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ABSTRACT

Ozonolysis of 1 largely results in 2 and 3, having features similar to several classes of natural products. The retention of the C15 pericycle
suggests preference for the cleavage of π-bonds endo to the cyclopentane ring. This unique property of trindane offers opportunities for
synthesis of complex natural products from this hydrocarbon that can be made in quantity by acid-catalyzed trimerizatiion of cyclopentanone.

Spectroscopic properties of the tethered systems tricyclo-
pentabenzene (trindane,1) and tricyclohexabenzene show no
evidence of any serious perturbation of aromaticity.1 Recent
studies have shown that the fixation of theπ-bonds in the
ring can only be achieved by highly restraining the pericycle.2

In connection with studies on the transformation of1 to
modules suitable for self-assembly, we noted a marked

difference in the reactivity profiles of1 and tricyclohexa-
benzene toward ruthenium tetroxide oxidation. Trindane
yielded only highly condensed, heavily oxygenated com-
pounds having a resemblance to the naturally occurring
ginkgolides, retaining the C15 periphery and arising from the
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exclusive oxidation ofendo π-bonds.3 In sharp contrast,
tricyclohexabenzene gave products exclusively from benzylic
oxidation.

The present work tends to further support the concept of
a preference forendo π oxidation in 1 that retains the
pericycle and should provide a general route to medium ring
oxygenated compounds that can undergo further intramo-
lecular changes to complex condensed systems having
features similar to those of naturally occurring compounds.

A methylene chloride solution of trindane was ozonized
for 3 h. Reductive workup using dimethyl sulfide, followed
by chromatography of the neutral fraction on silica gel,
yielded compounds2, 3, and4 (Figure 1).4 The 1H and13C

NMR spectra showed the presence or absence of the benzene
core. Thus, it was easily seen that while compound4 retained
the trindane core, in2 and 3 the aromatic framework was
absent. Whereas the structure for4 could be derived from
spectral data, those for2 and 3 depended on the crystal
structure of3 and the ready transformation of compound2
to its isomer3.

Analytical and mass spectral data suggested the formulas
of 2 and3 to be C15H18O4,4 arising from the introduction of
four oxygen atoms to the unsaturated hydrocarbon. Com-
pound2 was quite sensitive, and traces of acid transformed
it mostly to 3, which could be easily followed by IR and
TLC. While the1H and13C NMR spectra of2 and3 exhibited
a similar profile, their IR and TLC profiles were quite
divergent. In the IR, the former showed no hydroxyl, which
was present in3. In terms of polarity, theRf values of2 and
3 were respectively 0.75 and 0.25 (TLC, eluent) 40:60
benzene:ethyl acetate).

Compound3 was found to possess the highly condensed
structure shown in Figure 2B, by X-ray crystallography5 of

fine needles of this compound produced by crystallization
from benzene-ethyl acetate. The structure of2 (Figure 2A)
followed directly from 3, largely based on the facile
transformation noted earlier. Diazomethane esterification and
subsequent chromatography afforded dimethyl glutarate. The
course of ozonolysis of trindane (1) is rationalized in Figure
1, where the yields of the various products secured are also
given. A noteworthy feature here is the simple manner in
which the bicyclic species2 folds to generate the complex
tetracyclic system3, initiated by enolate addition from the
top side, as shown in Figure 1.

The action of either ruthenium tetroxide or ozone gave,
largely or exclusively, products arising from attack on the
π-bond endo to the cyclopentane present in1. While the
“milder” ruthenium reagent led to oxidation products of all
threeπ-bonds, ozonolysis resulted in the oxidative cleavage
of two of the three endocyclic olefins. What seems to be
general is that trindane and its derivatives can give oxidation
products retaining the pericycle in complex condensed
compounds. Surprisingly, although the pathways are grossly
dissimilar, with both oxidizing agents the substances formed
were closely related to the complex naturally occurring
products.

The remarkable similarity of the product from ruthenium
tetroxide oxidation of1 to ginkgolides has been mentioned
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Figure 1. Products from ozonolysis of trindane (1).
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earlier.3 The 12-membered ring present in2 is common to
several classes of natural products such as bertyadiomol,
cubegene, curculothyrane, esulone, jatrophone, and eupho-
scopin.6a-f

Compound3 presents a composite feature of several
classes of natural products. The oxygen-bridged hemiketal
arising from transannular addition is present in rugosic acid7

and curcumenol.8 The nine-membered bicyclic system present
in 3 is a feature seen in taxane diterpenes, xeniphyllane,
acanthamolide, acetyl coriacenone, acahetolide, dilopholide,
physaline, and sanadaol.9a-h Finally, the overall profile of3

can be compared with that of taxols, dolastanes, isodan-
canediol, germacren, oxycurcumenol, and guainaolide.10a-f

The structural similarities of3 and the above-mentioned
natural products are shown in Figure 3.

Our studies on trindane tend to suggest that suitably
tethered benzene rings can be expected to show a preference
for endoπ-activity, thus providing a target in synthetic design
for diverse open and condensed systems.
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Figure 2. (A) Energy-minimized structure of2. (B) X-ray structure of3.

Figure 3. Structural similarities of3 with classes of natural
products having common features.
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