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The dication of tetrakis(dimethylamino)ethene (TDAE2+) forms ion pair complexes with
[M(mnt)2]2~, mnt2- = maleonitrile-2,3-dithiolate, M(II) = Ni, Pd, Pt, and Zn. According to
X-ray analysis the structure of {TDAE2+[Pt(mnt)2]2~ } consists of a chain-like arrangement
o f planar dianions and twisted (71°) dications. Shortest interionic contacts are 11 pm longer
than the corresponding van der Waals radii. In the UV-VIS diffuse reflectance spectra of the
complexes with a d8 central metal there is no unambiguous evidence for the presence of an
ion pair CT band. This band is observed, however, at 450 nm when the d 10 metal Zn(II) is
present. Application of the Hush-Marcus model affords a reorganization energy of 110 kJ / mol
for electron transfer from [Zn(mnt)2]2- to TDAE2+. This value is 40 kJ / mol higher than the
one reported for the analogous complex wherein TDAE2+ is replaced by a 2,2'-bipyridinium
acceptor of similar reduction potential.

Introduction
Tetraaminoethylene andtetrakis(dimethylamino)ethene (TDAE) have been the subject of various
investigations because of their low ionization po
tentials [1]. The former has been reported to form
charge-transfer complexes with oxygen, tetracyanoethene and trinitrobenzene in solution, but none
of the complexes has been isolated [2,3], The lat
ter compound, referred to as an “organic alka
line earth metal” [3], is unstable in the presence
of air and suffers decomposition accompanied by
a strong green chemiluminescense [4], In water
TDAE is oxidized in a single-electron transfer re
action [5]. Since the reduction potentials in MeCN
(vs. SCE) o f -0.74 V (TDAE / TDAE+ ) and -0.61
V (TDAE+ / TDAE 2+) [6 ] are similar to those of
the 2 ,2 '-bipyridinium acceptors which we have re
cently used as reversible redox components in ion
pair charge-transfer (IPCT) complexes of dithiolene
metalates [7- 1 0 ], it seemed promising to investi
gate whether the dication of TDAE may also form
analogous compounds. In the following we report
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on the synthesis and structure of the new ion pairs
{TDAE 2+[M(mnt)2 ]2 - }, wherein mnt2- represents
the maleonitrile-2,3-dithiolate ligand and M(II) =
Ni, Pd, Pt, and Zn.
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The new compounds l a - d were obtained in
yields of 57 - 8 8 % by combining aqueous or ace
tone solutions of (TDAE)X 2 , X = Br, PFö ” , and
of the disodium or bis(tetrabutylammonium) salt of
[M(mnt)2]2_.
According to the single crystal X-ray analysis
of the platinum complex Id the ion pair is com
posed of planar dithiolene metalates and strongly
distorted dications (Fig. 1, Table 1). The struc
tural parameters of [Pt(mnt)2 ]2~ and TDAE2+ are
within the range observed for a corresponding 2 ,2 ’bipyridinium complex [8 ] and compounds of the
type (TDAE)X 2 , X = Cl, Br [11] PFö- [12], respec
tively. A torsional angle of 71° between the planes
N3, C5, N4 and N3a, C5a, N4a is found for TDAE2+.
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Molecular structure of the ions in {TDAE[Pt(mnt)2)]} Id.
Table 1. Selected bond lengths (pm) and bond angles (deg)
for Id.
P tl-S l
S l-C l
C1-C2
C2-C4
C4-N2
C5-N4
N3-C6
N4-C8
S 1-Pt 1-S2
S2-P tl-Sl A
C5A-C5-N3
N3-C5-N4

227.8(4)
178.9(2)
129.8(2)
148.3(2)
112.7(3)
131.5(2)
146.7(2)
147.6(2)
90.3(1)
89.7(1)
116.9(1)
126.5(1)

P tl-S 2
S2-C2
C1-C3
C3-N1
C5-N3
C5-C5A
N3-C7
N4-C9
S I-P tl-S l A
PU-S2-C2
C5A-C5-N4

230.0(4)
175.4(1)
145.2(2)
112.5(2)
132.9(2)
149.4(3)
146.2(2)
144.0(2)
180.0(1)
100.8(5)
116.5(1)

