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Abstract-The photochemical reaction of IJ-dicyanonaphtaleoe (1) in tbe presence of methylbenzenes (3~) in 
acetonitrile affords I - benzyl - 4 - cyaoonaphtalenes (3), I - beozyl - I,4 - dicyano - I,2 - diiydronaphtalenes (4), 2 - 
benzyl - 1,4 - dicyano - I,2 - diiydronaphtalenes (5 and 6) and the tetracyclic derivatives 7 and 8. Compounds 3,7 
and 8 are not the products of subsequent transformations of compound 4. No photochemical reaction is observed 
in non-polar medii, in which, on the contrary, exciplex emission is detected. Experiments in the presence of 
electron acceptors, electron donors and strong acids support the idea that the reaction is initiated by electron 
transfer from the methylbenzcoes to sioglet excited 1, followed by protolytic equilibrium of the benzylic radical 
cation to the corresponding radicaI, which is the attacking species. 

While in non-polar medium the excitation of aromatic 
molecules in the presence of suitable substrates leads to 
cycloaddition, often through the intermediacy of emitting 
exciplexes,’ the change to polar media generally brings 
about a change both in the photophysics and in the 
photochemistry of these systems, due to the intervening 
of full electron transfer from donor D to acceptor A with 
formation of solvent stabilixed radical ions. Although 
this concept has been known from some time: it is only 
recently that the synthetic usefulness of photochemistry 
uh radical ions has come to be appreciated.- This kind 
of photochemistry is indeed multiform, including radical 
cation (anion) isomerixation (eqn 2),‘-lo electrophylic 
(nucleophylic) reactions of the radical ions (eqn 3),‘*” 
reactions between radical ions of opposite sign, either 
the original ones (eqn 3) or other ones formed by further 
electron transfer (eqns 5 and 6),t’*” cycloaddition,““*” 
cationic (anionic) initiated polymerixation,‘5” back-elec- 
tron transfer with formation of other reactive species 
(eqn 7), e.g. carbonyl oxides from the oxiran radical 
cationP fragmentation of the radical ions to form radicals 
(eqn 8).” 

A*+DorD*+A+A;+D? 

*r A 
D”+B’-B 

(1) 

(2) 

tAo example of the latter reaction is offered by the electron 
transfer photosensitized oxygenatioos.‘“*” 

A* A D++C+D-C’- D-C (3) 

D?+A;+D-A (4) 
A;tE+AtE; (9 
D”+E;+D-E (6) 

F-G?L,j;_G (7) 

F-G’(+L)-,F’tG’ (or G-L+). (8) 

We wish to point out that the process depicted in eqn 
(8). which is of interest as a mild way to prepare radicals, 
is little known at present. 

A substantial portion of the studies in radical ion 
photochemistry concern reactions initiated by electron 
transfer from various phenyl derivatives to the singlet 
excited state of aromatic molecules bearing electron- 
withdrawing sub&tents, such as cyano or carboxyalkyl 
groups. Phenylalkenes,3*‘4*“b phenylalkyne?, phenyl- 
cyclopropanes, or cyclopropenes16 or cyclobutanes, 
phenyloxirans? /3-phenylethyl ethers’ were found to 
react in this way. It is assumed that intermolecular 
electron transfer from the phenyl ring of the donor hrst 
takes place, and that the electron is then intramolecularly 
transfered from the substituted group that eventually 
reacts (the double bond, the cyclopropane ring, the 
oxiran ring etc).” 

Y 
Sensitizer *+ 0 w SanritircrT Qy- a” reactlonaty 

Scheme I. 
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However, no analogue reaction with simple arenes has 
been reported to date, although many systems can be 
selected, in which the lirst step, the intermolecular elec- 
tron transfer to the excited sensitizer, is spontaneous. 
The only reported case of this type is the photochemical 
reaction between &2,4,%tracyanobenzene and 
toluene.” In this case, however, a preformed ground 
state complex is irradiated. 

