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Colorless crystals of 1,4-dicyano-2-(40-methoxybenzyloxy)methylnaphthalene (2), which is a 1,4-dicy-
ano-2-methylnaphthalene (DCMN)–4-methylanisole (MA) dyad linked by an ether unit, selectively form
a fluorescent intermolecular DCMN–MA exciplex (greenish blue, kexciplex

f ¼ 456 nm). In contrast, 1,4-dicy-
ano-2-(40-methylbenzyloxy)methylnaphthalene (3), which is a DCMN–p-xylene dyad, forms a fluores-
cent intermolecular DCMN–DCMN excimer in the crystalline state (blue, kexcimer

f ¼ 404 nm). These
findings demonstrate that a moderate charge transfer interaction takes place between the DCMN moiety
of 2 and MA moieties of the adjacent molecules of 2, which successfully facilitates the preparation of
light-emissive organic crystals.

� 2010 Elsevier Ltd. All rights reserved.
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Inter-1 and intramolecular2 exciplexes have been studied in
solution from the viewpoint of the mechanism of their formation,
and their photophysical3,4 and photochemical properties.5 How-
ever, approaches to utilize the properties of exciplexes, especially
their fluorescence, for luminescent organic single crystals6 have
rarely been explored despite potential organic functional materials
in a variety of roles.7 Recently, we explored8 a new crystal architec-
ture concept9 in which charge transfer (CT) complexes in the crys-
talline state serve as the foundation of organic crystals that emit
fluorescence via exciplexes. In the first test of this concept, we ob-
served that the exciplex fluorescence of crystals of the 1,4-dicyano-
2-methylnaphthalene (DCMN)–N,N-dimethyl-p-toluidine (DMT)
dyad (1, Chart 1) was weak (Uf = 0.09) as a consequence of the con-
tribution of electron transfer quenching. This originated from the
strong CT interaction between the DCMN and DMT moieties in
the ground state. We believed that a potential solution to this
problem would be to allow only moderate CT interaction between
electron-donor (D) and -acceptor (A) moieties of a dyad in the crys-
tals, thus, avoiding electron transfer quenching and leading the D
and A moieties to preorient in a configuration suitable for exciplex
formation when photoexcited.
ll rights reserved.

x: +81 72 254 9289.
Ikeda), mizuno@chem.osaka
In this work, we synthesized two new dyads: 1,4-dicyano-2-(40-
methoxybenzyloxy)methylnaphthalene (2)10 and 1,4-dicyano-2-
(40-methylbenzyloxy)methylnaphthalene (3).11 The former is a
DCMN–4-methylanisole (MA) dyad linked by an ether unit, while
the latter is a DCMN–p-xylene (XY) dyad. Herein, we present con-
trasting results for 2, which forms a fluorescent intermolecular
DCMN–MA exciplex in the crystalline state, and 3, which forms a
fluorescent intermolecular DCMN–DCMN excimer (Fig. 1). It is
demonstrated that the moderate CT interaction between the
DCMN and MA moieties of 2 in the crystals is an important factor
in preparing light-emissive organic crystals.

Cyclohexane solutions of 2 and 3 (5.0 � 10�5 mol/L) are
colorless under natural light, as shown in Figure 2a and c. UV–vis
spectra of them (Fig. 3) exhibited intense absorption bands at
250–350 nm, which are nearly the same as those of DCMN,9
1  R = N(CH3)2
2  R = OCH3
3  R = CH3

R = N(CH3)2
R = OCH3
R = CH3

DMT
MA
XY

Chart 1. Structures of DCMN, 1–3, DMT, MA, and XY.
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(a) Intermolecular Exciplex Formation

(b) Intermolecular Excimer Formation

Figure 1. Schematic representation of intermolecular exciplex formation of 2 (a)
and intermolecular excimer formation of 3 (b) in the crystals.

Figure 2. Photographs of 2 (a and b) and 3 (c and d) in cyclohexane and in the
crystals under natural light (top) and under irradiation at 365 nm (bottom).
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Figure 3. UV–vis spectra of 2 (black, bold) and 3 (black, thin) in cyclohexane
(5.0 � 10�5 mol/L), and fluorescence spectra of 2 (blue, bold) and 3 (blue, thin) in
cyclohexane (excitation wavelength 320 nm).

