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New “unsymmetrical” (mixed ligand) metal dithiolate
complexes, expected as components of molecular conductors,
have been obtained by a ligand-exchange reaction in refluxing
acetone, followed by isolation with a preparative HPLC (ODP,
acetonitrile-H,0O). Their electrochemical data suggest that the
acceptor (donor) ability and the on-site Coulomb energy for the
“unsymmetrical” complexes can be tuned by a combination of
ligands.

There has been considerable interest in the solid-state
properties of bis[(Z)-1,2-disubstituted ethylene-1,2-dithiolato]-
metal complexes, since the discovery of one-dimensional
metallic materials derived from this class of compounds.'
Research of dithiolate complexes have grown to find several
molecular superconductors with unique properties.” It is of prime
importance to the understanding of the solid-state properties of
molecular conductors that the range of materials for study should
be extended. From this point of view, variety of molecular
conductors based on metal dithiolate complexes is still limited.
Surprisingly, there were few (systematic) attempts to examine
“unsymmetrical” (mixed ligand) complexes as components of
molecular conductors,’ whereas “unsymmetrical” TTF-based
donor molecules have enriched the chemistry and physics of the
organic metals and superconductors.! Therefore we have
started to develop molecular conductors based on
“unsymmetrical” dithiolate complexes. We report here synthesis,
structure, and electrochemical properties of new “unsymmetrical”
metal (mainly nickel) dithiolate complexes derived from
maleonitriledithiolate (mnt),’ 1,3-dithiol-2-thione-4, 5-dithiolate
(dmit),* 5,6-dihydro-1,4-dithiin-2,3-dithiolate (dddt)’ ligands
(Scheme). All these ligands are known to provide highly
conductive materials. In addition to these ligands, we have
examined a selenium analogue of dddt, 5,6-dihydro-1,4-dithiin-
2,3-diselenolate (dddse).
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The dddse ligand was generated by the nucleophilic ring
opening of 2,5,-dithia-7,9-diselenabicyclo[4.3.0]-non-1(6)-en-8-
one,® and after the reaction with NiCl, the [Ni(dddse),]” anion
was isolated as a BusN salt (yield 74 %), as is the case of the dddt
complex.” Unsymmetrical nickel dithiolate anions [Ni(X)(Y)]”
(X, Y = mnt, dmit, dddt, and dddse; as BuyN salts) were prepared
by a ligand-exchange reaction between the [Ni(X),]~ and
[Ni(Y)] ™ complexes in refluxing acetone.>'® As was pointed by
Davison et al..® in most cases, the unsymmetrical complexes were
formed to an extent beyond the random reorganization (yield,

49-53 % for Se-containing complexes, 64—83 % for others). In
the previous works, the unsymmetrical complexes were isolated
by (repeated) recrystallization. This method is not always
applicable and there should remain a possibility of contamination
with “symmetrical” complexes. We have found that the
unsymmetrical product can be completely separated by reversed
phase column chromatography (JAIGEL-ODP, Japan Analytical
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Figure 1. (a) ORTEP drawing of a [Ni(dmit)(mnt)]™ unit. The
selected bond distances (A) and angles (°) are as follows; Ni-S1
= 2.163(2), Ni-S2 = 2.156(2), Ni-S3 = 2.150(2), Ni-S4 = 2.147
(2), S1-Ni-S2 = 92.65(8), S3-Ni-S4 = 92.63(8).

(b) ORTEP drawing of a [Ni(dddt)(mnt)]™ unit. The selected
bond distances (A) and angles (°) are as follows; Ni-S1 = 2.149
(2), Ni-S2 = 2.142(2), Ni-S3 = 2.146(2), Ni-S4 = 2.144(2), S1-
Ni-S2 = 92.85(7), S3-Ni-S4 = 90.78(7).

(c) ORTEP drawing of a [Ni(dddt)(dmit)]™ unit. The selected
bond distances (A) and angles (°) are as follows; Ni-S1 = 2.143
(4), Ni-S2 = 2.163(3), Ni-S3 = 2.147(3), Ni-S4 = 2.150(3), S1-
Ni-S2 = 93.7(1), S3-Ni-S4 = 91.3(1).

