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Abstract: Upon irradiation with allyltrinethylsilane, dicyanopolycyclic aromatic 

compounds undergo two modes of photoallylations, depending on the compounds and 

the reaction conditions. Both the photoreactions occur in a highly 

regioselective manner via electron transfer. 

Photoallylation by allylic silanes is the subject of a current interest 

from synthetic and mechanistic vieI;points. 
l-3 

Elariano and his co-workers have 

reported an allylation at a C=. W bond by the photoaddition of allylic silanes to 

iminiun salts. 
1 %ovever, little is known about photoallylation on a nucleus of 

aromatic compounds. 
2 !:e no\: report two modes of regioselective photoallyla- 

tioils by allyltrirnetilylsilane on 1,4-dicyanonaphthalene (X?l), S,l O-dicyano- 

anthracene (DCA), and 3,10-dicyanophenanthrene (DCP) and related photoreaction. 

The nechanistic features of these photoreactions are also discussed. 

Irradiation of an acetonitrile solution containing DCM (2 mnol) and 

allyltrineth~~lsilane (L, IO mmol) through Pyrex filter for 5 h under nitrogen 

atmosphere afforded I-allyl-4-cyanonaphthalene (2, mp 59-60 "C, 34% 1, 1 -allyl- 

1,4-dicyzno-1,2-dihydronaphthalene (A, oil, 2%), and 3,6-dicyano-4,5-benzotri- 

cyc10r4.2.1.0 
3,c 

Jnonane (4_, np 152-153 'C, 42%). These products were isolated 

by column chrorlatography on silica gel. The structures of the products were 

established by spectral properties 
4 

and chemical transformations. 

Treatment of 3_ with PlaO!le in IieO1-i afforded 2_ in 90% yield. Irradiation of 

3_in CA3CN through Pyrex gave i in 2 quantitative yield. The photolysis of X 
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in the presence of NaONe also gave 4_in a hiqh yield. Consequently, it is 

apparent that2 and 3_ are the primary products and 4 is the -product derived from 

,3_ under the reaction conditions. The 400 M::z 
1 - 13 

H and C PIXI? spectra of 4 

showed cnequivalent eight a liphatic proton and seven eliphatic carbon sic_nals, 

respectively. 
4,5 

Phe other :jossi'le strccture 2, which cculc'. Ix r'or:i.ed by a 

[2+21 i;itre:?oleculer cyclizatior of 2, can :>e cxclu?.e< I;:? t;-le Ii';:, c‘ete ; if the 

co:-.::sccni. :I;:5 the StZ2CtErfZ r ’ _, it ShOLlli. ei:;libit four Y:inc‘s 05 zlipktic proton 

sir:nals an?. five _I !:iilCs 0: aliphztic carbon sis-nals in the i:,i, s;2ectrE., because 

!. ' 
r; has E sgmxetry plane bisecting t;le benzene ring. 

2 3 4 4' 
- 

The product distribution in the photoreaction chanyed with irradiation tine 

and also by the addition of additives. The results are sumaarized in Table 1. 

The selectivity in the forxation of 2_ was largely enhanced by the addi.tion of 

!:aOKe or NaOIF A. The rater: of the formation of z and Awere accelerated by the 

addition of lieOK or I-120. V:hen the photoreaction was carried out in the 

presence of T?eOD or D20, deuteriun atom was incorporated in &and 4. Xowever, 

the Geuterated corzpounds (rere not cbtained by the photoreaction inCD3C::. It 

16 therezoxe coiiceiveblt iz;1ai i nnell ar.!oLxlt of L2G i:iclui.&. IS Ci.. C1; L~L 'ZZ CL; 
3 3 

is a proton source in tile formation of 3 end L - ^t. 
The photoallyla tion was also accelerated by the addition of arocatic 

hydrocarbons such es phenenthrene (Phen) znd ::yrene, vihich vrere quantitetively 

recovered c?Zter the photoreaction and act as a sensitizer for the 

photoreaction. 6,7 

The photoreaction of DCA r:ith I_ in CX3CiJ-PleOH (Y:l) afforded a 1 : 1 

mixture of cis- and trans-Y-allyl-?,lO-dicyano- Y,10-dihydroanthracenes (2) in a 

Table 1. Effects of Additives in the Photoallylation of DCN by l_ 

Solvent 

CH3CN 

Additive Irrad time/h 
Total Yield Product Ratio 
of Products/% 2 : : 