Table 1
Fluorescence properties of 2 and 3 in cyclohexane and in the crystals

Dyad Solvent kmonomer
f (nm) kexciplex

f (nm) kexciplex
f (nm) kf

2 Cyclohexanea 361 456 Ndb 0.22
Crystals Ndb 456 — 0.39

3 Cyclohexanea 363 417 Ndb 0.25
Crystals Ndb — 404 0.29

a 5.0 � 10�5 mol/L.
b Not detectable.
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Figure 4. Fluorescence spectra of crystals of 2 (blue bold) and 3 (blue thin)
(excitation wavelength 320 nm).
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together with week absorptions at 350–370 nm.12 These observa-
tions indicate that intramolecular CT complexes of 2 and 3 are
not formed in cyclohexane. When the cyclohexane solution of 2
is irradiated with 320 nm light, fluorescence from the DCMN moi-
ety is barely observed, but a greenish blue fluorescence is seen at
456 nm that is assignable to an intramolecular exciplex (Fig. 2a,
bottom, Fig. 3, blue bold, Uf = 0.22, fluorescence lifetime
sexciplex

f ¼ 33:7 ns). This result contrasts with observations made
in studies with 3 where a cyclohexane solution emits blue fluores-
cence (Fig. 2c, bottom) when photoexcited at 320 nm. The fluores-
cence spectrum of 3 (Fig. 3, blue thin) shows a monomer emission
from the DCMN moiety at ca. 350 nm ðsmonomer

f ¼ 1:4 nsÞ and a typ-
ical intramolecular exciplex emission at 417 nm ðsexciplex

f ¼
12:1 nsÞ. The total Uf for these two emissions is 0.25 (Table 1).

Dyad 2 is colorless under natural light in the crystalline state as
well as in cyclohexane solution (Fig. 2b, top) and it displays green-
ish blue fluorescence when irradiated at 365 nm (Fig. 2b bottom).
As shown in Figure 4, fluorescence of 2 in the crystalline state
has a maximum at 456 nm with Uf = 0.39 that is higher than that
in cyclohexane (0.22) and matches that of the exciplex fluores-
cence band of 2 in cyclohexane (see Fig. 3 and Table 1). X-ray crys-
tallographic analysis shows that the DCMN and MA moieties of 2
are coplanar with each other and that 2 intermolecularly stacks
with MA and DCMN moieties of the adjacent molecules (Fig. 5).13

Thus, the intermolecular face-to-face overlap between DCMN and
MA moieties of 2 in the crystalline state results from CT interaction
in the ground state in which the CT transition dipole moments can-
cel each other, as shown in Figure 5.

Similarly to crystals of 2, crystals of 3 are colorless and emit
blue fluorescence (Fig. 2d, bottom) at 404 nm upon excitation at
320 nm (Uf = 0.29, Fig. 4, blue thin). However, an X-ray crystallo-
graphic analysis clearly shows that differences exist in the crystal-
line states of 2 and 3. Namely, effective p-stacking takes place
between the DCMN moiety of one molecule 3 and the DCMN moi-
ety of an adjacent molecule 3 (Fig. 6).13 This observation suggests
that the blue fluorescence of crystals of 3 results from an intermo-
lecular DCMN–DCMN excimer.14 Note that the CT interaction be-
tween the DCMN and XY moieties of 3 is evidently inefficient
compared to the DCMN–DCMN interaction.

In conclusion, we have successfully prepared light-emissive or-
ganic crystals (Uf = 0.39) with the crystal architecture concept uti-
lizing the CT interaction of the DCMN–MA dyad of 2. We have
found that the moderate CT interaction between the D (MA) and
A (DCMN) moieties in the crystals is an important factor in the



Figure 5. Molecular geometry (top left) and crystal structure of 2.

Figure 6. Molecular geometry (top left) and crystal structure of 3.

M. Imoto et al. / Tetrahedron Letters 51 (2010) 5877–5880 5879
preparation of light-emissive organic crystals. The moderate CT
interaction avoids electron transfer quenching on excitation and
leads the D and A moieties to preorient in a configuration suitable
for exciplex formation. In the case of 2, the emission of the organic
crystals is attributed to the exciplex fluorescence. In this sense, not
only are the electron-donating and electron-accepting properties
of the D and A moieties in the ground state important;17 but those
in the excited state are also crucial and controlling. Further studies,
aimed at generalization and quantification of the crystal architec-
ture concept, are now in progress.
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