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DISTORTED TROPONES—([31- AND [4]1(2, 7)TROPONOPHANES WITH AN EXTRA ETHANO BRIDGE
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Sendai 980, Japan

Abstract: Four distorted tropones with bicyclic bridges were synthesized and their structures and physi-~
cal properties investigated. They represent most distorted examples of tropone and exhibit cbnormalities
in various spectra and the decarbonylation reaction.

In the previous paper, we have reported the synthesis and some physical properties of [4]tropono-
phane (1) and its dehydro compound 2']). In the continued effort to understand the nature of strained
tropone ring, we have synthesized tropones with double stranded bridges, i.e., fricyclo[6.2.2.]2'7]tri-
deca-2,4,6-trien-13-one (3) and -2,4,6, 9-tetraen-13-one (4), tricyclo[6.2.1. '12’ 7]dodeca—2,4,6-frien-
12-one (5) and -2,4,6, 9-tetraen-12-one (§), which represent the most distorted tropones hitherto known

and exhibit abnormal spectral properties.
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M Dehydrochlorination by base of the [6+4) adducts of 2-chlorotropone was employed. Thus,

the reaction of the 2-chlorotropone-cyclohexadiene adduct z’2) with KOtBu in THF at -78° yielded 4
in 68% yielda). The similar reaction of the 2-chlorotropone-cyclopentadiene adduct 24) afforded §
with correct spectral properfies3), though too unstable to be isolated. The saturated phanes, 3 and 5,
were obtained similarly from 9 and 12 (85% and 83% vyield, respectively), prepared by respective
diimide reduction of 7 and 8 (38% and 83% yield).
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Geometries of 3 and 5 Geometry and molecular dimensions of 3 were established by X-ray crystal-

ot

Iographys) as shown in Fig. 1. Major difference in the dimensions of the tropone rings in 3 (Fig. 1a)
and in ‘l]) is that interior bond angles at carbony! and bridge head carbons are narrower in the former
by 3° and 6°, respectively, than in the latter, suggesting deeper bent of the ring system in 3. This
is clearly shown in the side view (Fig. 1b) with the bending angle as large as 71. 1°. Fig. 1b also
shows that the carbonyl group tilted inward contrary to the outward bending in 'L])
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Fig. 1 Molecular dimensions (a) and side view (b) of 3 determined by X-ray analysis (figures
without parentheses) and molecular mechanic calculations (figures in parentheses)
Since 5 decomposes upon X-ray irradiation, molecular mechanics calculations (MMPI)é) were

performed in order to visualize its geometry, estimate internal strain therein, and compare them with
those of 3. The result on 3 (Fig. 1) is in agreement with the X-ray data, including bending of tropone
ring and inward filting of the carbonyl group, though exaggerated to some extent. Calculations on 5
(Fig. 2) disclosed even deeper bending of tropone ring than in 3, Total steric energies of 5

63.1 kcal/mol) cndi (61.8 kecal/mol) are 16-18 kcal/mol greater than that of’L. The excess steric
energy in 3 and 5 is mainly originated from the tortional energy around the bridge-head double bonds,

as is shown in Fig. 2¢ for 5.

Fig. 2 Molecular dimensions (a) and side view (b) of 5 estimated by molecular mechanics calculations.
c: Newman projection through the bridge-head double bond (C2=C3)

NMR spectra The geometries of 3 and 5 disclosed above imply that conjugation of the carbonyl group
with the triene system is reduced in the order of 1,3 and 5. This is verified by the chemical shift of

B and C[3 shift up-field and C down-field

protons and carbons in their tropone rings listed in Table. H c=o
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7 ..
regularly on going from 1 through 3 to 3, while H, and Cy remain nearly constant’’ "/, being in

1

accord with the general trend in the reduced conjugation

Table PMR and CMR chemical shift of tropone ring in 1,3 and 5

Compds HB HY Ca Cﬁ CY Ce=o
L 6.21 6.70 133.2 118.3 129.0 203.7
3 6.07 6.82 126.7 116.5 131.2 210.1
5 6.04 6.69 142.7 114.3 130.3 214.0

IR and Mass spectra and thermal decarbonylation The reduced conjugation and decrease of the

carbonyl angle are reflected also in carbonyl frequency; v: 1740 cm”! for 3 aond 1748 em™1 for 3.
The presence of double bond has a little effect (v: 1745 em=1 for i) Molecular ions of 2', ﬁ', § ore
observed only under mild conditions (10 eV. 40°C), but even then [M+-CO] peck appears as base peak.
Thermal decarbonylation takes place at very low temperatures (115°C for 3, 94°C for 4, 80°C for 3,
compared with 200°C for 1) to give smoothly the corresponding tricyclic benzene derivatives.

Electronic_spectra Contrary to the electronic

loge

spectrum of 1, which shows only very weak n-7*
4.0

transition, the spectra of 3 and § exhibit fairly
strong absorptions at 316 nm for 3 and 324 nm for
5 which are n-m* in character as are verified by
the solvent shiffs) (Fig. 3). Since larger the bent
of tropone ring, stronger the absorption and longer
the wave length, and further the introduction of
double bond (3-4) causes practically no change in
the spectrum, the origin of these unusually strong
absorptions in such long wave lengths is believed

to be due to the interaction of nonbonded orbital

on the oxygen with the orbitals of triene system in 1.0 . .

2
bent tropone. In fact, modified version% of 10 20 300 350 nm
CNDO/S MO calculations revealed sizable transi- Fig. 3 Electronic spectra of troponophanes

tion between HOMO, and LUMO and nLUMO shown

S~ s

HOMO LUMO nLUMO
(-8.624 eV) (-1. 306 eV) (-0. 896 eV)

below.
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