(d) ORTEP drawings of [Ni(dddse),]™ units. Each of them is
located on the inversion center. The selected bond distances (A)
and angles (°) are as follows; Nil-Sel = 2.243(3), Nil-Se2 =
2.243(3), Ni2-Se3 = 2.252(3), Ni2-Se4 = 2.249(3), Sel-Nil-
Se2 = 91.9(1), Se3-Ni2-Se4 = 91.99(10).
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Table 1. Electrochemical data for the [Ni(X)(Y)]™ complexes.

E/V* EIVP AERFE -E)
/V
[Ni(dmit)(mnt)] - +0.32 -0.35 0.67
[Ni(dddse)(mnt)] +0.12 -0.59 0.71
[Ni(dddt)(mnt)]~ +0.10 -0.67 0.77
[Ni(dddse) (dmit)]~ ~0.14 -0.72 0.58
Ni(dddt)(dmit)] " 018 . 079 . 061 ___.
[Ni(mnt),]~ +0.68 -0.13 0.81
[Ni(dmit),] - -0.08 -0.49 0.41
[Ni(dddse),] -0.23 -0.97 0.74
[Ni(dddt),] - -0.32 -1.07 0.75

* Irreversible. ° Reversible. © Measured at Pt electrode in
CH;CN, 0.1 M Buy;NCIO; (volts vs. 0.01 M Ag/AgNOs).
Temperature, 25°C.

Industry Co., Ltd.). Acetonitrile containing 5 % (v/v) water was
used as an eluent. We have ascertained these procedures to be
applicable for Pd and Pt complexes. It may be possible that the
unsymmetrical complexes goes back into the symmetrical
complexes in a solution. We have observed, however, no
indication of such a disproportionation in the process of
electrochemical measurement or recrystallization at room
temperature.

Crystal ~ structures of Bu,N[Ni(dmit)(mnt)], BuN
[Ni(dddt)(mnt)], Bu,N[Ni(dddt)(dmit)], and Bu,N[Ni(dddse),]
have been determined by the single crystal X-ray diffraction
method (Figure 1)."' The salt Bu,N[Ni(dddse),] is isostructural
with the P 1 form of Bu,N[Ni(dddt),]."*

Electrochemical data of five unsymmetrical complexes
along with the corresponding symmetrical ones are shown in
Table 1. All these complexes were reduced in reversible one-
electron step. In the oxidation, the cyclic voltammograms of all
the complexes showed an irreversible wave at a sweep rate of
100-200 mVs™. The electrode potential (£;) was determined by
differential pulse polarography. The potentials £, and £, might be
correlated to donor (acceptor) ability, and the AE (= E; — E)
value can be a measure of the on-site Coulomb energy.
Electrochemical data suggest that the acceptor (donor) ability and
the on-site Coulomb energy for each “unsymmetrical” complex
are intermediate between those of the corresponding symmetrical
complexes respectively. This suggests that physical properties. of
these unsymmetrical complexes can be tuned by a combination of
ligands.

We have examined salts of TTF and EDT-TTF (EDT-TTF
is ethylenedithiotetrathiafulvalene) with the unsymmetrical
complex, since (TTF)[Ni(dmit),], and (EDT-TTF)[Ni(dmit),]
are known to be superconductors.” Preliminary electro-
chemical crystallization afforded (TTF)[Ni(dmit)(mnt)] and
(EDT-TTF)[Ni(dmit)(mnt)], both of which are metallic down to
20-30 K. Detailed studies are now in progress.

We wish to thank Mr. K. Nakahashi (Japan Analytical

Chemistry Letters 1997

Industry Co., Ltd.) for helpful advice. This work was partially
supported by Grants-in-Aid for Scientific Research on Priority
Area “Novel Electronic States in Molecular Conductors” (Area
No.253/06243105) from the Ministry of Education, Science and
Culture, Japan.

References and Notes

1 A. E. Underhill and M. M. Ahmad, J. Chem. Soc., Chem. Commun.,
1981, 67.

2 P. Cassoux and L. Valade, in “Inorganic Materials,” ed by D. W.
Bruce and D. O’Hare, John Wiley & Sons, Chichester (1992), p. 1
and references therein.

