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Photochemical Single-Crystal-to-Single-Crystal Transformations 

VERA BUCHHOLZ and VOLKER ENKELMANN 
Max-Planck-Institut & Polymerforschung 
Ackermannweg 10, D-55 128 Mainz, Germany 

Single-crystal-to-single-crystal reactions of a series of (E)-2,6-di-lerl-buty1-4- 
[2-(4-methylphenyl)-ethenyl]pyrylium salts have been investigated using long 
wavelength irradiation conditions. The dimerization of the reactive olefins in 
the solid state was followed by X-ray crystallography. The results demonstrate 
that a homogeneous photoreaction occurred under topochemical control. 

I(eywords; solid state reactivity; topochemical reactions; photodimerization; 
stryrylpyrylium salts 

INTRODUCTION 

Under topochemical control, photochemical reactions such as [2+2]-cyclo- 

additions in crystals often proceed heterogeneously. At a certain conversion 

rate, phase separation occurs which leads to destruction of the reacting crystal 

and therefore hinders a kinetic investigation of the solid state reaction."-51 

It can be shown that the irradiation wavelength is the decisive factor affec- 

ting the course of the reaction. When irradiating in the long wavelength tail of 

the absorption band, the [2+2]-cycloaddition of many photoreactive crystals 

proceeds homogeneously as a single-crystal-to-single-crystal conversion. At 

short irradiation times mixed crystals result, in which monomer and dimer 

units statistically occupy the same places in the crystal lattice. In such cases 
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310 V. BUCHHOLZ AND V. ENKELMANN 

intermediate stages of the transformation can be analyzed crystallo- 

graphically."41 Most noteworthy, the as-dimerized structures do not represent 

equilibrium structures. Therefore, in some cases a thermal backreaction to the 

monomer structure is possible. Recrystallized dimers show a different, 

thermally stable structure."l 

REACTIVE 4-METHYLSTYRYLPYRYLIUM SALTS 

Along with other systems, such as distyrylpyrazine and a-trans-cinnamic acid, 

a number of styrylpyrylium salts of type la  exhibit reactivity in the solid state 

(Scheme l).['.4*61 In continuation of this work, an extended series of these salts 

was synthesized with variation of the substituents attached to the phenyl ring 

(R,) and the counterions (X) in order to study their influence on crystal 

packing and photoreactivity. 

/R2 

X Q  

Solid State 
hv 

X Q  

SCHEME 1 Dimerization of styrylpyrylium salts in the solid state. 

(E)-2,6-di-rerf-butyI-4-[2-(4-methylphenyl)-ethenyl]-pyrylium salts with 

R, = 4-Me, R, = r-Bu and tetrahedral counterions such as tetrafluoroborate 2a, 

perchlorate 3a and perrhenate 4a form an isomorphous, photochemically 

reactive series which crystallizes in the monoclinic space group Cc. 
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PHOTOCHEM. SINGLE-CRYSTAL-TO-S.C.TRANSFORM 31 I 

Figure 1 shows the asymmetric unit for the 4-methylstyrylpyrylium per- 

chlorate 3a including four crystallographically independent molecules. Five of 

eight rert-butyl groups are disordered at room temperature. Two orientations 

are observed with almost equal occupancies. The reactive double bonds have a 

spacing between 3.66 and 3.70 A, well within the 4.2 A limit for topo- 

chemical reactions."' 

FIGURE 1 Asymmetric unit of the 4-methylstyrylpyrylium perchlorate 
monomer structure 3a. Only one orientation of the [err-butyl groups is 
shown. View along the c-axis showing the reactive double bonds connec- 
ted by dotted lines. C and H white, 0 black, C1 grey. 
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When crystals are exposed to long wavelength irradiation at 528.7 nm (1 16 

nm from the maximum of the absorption band), a homogeneous single-crystal- 

to-single-crystal transformation is induced which leads to the corresponding 

dimer 3b as shown in Figure 2. Note that in the as-dimerized structure the 

orientation of the toluyl and pyrylium side groups as well as the orientation of 

the perchlorate counterions has changed compared to the monomer structure. 

In the dimer structure, six rerr-butyl groups show disorder at room 

temperature. 

FIGURE 2 Asymmetric unit of the corresponding as-dimerized structure 
3b after homogeneous photoreaction in the solid state. Only one orien- 
tation of the rerr-butyl groups is shown. View along the c-axis. C and H 
white, 0 black, C1 grey. 
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PHOTOCHEM. SINGLE-CRYSTAL-TO-S.C.TRANSFORM 313 

The changes in lattice parameters after dimerization of the three isomor- 

phous 4-methylstyrylpyrylium salts are summarized in Figure 3, indicating a 

maximum change of 2.75 % typical for topochemical control. 

FIGURE 3 Change in lattice parameters for the isomorphous series of 4- 
methylstyrylpyrylium salts 2a, 3s and 4a after topochemical dimerization 
to 2b, 3b and 4b, respectively. 

EXPERIMENTAL 

4-Methylstyrylpyrylium salts l a  were synthesized in an analogous fashion to 

the literature proceduref6**’ using different acids to introduce the desired coun- 

terions. 2a, 3a and 4a were recrystallized by slow evaporation of a methanol or 

ethanol / ether (1 : 1) solution, respectively. Irradiations were performed with a 

Coherent Innova Ar laser at 528.7 nm for 15 min. The crystals were rotated in 

a beam of uniform intensity created with a beam expander having 1.4 W / cm2. 

X-ray structure analysis was performed using a NONIUS GmbH (Delft Instru- 

ments) KappaCCD diffiactometer with graphite monochromated MoKa radi- 

ation (A = 0.71073 A). Structures were solved by direct methods (SHELXS- 

86)19’ and refined by block matrix least-squares with anisotropic temperature 
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factors for C, 0 and C1 using CRYSTALS.”’] H atoms were refined in riding 

mode (fixed isotropic temperature factors). For 3a at T= 296 K, a = 18.594(2) 

A, b = 18.421(4) A, c = 26.962(6) A, = 99.17(1)’, Volume = 9117.1 A’, 
space group = Cc, Z = 16, D, = 1.197 g cm”, 9743 reflections measured, 683 1 

observed (I > 3o(I)), R = 0.087, R, = 0.092. For dirner 3b at T= 296 K, a = 

18.863(6) A, b = 18.811(6) A, c = 26.800(5) A, p = 99.91(1)’, Volume = 

9367.7 A’, space group = Cc, Z = 8, D, = 1.160 g crn”, 11074 reflections 

measured, 5208 observed (I > 3a(I)), R = 0.096, & = 0.125. 
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