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Abstract—Photoreaction of 2,3-dicyanonaphthalene with methoxy-substituted 1,2-diarylcyclopropanes in benzene gave alkylated
naphthalene derivatives via excited singlet of 2,3-dicyanonaphthalene. Fluorescence of the photoalkylated products showed intense

intramolecular exciplex emission.
© 2005 Elsevier Ltd. All rights reserved.

(2n+27) Photocycloaddition of alkenes to naphthalene
rings is a useful synthetic pathway for the preparation
of polycyclic compounds including cyclobutane rings.!
The chemical conversion of the resulting cyclobutane
rings gave substituted naphthalene derivatives.? On the
other hand, photoreaction of naphthalene rings with
cyclopropane derivatives have not been appeared in
literatures, although a few examples of photocyclo-
addition reactions of anthracene and phenanthrene
derivatives with cyclopropanes have been developed by
us to give (4+3) and (2+3) photocycloadducts, respec-
tively.> Here we describe the unprecedented direct
photoalkylation of 2,3-dicyanonaphthalene by 1,2-
diarylcyclopropanes.

Photoirradiation of a benzene solution containing
2,3-dicyanonaphthalene (1, 1.0x 107> M) and trans-
1,2-bis(3,4-dimethoxyphenyl)cyclopropane  (trans-2a,
1.0 x 1072 M) by a high-pressure Hg lamp through Pyr-
ex filter under argon atmosphere for 120 h gave a photo-
alkylated naphthalene derivative 3a as an isolable major
product in 12% isolated yield (Scheme 1, Table 1, entry
1). Photoalkylated products were also obtained in the
reaction of 1 with trans-1-(3,4,5-trimethoxyphenyl)-2-
phenylcyclopropane (trans-2b), trans-1-(3,4-dimethoxy-
phenyl)-2-phenylcyclopropane (trans-2¢), and trans-1-
(4-methoxyphenyl)-2-phenylcyclopropane (trans-2d), in
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Scheme 1.

19%, 28%, and 20% yields, respectively (entries 2—4). It
is noteworthy that the single regioisomers were formed
in the photoreactions with trans-2b—d. That is to say,
the phenyl groups and the methoxy-substituted phenyl
groups were attached to Cl1 and C3 positions of the
propyl chains of 3b—d, respectively, although each two
regioisomers are possible in the photoreaction with
unsymmetrical 1,2-diarylcyclopropanes. Photoalkylated
product was not obtained in the photoreaction of 1 with
trans-1,2-diphenylcyclopropane (trans-2e). The recov-
ered 1,2-diarylcyclopropanes contained their cis-isomers
(cis-2a—e).* To the best of our knowledge, this is the first
example for the direct photoalkylation of naphthalene
ring by cyclopropane derivatives.

The structures of alkylated products were determined by
their spectral data.> Characteristic signals were observed
at 5.2-5.3 ppm as triplet-like peaks in 'H NMR spectra
of 3a-d, which were ascribable to diarylmethyne
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Table 1. Photoalkylation of 2,3-dicyanonaphthalene (1) by frans-1,2-diarylcyclopropanes (trans-2a—e); effects of irradiation time, additives, and

solvents®
Entry 2 Solvent Additive Irradiation time (h) Yield of 3 (%)°
1° trans-2a Benzene — 120 12¢
2 trans-2b Benzene — 120 19
3 trans-2c¢ Benzene — 120 28
4 trans-2d Benzene — 120 20
5 trans-2e Benzene — 120 0
6 trans-2c¢ Benzene — 5 8
7 trans-2c Benzene — 20 15
8 trans-2¢ Benzene — 50 20
9 trans-2c Benzene Benzophenone® 50 0
10 trans-2c¢ Benzene Michler’s ketone® 50 0
11 trans-2c Ethyl acetate — 50 10
12 trans-2c¢ Dichloromethane — 50 3
13 trans-2¢ Acetonitrile — 50 0

%300 W high-pressure mercury lamp, Pyrex filter, [1] = [trans-2] = 0.03 M.

