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Charge-transfer Complex of a Twin Donor based on its Inclusion Ability 
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A novel twin donor in which two tetrathiafulvalene moieties are connected by a thiocrown ring has inclusion properties 
associated with its U-shaped donor conformation and affords an inclusion complex with the organic acceptor, 
2,3-dichloro-5,6-dicyano-pbenzoquinone, through charge-transfer interactions. 

Specific formation of inclusion complexes between host and 
guest molecules is based on molecular recognition via hydro- 
phobic, or van der Waals interaction, and/or formation of 
hydrogen bonds at several centres.' Recently, the twin donor 
1, in which two tetrathiafulvalene ('ITF) units are connected 
by a thiocrown ring has been designed and prepared in an 
attempt to increase the dimensionality in organic conductors.* 
The crystal structure? of the neutral twin donor 1 was 
determined for a single crystal obtained from carbon tetra- 
chloride+arbon disulfide. The neutral molecule has a 
U-shaped conformation and includes a cavity made by the two 

t Crystal data: Ct()H&6, M = 769.31, triclinic, space group Pi, a = 
15.393(3), b = 18.189(7), c = 12.215(4) A, 01 = 118.92(2), #I = 
95.54(4), y = 90.72(4)", V = 2973(2) A3,Z = 4, D, = 1.719 g cm-3; 
Mo-Ka radiation (graphite monochromator, A = 0.71069 A), final 
conventional R factor 5.5% for 6237 observed reflections [F 3 3o(F)] 
and 714 parameters. 

donor units (Fig. 1). The cavity is occupied with the donor unit 
of another donor in the crystal. The thiocrown moiety has 
stable torsional angles corresponding to gauche and anti 
conformations. As the size of cavity can vary flexibly as a 
result of conformational changes of the thiacrown ring, 1 
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Fig. 1 Dimeric structure of neutral 1: ( a )  viewed along the molecular 
short axis; ( b )  the overlap within the dimer: a part of the donor units is 
omitted for clarity. 

should afford the inclusion complexes with planar molecules 
which are about 3.5 8( in thickness or with spherical molecules 
which are about 10 A in diameter. The cavity size in the latter 
case is as large as that of y-cyclodextrin (9-10 A).3 Charge 
transfer interactions may enhance not only the inclusion 
ability but also the specificity of host  molecule^.^ 

As expected, the twin donor 1 was found to afford an 
inclusion complex with 2,3-dichloro-5,6-dicyano-p-benzoqui- 
none (DDQ), which was formed as black plates by a diffusion 
method in tetrahydrofuran (THF)+arbon disulfide (1 : 1). 
X-Ray crystallographic analysis$ showed that the DDQ 
molecule is clipped by two donor units of the twin donor as 
shown in Fig. 2. The DDQ molecule penetrates deep inside 
the donor cavity. The structure of the donor units is 
characterized by the interplanar angles between the three C2S4 
planes for each donor unit. One donor unit (Da) is almost 
planar and the angles between the CzS4 plane containing the 
central C=C double bond and the CzS4 planes containing the 
edge C=C double bond are 5.0 and 12.0°, respectively. On the 
other hand, the other donor unit (Do) has a concave shape 
with correspoqding angles of 15.1 and 20.7", respectively. The 
difference in the shape of the donor units suggests that the 
positive charge is mainly located in Da. 

The IR spectrum of the complex shows the CkN stretching 
mode at 2206 cm-1; the C=C stretching frequency was not 
detected. The G N  stretching is shifted to low frequency by 27 

t _crYsfal data: CaH1&N202S16, M = 1489.97, triclinic, space group 
PI, u = 12.521(2), b = 16.018(5), c = 9.743(3) A, a = 99.27(2), = 
102.04(2), y = 94.38(2)", v = 1873.8(8) A3, z = 2, D, = 1.095 gcm-3; 
Mo-Ka radiation (graphite monochromator, A = 0.71069 A), final 
conventional R 7.6%, R ,  7.2% for 4693 observed reflections [F > 
3o(F)] and 450 parameters. 

For both structures atomic coordinates, bond lengths and angles, 
and thermal parameters have been deposited at the Cambridge 
Crystallographic Data Centre. See Notice to Authors, Issue No. 1 .  

5.0" 12.0" 

Fig. 2 Molecular structure of the inclusion complex 1.DDQ: ( a )  top 
view; ( b )  side view (distances in A) 

Table 1 Bond lengths for DDQ and [DDQ].- ( r l A )  

N N 

0 
0 -;ti y 3  

CI' 'Cl 

Distance DDQ [Etfi]+[DDQ]'- 1.DDQ 

r( c 1 -c 1 ' ) 
r(ClX2) 
r(cz-c3) 
r( C3-C3') 

r (c2-0) 

r(C144) 
r(C4-N) 

r(C3-Cl) 

1.343 
1.497 
1.482 
1.339 
1.436 
1.134 
1.203 
1.697 

1.386 
1.444 
1.463 
1.363 
1.430 
1.140 
1.246 
1.716 

1.406 
1.438 
1.453 
1.366 
1.422 
1.148 
1.258 
1.705 

cm-1 compared with neutral DDQ.5 The bond lengths of the 
DDQ molecule in 1.DDQ are compared with those of neutral 
DDQ6 and its anion radical7 in [NEt,]+[DDQ]*- in Table 1. 
They coincide well with those of [NEt4]+[DDQ]*-. The 
UV-near IR spectrum of 1.DDQ shows absorptions for the 
DDQ anion radicals and TIT cation radical at 450 and 900 nm, 
respectively. These results suggest that the host donor and the 
guest acceptor afford the radical ion salt with complete 
electron transfer. The crystal structure of the inclusion 
complex may be described as follows. The twin donors (D) 
which include the acceptor (A) form a DADeDAD-DAD 
mixed stack, bridging units being stacked alternately. The 

6 The frequencies of the corresponding modes of neutral DDQ are 
observed at 2233 and 1701 cm-1, respectively, while the frequency of 
the CkN stretching shifts to 2217 cm-1 and the C=O stretching 
absorption disappears when DDQ forms the anion radical salt with 
tetraethylammonium cation. "€11 + [ DDQ]*- .5 
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Fig. 3 Mixed-valent state in the mixed stack column consisting of twin 
donors including an acceptor (DAD) 

charged donor units (D,) have close contacts not only with the 
included [DDQ]*- anion radicals but also with the [DDQ]*- in 
the adjacent stacks, the distances between the sulfur atoms of 
D, and the nitrogen atoms of the cyano groups of the acceptor 
being 3.146(9) and 3.230(9) A. The electrical conductivity of 
the salts was 5 x S cm-I, as measured by the four-probe 
method along the crystal c axis. 

In summary, the twin donor 1 provides the first example of 
an inclusion complex with DDQ based on complete electron 
transfer which shows semiconducting properties. If the 
included acceptor has a uniform charge transfer interaction 
between the two donor units, the twin donor exists in a 
mixed-valent state (Fig. 3). In such cases, the charge transfer 
salts may not only exhibit high conductivity but also have 
three-dimensional interactions between the donor molecules. 
Therefore the twin donor 1 may provide new possibilities in 
host-guest chemistry for developing interesting physical 
properties. 
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