5 a5 4; 

3_ A 

10 50 

CH3CN-MeOH (9:l) 3 90 20 20 60 

CH3CN-H20 (9:l) 3 80 15 20 65 

CH3CN NaOMe 2 70 90 5 5 

CH3CN NaOH 2 80 90 6 4 

CH3CN-MeOH (9:1) Phen 1 90 5 5 90 
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quantitative yield. The photoreaction of DCP with 1 under similar conditions 

cave cis- and trans-9-allyl-9,lG-dicyano- S,lO-dihydrophenanthrenes (k) in 80% 

yieli. Treatnent of 5 and 2 rrith VaOl<e in KeOH in the dark gave 7 and 8_ in 73% 
Y 

and 98% yieldc -, respectively. 

ti + i’ CH3CN-CH30H 

hv I>350 nml 

CN SiMe3 

& CH30H;:H30Na &IQ 

DCA 1 2 
y mp 143-145 'C 

DCP L. 

gg cH30H~iCH30Nc &126_12; oc 

,!L 

The fluorescence of ECN and DCA in CI-13CM was efficiently quenched by 1 at 
-1 

nearly diffusion controlled rates (!<c 2 6 :: 109 m01 L dT3s-?) . Estimation of 

the free energy change (AG = -32.5 a~;d -2i.G kJ mol -I) by the Rehm-VJeller 

ecjustion suggested that the electron transfer procesc fronl_to the excited 

singlet DCI< and XA should be exothermic. 
8 

However, the flucrescence of these 

Eicyanoaronatics was hardly quenched by l_iin benzene, and the photoallylation 

Lid not occur in this solvent. 

Front these results, We propose the electron transfer mechanisn as shown in 

SCilelie 1 f(Jr :z 1: c ~ko'ioi;ll;riatiinZ of diC~~ailO2rOi~latiCS .&r(CX) 2' z:?e first s.ke?* 

is one-electron transfer from 1 _to the excited singlet dicyanoaromatics Ar(CN)2 

to produce the radical ion pair (Arc'--- 2') which dissociates to the radical 

anion Ar(CE)2-' and the radical catio2 1 
+. 

-- The attack of ally1 radical 

generated fron ?, +* toward Ar(CN)2-' gives the anionic intermediate 9 which 

collapses to the substitution product by loss of cyanide ion or affords the 

reductive allylation products upon protonation. The choice for these two 

processes depends upon the arozatic stabilization of dicyanoaromatics. The 

larye rings such as DCA and DCP, which have lower resonance energy per 

n-electron, preferentially undergo the addition reaction to give only the 

reductive ellyletio:l products. On the other hand, the dicyanobenzenes, which 

have higher resonance energy per n-electron, preferentially undergo the 

substitution reaction to qive only the substitution products. The naphthalene 

2erivative is interceciate betI?een these two groups of compounds and gives a 

r;i:i'Lure of tile rec‘uctive allyla-tion an< substitution Froducts. The proposed 

nechanism is consistent i/it11 the fact that in the photoreacticn of DC!! !:ithL, 

the ac'di-Lion 05 il proton source such as I:YeOF; or R20 enhances the formation of z 

and 4, Ijut the rdc;iticc of I!aOI:e or Lia0i-i enhances the formation of 2 
4 The role 

of arowtic hydrocarbons in the photoreaction is probably to suppress a 

bac!r-electron transfer from Ar(CPi)2-' to L+‘_ 
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Scheme 1. Ar(CIi2 hv 
> IAr(CN); 

lAr(CN); + l+ ----+ [ Ar(CN)z .-.A? ] 

[ Ar(CN); ..-A? ] j Ar(CN): 2 +1f 

Ar(CN)l + 

z,_~*~@$o?% 

3 

'H+(D+) 
3, 2, 2 
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