® Yields based on 1 used. The yields were determined by "H NMR, using singlet peaks appeared at 8.22-8.25 ppm, ascribable to the hydrogens at C4

positions of naphthalene rings of 3a—d.
°[1] = [trans-2a] = 0.01 M.
d1solated yield.
5 equivalents based on 1.

Figure 1. ORTEP drawing of 3b. C30H,sN,O3, FW =462.55, mono-
clinic, C2lc (#15), Z=8, a=4173QA, b=1531(1)A,
¢=7.746(4) A, B=100.50(3)°, V" =4866(4) A>, Deyea = 1.263 gcm™>,
Refl/Para = 6.59, R1 =0.063, wR2 =0.119, goodness of fit=1.583,
1 =0.818.

hydrogens of 3a-d. The structure of 3b was confirmed
by X-ray crystallographic analysis (Fig. 1). The C-C
bond lengths and bond angles around the 1,3-diarylprop-
yl group were 1.51-1.55 A and 107-109°, respectively.
The trimethoxy-substituted phenyl group was attached
to the C3 position of the propyl chain. The dicyano-
naphthalene ring and 1,3-diarylpropyl chain located
almost perpendicularly.

Effects of irradiation time, additives, and solvents were
examined, and the results are summarized in Table 1.
The yield of the photoalkylated product 3 increased with
increasing the irradiation time (compare entries 6-8 and
3). During the initial stage of the photoreaction (~50 h),
3 was obtained as a major product with small amount of
by-products such as 1,4-double alkylated product,
although 30-50% of 1 and 2a-d were still remained even
after 120 h irradiation (entries 1-4). Further irradiation
over 120 h gave a complex mixture containing unidenti-

fied by-products and the yield of 3 decreased. The
photoalkylation of 1 by trans-2a—d did not proceed by
use of triplet sensitizers such as benzophenone and
Michler’s ketone (entries 9 and 10). The photoreaction
of 1 with trans-2a—d also proceeded in ethyl acetate
and dichloromethane, but the efficiency was lower than
that in benzene (entries 11 and 12). The photoalkylation
in acetonitrile did not proceed at all, and the starting
materials were recovered quantitatively (entry 13). Since
cis—trans photoisomerization of 2a—e took place during
the photoirradiation,* the recovered 2a—e were the mix-
ture of the frans and cis isomers in all entries.

UV absorption and fluorescence spectra of 1 and 3a—c¢
were measured in benzene (Figs. 2 and 3). Absorption
maxima of 3a (Apu=347nm, &=22x10%, 3b
(Zmax = 346 nm, ¢=2.1x10%), and 3¢ (Jmax = 346 nm,
¢ =1.9x 10% were shifted to longer wavelength than 1
(Zmax = 343 nm, & =2.5x 10°). The 3-4 nm bathochro-
mic shift was attributable to the effect of the introduc-
tion of alkyl chains to 2,3-dicyanonaphthalene
chromophore, hence intramolecular CT interaction be-
tween 2,3-dicyanonaphthalene and methoxy-substituted
phenyl ring at ground state was negligible. Fluorescence
spectra of 3a—c showed intense intramolecular exciplex
emission. Fluorescence maxima of 3a and 3¢ appeared
both at 474 nm, and that of 3b appeared at 496 nm,
due to the excited-state interaction between dicyano-
naphthyl group and methoxy-substituted phenyl groups.
The longer wavelength of the intramolecular exciplex of
3b than those of 3a and 3¢ was explained by the forma-
tion of more stabilized exciplex depending on the num-
ber of methoxy groups. Fluorescence lifetimes of 3b,c
(Zem > 420 nm) were calculated by single components,
whose values were 21.0 and 26.6 ns in acrated benzene,
whereas that of 3a was consisted from two components
whose values were 23.4 and 7.24 ns. The longer com-
ponent (23.4ns) corresponds to the intramolecular
exciplex between dicyanonaphthyl group and
dimethoxyphenyl group at C3 position of the propyl



