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The structures of the dimers and aggregates formed between H
aromatic molecules in the ground and excited states are a subject cH,-N o CH3—NH o
of continuing interest-5 Theoretical modeling of the benzene O)—:%’N_CH ) A—
dimer suggests that the face-to-face dimer has an optimum . ool ° e
center-to-center distance of ca. 3.8 A, whereas the edge-to-face INA H 4
. N A 3 CHz-N [e) CHa=N o)
dimer has an optimum center-to-center distance of 33A. ) { M —" 2
Ground state dimer structure has a profound effect on the o N-CHg g N-CHg
photochemical behavior of excited dimérs. Face-to-face i ) 4 H
dimers typically display strongly perturbed excimer-like fluo- CHs-N o CHa=N, 0
rescence and may undergo photodimerization, whereas edge- o%:_(w-cr« O%E(N-CH
to-face dimers display weakly perturbed exciton-like fluores- © Ho ) Ho o

cence and do not photodimerize. Schmidt and co-wofkers
found that chlorination of stilbene and several other arylolefins
can result in face-to-face crystal packing with a short axis of 4
A, as a consequence of attractive intrastackCllinteractions.
Thus 2,4-dichlorostilbene displays excimer fluorescence at low
temperature and photodimerizes at higher temper&ture.

contrast, stilbene-fuctionalized phospholipids are proposed to

adopt edge-to-face geometries in Langmiitodgett assemblies
or vesicle$. These assemblies display exciton-like fluorescence.

Secondary amide derivatives of both alkane- and arenedi-

carboxylic acids are frequently found to crystallize with 5 A
translation-related hydrogen-bonded secondary structures (Figur
1a)8° The up-down translational arrangement of amide-amide
hydrogen bonding provides a molecular scaffold which permits
investigations of arenearene interactions at a fixed distance
of 5 We report here the preliminary results of our
investigation of the crystal packing and solid state photochemical
behavior of secondary diamidés—3a and of the association
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and fluorescence of the secondatgrtiary diamideslb and
2bin organic solvents. These results indicate that amataide
hydrogen bonding favors an edge-to-face geometry for neigh-
boring arenes. Comparison of the fluorescence spectta-of
3ain the solid state with those db and2b in organic solvents

further suggests that these arenedicarboxamides adopt similal

structures in solution and the solid state.

e

Figure 1. Schematic representations of (apth A translational axis
created by optimum amideamide hydrogen bonding, (b) a hydrogen-
bonded tape of stilbene or biphenyl diamidesand?2a, (c) a hydrogen-
bonded tape of diamidea, and (d) a hypothetical face-to-face
hydrogen-bonded tape f@a or 3a

The arenedicarboxamides were synthesized from the corre-
sponding dicarboxylic acids by standard procedures and recrys-
tallized from mixed solvent¥?*! The crystal structures dfa—
3a conform to the translational-packing motif of Figure £a.
The individual stilbenedicarboxamide molecules 1a are
honplanar and noncentrosymmetric with a pherptenyl
dihedral angle of 28°1and phenytamide dihedral angles of
37.6° and 24.8. Hydrogen-bonded pairs of molecules have the
same 28.1dihedral angle between phenyl planes separated by
4.95 A. This packing arrangement is shown schematically in
Figure 1b. The crystal structure of the biphenyldicarboxamide
2ahas inter- and intramolecular pherydhenyl dihedral angles
of 35.5 with phenyl planes separated by 4.92 A. The crystal
structure of3a has a dihedral angle of 67.8etween adjacent
planar diphenylacetylenediamides separated by 5.05 A, as shown
schematically in Figure 1c.

