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Geometrical factors and intermolecular orbital overlaps in the solii state are parameters of fundamental 
importance for the design of materials useful for electronic or optoelectronic applications. For example, the 
structure of tetrathiafulvalene (TI’F) is well suited for the preparation of organic metals as TIF derivatives are 
good donors able to give charge transfer complexes with acceptors. Furthcmvm , due to the high polarizability of 
the sulfur atoms and their large van der Waals radius, the oxidized ‘Il’F molecules can give segregated stacks in 
the solid state, leading to mono-, two-, or three - dimensional conducting salts. Of course, the efficiency of 
intermolecular interactions is directly linked to the substituents on the Tl-F core. That is the reason why many 
substituted TTF derivatives have been prepared and studied as components of organic metals.1 These 
considerations prompted us to focus our attention on 2-arylimino-1.3.dithioles 3 which seemed to us to be of 
interest for the following t.luec reasons. (i) A convenient choice of a good donor on the imino functionality could 
contribute to the donor character of the dithiole ring and give charge transfer complexes with appropriate 
acceptors. (ii) As the syn-anti isomerism of conjugated imines is a weakly energetic process. one can imagine that 
such molecules 3 could adopt the best geometry to fit the strongest intermolecular stabilizing interactions in the 
solid state. (iii) Such a syn-anti isomerism is also of interest for non-linear optical applications, for instance in 3 
where R = electron-withdrawing gmup creating conjugated push-pull polarized molecules2”. We report in this 
communication the preparation of several donors 3. the characterization by X-ray crystal structure of 3b, their 
electrochemical properties and theii second harmonic generation. 

Scheme 1 : i : CH,I (excess in (CH&CO. 

ii : N,N dimethyl p-phanylena diamine 1 eq. in CH&h. 

Results 
&g&g& : The new donors 3 were prepared by reacting an amine with 1,3_dithiolium cations 5. The 

synthesis of the amino dithiolium cation 2 was achieved by the reaction of methyl iodide with mesoionic-1.3 
dithiolium-4-thiolates 6 1 in acetone ; 2 was subsequently reacted with N,N-dimethyl-p-phenylenediamine to 
afford 3 in good yield (7580% yield after purification by flash chromatography with diethyl ether) (scheme 1). 

0 Present address : University of Tuscaloosa, Dept. of Chemistry, Box 870336, Tuscaloosa, Alabama 35487 . 
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w : The structure of compounds 3 was established by nmr and mass specrroscqies. Furthermore, 
the X-ray crystal structure of compound 3b has been determined*. The molecular structure, selected bond 
lengths and selected bond angles are given in Figure 1. The molecule is not planar, as indicated by the dihedral 

angles between planes (a), (b) and (c) [See Figure 1; 3= 1M.27(7)0, GE= 42&i(7)” and ‘% 66.55(8)O 1. In 
the solid state, 3b adopts an anti configuration [(pal) and p-Ndimethylamino) phenyl are anti]. 

Figure 1. ORTW view of Jb ; sdeacd bond lengths 

(A) and angles (“): Sl-Cl 1.772(2). SIC2 1.749(2), S2-Cl 

1.750(2), SZ-C3 1.752(2), NIX1 1.255(3). NIX12 

1.420(3),C2-C3 1.342(3), Cl-SI-C2 96.1(l), Cl-SZ-C3 

97.2(l), Cl-Nl-ClP 118.4(2). Sl-Cl-S2 112.7(l). SIG?-C3 

117.8(2), SZ-C3-C2 116.2(2). 

The following characteristics of compounds 3 are worth noting. 
i) The 2-iminodithioles 3 are good donors, as shown by the cyclic voltammetric data of donor 3a in 

comparison with dimethyl dithiomethyl ‘ITF (DMDTM’lTF) given in figure 2. Indeed 3a presents two perfectly 
one electron reversible waves showing the good stability of the first and second oxidation states of 3. It appears 
that changing R = CH3 3a to R = p to1 3b has no significant influence on the first and second ionization 
potentials. Having in mind the prefermd conformation of 3b in the solid state, (Rg. l), this result may arise from 
a non-coplanar preferential conformation of the p-tolyl and dithiole rings for 3b in solution. 

Donors Et If2 0’) 

DMDTMITF 0.03 

3a 0.27 

3b 0.26 

E2 I/2 (W AE ‘f2 (V) 

0.35 0.32 

0.52 0.25 

&I?+~~ 

0.51 0.25 -0L 0 DC aA 0.‘ W I 

Figure 2. Cyclic Vohmmograms of : a) compound 3a 

and b) DMDTMITF. ‘llte comparison of the potential values are 

given in (c). Experimental conditions: room temperature. Pt 

working electrode. Ag/AgN03 reference electrode. n-Bi@JPF6 

O.lM electrolyte in CH3CN under N2. 

ii) The sulfur atoms of the dithiol rings are not efficient for the transmission of the conjugaison. In fact, it 
appears that the chemical shifts of C-4 and C-5 in compounds 3 are nearly the same that those of C-4 and C-5 of 
the analogs 4 (scheme 2). 
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schom.2 : Comparaison of “C nmr chemical shii ot the cdom 2,4 and 5 in dithbb 3d and 4 

