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CNRS UMR 5802 Unersite Bordeaux 1 dimers no reaction VAV

33405 Talence Cedex, France Figure 1. In the presence of a suitable molecular template (A) such as
. 2, 1 may form several hydrogen-bonded assemblies (two dimers, only

Receied June 12, 2000 one shown, and three trimers), of which one places two photoreactive
cinnamate chromophores in close proximity, favoring the formation of

Supramolecular catalysis differs from conventional catalysis SYM photodimers. In its absence,_ or in the presence of an_unsuit_able
by reversibly binding the reagents to further control their reactivity €mMPlate (.g3), the slow formation of a mixture of photodimers is
and, in this regard, bears resemblance to enzymatic catalysis. XPected.

Because of the short-lived nature of electronically excited states, . . . .
photophysical processes are particularly prone to profit from pre- in the presence d various hydrogen-bonded dimers anpl trimers
organization of the reactive centers, and important organizational may be formed. In one of these trimers, the photoactive cinna-

effects have been observed for photoinduced electron and energymates are held face-to-face, a geometry known to favor cyclo-

transfer in ordered assembl&©On the other hand, the use of dimerizatio (Figure 1). Thus, whereas irradiationbin solution

supramolecular architectures to control photochemical reactionssho.UIO| resultllln ttT]e slow fc;rmapon of vtarlouts cyc[[%but%n(;a_tQ|mer]cs,
in solution is rare* despite the remarkable potential of using as is generally the case for cinnamate esters, the additian o

: - o f e ting as a molecular scaffold, is expected to exert a catalytic
light to trigger specific reaction centers within complex supramo- ¢ . ! : .
lecular structures. To test this concept, we have designed aeffect for the select_lve_formatlon alyn p_h_otc_adlmer_s. Prov!ded_
supramolecular hydrogen-bonded assembly based on a cinnami(%he templated reaction is faster, the equilibrium mixture will shift
ester derivative covalently linked to a diaminotriazine moiety. [oWard the templated products.

The latter serves as a molecular recognition unit, used as a handlei\”\./ll- Igeti t?;qgﬂge;gtler?ngr:fs n;%%?trig;egc ;}{éﬁ‘&;%ﬁ;:gg?ﬁ%ﬂ by
ition the ph nsitive cinnam hromophores. . : . .
to position the photosensitive cinnamate chromophores of 1 (6 mM in CDCLs) causes a displacement of the primary and

Chart 1 secondary N-H protons of the aminotriazine moiety, as well as
COM of the barbiturate N‘H protons. The data are best!fiby a 2:1
2Me binding isotherm with binding constanks = 620 M~* and K,

7 = 410 ML2 Crystal structures of structurally related compounds
forming hydrogen-bonded tapéscan be used as a basis for
molecular modeling of the possible hydrogen-bonded structures.

N

In the energy-minimized structure of the trimer in which the
MeO._N_N. R_ R cinnamates are proximal, the two chromophores are held face to
EI/ jN/ H OWO Oﬁngo face with the reactive double bonds 4.4 A apart. Although this
Y _No _N. NN, distance is slightly larger than the optimum distance yielding
WMoy HOy H Me™ " Me photodimers in the solid (3.7 A)23 flexibility within the
] o 2 framework is expected to allow the reactive centers to approach.
2(R = hexyl) Degassed solutions df (102 M in dichloromethane) were

. ) . ) irradiated on an optical bench with 350 nm monochromatic light
Cinnamic acid has long been known for undergoing to- (or on a RAYONET reactor equipped with 350 nm lamps for
pochemically controlled photodimerization in the sdlidhereas — preparative irradiations) to selectively excite the 4-aminocinna-
the ester derivatives undergo moderately efficient dimerization nate chromophore, and analyzed by HPLC. Upon irradiation,
only in the absence of solvénor in the presence of a Lewis  rapidz, E isomerization leads to a photostationary state composed
acid catalyst. The hydrogen-bonding pattern of the diaminotri- ot 4 2:1 mixture ofz-: E-cinnamate isomers. Upon prolonged
azine unit in18 is complementary to that of barbituric acid and iradiation, the emergence of one major and six new minor peaks
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characterized byH NMR and mass spectroscopy. Many of the groups. Table 1 presents the quantum yields of the isolated
cinnamate photodimers have been previously characteifZéd,  photoproducts in the absence and presenc2 af 3. Whereas
and this facilitates their structural assignment. In the case of the the presence d? exerts a catalytic effect on the formation 4f
major productda, spectral data indicates a symmetrical head-to- quantum yields in the absence @for in the presence @ are
head (truxinic) dimer with a cis orientation of the phenyl groups. within experimental error. A 3- to 10-fold yield enhancement for
Because no dimerization originates from exciidinnamates, the formation of dimerd is observed in the presence2fFrom

