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Abstract: Eased on x-ray crystallographic studies, it is shown that crystal chemical 

Psctora govern the reversible photodimsrization of phenylbutadienes in the solid state* 

Photodimerization of olefins in the solid state has baen invsstigated ,Pairly 

sxtensively in recent year*'. Topochemical factors, rather than ordinary rules OP 

chemical reactivity, generally govern the course OP such solid state reactions 2,3 . The 

most well-known example of topochemical reactions is the 2 + 2 photodfmerization oP 

trans-cinnamic acid derivatives yielding cantrosymmetrio truxillic acid or mirror- 

symmetric truxinic acid depending on whether the monomer pairs ara perPormed in a head-to- 

tail or head-to-head Pa&ion. Strategies adopted to enaura an appropriate orientation 

OP the dimerirable units which would enable the reaction to occur with only a minor 

reorganization oP the bonds has been rePerred to as crystal engineering. 

we havs baen interested in the dimeriration of phenylbutadiene derivatives oP thetypa 

C6HSCt14tMH&R,R2 in the solid stats, partioularly in view of tha possible oocurrenoa 

oP reversible photochromism. Thus, all the butadiene derivatives with R, = R2 = CN or 

COOH 8s well as R, = CN and R2 = CDGR (R = Re, Et, E-&r A-r9 p&u* &+u and s-&j 
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undergo facile dimerization in the eolid atate on irradiation uith viefble light giving 

high yields of the diner. The dimarization ie etereoepeciPio and of the 12 possible, 

aterfcally different, oyclotutyl dimere that can be formed Prom a trane-trane monomer, 

only one (generally centroaymmetric) dlmer is formed. The dimars on irradiation with 

ultraviolet light give back th monomers though not qJentitatively. The dimere of three 

of the phenylbutadienee eith RI - CN and R2 = COOR (R = Re, &4-r and &Ru) exhibited nearly 

reversible photochromism with a mininua of aide reaotione. 

We have carried out a crystallographic study of oinnamylidinecyanoacetate, 

C~H~C+I=CH-CHS=IR,R~ 4th RI = CN and R 2 P COOMe, showing photochromism. The mononer crye- 

tellizing in the Pf apace group (2=2) has the unit cell dimenoions, a - 7.23d, b = 7.7&, 

c = 11.273;. X = 104.40, p = 94.760 and \, I 111.430. The structure wa solved (R r9$) 

making use of 1124 reflections employing Cruickahank’s weighting scheme for refinement. 

The packing of the monomer molaculee given in Fig. 1 clearly show how pairs of planar 

moleculae are arranged in a centroeymmetric fashion uith a favourable orientation of the 

potentially reactive double bonds. The distance betueen the double bonda (3.68) is within 

Fig. 1. 

Roleoular paoking in the crystal of cinnamyoylidlnecyanoacetete monomer 

viewd dow the a-exls. The potentially reaotive double bonds (shown 

by arrow) are 3A apart. 

the alloeed range of dietenoee for dimerization to ocam. Topochemical photodimarization 

therefore oocura readily giving rice to e eymme~trlo dlmer. 

The diner of dnnamylidinacyanoaoatata also crystallizes in the Pi spew group 

(Z-1) and has the unit cell dimensions, a P 7.9661, b = 6.0758, c = 9.563%. o( = 104.9.. 

fk 111.7s and 1, = 77.4s. The structure of the dimer WIS solved (R,r *) meking uee o? 

1220 re?lectione. The etruoture and stereochemistry of the diner are show in Fig. 2 

Wherein w have aleo superimposed tw monomer dlane molewles~ It is olear that only a 
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Fig. 2 

Dimer of cinnamylidinecyanoacetate. Tw molearles of tha monomer 

ara superimposed to show the minor reorganization in atom positions 

of the diene molecules occurring tha 2+2 dfmeriration in solid stats. 

minor reorganization in atomic positions of the diene molecules ocoure during the 2+2 

photodinaritatfon; tha crystal of the monomer indsed has “incipient dimerse. The dimor 

once formed, can readily break up (on UV irradiation) to give back two monomers. The 

photochromic system investigated here provides yet another example of cryatsl engineering 

where topochemical Pactors govern the course OP reactions. 

Fig. 3 

7 

molecular packing in the crystal of dimethyl cinnamylidinemalonate 

viewed down the a-axis. The potentially reactive double bond8 are 

indicated by arrows. 
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Unlike the phenylkrtadiane derivative8 discussed hitharto, dimethyl clnnamylidine- 

malOnat8, C6HSCH=CH-CH=C( COOMe& doe8 not undergo dimerization in the solid state. It 

however polymerizes due to surface malting bsceuss of its low melting point (66sC). This 

dieater crystallize8 in the space group pccn (Z=R) with the unit cell dimensions, 

a = 11.621%, b = 15.1680A and c = 14.7&L The structure was solved (R-4) making us8 of 

1635 reflections. Molecular pecking vieued down the o-axis showed the double bonds to be 

most unfavourably orisntad for any reaction to occur. The packing viewed down the a-axis 

(Fig. 3) show that the potentially reactive double bonds are skewed with respect to each 

other and the neareat distance between tham is 5*5’A. 
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