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The design of new host molecules for applications in molecular
recognition and materials science is a topic of much current
interest.! Weber and Czugler? have delineated some of the
features of good hosts: they should be bulky and pack inefficiently
with voids, and they should contain appended sensor groups that
will coordinate to the guests (“coordinatoclathrates”). One of
the most important types of coordination is hydrogen bonding,
and Etter and co-workers have carried out important studies in
this area, including the demonstration that triphenylphosphine
oxide, an excellent hydrogen-bond acceptor, forms crystalline
complexes with a wide variety of hydrogen-bond donors.?

It occurred to us that it might be possible to combine the
concepts of Weber and Etter in one molecule: a bulky “roof-
shaped” 2 coordinatoclathrate with appended diphenylphosphine
oxide sensor groups (compound 2, Scheme I). In this commu-
nication we report on the preparation of 2 and its ability to form
crystalline host—guest complexes. Because host molecule 2 is a
potential di-w-methane reactant,* a second goal of our work was
to investigate the photochemistry of these compiexes. The
intriguing results of these experiments, in which the ethanol
complex of 2 was found to undergo an “absolute asymmetric”
solid-state photorearrangement in high enantiomeric excess, are
also reported herein.

The coordinatoclathrate 2 was prepared in 80-90% yield by
Diels—Alder addition of ethynediylbis(diphenylphosphine oxide)
(1)3 to anthracene (Scheme I).6 Compound 2 forms crystalline
1:1 inclusion complexes with a wide variety of solvent molecules,
including acetone, 2-butanone, 2-pentanone, 3-pentanone, methyl
vinyl ketone, tetrahydrofuran, dimethoxyethane, ethyl acetate,
acetic acid, methanol, ethanol, 1-propanol, and 2-propanol.
Solvents that failed to form crystalline complexes included
benzene, acetophenone, and dioxane. The complexes were
prepared by recrystallizing the host from the appropriate solvent
and were characterized (with the exception of the acetic acid and
methanol complexes, which decompose upon standing in air at
room temperature) by IR, NMR, and elemental analysis.
Thermally, the complexes begin to effloresce at approximately
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120 °C, and eventually the empty host melts at 237-238.5 °C.
For the ethanol and ethyl acetate complexes, the crystal and
molecular structures were determined by X-ray diffractometry.’
A stereodiagram of the 2:EtOH complex is shown in Figure 1.
Evidently, from the variety of molecules complexed, hydrogen
bonding is not essential for complex formation.

As expected,® compound 2 undergoes the di-w-methane
photorearrangement, both in solution (& = 0.28, CDClIs) and in
its crystalline complex form. The photoproduct, dibenzosemi-
bulivalene derivative 3, was characterized spectroscopically as
well as by reduction to the corresponding bis(phosphine) 4, whose
structure was established by X-ray crystallography.” The finding
that the ethanol complex of host molecule 2 crystallizes in a
chiral space group (P2,2,2,) offered the opportunity for carrying
out an absolute asymmetric di-r-methane photorearrangement
in the solid state.® Accordingly, single crystals of the ethanol
complex were irradiated through Pyrex, and the chiral photo-
product 3 was tested for optical activity by polarimetry and chiral
HPLC. Strikingly, this indicated an enantiomeric excess of 89%
(84% conversion, room temperature); even higher enantiomeric
excesses could be achieved at lower temperatures and lower
conversions.!® By way of contrast, samples of compound 3 derived
from solution-phase photolyses of 2 or from irradiation of its
crystalline ethyl acetate complex (achiral space group P2,/c)
proved to be racemic.

Because phosphorus is a sufficiently heavy atom to give rise
to measurable anomalous dispersion (Af” = 0.434 for Cu Ko
radiation) during X-ray crystallographic analysis, the absolute
configuration of compound 2 in its ethanol complex as well as
that of optically pure product 4 could be determined with a high
degree of certainty by the Bijvoet method.!! Making the
reasonable assumption that the absolute configuration of pho-
toproduct 3 does not change upon reduction to 4, the absolute
configurations of pro-(+)-2 and (+)-3 can be depicted as shown
in Scheme I. From this information, and assuming the standard
Zimmerman mechanism for the di-r-methane rearrangement,*
we can deduce that initial benzo-vinyl bridging occurs between
C(11) and C(10a) and/or C(12) and C(9a). The situation is
represented by partial structure 8 in Scheme 1. The absolute
value of the P(1)—C(11)=C(12)—P(2) dihedral angleis +23.9°,
which predisposes the molecule to C(11)--C(10a) bridging (or
its stereochemical equivalent, C(12)--C(9a) bridging) owing to
better orbital overlap between the interacting orbitals as well as
to a diminution of the steric interaction between the bulky
diphenyliphosphine oxide substituents in the transition state. In
the alternative pathways leading to the unobserved enantiomer,
the diphenylphosphine oxide groups would be driven roward each
other during benzo-vinyl bridging. A similar explanation has
successfully accounted for the absolute steric course of three other
solid-state di-w-methane photorearrangements!13 and can pro-
visionally be taken as being general.
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Figure 1. Stereoscopic view of the ethanol complex of 9,10-dihydro-9,10-ethencanthracene 11,12-bis(diphenylphosphine oxide) (2).
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