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The synthetic procedure of DDQ analogs with centrosymmetry, 2,5-dichloro-, and 2,5-dibromo-3,6- 
dicyano-1,4-benzoquinone (CDDQ and CBDQ) was improved. These compounds showed strong electron 
acceptor properties like DDQ and gave semiconducting charge-transfer complexes with TTF derivatives. 
Crystal structures of CDDQ and perylene-CDDQ were also reported. 

Keywords: Quinone, acceptor, charge-transfer complex, crystal structure, semiconductor. 

INTRODUCTION 

The solid state properties of molecular materials are related to the symmetry 
and spatial arrangement of the component molecules. The systematic study of such 
a correlation by using the isomeric molecules is important to understand the basic 
solid state properties and to obtain new materials. A strong electron, proton, 
and hydride acceptor, 2,3-dichloro-5,6-dicyano-l ,4-benzoquinone (DDQ), has been 
widely used in chemistry and solid state physics.'*2 This acceptor molecule belongs 
to C2". A position isomer, 2,5-dichloro-3,6-dicyano-1,4-benzoquinone,3~4 that is 
centrosymmetric DDQ (1, CDDQ), possesses C,, molecular symmetry. Although 
CDDQ is a known compound, the solid state properties and structures have not 
been reported. This paper reports the improved synthetic procedures with reproduci- 
bility of CDDQ which is applicable to the preparation of the bromine analog, 
2,5-dibromo-3,6-dicyano- 1,Cbenzoquinone (2, CBDQ). Furthermore, the preliminary 
results on the preparation and properties of their charge-transfer (CT) complexes are 
described. 

249 

D
ow

nl
oa

de
d 

by
 [

T
om

sk
 S

ta
te

 U
ni

ve
rs

ity
 o

f 
C

on
tr

ol
 S

ys
te

m
s 

an
d 

R
ad

io
] 

at
 0

9:
09

 1
8 

Fe
br

ua
ry

 2
01

3 



250 MD. B. ZAMAN er al. 

DDQ DBDQ 1, CDDQ 2, CBDQ 

SYNTHESIS 

The synthesis of 1 and 2 was first reported by Wallenfels and his c o - ~ o r k e r s . ~  Later, 
Neidlein and Leidholdt improved the synthesis of 1 into only a four steps-procedure 
from 1,Cdimethoxybenzene (3)., One of the final steps is chlorination and subsequent 
oxidation of 2,5-dicyanohydroquinone (6) with chlorine gas in HOAc containing 
water5 at room temperature (Scheme 1). Another procedure for the conversion of 6 to 
1 is to use antimony pentachloride. However, we obtained the hydroquinone 7 instead 
of 1. Thus, compound 6 was treated with 5 equiv of antimony pentachloride in CH,CI, 
at room temperature for 2-3 days. The reaction product precipitated was washed with 
CH,Cl, two or three times and dried under reduced pressure to give dichloro- 
substituted hydroquinone 73 in 63% yield. Further purification, if necessary, could be 
done by dissolving in NaOH solution, filtration, and acidification. We treated the 
resulting hydroquinone 7 with NO, in CCI, to give l6 in 70% yield. 

- -&. - , x* I I  

NC X 
0 
CDDQ, 1: X=CI 3: X=H 6 

4: X=Br CBDQ2: X=Br 
5: X=CN 

\ 
NC 

\ 
X 

OH y OMe 

NC 

OH 8: X=Br 

Reagents and conditions 
i) HOAc-distilled H,O, chlorine gas for 3 h, stirring 1.5 h, 36%; ii) for 7: 5 equiv. 

SbCl,, CH,CI,, rt., 2-3 d, 63%, and for 8 HOAc-H,O, Br,, 78%; iii) for both 1 and 2 
excess NO,, CCl,, 0 "C - rt., 1 h, 70% and 80%, respectively. 

We successfully prepared CBDQ (2)' by a similar procedure using the same 
precursor 6. Thus, the dicyanohydroquinone 6, which contains strong electron-with- 
drawing cyano groups, was treated with an excessive amount of bromine in HOAc 
containing water to give the dibromohydroquinone 83 in 78% yield. The hydroquinone 
8 was converted to desired 2' in 80% yield by treating with NO, in CCI,. It is 
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CENTROSYMMETRIC DDQ 251 

recommended that all the operations for the purification of 1 and 2, as well as storage, 
should be carried out under an inert atmosphere because these compounds are slightly 
sensitive to air and water. 

