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Abstract:  1,6-Diazaphenalene and its derivatives containing methyl, bromo, chloro, phenyl, and 2- 
pyridyl substituents form charge-transfer complexes with TCNQ. Relatively highly electrical 
conductive complexes (0.1 Scm -1) with small activation energy around 0.05 eV was obtained. 
© 1997 Elsevier Science Ltd. 

The neutral states of 1,3- and 1,6-diazaphenalene (21 and 3 2) are isoelectronic with phenalenyl anion (1-) 
and electron-rich systems. In addition, these systems have proton-donor and acceptor moieties like the 
imidazole skeleton. 3 In order to explore a variety of hydrogen-bonded charge-transfer complexes,4 we have 
utilized the 1,6-diazaphenalene system as a donor component for charge-transfer complexes with tetracyano- 
quinodimethane (TCNQ), which showed relatively highly electrical conductivities with small activation 
energies. 
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According to the procedure reported by Cook, we prepared 1,6-diazaphenalene (3) 2d and its derivatives, 
4a, 2f and 4b. 2d Furthermore, the tetra-substituted derivatives 4c (R 1 = CH3), 4d (R 1 = C6H6), and 4e 
(R 1 = 2-pyridyl) were newly synthesized by employing one-carbon elongation and cyclization reaction of 5- 
amino-4-methylquinoline 55 as a key step. Thus, 5 was treated with 2 equiv of LDA in THF, and then 
added 2 equiv of the corresponding ethyl ester to give the desired tetra-substituted 1,6-diazaphenalenes 4 e - e  
in 19, 18, and 41% yield, respectively. 6 
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Scheme 1. Reagents and conditions: 2 equiv LDA, THF, -78 °C, 1 h, 
then 2 equiv RCOOEt, -78-0 °C, 4 h. 
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Scheme 1. Reagents and conditions: 2 equiv LDA, THF, -78 °C, 1 h, 
then 2 equiv RCOOEt, -78-0 *C, 4 h. 

In the proton NMR spectrum in CD3OD or DMSO-d6 at room temperature, 4c shows only four C-H 
signals, which indicates a C2v symmetric nature in solution and a rapid reversible exchange of the NH proton 
between the two nitrogen atoms. Such a tautomeric behavior was reported for the parent diazaphenalenes, 
23 and 3.4d Comparison of the N-H stretching frequencies between those in the solid (KBr) and in a dilute 

solution (CC12CC12, 1 x 10 -3 M) reveals that the tetra-substituted derivatives 4c--e show no lower frequency 
shifts in the solid state in contrast to23, 3, 4a, and4b (Table 1). This apparently indicates that in the solid 
state the four substituents inhibit intermolecular hydrogen-bonding interactions. 

Table 1 Frequencies of N-H Stretching of 1,6-diazaphenaienes (cm -1) 

2 3 4a 4b 4c 4d 4e 

solid a 2794 2649 2806 2942 3415 3405 3316 
solution b 3442 3450 3416 3431 3419 3418 3341, 3418 

a KBr pellet, b CCI2CC12 solution, 1 x 10 -3 M. 

In order to estimate the electron donor ability of 1,6-diazaphenalene systems by 1 , ~  
cyclic voltammetry, N-methyl-l,6-diazaphenalene (6) was prepared. 9 The oxidation ~ N ~ O H 3  
potential of 6 was 0.60 V vs SCE in CH3CN which indicates the weak electron- 
donor nature of the 1,6-diazaphenalene system. The value is comparable with that 
of phenothiazine (0.58 V). 6 

The CT complexes of the diazaphenalenes with TCNQ were prepared by slow evaporation of a THF 
solution of the donor and acceptor components or by mixing of a hot CHC13 solution in 33-87% yields. The 
1,6-diaTaphenalenes, 3, 4a, and 4c-e  gave CT complexes, although no CT complexes of 4b and 1,3- 
diazaphenalene (2) were obtained. 

Some selected physical properties of the CT complexes are summarized in Table 2. The degree of CT 
(Z) is estimated to be 0.55--0.98 by using the CN stretching frequencies of the nitrile group (VcN). 10 
Electronic absorption spectrum in the solid state for each complex shows a low-energy absorption band 
(hvcr) at near 3000 cm -1. These two features of the degree of CT and the CT transition energy suggest that 
these complexes possess a segregated TCNQ stacking with a partial ionicity. 11 The low-energy absorption 
band prevents the characterization of the stretching vibration of NH...N type hydrogen-bond expected to 
appear in the region of around 3000 cm -1. 

The electrical conductivities (~r~T) of these complexes measured by four-probe method on the compressed 
pellets show semiconducting behavior with relatively highly electrical conductivities of 0.01-0.1 Sere "-1 and 
low activation energies (Ea) of around 0.05 eV. Interestingly, not only the unsubstituted and the bromo- 
substituted 1,6-diazaphenalene, but also the tetra-substituted derivatives also gave relatively highly conducting 
CT complexes. 
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Table 2 Physical Properties of TCNQ Complexes 

3 4a 4c  4d  4e  

D/A a 1/1 1/1 2/1 5/6 213 

vcN, cm -1 2197 2196 2203 2184 2200 

Z b 0.68 0.70 0.55 0.98 0.61 

hvcr, cm -1 2900 2900 2600 2600 2600 

t~l-, Scm -1 c 2.9 x 10 -2 2.9 x 10 -2 4.3 x 10 -2 1.9 x 10 -2 1.6 x 10 -1 

Ea, eV 0.072 0.078 0.040 0.058 0.052 

a'Determined by the elemental analysis, b Degree of CT was calculated from the v~ .  

c Compressed pellet measurement using four-probe method. 

At this stage we have not succeeded in confirming the hydrogen bonding interaction by the crystal structure 

analysis of the CT complexes. In order to examine the H-bonding ability of the diaTapbenalenyl skeleton, 
we tried to crystallize the diazaphenalenuim ions. The single crystals of HBr salt of 4b were obtained as 

reddish-orange plates. Thus, although 4b contains two bulky chlorine atoms positioned adjacent to the 

nitrogen atom, the crystal structure of the salt, (4bH) ÷ Br-, shows the presence of the NH...Br type H- 
bonding between the N-H group and the counter anion, Br-, as shown in Figure 1.12 This is an important 

finding for further study to obtain H-bonded Cq" complexes with the diazphenalenyl skeleton. 
This work was supported by a Grant-in-Aid for Scientific Research on Priority Areas from the Ministry of 

Education, Science and Culture, Japan. 
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Figure 1. NH..-Br type H-bonding interaction of (4bH)÷Br -. 
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