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Abstract: Upon irradiation with allyltrimethylsilane, dicyanopolycyclic aromatic
compounds undergo two modes of photoallylations, depending on the compounds and
the reaction conditions. Both the photoreactions occur in & highly

regioselective manner via electron transfer.

Photoallylation by allylic silanes is the subject of a current interest
from synthetic and mechanistic viewpoints.1—3 Mariano and his co-workers have
reported an allylation at a C=N bond by the photoaddition of allylic silanes to
iminium salts.1 However, little is known about photoallylation on a nucleus of
aromatic compounds 2 e now repoert two modes of regioselective photoallyla-
tions by allyltrimethylsilane on 1,4-dicyanonaphthalene (DCM), ©,10-dicyano-
anthracene (DCa), and 9,10-dicyancphenanthrene (DCP} and related photoreaction.
The mecheanistic features of these photoreactions are also discussed.

Irracdiation of an acetonitrile solution containing DCN (2 mmol) and
allyltrinethylsilane (], 10 mmol) through Pyrex filter for 5 h under nitrogen
atmosphere aiforded 1-allyl-4-cyanonaphthalene (g, mp 5%-60 °C, 34%), 1-allyl-
1,4-dicyeno-1,2-dihydronaphthalene (3, oil, 8%), and 3,6-dicyanc-4,5-benzotri-
cyclof4.2 .1.03 Jnonane (4 4, mp 152-153 °C, 42%). These products were isoclated
by column chromatography on silica gel. The structures of the products were
established by spectral propertie54 and chemical transformations.

Treatment of 3 with NaOlle in !MeOH afforded 2 in 90% yield. Irradiation of

3 in CH CN through Pyrex gave 4 in a quantitative yield. The photolysis of 3

DCN 4
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in the presence of NaOlMe also gave ﬁ/in a high yield. Conseguently, it is

apparent that 2 and 3 are the primary products and f/is the product derived from

13

3 under the reaction conditions. The 400 MHz 1H and C MMR spectra of 4

showed unequivalent eight aliphatic proton and seven aliphatic carbon sicnals,

.5 .
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The product distribution in the photoreaction changed with irradiation time
and also by the addition of additives. The results are summarized in Table 1.
The selectivity in the formation of 2 was largely enhanced by the addition of
MaOlie or NaOH. The rates of the formation of 3 and ﬂ‘were accelerated by the
addition of lieOE or Hzo. hen the photoreaction was carried out in the
presence of !1eOD or DZO' deuterium atom was incorporated in 3.and £: However,
the deuterated compounds were not cbtained by the photoreaction in CD3CH. It
is therefore conceivable tuat a small amount of H2O iacluded in CH3CJ UE C;3CU
is a proten source in the formation of 3 and L.

The photoallylation was also accelerated by the addition of aromatic
hydreocarbons such as phenanthrene (Phen) and pyrene, which were guantitatively
recovered after the photoreaction and act as a sensitizer for the
photoreaction.6’7

The photoreaction of DCA with l_in CHBCN—MeOH (9:1) atfforded a 1 : 1

mixture of cis- and trans-9-allyl-9,10-dicyanc-9,10-dihydroanthracenes (5) in a

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

Solvent Additive Irrad time/h g?t;iogiiig/% %Efd?cféfa?iéi
CH3CN 5 85 40 10 50
CH3CN—MeOH (9:1) 3 90 20 20 60
CH3CN—H20 (9:1) 3 80 15 20 65
CH3CN NaOMe 2 70 90 5 5
CH3CN NaOH 2 80 20 6 4
CH,CN~MeOH (9:1) Phen 1 90 5 5 90
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guantitative yield. The photoreaction of DCP with ivunder similar conditions

cave cis- and trans-9-allyl-9,10-dicyano-2,10-dihydrophenanthrenes (E) in 80%

yielc. Treatment of 5 and 6 with NaOMe in !MeOH in the dark gave ZLand 8 in 73%
and 98% vields, respectively.
* ’Jl v {>350nm) CH30H = CH30Na. &
CH3CN—CH;0H
SiM
DCA iea 7 mp 143-145 °C
: CN , ’JJ hv (> 350 nm) CH30H - CH30Ng © CN
CN CH3CN-CH30H N @
© SiMesq 3 3 2 ©
DCP 1 8 mp 126-127 °C
The fluocrescence of DCN and DCA in CPBCW was efficiently gquenched by 1 at
nearly dGiffusicon controlled rates kCT ~ 6 X 10 mol 1dm3s 1). Estimation of
the free energy change (AG = -32.5 aﬁd ~-217.8 kJ mol_1) by the Rehm-Weller

eguation suggested that the electron transfer processz fromllfto the excited
singlet DCii and DCA should be ex thermic.8 However, the flucrescence of these
cdicyanoaromatics was hardly guenched by ] in benzene, and the photoallylation
¢id not occur in this solvent.

From these results, we propose the electron transfer mechanism as shown in

£ =

rlatiocns of dicyvanoarcunatics Ar(CN)Z. The first step

Scnene 1 for
is one-electron transfer from‘l’to the excited singlet dicyancaromatics Ar(CN)Z*
te produce the radical ion pair (Ar(CN)E'n-l:') which dissociates to the radical
anion Ar(CN)Z" and the radical cation l:'. The attack of allyl radical
generated from lj' toward Ar(CN) 7* gives the anionic intermediate 3 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 aromatic stabilization of dicyanoaromatics. The
large rings such as DCA and DCP, which have lower resonance energy per
mT-electron, preferentially undergo the addition reaction to give only the
recductive allvletion products. On the other hand, the dicyanobenzenes, which
have higher rescnance enercgy per m-electron, preferentially undergo the
substitution reaction to give only the substitution products. The naphthalene
Gerivative ig intermeciate between these two groups of compounds and ¢ives a
mixture of the recductive allylation and substitution products. The prorosed
nmechanism is consistent with the fact that in the photoreacticn of DCIT with 1,
the addition of z proton source such as ifeCH or H,0 enhances the formation of 3,
anc ﬁ/ but the additicon of laGiie or 1iaCH enhances the formation of 2; The role
of aromatic hvdrocarbons in the photoreaction is probably to suppress a

!
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