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The title compound was prepared which forms a two-
dimensional "ribbon dimer'" network by strong Se--Se and

Se--N interactions in the crystal.

BTDA-TCNQ (bis[1,2,5]thiadiazolotetracyanoquinodimethan) (2)') is a new type

2)

of electron acceptor which gives highly conductive CT complexes and anion-

radical salts with a two-dimensional "sheet" or '"ribbon" network by strong S--N=C
interactions.3) Since selenium atom enhances the interheterocatom interactions
more effectively than sulfur atom,4) we have attempted to substitute the selenium
atoms for the sulfur atoms of BTDA-TCNQ. We report here the preparation and
properties of [1,2,5]selenadiazolotetracyanonaphthoquinodimethan (SDA-TCNNQ) (1)
along with the crystal structure, from which the effects on the substitution of a
thiadiazole ring by a selenadiazole ring are discussed.

1 was prepared by a TiCl,-catalyzed condensation reaction of the correspond-
ing diketone, naphtho[2,3-c][1,2,5]selenadiazole-4,9-dione,5) with malononitrile
in 66% yield.6) The half-wave reduction potentials were measured by cyclic
voltammetry, and the semiquinone formation constant K ., was calculated as log
Kesem = (E1-E2)/0.058 (Table 1). The K o, value of 1 is smaller than that of TCNQ
or 2, and nearly the same with that of TDA-TCNNQ (3). The small Ksem value shows
that the anion-radical of 1 is thermodynamically unstable, and this is due to the
nonplanar structure of 1 caused by the steric hindrance between the dicyano-
methylene groups and hydrogen atoms at the peri-positions. However, the fact that
this value is larger than that of the heavily butterfly-shaped TCNAQ (4)7) shows
that the molecular planarity is improved in 1 compared with 4. Although the
electron withdrawing property of a selenadiazole ring is stronger than that of a
thiadiazole ring,8) 1 has lower first (Eq) and second (E,) reduction potentials
than 3. This may be explained by considering that the aromatic energy which sta-
bilizes the anion-radical and dianion species as shown in 7 is larger in naphtho-
[2,3-c][1,2,5]thiadiazole (5) than in naphthol[2,3-c][1,2,5]selenadiazole (6)

since the contribution of d-orbital of sulfur to the mw-electron system is larger
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Table 1. Reduction potentialsa) and semiquinone formation constants of acceptors
Acceptor Eq E, log Koo Eq Ey4
SDA-TCNNQ (1) -0.32 ~0.43 1.90 -1.37 ~1.96C)
BTDA-TCNQ (2)P) -0.02 -0.49 8.10 -1.21 -1.76
TDA-TCNNQ (3)P) ~0.21 ~0.38 2.93 -1.50 -
TCNAQ  (4)P) ~0.379) - ~0.03 - -
TCNQ +0.18 -0.36 9.31 - -

a) All values here were measured under the same conditions: V vs. SCE, 0.1

mol dm~3 Et,NClO4 in MeCN, Pt electrode, scan rate 100 mVv s71. b) Ref.1.

c) Irreversible. Calculated as Epc (cathodic peak potential) + 0.03 V.

d) Two-electron reduction.
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than that of selenium. On the other hand, the third reduction potential (E3) of 1
is higher than that of 3, indicating that the Ej corresponds to the one-electron
reduction of the aromatic ring. To investigate the possible interheterocatom in-
teractions as well as to confirm the improvement of the molecular planarity, X-ray
structural analysis of SDA-TCNNQ (1) was carried out.g) Unexpectedly, as shown
in Fig. 1, 1 is a heavily deformed molecule with the dihedral angle of 144.5° be-
tween two fused rings. The central ring takes a boat form with the dihedral
angles of 27.2° (plane C(1), C(3), C(5)) and 29.7° (plane C(2), C(4), C(6)) for
the plane defined by C(1), C(2), C(5),and C(6) atoms. These values indicate that
the degree of the deformation is the same as the case of TCNAQ (4),7) while the
twisting of exomethylene double bonds also occurs so as to minimize the steric in-
teractions with the peri-hydrogens in this case. The structure of 1 does not
possess a mirror plane expected from the structural formula. Especially, one ex-
omethylene double bond [C(4)=C(12) 1.387 i] is significantly longer than the other
[C(3)=C(11) 1.336 i], and the twisting angles are different (16.8° vs. 12.1%).

The unsymmetrical structure of 1 as well as the large molecular deformation is
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Fig. 1. ORTEP drawing of 1. Selected bond lengths: Se-N(1) 1.790, Se-N(2)

1.814, N(1)-C(1) 1.322, N(2)-C(2) 1.318, N(3)-C(13) 1.135, N(4)-C(14) 1.136, N(5)-
C(15) 1.129, N(6)-C(16) 1.149, C(1)-C(2) 1.440, C(1)-C(3) 1.484, C(2)-C(4) 1.480,
C(3)-C(5) 1.471, C(3)-C(11) 1.336, C(4)-C(6) 1.475, C(4)-C(12) 1.387, C(5)-C(6)
1.414, C(5)-C(7) 1.408, C(6)-C(8) 1.403, C(7)-C(9) 1.386, C(8)-C(10) 1.408, C(9)-
C(10) 1.367, C(11)-C(13) 1.436, C(11)-C(15) 1.451, C(12)-C(14) 1.449, C(12)-C(16)
1.456 A.
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Fig. 2. '"Ribbon dimer" network of 1 (side view). Se--Se and Se--N(4)=C(14) in-

teractions in the "dimer" (upper), and Se--N(5)zC(15) interactions in the "ribbon"

(lower) are indicated by broken line.
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10) As shown in

attributable to the "dimer" formation in the crystalline state.

Fig. 2, the dimer is formed by strong Se--Se (3.96 3) and Se--N(4)=C(14) (3.21 i)

interactions which cause the elongation of C(4)=C(12) bond. In the crystal, the

dimer is not isolated but connected by strong Se--N(5)=C(15) interactions (3.08 ﬁ)

to form a two-dimensional '"ribbon dimer" network along the b axis. It is notewor-

thy that the distance is significantly shorter than the sum of Van der Waals radii

(Se--N, 3.55 i).11) Although the CT complex of 1 with dimethyldihydrophenazine

(1:1, decomp. 180-190 °cC, Ven 2212 cm'1) showed very low electrical conductivity (

PRT > 1012 2 cm) for the low first reduction potential of 1 resulting in the small

degree of charge transfer, it is shown here that the substitution of a selena-

diazole ring for a thiadiazole ring enhances the interheteroatom interactions.
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