The relative small value of h max observed for 3c (R = pNG$&H&EtGH &ax = 342 nm, E = 18ooo to 

be compared for instance to the %max = 404 ntrt EtGH of p-Ndit&tyl nitro aniline), is also in agreement with a 
poor transmission of the conjugation through the dithiole ring. 

iii) Spontaneous syn-anti isomerisation is observed by nmr for compounds 3 solubilixed in CDCl3 or 
CJDSN. As an exemple pure crystals 3b (anti configuration in the solid stade fig. 1) dissolved in C!p$l show a 
300 mHz tH nmr spectra character&d by two N&g signals (2,79 and 2.77 ppm) ; two p&C!dQ signals (2,18 
and 2.10 ppm) ; two S& signals (2.11 and 2.09 ppm) ; and complex signals for the aryl protons (7.56 - 6.80 
ppm). The presence of a XI-50 %I mixture of the syn-anti isomers is deduced from the relative intensity of the 
signals. Two sets of signals are also observed in the 1% nmr spectra of 3. 

. . 
Non_linear : As syn-anti isomerisation is effective in solution, and as conjugation is 

not transmitted through the dithiol ring, two distinct dipoles may be colinearly oriented by an electric field using 
the corona method. Such a situation will be of interest for second harmonic generation (SHF) in the blue, because 
a second order non linear susceptibility is escounted, and furthermore the material will not absorb in the blue. As 
SHG in the blue is of practical interest, 7 we decided to evaluate the non-linear susceptibiliy* of 3c by using a 

doped polymer polymeth~lmetacryh= (PMMA). 
The host polymer PMMA is dissolved (40 g/l) in methylisobutylketone (MIBC). The molecules are then 

added in PMMA at a concentration of 10 % by weight. The solution is filtered. Indium Tin Oxide (lT0) coated 
glass slides are then spin coated with the solution. The IT0 coating supplied by Bakers is conducting and 
transparent. After annealing at 12O’C during 1 hour, the solvent is evaporated and thicknesses of few microns am 
achieved for the doped polymer films. The molecules inside the polymer film ate then aligned by corona poling (5 
kv). As is explained in many previous papers an electric field is applied on the sample at a temperature above the 
Tg (glass transition temperature). Due to their dipolar momentum the molecules orient themselves along the 
electric field. By cooling the sample down to room temperature, the orientations of the molecules am frozen and 
the electric field can be removed. 

The product of the non-linear hyperpolaxixability p of the molecule by the dipolar moment can be calculated 
from the measurement of the non-linear hyperpolsrixability d33 of the sample using the following relation 

(8) 
d33 = + N f2mfmfmfl P s 

where u is the dipolar moment of the molecule, E the electric field applied on the sample, N the volumic 

concentration of molecules, fo and PO the local field factors at w and 20 2. 
The samples described above have been measured using a Nd : YAG laser. The wavelength is 1.06 mm, 

the power 400 mWatt, the pulse duration 250 ns and the repetition rate 1 KHz. From the second harmonic 
generation signal recorded when varying the incident angle of the fondamental beam, we can calculate the d33 
coeffkient. 
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Results 
Molecule tinrn Nmole/crr+ d33 esu p &-Dlesu 
3c 342 1.4 1020 2.07 10-9 4.8 lo-~ 
Although, in a corona poling, we do not know exactly the electric field applied on the sample, we have 

taken lbV/m in the above calculations. The results have to be seen as an order of magnitude. They are shnilar to 
the ones found for the dimethylaminobiphenyl 9 which absorb at the same wavelength. 
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*Crystal Data of 3b. A crystal measuring 0.3 x 0.15 x 0.15 mm was mounted on an Enraf-Nonius CAD4 
diffractometer equipped with a graphite-monochromated MO-Ku radiation source ( h = 0.71073A). 

Ct9H2oN&; M,= 372.58, Triclinic, PT, a = 8.439(6), b = 10.595(3), c = 11.634(6)A. a = 111.71(4). p = 

96.31(6), y= 101.09(4)“. V = 929.4@. Z = 2, hlc = 1.331 g.cm-3, p = 3.85cm-t, F(OOO)=392 . Data were 
collected in the range 2 < 20 < 50’ with the 8-28 scan mode. 3248 unique reflections obse~ed of which 2597 

were considered observed having I 2 3a(I). Intensities were cxurected for Lorentz and polarization effects. The 
absorption corrections were performed using DIFABS procedure. to The structum was solved by direct methods 

and successive Fourier difference syntheses. After refinement of positional and anisotropic (Pij) thermal 
parameters for all non-hydrogen atoms, the positions of the H-atoms were calculated [d(C-H)= 1 A; I&l= 4 AZ] 
and included as a fixed contribution to Fc. The refinement by Full-matrix least squares give a final R = 0.048 
(R,= 0.064). Scattering factors and corrections for anomalous dispersion were taken from ‘lnrernurionuf Tables 
for X-ray Crystallography 1974, vol IV’. All the calculations were performed on a microvaz 3100 computer 

using the SDP programs described by Frenz.10 weights o = 4Fo2/[02(1)+(0.06 lFd2)2]. 
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