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Abstract: The guest ethanol molecules in the clathrate crystals reacted photochemically 
with the diol host compounds, bii(9-hydroxyfluoren-9-yt)thieno[3,2-b]- and [2,3-b]- 
thiophenes, to cause photosubstitutions in the solid-state. 

Organic photoreactions in the crystalline state have become the current subject of active research and a 

number of solid-state photoreactions have been reported up to now.’ However, simple bimolecular 

photosubstitution at a saturated carbon atom has not yet been known in the solid state. This is due to the 

diffkulty of preorganixadon of the reactive partners within the favorable distance in the aystalline state and also 

to the situation that most of photo8ubs~tions at a tctrahcdral carbonatom known to date arc photosolvolyses.2 

We demonstrate here the fmt solid-state photosubstitution that was real&d in host-guest &&rate cry8tals 

including a solvent species as a guest component3 ‘fbe reaction may be .designated as solid-state 

photosolvolysis . 

In spite of the structural similar@, isomeric bis(9-hydroxyfluoren-9-yl)thienothiophenes 1 and 2 showed 

rather different indusion properties as host compounds.’ Upon recrystahiion from ethanol 1 afforded the 

dathrate crystal with a host-guest molar ratio of 1: 2, whereas for 2 a host-guest ratio of 2:l was obtained. 
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Grindal (l)(EtOH), crystals were irradiated by means of a high-pressure mercury lamp at ambient tempaaturc 

for 6 h. The photopmducts were chromatographcd on a silica gel clolumn to give monoc$hcr 3 (43%) and 

diether 4 (21%) along with ureactcd 1 (36%): 

The solid-state form&ion of the ethers is conclusive, S~IW the ms spectra of the inadiatcd solid semplc 

cxhiicd the molecular-ion peaks ascrii to 3 and 4 at nde 528 end 556, ‘cspcctively. Similar 

photosubatitutions were also obscrvcd in (2)&Et0H) crystals, wherein the products after 4 h irradiion are 

monoe&r 5 (36%) and di$her 6 (7%). 

Figure 1. ORTEP viw of (l)(EtOH), and (2)JEtOH) aystaIs. Do&cd lines a and b i&cute the relation 
linked by the hydrogen bond ~bdween the host and the guest aud brokca lines x, y and w indiie the direction 
of the new-bond forma&a: For (l)(EtoH), a=2.71, b-2.82, x-3.65, y=3.86 A. FOI (2)pOH), -2.83, 
b32.70, x=3.73, y-3.74, w=5.06 A. 
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The X-ray powrkr d-on pattcms of both irradiated dathmtq along with their intensiticq, wcrc almost 

identical with those of tk! stqtillg &thratc aystak, indicating the ay8tlWlc phase is ruained thmughout the 

photore&oE. nlc x-ray stlu&uai G%lalysis rev& that an uhanol molaxlle is hydrog+nmdal to c&l of 

tbeOHgroupsofthchostmolcculcs.6 Ifatopuchcmicalrrztionisprcaumai,tbcattz&qftbccthauol 

molecules is to take plaa from the same side as the OH group leaves. The intcratoti distances between the 

et&an01 oxygen atom and the fIuorenyl9-carbon atom indicate that 3.65 and 3.86 A in (l)@tOIIX as well as 

3.73 and 3.74 A in (2)@tOI-I) arc topo&e&cally favorable distances for dlsplaccn+u (Fii 1). 

For the formation of diether 6 from (2$@tO&I), however, local mluocnvm concentration of 

ethanol surrotmdlng the OH groups of host 2 is not enough; the bond forma&n bdwccn the 

non-hydrogen-bonded distance (of long 8s 5.06 A is required (Flgare 1). This distnnce appears to be quite 

long for topochemlcal solid-state reactions and therefore to I&ii that the fo ** of 6 is not a 

topo&mknl process. For the f&xuion of 3, 4 and 5 it seems also likely that non-toporbcmical &arztcr is 

dominant, since the tlmc dw of the prod@ distriition, as followed by the NMR analysis, revealed 

the presence of an induction period, there must be spe&al sites at whii reaction ouatrs prcfcmntiauy.’ In line 

with this observation, the photosolvolysls was fast in the finely grlndcd clatlm& solids, in which the defect 

sites am increased, but was quite slow in a single crystal. 

At this early stage we assume that an ionic intctmcdii is involved in these sol&state photosolvolyses, as 

suggested for the photosolvolysis of 9-fluorenol’ and thienylmcthanol derivatives9 in alcohoh since no 

hydroxyl radii-derived products were observed. In line with the s&d-state photomaction of (1 )(EtOI-I&, the 

photolysis of 1 in an ethanol solution for 1 h resulted in efficient solvolysis to give corwspondig diether 4 

almost quantitatively.M The present results may servo as prototypes for mechanistic studies of molecular 

contacts in solution reaction. Further experiments arc inprogress. 
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