3 G. Matsubayashi, S. Tanaka, and A. Yokozawa, J. Chem. Soc.,
Dalton Trans., 1992, 1827.

4 J. M. Williams, J. R. Ferraro, R. J. Thorn, K. D. Carlson, U. Geiser, H.
H. Wang, A, M. Kini, and M. -H Whangbo, “Organic
Superconductors  (Including Fullerenes): Synthesis, Structure,
Properties and Theory,” Prentice Hall, Englewood Cliffs, NJ (1992).

5 M. M. Ahmad and A. E. Underhill, J. Chem. Soc., Dalton Trans.,
1982, 1065; A. E. Underhill, P. I. Clemenson, M. B. Hursthouse, R. L.
Short, G. J. Ashwell, I. M. Sandy, and K. Carneiro, Synth., Met., 19,
953 (1987).

6 P. Cassoux, L. Valade, H. Kobayashi, A. Kobayashi, R. A. Clark, and
A. E. Underhill, Coord. Chem. Rev., 110, 115 (1991) and references
therein.

7 C. T. Vance, R. D. Bereman, J. Bordner, W. E. Hatfield, and J. H.
Helms, Inorg. Chem., 24, 2905 (1985); S. S. Nagapetyan, V. E.
Shklover, L. V. Vetoshkina, A. 1. Kotov, L. Yu. Ukhin, Yu. T.
Struchkov, and E. B. Yagubskii, Mater. Sci., 14, 5 (1988).

8 R. Kato, H. Kobayashi, and A. Kobayashi, Synth. Met., 41-43, 2093
(1991).

9 A. Davison, J. A. McCleverty, E. T. Shawl, and E. J. Wharton, J. Am.
Chem. Soc., 89, 830 (1967).

10 W. Dietzsch, J. Lerchner, J. Reinhold, J. Stach, R. Kirmse, G.
Steimecke, and E. Hoyer, J. Inorg, Nucl. Chim., 42, 509 (1980).

11 Crystal data for BuyN[Ni(dmit)(mnt)] : C,;H3¢N3S;Ni, F.W.=637.68,
monoclinic, space group P2i/a, ¢=23.922(4), b=11.849(3), c=
11.0012) A, 3=96.77(2), V= 3096(1) A%, Z=4, D o= 1.37 gcm™, R
=0.045, R,=0.037, GOF=1.30 for independent 2247 reflections with I
> 30 (D.

Crystal data for Bu,N[Ni(dddt)(mnt)] : C»4HsoN3SeNi, F.W.= 621.66,
monoclinic, space group P2i/n, a=9.007(2), 5=22.612(5), c=
15.646(3) A, #=92.10(2), V= 3184(1) A%. Z=4, D..o= 1.33 gcm>, R
=0.053, R,=0.056, GOF=2.29 for independent 3814 reflections with I
> 30 (D).

Crystal data for Buy;N[Ni(dddt)(dmit)] : C,3H4NSoNi, F.W.= 677.82,
monoclinic, space group P2i/a, 4=16.486(4), b=13.397(2), c=
14.782(3) A, £=93.26(2), V= 3260(1) A%. Z=4, D= 1.38 g cm™, R
=(.048, R,=0.053, GOF=1.60 for independent 1752 reflections with I
2 3o (D). )

Crystal data for BusN[Ni(dddse),] : C,4H44NS,SeNi, F.W.=849.40,
triclinic, space group P1, a =13.657(4), b =14.078(7), ¢ =9.147(4) A
a=103.37(4), £=90.65(3), y=87.10(3)°, V= 1708(1) A>. Z=2, D01 =
1.65 g cm™, R=0.058, R,=0.062, GOF=2.08 for independent 1633
reflections with 1 > 3o (I). .

12 A. J. Schultz, H. H. Wang, L. C. Soderholm, T. L. Sifter, J. M.
Williams, K. Bechgaard, and M. -H. Whangbo, /norg. Chem., 26,
3757 (1987).

13 H. Tajima, , M. Inokuchi, A. Kobayashi, T. Ohta, R. Kato, H.
Kobayashi, and H. Kuroda, Chem. Lett., 1993, 1235.