H. Muaeda et al. | Tetrahedron Letters 46 (2005) 3057-3060 3059

Absorbance

300 320 340 360 380

Wavelength (nm)

Figure 2. UV absorption spectra of 1 and 3a—c (1.0 x 10~* M) in
benzene.
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Figure 3. Fluorescence spectra (Zx =346 nm) and fluorescence life-
times (lex = 346 nm, Agy > 420 nm) of 3a—c in benzene (1.0 x 1074 M).

chain, whereas the shorter component (7.24 ns) corre-
sponds to that between dicyanonaphthyl group and
dimethoxyphenyl group at C1 position.

Rate constants for fluorescence quenching of 1 by trans-
2a-e calculated by Stern—Volmer plots were shown in
Table 2. The fluorescence of 1 in benzene was efficiently
quenched by trans-2a—e at nearly diffusion controlled
rates. Emission of exciplexes between 1 and trans-2a—e
was not observed. Trans-2d has the largest kq value
among these substrates, and the k, values decreased in
the order of trans-2d > trans-2c > trans-2e > trans-
2a > trans-2b. It is assumed that both electron-donating

Table 2. Rate constants for fluorescence quenching of 2,3-dicyano-
naphthalene (1) by 1,2-diarylcyclopropanes (trans-2a—e) calculated by
Stern—Volmer plots®

2 kqM™'s™h
trans-2a 8.2x10°
trans-2b 6.9 x 10°
trans-2¢ 9.9x 10°
trans-2d 1.17 x 10*°
trans-2e 8.9x10°

#In benzene, t(1) = 15.6 ns.

ability of the aromatic rings of 2 and the steric effect of
methoxy group(s) influenced the kg values.

From these results, the regioselective photoalkylation of
1 was explained as shown in Scheme 2, which was exem-
plified by the photoreaction of 1 with trans-2¢. Excited
singlet state of 1 ('1¥) interacts with 2 to produce a sand-
wich-type singlet exciplex.® C—C bond formation from
the singlet exciplex forms 1,5-biradical, which has dis-
tonic tertiary cyano-substituted radical and methoxy-
substituted benzyl radical.” Intramolecular hydrogen
transfer of the 1,5-biradical gives the alkylated naphthal-
ene derivative 3. Some charge-separated interaction
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OMe
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might be required for the C-C bond formation because
photoreaction between 1 and trans-2e did not proceed.
As a possible explanation for the excellent regioselectiv-
ity in the photoreaction of 1 with 2b—d, it is proposed
that the formation of the singlet exciplex may be re-
stricted in directions of favorable m—m overlapping by
offset the dipole moments of each molecule.® In polar
solvents, electron transfer from 2 to '1* to give radical
ion pair and the following rapid back electron transfer
may retard the formation of 1,5-biradical. After the form-
ation of some amounts of products 1 and 3a-d compet-
itively absorb UV light under the present irradiation
conditions. The low chemical yields of 3 may be due
to some disturbance by 3 itself. The formation of tri-
chromophoric complex between 2 and 3 and less reactiv-
ity of 3 will be also included. Indeed, double alkylated
products at 1,4-positions of naphthalene ring were pro-
duced in small amounts especially in the photoreaction
of 1 with 2¢c—d.

In conclusion, we developed a novel photoalkylation of
1 by methoxy-substituted 1,2-diarylcyclopropanes via
excited singlet state. Fluorescence of the photoalkylated
products showed typical intramolecular exciplex emis-
sion due to the intramolecular interaction between elec-
tron-deficient and electron-rich aromatic groups. The
formation of the stable intramolecular exciplex of the
products rather disturb the photoalkylation.
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