Therefore, we chose to examine this problem more 
closely, and we report here our observations concerning 
the system l&dicyanonaphthalene (ltmethylbenzenes 
@a-e).S In these systems, electron transfer to the singlet 
excited state of the nitrile is exothermic (uide infra) and 
exciplex emission in non-polar solvents has been repor- 
ted.M Furthermore, no ground state CT complex is evi- 
denced at room temperature, although such a complex is 
present at low temperature and shows a fluorescence 
which is identical to the exciplex emission from the 
non-associated system.” 

We found that irradiation of these systems in non- 
polar solvents at room temperature did not cause any 
reaction, (Experimental) in keeping with the above men- 
tioned finding” that the photochemical reaction of tetra- 
cyanobenzene in toluene occurs through a pre-existent 
complex. However, we did observe a reaction on irradia- 
tion of the systems l-2a-e in acetonitrile, where no 
exciplex emission was detected-l was consumed and new 
naphthalene derivatives were formed. 

In particular, irradiation of 1 in the presence of 2s 
(0.3 M) until complete conversion of 1 gave a complex 
mixture, from which three main products, 3a, 5s and 7a 
were separated, together with a little 4a (uide infru) and 
traces of 1,Zdiphenylethane. Compound 3a was shown 
by its analytical and spectroscopic characteristics to be 
1-benzyl-4-cyanonaphthalene. As for product 5a, its UV 
spectrum is consistent with a 1,2-dihydro-structure (cf 
product 10, vide infru), while the interpretation of the 
ABX system in the PMR spectrum shows the benzyl 
group to be linked in position 2 and to be in cis arrang- 
ment with respect to the cyano group in position 1, as the 
corresponding protons are not in axial-axial configura- 
tion (J1.* = 4.5 Hz; compare also with the corresponding 
value for 6~). As for product 7a, whose UV spectrum 
shows the presence of a non-conjugated phenyl group 
only, its structure of 6,ll - dicyano - $11 - methano - 
5,6,11,12 - tetrahydrodibenzo[a,c]cyclooctene was 
determined by single crystal X-ray analysis. 

The reaction of 1 with 2b gave completely analogous 
results, while in the reaction of 1 with 2e a more com- 
plicate mixture resulted. In both cases, no trace of the 

$Preliiinary communication, Ref. 18. 

Table I. % Product yield from the irradiation of 1 in acetonitrile. 

345618 Notes 

2a,0.3M 12 tr’ 8 b 
2b,0.3M 23 10 : 
2c,0.3M 10 25 24 4 25 5 
2a,0.3M; 
t-BuCl,O.lM 17 50 13 
2a,0.3M; 
CF$OOH,O.OlM 67 tr C 

Notes. a tr = traces; b 7 mg 1,2-diphenylethane obtained; c 
45 mg 12diphenylethane obtained; 38% yield product 10. 
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Table 5. Relevant torsion ar@es (“). Standard deviations in parentheses for product 70 

ClO-Cl-CZ-C-3 3.1 (4) 

c2 -Cl - C'6 -C 7 0.3 (4) 

do-Cl-C6-C5' -1'.7 (3) 

ClO-Cl-C6-C7 177.8 (4) 

c2 -Cl-CIO-c9 is.8 (4) 

cz-Cl - Cl0 - Cl1 -104.2 (4) 

c2 -Cl - Cl0 - c20 137.6 (4) 

C6-Cl-ClO-C9 -161.6 (5) 

C6 -Cl - cl0 - Cl1 78.4 (3) 

C6 -Cl -clo-c20 -39.8 (3) 

C4 -cs -C6-C7 -0.7 (41 

Cl -C6-c7-ca :159.4 (4) 

CS -C6 -c7-ca 20.1 (3) 

c5 -C6GC7-C18 145.9 (4) 

C6-Cl-ca-c9 126.2 (3) 

C6-C7-C8-C17 -110.9 (3) 

ma -Cl - c a - Cl7 124.2 (4) 

C6 -c7 -ma - Ni9 -106.9(10) 

ca - c 7 - eta - Nl9 19.5 (1) 

C? -ca-c9-c10 -109.3 (3) 

c17 - c a -c9-cl0 12s:o (3) 

c7 -ca-c17-~12 81.9 (3) 

C7-C8-ti7-c?6 -97.3 (4) 

c9 -ca - c17 - Cl2 -158.6 (4) 

