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Abstract—Double annulation of 1,6-bis(bromomethyl)-1,3,5-cycloheptatriene with diethyl acetonedicarboxylate under basic condi-
tions provided the title cyclooctadecane derivative having formally two 1,3,5-cycloheptatriene moieties. An NMR study of the com-
pound 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.
© 2007 Elsevier Ltd. All rights reserved.

Over the last 40 years since the first review on norcarad-
ienes written by Maier in 1967 up to now,' many papers
on a cycloheptatriene (CHT, 1)-norcaradiene (NCD, 2)
equilibrium (also called tautomerism or valence isomeri-
zation, Scheme 1) have appeared,”® proving that there
is continuing interest in this subject in organic chemis-
try. In general, CHT is thermodynamically more stable
than NCD, which has a strained cyclopropane ring.
Thus, the equilibrium shifts to the side of CHT. How-
ever, electronic and conjugative effects by a substituent
around the carbon skeleton can shift the equilibrium
to the reverse side.* Besides those effects, a peculiar
structural constraint of molecules can affect the equilib-
rium.>® 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).¢ This tendency can be seen in the structure of an anti-
type of doubly methano-bridged dihydro[14Jannulene 6
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Scheme 1.

having the partial structure of 5; both cycloheptatriene
moieties in 6 stay as the CHT form (Chart 2).” There-
fore, we expected that the title compound 7 (Chart 3),
diethyl tetracyc10[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.

The title compound 7 was synthesized by double
annulation of diethyl acetonedicarboxylate (9) with
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Chart 2.

Chart 3.

1,6-bis(bromomethyl)-1,3,5-cycloheptatriene (8)® under
basic conditions either by a one-pot procedure or in a
stepwise way (Scheme 2).° 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 stercoisomer was ob-
tained as a product in these annulations (vide infra).
Based on analysis of the NMR spectra, the gross struc-
ture of this product was estimated to have one CHT
form and one NCD form. The "H 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 é 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 6 —0.22 and 1.18 ppm has a coupling
constant of 3.4 Hz and can be assigned to the cyclopro-
pane methylene of an NCD form. Thus, the result
clearly indicates that the product has both forms, con-
trary to our prediction. In order to clarify the exact
structure of the product, an X-ray crystallographic
structure analysis was carried out.!” Single crystals of
7 were obtained by recrystallization from a mixture of
dichloromethane and hexane at room temperature. Its
ORTEP drawings are shown in Figure 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.

The stereoselectivity leading to the configuration be-
tween the carbonyl group and two methano bridges
can be rationalized by the following facts derived from
PM3 semi-empirical molecular orbital calculations;'!
(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 ac-
tual diester enolate, which are possible as an intermedi-
ate in the second annulation. Among them the syn-
enolate is predicted to be slightly more stable than the
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Figure 1. ORTEP drawings of 7.
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Chart 4.
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Figure 2. The optimized structures of syn- and anti-enolate anions 11.

anti-enolate.'> (2) The syn-enolate has only enough
room at the opposite side to the methano bridge for
an electrophilic attack as shown in Figure 2. The stere-
oselectivity of the anti-configuration between the car-
bonyl 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.

There are four possible valence isomers, 7a—d, for a ste-
reoisomer 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 Figure 3.3 The car-
bon skeleton of tetracyclo[8.8.1.17*.1'*!"Jhenicosa-
3,5,7,12,14,16-hexaen-19-one in 12a has two cycloocta-
none 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

NCD

12b (0)

12¢ (7.72)

12d (11.69)

Figure 3. The optimized structures of 12a-d. The values in parentheses
are relative heats of formation in kcal mol™'.

oxygen atom

anti-11

the 19-1-2-3-21-8-9-10 carbons. The latter conformation
is unusual as a conformer of eight-membered rings.'*
A combination of two components creates a peculiar

Figure 4. The crystal structure of 13. A view along the short molecular
axis.
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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 calcu-
lated structure of 12a, the former distance is 3.939 A
long and the latter is 3.353 A. The constraint of the lat-
ter short distance may favor the NCD form at the right
wing of this molecule.

