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The topochemical rule states that, in organic solids, the reactions occur with 
a minimum of atomic and molecular movements and are controlled by the 
crystalline structure of the starting materials.' The photochemical behaviour 
of a and modifications of trans cinnamic acid crystals is a good illustration 
of the topochemical concept, each crystalline form gives the stereoisomer 
expected from the idealized crystal structure. ' 

However for a variety of anthracene derivatives the photodimerization 
has been proved to be non topochemical. The reaction occurs at defect sites 
where molecules are in appropriate mutual orientations to give the observed 
photoproducts.2 

Moreover, for some dichloro-anthracenes which adopt similar molecular 
stacking types (crystal engineering'), we have recently shown that both head- 
to-head (topochemical product) and head-to-tail (non topochemical pro- 
duct) photodimers are obtained at the defects in accordance with the relative 
distribution of molecular pairs within the reactive sites,3 although the mole- 
cules are well oriented in the perfect lattice to permit a topochemical dimeri- 
zation. 

This photochemical behaviour is consistent with an efficient energy transfer 
process toward defect zones occurring in certain anthracenic crystals,2c and 
it may be assumed to be the same for other aromatic crystals of p type. 

In order to check the preceeding assumption we wish here to report on the 
photodimerization in the solid state of two acenaphthylene* derivatives I 

* Acenaphthylene has been photodimerized in the solid state4 but the crystal structure is not 
conducive for a topochemical reaction and is d i ~ o r d e r e d . ~  
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60 J.-P. DESVERGNE AND C. COURSEILLE 

TABLE 1 

Crystallographic constants of compounds I and 11 
~~ 

a (A) b (A) c (A) B (") Space group Z 
I "  8 , 2 9  3, 85 28, 61 95 P I ,  'C 4 
I1 16, 8 3, 8 17, 5 I22 p21 c 4 

and I1 of which crystal structure (B type, see Table I) permits a topochemical 
reaction. The compounds I and I1 smoothly photodimerize in solution. I 
leads (in degassed ether) to the syn 1-3 photodimer (IV syn 1,3),6 whereas 
I1 (in degassed cyclohexane) gives 30% of syn (V syn) and 70% of anti 
(I11 anti) photodimers.' 

Y 

X 

Y Y  
- 
Y 

Y 

X, = X2 = C 0 2 H  
X , = Y = H  

I X = C 0 2 H , Y  = H  
111 anti 1V syn 1,2 

I1 X = H , Y  = C1 

X ,  = X, = C 0 2 H  
X , = Y = H  

IV syn 1,3 

syn {XI = x, = x, = H 
Y = CI 

The irradiation of solids yields quantitatively the topochemical photo- 
products (planosymmetric dimers), IV syn 1,2 and V syn respectively. Optical 
microscopic examinations of irradiation crystals indicate that the reaction 
is not homogeneous ; the photoproduct appears namely at  mechanical defects 
(edges, cracks . . .) and along particular directions on the crystals main face. 

The compound I shows on the main face of the crystal (OOI), two perpendi- 
cular directions for the nucleation of the product, [OlO] and [lo01 which 
correspond with the alignments of emergent sites of dislocations and slip 
planes traces on this face revealed by chemical etching (benzene9). Numerous 
slip systems have been identified, (100) [uuw], (102) [uuw], (703) [uuw], (013) 
[uuw] and (011) [uuw] and, in their majority, these defects present molecules 
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PHOTODIMERIZATION O F  ACENAPHTHYLENE DERIVATIVES 61 

which are in the same mutual orientation than those in the ideal lattice and 
so lead to the “ topochemical photoproduct.” 

The chemical etching of compound I1 reveals a lot of emergent dislocation 
sites on the main face of the crystal, they are aligned along the [OlO] direction 
(stacking axis), and these emergent sites of defects are those of the photo- 
nucleation. 

Thus the topochemical reactions for compounds I and I1 appear to be 
controlled by lattice imperfections which probably act as energy traps. 

However we may wonder why we obtained only one photoproduct from 
the defect zones in contrast with dichloroanthracenes where, as in fluid media, 
two photodimers are formed. Moreover for compound I, some slip systems 
((01 1) [3T1] for instance) exhibit an anti mutual orientation between neigh- 
bour molecules which might be precursor of anti photoproducts. We know 
for some acenaphthylenes that the formation, in solution, of anti and 
syn photodimers originates from excited states of different multiplicities, 
respectively triplet and singlet6 and as it has been recently claimed for an- 
thracenes we may suppose that energy transfer in acenaphthylenes is an 
excimeric process” (singlet character) which is mainly conducive for the syn 
photoproduct. 

We thank Professor H. Bouas-Laurent for stimulating discussions. 

References 

I .  G. M. J. SchmidtJure and Applied Chemistry, 27,647 (1971) and references therein. 
2. (a) M. D. Cohen and 9. S. Green, Chem. in Brirtiin, 9,490( 1973). (b) J. M. Thomas, S. Morsi 

and J. P. Desvergne in “Advances in Physical Organic Chemistry” (ed. V. Gold and D. 
Bethel; London, Acad. Press), 15, 63 (1977). (c) M. D. Cohen in “Reactivity of Solids,” 
Proceedings of the Seventh International Symposium on the Reactivity of Solids. Bristol, 
456 (1 972). 

3. J. P. Desvergne, F. Chekpo and H. Bouas-Laurent, J.C.S. Perkin I I ,  84 (1978). 
4. M. D. Cohen, I. Ron, G .  M. J .  Schmidt and J .  M. Thomas, Nature, 224, 167 (1969). 
5. T. R. Welberry, Proc. Roy Soc.. (London), A334, 19 (1973); A. Y. Korets, V. P. Fedorov, 

A. V. Korshunov and V. A. Naumov, Phys. Star. Sol ( B ) ,  84, 107 (1977). 
6. A. Castellan, G. Dumartin, R. Galante and H. Bouas-Laurent, Bull. SOC. Chim. France, 

217 (1976). 
7. J. C.  Koziar and D. 0. Cowan, J .  Amer. Chem. Sor., 98, 1001 (1976). 
8. H. Bouas-Laurent, J. P. Desvergne, J. Gaultier and C. Hauw, Crysr. Strucr. Comm., 2, 547 

9. J. P. Desvergne and J. M. Thomas, Chem. Phys. Letters, 23, 343 (1973). 
( 1  973). 

10. Z. Ludmer, Chem. Physics, 26, 113 (1977). 

D
ow

nl
oa

de
d 

by
 [

T
om

sk
 S

ta
te

 U
ni

ve
rs

ity
 o

f 
C

on
tr

ol
 S

ys
te

m
s 

an
d 

R
ad

io
] 

at
 0

4:
22

 2
3 

Fe
br

ua
ry

 2
01

3 