PHYSICAL PROPERTIES AND DISCUSSION 

Single crystals of CDDQ (1) suitable for X-ray crystal structure analysis' 
were obtained by two-time recrystallization from CH,Cl, at 0 "C. The molecular 
structure with the atomic labeling scheme is shown in Figure 1. The molecular 
dimension showed a quinonoid geometry and was almost identical with that found 
in DDQ.9 The chlorine atom, carbon atom of cyano group, and oxygen atom deviated 
0.005,0.040 and 0.028 8, from the mean plane, respectively. The planarity of CDDQ is 
higher than that of DDQ. The bond angle of 0(1)  - C(l) - C(2) in CDDQ (121.9") was 
smaller than that in DDQ (123.1"), indicating a smaller steric repulsion between C = 0 
group and C1 atom in CDDQ. The molecular packing is a typical herring-bone type 
(Fig. 2). 

Reduction potentials of the quinones to the corresponding anion radical and dianion 
species together with selected known benzoquinone type acceptors were measured by 
cyclic voltammetry (Table 1). Both half-wave reduction potentials of CDDQ and 
CBDQ were slightly lower than those of DDQ and DBDQ. 

In view of the electron-acceptor properties and molecular symmetry, both CDDQ 
and CBDQ are of interest as acceptors for organic conductors. They formed CT 
complexes with TTF type donors, whose electrical conductivities measured 
by standard two-probe or four-probe methods on compressed powder or crystal 
samples are summarized in Table 2 together with the activation energies (ELI ,  eV) 
and the CT transition energies (hv,,). Interestingly, the resistivity (3 R cm) of ET- 
CDDQ is considerably lower than that (1.2 x 105Rcm) of ET-DDQ." Single crystal 
growing for X-ray crystal analysis is now under investigation. We have also tried to 

FIGURE 1 Bond lengths, angles. and numbering scheme of CDDQ 
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252 MD. B. ZAMAN e t a / .  

FIGURE 2 Stereoview of crystal structure of CDDQ. 

TABLE 1 

Cyclic voltammetry data" 

Acceptor E I red E,red AE 

CDDQ + 0.55 - 0.36 0.9 1 
CBDQ + 0.53 - 0.3 1 0.84 
DDQ + 0.59 - 0.30 0.89 
DBDQ + 0.58 - 0.29 0.87 

Experiment conditions: electrolyte Bu,NCIO, 0.1 mol dm-3 in 
PhCN, under argon, rt., V us saturated calomel electrode, (SCE). Pt 
electrode, scan rate 5OmVs- I .  

All values are irreversible. 

FIGURE 3 Stereoview of crystal structure of CDDQ-perylene. 

prepare CT complexes with condensed polycyclic aromatics such as perylene and 
pyrene. X-ray crystallographic analysis of perylene-CDDQ showed an alternated 
uniform stacking of the donor and acceptor along the c axis (Fig. 3)' No significant 
differences between bond lengths and angles of the molecules in CDDQ crystal and in 
perylene-CDDQ crystal were found. A similar molecular packing mode was reported 
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TABLE 2 

Selected physical properties of the CT complexes of CDDQ and CBDQ with TTF type donors" 

CT complex D:Ab hv,'/cm- PRTdIQ Ea/eV 

TTF-1 1:l 4850 6.1 x 10' (2p) 0.24 
- TTF-2 4700 1.5 x 103 (2p) 0.0 1 

ET-1' 2: 1 4200 3.0 (4s) 0.1 1 
ET-2 2: 1 4700 2.7 105 (2p) 0.08 
TMTTF-1' 21 4150 4.0 x 10' (4s) 0.12 
TMTTF-2' 21  4280 5.7 x 10 (4s) 0.06 
DBTTF-1 1:l 4650 2.5 x 103 (2p) 0.15 
DBTTF-2 3: 1 4900 4.0 x lo6 (2p) 0.29 

TTT- 1 3:2 7600 4.1 103 (2p) 0.13 
OMTTF-1' 3:2 11750 1.4 x 104 (24 - 

Prepared by diffusion method for crystal samples and by mixing hot solutions of the components for the 

Determined by elemental analysis of the complexes. 
Measured on KBr disk. 
Measured by two-probe method on compressed powder (2p), two-probe method on single crystal (2s), 

other samples. 

and four-probe method on single crystal (4s). 
'Crystal sample. 

s s  5? 
W 

8-s 

s-s 

for perylene-chloranil' la and perylene-fluoranil,' lb though the crystal structure of 
perylene-DDQ has not been reported yet. 

Now, the centrosymmetric DDQ analogs, CDDQ and CBDQ, are easily available in 
a reproducible manner from the same precursor, 2,5-dicyano-l, 4-hydroquinone (6), 
and can be used for a variety of solid state chemistry. 

This work was supported by a grant-in-aid for Scientific Research from the Ministry 
of Education, Science and Culture, Japan. One of the authors (M.B.Z.) is supported by 
the Japanese Government (MONBUSHO) Scholarship. We thank Prof. Gunzi Saito 
for valuable discussions. 
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