4a is assigned thes-truxinate geometry. Interestingly, this K; andK,, and assuming a statistical distribution of trimers, one
contrasts the preference for theruxinate dimer observed in neat may estimate the quantum yield for the dimerization of two
ethylcinnamate, and may be an indication of a predominantly E-cinnamates in the supramolecular assembly (leading to the
singlet state dimerization mechanism. Compoufidl is an formation of4aor 4c) to be~0.06, a 75-fold increase with respect
unsymmetrical neotruxinate dimer, originating from the dimer- to solution®

ization of anE- and aZ-cinnamate in arendo head-to-head : .

approach. Finally,4c is attributed thee-truxillate structure, Table 1. Quantum Yields of Photodimersl(?

resulting from anendo head-to-tail dimerization of twcE- 1aloné 0.5 equiv of2° 0.5 equiv of3*

cinnamate chromophores. Ada 0.7 213 0.7
The formation of4c is intriguing, as head-to-tail dimers are 4b 0.1 0.6 0.1

normally disfavored in cinnamate photodimerizatié#s.The 4c <0.1 0.8 <0.1

origin of this regioselectivity is proposed to lie in the structure = Measured at low conversion and corrected for absorption by the
of the supramolecular assembly responsible for the catalysis, as;, eactivez-isomer at 1] = 10-2M in degassed (freezepump-thaw)
illustrated in Figure 2. Rotational freedom about the phenyl- gichioromethane solutions at 2. ° Determined using Aberchrome
ethenyl C-C bond in the ternary complex in which the two actinometry at 350 nnf.Estimated by comparison to quantum yield
cinnamates are face to face generates two conformers that leadletermined in the presence of 0.5 equiv2of

to syn head-to-headt§) or syn head-to-tail4c) dimers. Ternary
complexes containing on&-cinnamate isomer give rise to
neotruxinate dime#b.

Transposition of the topochemical nature of cinnamate pho-
todimerization from the solid to solution is particularly interesting,
and one would expect the dimers formed to retain the pre-
dimerization organization present in the supramolecular assembly.
This indeed appears to be the case, as evidenced by the “capture”
through dimerdda, 4b, and4c of different geometrical isomers
within the supramolecular assembly. The photoproducts display
molecular recognition capabilities due to their tweezer-like shape,
induced by the template molecule. For example, titratiodaf
with 2 indicates the formation of a 1:1 complex wkhss= 6800
Y \j/ ., N \(/ M1, consistent with binding of the barbiturate within the cleft

ZN, |o Ny formed by the two aminotriazine units.
T H~ 'H 1/ In conclusion, we have shown that supramolecular catalysis,
H™ H )% “H operating through molecular recognition, can be used to promote
NP and control excited-state reactions. The rigid cyclobutane struc-
126 -T2 tures formed can be used to advantageously capture the organiza-
COMe tion induced by supramolecular architectures, providing a pho-
tochemical alternative to olefin metathesis. Additionally, the
preferential formation of photoproducts that are receptors of the
template is an example of substrate-induced receptor synthesis.
The extension of this work to the formation of two-dimensional
polymeric ribbon structures is in progress.
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Figure 2. Proposed origin of the observed regioselectivity in the for 4b and4c (PDF). This material is available free of charge via the
photodimerization of in the presence & The reactive trimer in which Internet at http://pubs.acs.org.
the cinnamates are held face-to-face may place the double sgnds JA002089E
anti. The former yleIQS dlmeréqor 4b (in the case of twd-cinnamates, (14) Ben Efraim, D. A.. Green, B. Setrahedronl974 30, 2357.
or oneE- and oneZ-cinnamate isomers, respectively), whereas the latter (15 The formation of head-to-tail dimers is more commonly observed in
leads to the formation of a head-to-taitruxillate dimer @éc). Bottom: the solid. Crystal engineering can favor the formation ofeteuxillate dimer

View along the phenyl-ethenyl -6C bond illustrating the mutual Eg)é;]{';agocrgr?kt%é B-;ES%?eLf(faery_sJ-aS-O;IST_rr?t;glr, 'tﬂg:]r?peefdé?n Lett1995 36,
; : : , u wis acids i uti .
orientation of the reactive double bonds. (16) This presumably leads to an underestimation, as the reactive trimer is
calculated to be least-favored energetically (PM3 calculatlons) Overall, 9
To confirm the supramolecular nature of the catalytic activity, different trimers can be formed, and their interconversion becomes slow on
and to exclude a change in reaction mechanism due to thethe NMR time scale at 193 K (GKIl,, 400 MHz).

P di d d h 80f (17) The observed binding constant is comparable to that reported in ref
presence o, irradiations were conducted in the presencé,o 9, but lower than those for tailored barbiturate receptors [Chang, S. K.; Van

in which the hydrogen-bonding-N\H sites are blocked by methyl  Engen, D.; Fan, E.; Hamilton, A. DI. Am. Chem. Sod.991 113 7640].
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