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mmtrmt: hadhation of l,S- or l,d-dicyanobcnzene in the preacnee of 
2,3-dimethyl-Z-b, in acetone mhtion, a&h cyano-substiMed C,S- 
~~d~-~,~,,s,S-~~~~-Itl-indcft-l-Mlcs in good yields. 

Over the last 25 years, the photochemical reacti+ity between 

aromatic' carbonstrilea and alkenes has been an area of fntenae research 

activity. If* Amngst on& of the iirportant features to dmetgd from ttise 
studies wab the rrtrong solvent influence upon the outcome of the 

photoreactian. For example, irradiatfbn of the dicyanobenaenes in the 

preeence of 2,3-dI?methyl-2-butene (g') in polar acetonitrile solution 

jie'lds epbstitution products as a result of photoinduced electron 

tr&WfOr, whilst in non-polar benzene solution, no reaction is observed 

tci 6cdur*. We now wish to reprxt a new mode of photoreactivity of the 

dicy&&enrenes with k, when acetone is used as a solvent. 

Irradiation of an acetone solution of 1,4-dicyanobenrene (2, 0.16 

~rl dm'3) and 1 (0.48 mol dm-3) by mans of a 4OOW medium 'tiressure 

kcury lamp through pyre* (~280~) under a nitrogen atmosphere followed 

w (2) (1) SCN (3) 67% 
L3- (4) 6-cN@)68% 
1.2 (6) 7-CN('7)trace 

8485 



by Column chromatography (silica gel) of the photofysate, resulted in the 

iSOlStiOn Of a pale-yellow crystalline matexial, which was identified as 

5-cyano-2,3-dfhydro-2,2,3,3-tetramethyl-lH-inden-l-one (3, 67% isolated 

yield). 

Our StrUCtUral assignment rests predominantly upon the infra-red, 1H 

and 13C NBIR, and mass-spectral data3, which also compaties well with the 

data reported for related structures.4 Similar results were obtained 

when 1,3_dicyanobensene (4) was irradiated, whereas the or&a isomer (6) 

proved relatively unreactive. Dark control experiments established that 

the reaction is indeed a photochemical process. 

The above new compounds are not primary photoproducts, but probably 

arise from hydrolysis (on silica gel?) of the imines 8-10, themselves 

resulting from what is 

the dicyanobensenes and 

the nitrile functions. 

Isine 8+0 have 

their axf8tence as 

formally a [3+2] cycloaddition reaction between 

2,3-dimethyl-2-butene, and which involves one of 

proven difficult to isolate, but evidence for 

fntermdfates tSteAw from tar0 experfaental 

observationa. Thus. during the cou-rse of photolyses, reaction mixtures 

were monitored by gas-chromatography/ion-trap detection {GC/ITP)c which 

revealed tIca% the major ptoduct yielded protinent &ons at ra/e 213 and 197 

Cbq- pm&I* +nalyses of the isolutsd pro&c+@ by GCbITD, h-ever, 
yielded different retention times , and ions at m1e 213 (ti] and 198 (base 

ma% as expected for structures ,3, 5 and 7. Presumably, the spectrum 

before fsolati.on is that given by the imine, with the peak a't de 213 

being due to the protonated #arm5 , and m/e 197 corresponding to. (B-15). 

Further evidence for the imine intermediates stems from the 

monitoring of the.photoreaction bet-en 1 and 2 in acetone-d6 by lH N&h 

spectroscopy. This revealed the, formation of a, product whose spectrum 

resembled that of the isolated ketone 3 very closely, except for an 

additional broad, exchangeable peak at cd. 2.9~~1s. 

There are to our knowledge only two reports of similar (3+21 

photocycloadditfon reactions between cyanoaromatics and alkyl olefins, 

and in these ..cases the solvent used was either acetonitrile,4b or 

acetonitrile/msthanol mixtures.4a These are usually the solvents of 

choice for photosubstitution ox photosubstitution-nucleophilic addition 

(i.e. photo-NOCiWlb) reactions of cyanoaromatics via photoinduced 
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electron transfer pathwaye, as is the case for the dicyanobmnrenes . lb*2 

Thus, ws are the first to report that a photosubstitution mode of 

reactivity may be replaced by (2+2] photocycloaddition on switching to 

ace+one solvent. 

The mechanism for formation of imine 6-10 is not clear. Arnold and 
co-workers4a have propcxmd, and given spectroscopic evidence for, a 

charge-transfer (CT) mechanism in their systera, which involved 

acetonitrile-rathanol mixtures as solvent. In fact, careful scrutiny of 

the WV absorption Spectrum of l,4-dicyanobenaene (2) in acetone solution 

has revealed the appearance of a long wavelength tail (cutoff CQ. 375nm) 

when 2,3-dimethyl-2-butene (1) was added. However, the Possibility of 

involvement of the triplet etate in the mechanism for the cycloaddition 

cannot be ruled out at thfs stage.6 It is unlikely that a pathway that 

involve8 the foratation of Solvent-separated radical fonS is operative in 

the relatively non-polar acetone solvent.7 

The lack of reactivity of 1,2-dicyanobentene (6) war unexpected. 

Presumably, steric factors are responsible for this anomalous behaviour. 

This hypothesis is Supported by the fact that, in the UV studies 

mentioned above, the long-wavelength tailing was less pronounced in the 

case of 6. when compared to 2. Therefore, it is plausible that steric/ 

electronic factors are preventing fannation of a CT complex in this case. 

In conclusion, the reaction8 reported here represent a n%w mode of 

photoreactivity between the dicyanobensenes and 1. Ongoing studies in 

our laboratory axe focusing on mechanistic details, a8 ~11 as examining 

other cyanoaromaticfalkene combinations so as to determine whether this 

type of reaction is a general one when acetone is used as the solvent. 

Indeed, preliminary tesulte indicate that benaonitrile undergoes a 

similar cycloaddition reaction when irradiated in acetone solution, in 

the presence of 1. The outcome of these, and other studies will be 

presented in the full paper. 
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