The separation between hydrogen-bonded pairs of diamides
in 1a-3acorresponds to the optimum amide hydrogen-bonded
structure?® The interplane dihedral angle of 67 i@ 3ais near
the maximum in the distribution of phenylalaninphenylala-
nine dihedral angles observed for globular protésSince
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Figure 2. Fluorescence emission spectra of a single crystalaf
excited at (a) 320 and (b) 395 nm and fluorescence excitation spectra
with emission monitored at (c) 402 and (d) 440 nm. Figure 3. Fluorescence spectra b in acetonitrile solution: (a) 1.7
x 1075 M, (b) 4.0x 10°° M, (c) 5.7 x 10°° M. Excitation wavelengths
are 320 (full curves) and 366 nm (broken curves).
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the crystal structure dda could readily accommodate a face-
to-face geometry (Figure 1d), the preference for the edge-to- . ) ) o
face geometry plausibly reflects the greater stabilization energy of @ highly dilute solution. Excitation in the red edge of the
for the edge-to-face vs face-to-face geometry when the inter- absorptlc_)n band results in red-s_,hlf_ted fluorescence emission and
plane separation is fixed at 5 A, as is the case for the benzene? red-shifted fluorescence excitation spectrum, as expected for
dimerl=3 The interplane dihedral angles faa and 2a are exciton splitting in an edge-to-face dim€r. Increasing the
smaller than that 08a, about halfway between the optimized concentration olb results in a decrease in intensity of monomer
edge-to-face and face-to-face geometries. In the case of theemission and an increase in dimer emission (Figure 3). The
biphenyl 2a, an “optimized” edge-to-face geometry could be ditertiary amidelc, which cannot form hydrogen-bonded dimers,
obtained for biphenyl intramolecular dihedral angles of either displays only monomer fluorescence even at high concentrations.
0° (Figure 1c) or 90 (Figure 1b). The estimated energy Analysis of the fluorescence decaysltifin acetonitrile solution
differences between planar or perpendicular biphenyl and twistedprovides singlet lifetimes 0£0.2 ns for the monomer and 0.9
biphenyl are~2 kcal/mol4 1t is interesting to note that ns for the dimer. Crystals ofia fail to undergo either
unsubstitutedrans-stilbene and biphenyl are planar in the solid photodimerization or photoisomerization upon prolonged ir-

state, but nonplanar in the vapor or solution ph&gé. The radiation. The absence of photodimerization is consistent with
dihedral angles ofla and 2a in the solid state are similar to  the large center-to-center distance between adjacent stilBenes.
those of the parent molecules in solution. Irradiation of acetonitrile solutions db at the long wavelengths

There is no evidence to indicate that the attractive intrastack used to excite exciton fluorescence (Figure 3) results in much
ClI—Cl interactions responsible for face-to-face crystal packing more efficient photoisomerization than photodimerization. The
of 2,4-dichlorostilbene persist in organic solvents. In contrast, similar fluorescence emission spectra for long-wavelength
diamides can form hydrogen-bonded dimers and higher ag-excitation of a single crystal dfa and concentrated solutions

gregates in solutio®. The secondary diamideka—3a are of 1b and the absence of efficient photodimerization suggest
highly insoluble in chloroform due to extended hydrogen- that the hydrogen-bonded dimer db adopts a ground state
bonding. The secondantertiary diamideslb and 2b are structure similar to that ofain the crystal.

appreciably more soluble and have dimerization constants of |n summary, we find that amideamide hydrogen bonding

11 and 4 drimol™?, estimated from NMR titration and dilution  of the arenedicarboxamidds—3a in the solid state andb

data using the method of Dimicloi and'léee’® The concen-  and2b in acetonitrile solution results in a ground state edge-

tration dependence of the aromatic proton chemical shifts to-face geometry for adjacent arene chromophores. An edge-

|n_d|_cate_s thatLlb and2b form head-to-tail dlmers, but does not_ to-face geometry has also been proposed for organized assem-

distinguish between face-to-face and edge-to-face geometriespjies of stilbene-containing phospholipids, which have fluores-
As noted above, the photochemical behavior of excited dimers cence spectra and decay times similar to thosellfin

is strongly dependent upon their ground state geometries. Theacetonitrile solutiorf. In contrast, the stilbene dimer formed

fluorescence spectra of a single crystallafand acetonitrile  ypon duplex formation between complementary oligonucleotides

solutions of1b are shown in Figures 2 and 3, respectively. containing stilbenedicarboxamide chromophores in aqueous

Excitation of e|the_rla or 1b near t_he_ flrS_t absorption band  goplytion displays excimer fluorescence and efficient photo-

maximum results in fluorescence similar in appearance to that dimerization?® This behavior is analogous to that of 2,4-
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