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 pro-
longed 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.'! The OR-
TEP drawing of 13 is shown in Figure 4. Thermolysis of
7 in refluxing dimethylsulfoxide gave the normethylene
product 14 as seen in other norcaradiene compounds.??
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 (see Schemes 3 and 4).
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16.1 Hz, 2H), 3.20 (d, J = 11.2 Hz, 2H), 4.30 (dq, J = 10.5,
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129.1, 129.9, 131.2, 157.2, 171.3, 200.7 ppm; IR (KBr)
Vmax = 1780s, 1750s, 1720s, 1710s, 1400s, 1260s, 1230s,
1180s, 1020scm . Compound 14: Colorless needles,
mp = 159-160°C, 'H NMR (CDCl3) 6 =094 (t, J=
7.1Hz, 6H), 1.66 (d, J=12.1Hz, 1H), 2.39 (d,
J=14.6 Hz, 2H), 2.61 (d, J=12.1 Hz, 1H), 2.81 (d, J=
12.0 Hz, 2H), 3.23 (d, J=12.0Hz, 2H), 3.26 (d,
J=14.6 Hz, 2H), 3.94 (q, J=7.1 Hz, 4H), 6.17 (br s,
2H), 6.65 (m, 2H), 6.96 (m, 2H), 7.11 (m, 2H) ppm; *C
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(KBr)  vmax = 1722s, 1682s, 1270s, 1224s, 1193s,
753scm !, Compound 12b: Colorless needles, mp =
137-139 °C, '"H NMR (CDCl3) = —0.20 (d, J = 3.9 Hz,
1H), 1.28 (dd, J = 15.0, 13.4 Hz, 2H), 1.43 (d, J=3.9 Hz,
1H), 1.58 (d, /= 12.2 Hz, 1H), 1.88 (dd, J = 15.0, 5.6 Hz,
2H), 2.35(dd, J=11.7, 3.3 Hz, 2H), 2.40 (d, J=12.2 Hz,
1H), 2.83 (m, 2H), 2.88 (dd, J=11.7, 4.3 Hz, 2H), 5.83
gm, 2H), 5.85 (m, 2H), 5.96 (br s, 2H), 6.56 (m, 2H) ppm;
3C NMR (CDCl3) 6 =22.1, 34.4, 35.9, 39.7, 44.1, 56.3,
121.1, 123.2, 129.2, 129.8, 129.9, 218.5 ppm; IR (KBr)
Vmax = 3000s, 2900s, 1680s, 1440s, 850s, 750s, 730s cm .
X-ray data for Tb: CyH300s, Mw =434.53,
0.25%0.18 x 0.12mm?, triclinic, space group CP1(#2),
a=10.848(1), b=13.1052), c¢=8.809(1)A, o=
90.54(1), f =109.847(9), y = 80.91(1)°, ¥ =1161.7(3) A®,
Z =2, Degie = 1.242 gem >, p(Cu Koy) = 6.84 cm™", 3403
independent reflections, 290 parameters, R =0.043,
wR=0.083, T=298°K. Those for 13: C;5H35N30-,
Mw = 609.68, 0.20 x 0.20 x 0.10 mm?>, monoclinic, space
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group P2i/n(#14), a=20.567(2), b=12.422(2), c=
12.091(2) A, =99.236(10), V= 3049.1(62 A3 Z=4,
Deaie = 1.328 gem ™3, (Mo Ka) =7.63 cm ™!, 4133 inde-
pendent reflections, 416 parameters, R =0.047, wR =
0.075, T =298 K. Estimated standard deviations for the
bond lengths and angles are 0.004-0.007 A and 0.2-0.4°,
respectively, for the non-hydrogen atoms. Crystallo-
graphic data excluding structures have been deposited
with the Cambridge Crystallographic Data Centre as
supplementary publication numbers CCDC 621089 for 7b
and CCDC 621088 for 13, respectively. A copy of the data
can be obtained free of charge from CCDC, 12 Union
road, Cambridge CB2 1EZ. UK [DIRECT LINE: +44
1223 762910, fax: +44 (0) 1223 336033 or e-mail:
linstead@ccdc.cam.ac.uk; deposit@ccdc.cam.ac.uk.

PM3 calculations were carried out using MOPAC pro-
gram (ver. 94.10 derived from ver. 6.00) in a package of
CAChe (ver. 4.1.1, ¢ 1998, Oxford Molecular Ltd.)
program.

Heats of formation (in kcal mol™", parentheses are relative
energies) of the syn- and anti-enolates are as follows:
—13.39 (0) for the syn-enolate and —12.31 (1.07) for the
anti-enolate. DFT calculations of two lithium enolates at
the B3LYP/6-31G(d) level of theory support the results of
PM3 calculations. Total energies in a.u. with zero-point
correction are as follows (parentheses are relative energies
in kcal mol™"); —540.0624965 (0) for the syn-enolate and
—540.0624710 (0.16) for anti-enolate.

Heats of formation (in kcal mol™") of 12a-d are as follows:
54.88 for 12a, 53.54 for 12b, 61.27 for 12¢, and 65.23 for
12d. DFT calculations at the B3LYP/6-31G(d) level of
theory support the results of PM3 calculations. Total
energies in a.u. with zero-point correction are as follows
(parentheses are relative energies in kcal mol™!);
—888.2367909 (1.00) for 12a, —888.2383892 (0) for 12b,
—888.2205374 (11.20) for 12¢, and —888.2172517 (13.26)
for 12d.
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