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A Cyclophane Bridged by an Inwardly Pyramidalized Olefin
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Abstract: 2,8,17-Trithia[45:12][9]metacyclophan-4-cne, a cyclophane with a tertiary olefin strapped
across the face of a benzene ring, has been prepared and its X-ray structure determined. The olefin is
pyramidalized toward the benzene ring. The X-ray structure of the corresponding saturated phane (in-
2,8,17-trithia[45:12][9]metacyclophane, which was synthesized previously) has also been determined.
The structure and reactivity of the in-olefin are discussed in the context of other structures and the results
of computational studies. Copyright © 1996 Elsevier Science Ltd

We have previously described the syntheses and structures of a variety of in-cyclophanes in which
methine hydrogens!-3 and silane hydrogens,# are projected into the face of a benzene ring. In a similar vein,
McMurry has investigated the interactions of in-hydrogens with olefins, including the protonation of these
compounds to give remarkable ji-hydrido cations,3-6 and all of this chemistry was presaged by Alder’s extensive
investigations of intrabridgehead interactions in medium-ring, bicyclic amines.” Compounds containing
inwardly-directed functional groups need not be unstable; indeed, for bicyclic alkanes, in,ouz- or in,in-isomers
have been calculated to be the preferred geometries in several medium-ring systems.8

Among our own cyclophanes, 2,8,17-trithia[45:12][9]metacyclophane (1) is typical; molecular mechanics
calculations indicated that the in-isomer is preferred by 7 kcal/mol to the corresponding out-cyclophane,!
primarily for the reason that the in-geometry possesses much less angle strain than the ouz-isomer, more than
compensating for any steric repulsion between the in-hydrogen and the aromatic ring. However, is the in-
geometry so strongly preferred that a normally planar apical functional group, such as an olefin, would be
inwardly pyramidalized, and, if so, how would its reactivity be affected?
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In order to address these questions, we prepared 2,8,17-trithia[45.12][9]metacyclophan-4-ene (2), an
unsaturated analog of 1. The synthesis paralleled that of similar saturated phanes; !+ in this case, isobutylene-
oY,y -tricarboxylic acid (3)9 was esterified, reduced to the triol (4, 87% from 3),10 converted to the tribromide,
and condensed with 1,3,5-tris(mercaptomethyl)benzene!! to give cyclophane 2 (1% from 4).12
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Compound 2 crystallized readily from CH,Clp-CH3OH, and its X-ray structure!3 is shown below along
with that of compound 1,14 which has not previously been reported. For 1, the distance from the in-hydrogen
to the mean plane of the aromatic ring is 2.32 A,15.16 and that of the apical carbon 3.29 A. By contrast, in 2 the
olefinic bridgehead carbon rests at a comfortable Van der Walls spacing — 3.44 A — from the aromatic ring
plane. However, this olefin is not planar, it is significantly pyramidalized zoward the basal aromatic ring, so that
the apical carbon is 0.059 A below the plane defined by its three substituent carbon atoms. The X-ray structure
of 2 is complicated by disorder of the molecule across a crystallographic mirror plane, raising some concern that
the unusual in-geometry might be an artefact. For this reason the structure of 2 was examined by several
computational methods, and at every level of theory, inward pyramidalization of the apical carbon was observed.
For example, molecular mechanics (MMX17) gave an inward deflection of 0.031 A, a semiempirical molecular
orbital calculation (AM118) gave 0.050 A, and an ab initio calculation at the HF/3-21G(*) level1® gave 0.058 A,
very close to the experimental value.

Although of modest magnitude, such an inward distortion for a bridgehead olefin is very rare, and two
recent reviews of bridgehead double bonds20 and pyramidalized alkenes2! make no mention of inward
pyramidalization. Indeed, a lengthy search of the Cambridge Crystallographic Database22 (CCD) of a wide
variety of unconjugated, cyclic, tri- and tetrasubstituted olefins found only a handful of cage compounds with
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inwardly pyramidalized double bonds,2? and of these only two exhibited distortions comparable to those of 2;
they are illustrated below, with the pyramidalized bridgehead indicated by a “p”. The inward displacement in §
is 0.061 A,24 and in 6 0.070 A.25 Gratifyingly, AM1-optimized geometries also showed inward deflections of
the bridgeheads (8§, 0.066A: 6, 0.034 A). Among conjugated olefins (which were less thoroughly searched),
compound 7 is notable,26 with an inward pyramidalization of 0.051 A (AM1: 0.046 A). The reports of 5-7 did
not mention pyramidalization of the bridgehead carbons, perhaps because these distortions are much smaller than
the outward displacements for the most strained bridgehead olefins, which can exceed 0.25 A.27 Nor is this
surprising: the greatest degree of pyramidalization, and thus the most attractive synthetic target, is achieved by
forcibly strapping back the three or four substituents of a double bond. In 2, 5, 6 and 7, however, the olefin

seems to be slightly bent to relieve angle strain in the medium rings.
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Several attempts were made to reduce the olefin of 2, which should yield the less stable ous-isomer of 1,
but the thioethers preclude normal catalytic hydrogenation. Treatment of 2 with very large excesses of diimide
returned only starting material, and hydroboration/protonolysis (with various boranes) returned mostly 2 as well
as some unidentified higher molecular weight material. Interestingly, the strain energy (MMX) of 2 is 1.0
kcal/mol greater than 1 but 4.9 kcal/mol less than ous-1, thus 2 is hyperstable28.29 with respect to out-1 (but not
with respect to the in-isomer), perhaps explaining its low reactivity to external reagents. Finally, other addition
reactions were complicated by the sensitivity of 2 to strong acids and oxidants: hydrobromination gave ring-
opened material, and treatment with peracids or hydroboration/oxidation gave no material with the characteristics
of the expected epoxides or alcohols, even allowing for oxidation of the sulfides to sulfoxides or sulfones.
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