C 9 -C a - Cl7 - Cl6 22.2 (41 

ca -c9- clo-Cl 117.2 (4) 

ca -c9- cld - CII -111.5 (3) 

ca -c 9 -ClO-c20 6.7 (4) 

c 1 - Cl0 - Cl1 - cl2 -108.2 (4) 

c 9 - Cl0 - Cl1 - cl2 129.9 (4) 

c20 - Cl0 - cl1 - Cl2 10.1 (4) 

Cl - Cl0 -c?o-N21 8.6 (3) 

c 9 - Cl0 - C20 - N21 131.9 (4) 

Cl0 - Cl1 - cl2 - Cl3 17.1 (4) 

Cl0 - Cl1 - c12- Cl7 -161.0 (4) 

Cl1 - Cl2 - Cl3 - cl4 2.8 (5) 

Cl1 - Cl2 - ~17 - c‘a 175.9 (4) 

Cl1 - Cl2 - Cl7 - Cl6 -4.9 (4) 

Cl3 - cl2 - cl7 -c a -2.3 (3) 

Cl5 - Cl6 - Cl7 - C a 2.5 (3) 

Cl0 -c 1' -c 2' - c 3' -3.6 (3) 

c 2' - c 1' - C 6' - C 7' 1.5 (3) 

CIO' - C 1' - C 6' - C 5' 2.7 (4) 

ClO' - C 1' -C 6' - C 7' -175.8 (3) 

c 2' -Cl' - ClO' - c 9' -15.7 (3) 

c 2' -c 1' - ClO' - cll' 105.3 (4) 

c 2' -Cl'-ClO' - c20' -13 .o (4) 

C 6' - c 1' - ~10' -C 9' 161.6 (4) 

C '6' - c I' - ClO' - Cll' -77.4 (3) 

C 6' -c 1' -PO - C20' 41.3 (4) 

c 4' _c 5' - '; 6' -c 7' -0.1 (3) 

c 1' - C 6' - C 7' - C a' 155.5 (4) 

c 5' - C 6' - C 7' - C a' -23.0 (3) 

c 5' - C 6' -C 7' - Cla' -150.7 (4) 

C 6' - c 7' - c a' - C 9' -122.7 (4) 

C 6' -c 7' -c 8' - ~17' t14.9 (4) 

ma' -C 7' -C a' - Cl7' -117.2 (4) 

C 6' -c 7' -ciao - Ni9* 41.5 (5) 

c a' - c 7' - cla* - N19' -85.7 (5) 

c 7' -cat-~9' - ~0' ma.8 (3) 

Cl79 -c a* -c 0' - ClO' -126.4 (3) 

c 7' -c 8' - C17' - cl2' 41.1 (5) 

c 7' - c 8' - Cl7' - Cl6' loo.4 (4) 

c 9' -c 8' - ~17' - ~12' Isa.9 (5) 

c 9' - C 8' - C17' - C16' -19.6 (3) 

c a! - c 9' - ClO' - c 1' -129.0 (3) 

c 8’ -c 9' - cl01 - CIl' .,109.4 (4) 

c 8' - c 9' - ClO' - c20' -8.0 (3) 

c 1' - ClO' - Cll' - cl2' 109.5 '(3) 

c 9' - ClO' - cll' - C12' -126.6 (3) 

C20' - Cl01 - Cll' - C12' -10.1 (3) 

c 1' - ~10' - C20' - N21' 101.9 (41 

c 9' - ClO' - C20' - N21' -21.3 (4) 

ClO' - Cll' - C12' - C13' -17.4 (3) 

ClO' - Cll' - C12' - C17' 760.2 (4) 

Cll' - Cl2' - C13' - Cl49 -1.2 (3) 

Cll' - ~12' - ~17' -c a' -176.3 (6) 

Cll' - ~12' - ci7 - Cl6' 2.2 (3) 

~13' - ~12' - ~17' -c 8' , 1.2 (5) 

C15' - cl6' - Cl7 -c a* -2.1 (4) 

Cl5 - Cl6 - Cl7 - Cl2 -176.7 (5) C15' - C16' - C17' - C12' 179.3 (5) 

dihedral angle between the planes of the two benzene rinps, 
which is diierent in the two conformations). The position of the 
cyan0 groups also significantly differs. 
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