoms and a relatively short atomic distance between the 2 and 9

carbon atoms; in the calculated structure of 12a, the former distance is 3.939 Å long and the latter

is 3.353 Å. The constraint of the latter short distance may favor the NCD form at the right wing of

this molecule.

Figure 3. The optimized structures of 12a-d. The values in parentheses are relative heats of

formation in kcal mol-1.
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Some chemical behavior of 7b was also studied. The reaction of 7b with 4-phenyl-1,2,4-triazoline-

3,5-dione (PTAD) at room temperature gave the [4+2]adduct 13 in a quantitative yield. An excess

of PTAD for a prolonged reaction time at the same temperature resulted in only production of 13,

indicating clear reluctance of the cycloheptatriene moiety for the cycloaddition and also that the

equilibrium of the left-wing part shifts far to the side of the CHT form in 13. The crystal structure

of 13 was also elucidated by X-ray analysis.11 The ORTEP drawing of 13 is shown in Fig. 4.

Thermolysis of 7 in refluxing dimethylsulfoxide gave the normethylene product 14 as seen in

other norcaradiene compounds.2a Hydrolysis and subsequent decarboxylation provided 12b whose

structure was confirmed by spectroscopic analysis to have similarly both CHT and NCD forms as

predicted by the calculations.
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