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Hydrogen bond encoded molecular recognition has been
a hallmark of innumerable studies probing ligand—
receptor complexation in solution?! and in the solid state.?
However, the exploitation of these interactions to delib-
erately and predictably influence any subsequent chem-
istry of the bound partners has been much less explored
in the liquid phase® and not at all in the latter environ-
ment.# In this paper we describe the solid state and
comparative solution phase chemistry of a naphthoic
acid-derived cinnamic acid which demonstrates that
hydrogen bonding (1) can be used to enforce a particular
and desirable stereo- and regiochemical outcome in a
solid state transformation that otherwise might not follow
this reaction course and (2) is directly responsible for
providing product in a yield that exceeds the theoretical
maximum for “independent-site” solid state reactions.’
These attributes take on a measure of significance in the
context of two- and three-dimensional carbon network
synthesis, as the chemistry described herein may point
to a strategy for fastening together various hub—spoke
architectures en route to wholly organic materials that
may be functionally analogous to zeolites.®

The “U”-shaped diacid 4b (Scheme 1) was chosen to
test the premise that a carefully designed scaffold can
satisfy the unrelated and not necessarily compatible
geometric constraints imposed by both carboxyl hydrogen
bonding patterns and by solid state alkene dimerization
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reactions (e.g., alkene—alkene distance < 4.2 A7). The
parallel alignment of the acid groups on a single molecule
ensures that proximity between the alkene moieties of
different diacids can be achieved despite the fact that
hydrogen bonding is by definition at the leading edge of
intermolecular contact. This compound was readily
available via Suzuki coupling® of the known boronic acid
2% with 2,2,2-trichloroethyl 8-iodo-1-naphthoate (1b),10
followed by Emmons—Horner homologation of the result-
ant aldehyde 3 and Zn-mediated deprotection of the ester
moieties in 4a. In addition, the dimethyl ester 4c was
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prepared by similar chemistry as a comparison compound
both to aid in evaluating the ensuing photochemistry and
to facilitate structural elucidation of the photoproduct of
4b.

Irradiation of a recrystallized sample (10—50 mg) of
4b (DME/heptane/CH3;0H) through Pyrex in a Rayonet
carousel photoreactor (300 nm) led to clean conversion
of the starting material into a single cyclobutane product
over the course of 20—50 h. The original colorless
crystals (typically rods 3 mm x 0.7 mm x 0.5 mm) visibly
yellowed and lost definition around the sharp edges
during irradiation but did not shatter or crumble. Treat-
ment of the crude solid reaction product with ethereal
diazomethane permitted isolation of the cyclobutane
product 6b which was shown to have the a-truxillate-
type stereochemistry. The stereochemical and regio-
chemical assignment of 6b was secured by comparison
of its 13C and 'H NMR spectral data with those obtained
from all four dimethyl esters (a-truxillate,!!® e-truxillate, !
p-truxinate,!'? d-truxinate!lc) derived from irradiation
and subsequent manipulation of cinnamic acid crystalline
isomorphs. In addition, the isomeric S-truxinate and
S-truxinate analogs of photodimer 6b, prepared by ir-
radiation of dimethyl ester 4¢ in dilute benzene solution,
provided additional spectral comparison points to but-
tress the structural assignment of 6b (see the supple-
mentary material). Finally, it should be noted that
crystalline dimethyl ester 4c was completely unreactive
under irradiation as described for diacid 4b, while
irradiation of a DME solution of 4b resulted in consump-
tion of diacid but afforded no characterizable materials.

Isolation of exclusively the cyclobutane stereo- and
regioisomer 6b provides permissive but not compelling
evidence that dimerization proceeded through the “closed”
dimer structure 5. Alternative structures, such as an
“open” dimer (e.g., two molecules of 4b connected by a
single hydrogen-bonded acid pair) or even no hydrogen-
bonding connectivity between a reacting pair, could not
be ruled out without further structural evidence. For-
tunately, the crystals of 4b proved suitable for X-ray
diffraction,!? and the derived structure (5, Figure 1)
clearly demonstrates that our design criteria were met.
The alkene carbon pairs destined to be joined each span
a 3.62 A gap.

The stereo- and regiochemical course of solid state
photodimerizations of cinnamic acid derivatives is an
inescapable consequence of the crystal packing of the
precursor molecules, but that alignment is neither pre-
dictable a priori nor rationalizable a posteriori. Thus,
variously substituted cinnamic acid derivatives crystal-
lize (as hydrogen-bonded dimers) in either the a, 3, or
photostable y forms, and subsequent irradiation affords
the truxillic (from @) or truxinic (from B) isomers.”
However, our results show that at least in one particular
case, a desired reaction selectivity can be imposed on this
system via hydrogen bond directed alkene orientation.
Apparently, formation of the intermolecular cinnamic
acid hydrogen bond dimer,which contributes to substrate
alignment with the simple derivatives noted above, is
completely suppressed with 4b. Furthermore, the high
yield of this “dependent-site” photodimerization (es-
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Figure 1. ORTEP diagram of 5, the hydrogen-bonded dimer
of 4b.

sentially quantitative cyclobutane formation by examina-
tion of the 1H NMR of the crude irradiation product)
stands in sharp contrast to the limiting yields of all other
(independent-site) solid state photodimerizations.? This
feature may be particularly attractive for minimizing
defects upon irradiation of a supramolecular lattice
constructed from multidentate naphthoic acid/cinnamic
acid connector-bearing hubs.

In summary, we have demonstrated the feasibility of
a novel strategy for covalently crosslinking organic
fragments in the solid state which themselves already
have been preorganized in a reactive orientation via
hydrogen bond directed crystallization. Efforts to incor-
porate this connector assembly into a hub-spoke array
as a prelude to the synthesis of periodic, covalently bound
carbon networks are in progress.
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