As already observed for other d 8 IPCT complexes
with a nonplanar acceptor [ 1 0 ], the two components
build up a chain-like arrangement (Fig. 2). The pla
nar half of TDAE2+ forms a large interplanar angle
of 52° with the adjacent platinate. Shortest con
tacts are found between N1 and C 8 (336 pm), but
they are 1 1 pm longer than the sum of the van der
Waals radii. This result differs from the previously
reported structures which all had closest interionic
contacts in the range of van der Waals distances [13].
The presence of a CT interaction in the d 10 com
plex la is indicated by the diffuse reflectance spec
trum. As compared to the tetrabutylammonium salt
(Fig. 3, curve a) an intensive shoulder appears at
the low-energy part of the spectrum (Fig. 3, curve
b). The corresponding difference spectrum (Fig. 3,

Fig. 3. Diffuse reflectance spectra of (NBu4)2[Zn(mnt)2)]
(a), {TDAE[Zn(mnt)2)]J (b) and difference spectrum (c);
the spectrum of T D A E '+ (Amax = 280 nm) is omitted for
the sake of simplicity.

curve c) reveals a maximum at 450 nm. Application
of the Hush-equation, Eop = \ + .-IG 12, using 265
and 155 kJ/mol for Eop and Z\Gi 2 , respectively [14],
affords a reorganization energy of 110 kJ/mol for
the electron transfer from [Zn(mnt)2 ]2~ toTD A E2+.
This may be compared with the value of 72 kJ/mol
obtained for {PQ(Zn(mnt)2 ]} in which case -AG 12 is
equal to 150 kJ/mol. In the N,N'-propylene bridged
2,2'-bipyridinium acceptor PQ2+ the two pyridinium
rings are twisted [15] by a similar angle (67°) as in
la . Since the contribution of the dianion to \ should
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in both compounds be approximately the same, the
higher value of la apparently originates from the
less extended 7r-system and more flexible nature of
the TDAE2+ acceptor.
For the nickel and platinum complexes lb and
Id the spectra are identical with those of the tetrabutylammonium salts. In the case of the palladium
compound lc a broadening of the donor absorp
tions is found but no unambiguous maximum can
be assigned from the difference spectrum.

Complex lc: Procedure as described above for lb.
Green powder, 67 mg (57%).
C , 8 H2 4 N 8 PdS4 (587.1)
Calcd C 36.83 H 4 .1 2 N 19.09 S 21.85%.
Found C 36.74 H 4.06 N 18.86 S 22.14%.
Complex Id: Procedure as described above for lb. Red
powder, 91 mg (67%).

C , 8 H 2 4 N 8 PtS4 (675.8)
Calcd C 31.99 H 3.58 N 16.58 S 18.98%.
Found C 32.15 H 3.56 N 16.36 S 18.80%.
X-ray diffraction analysis o f Id

Experimental Section
All manipulations were conducted under nitrogen us
ing dry, nitrogen-saturated solvents. For apparatus em
ployed see ref. [10]. Samples for diffuse reflectance spec
tra were obtained by spreading the complexes onto corun
dum plates (Hoechst CeramTech) which also served as
reflectance standard. (TDAE)Br2 was prepared by oxi
dation of tetrakis(dimethylamino)ethane (Aldrich) with
bromine in chloroform [16]. The compound is strongly
hygroscopic; it was only handled in solution (0.5 M).
TD AE(PF6)2 was prepared by metathesis of a solution of
the dibromide with ammonium hexafluorophosphate in
water. The new compounds were prepared as follows.
Complex la: A solution of 75 mg of N a2mnt in 10 ml
of water was added to 27 mg of zinc chloride trihydrate
dissolved in 10 ml of water. After filtering, a 0.5 M so
lution o f (TDAE)Br2 in water was added dropwise until
no further precipitation occurred. The yellow solid was
stirred overnight and filtered off by suction. After wash
ing two times with 10 ml of water the product was dried
in vacuo. Orange-yellow powder, 65 mg (59%).
C |8H24N8S4Zn (546.1)
Calcd C 39.59 H 4.43 N 20.52 S 23.49%.
Found C 40.07 H 4.54 N 20.84 S 23.89%.
Complex lb: 0.2 mmol of TDAE(PFö)2 in 40 ml of
acetone was added to a stirred solution of 0.2 mmol of
(NBu)4[Ni(mnt)2] in 30 ml of acetone. The resulting sus
pension was stirred for 30 min and the solid was filtered
off by suction, washed with 5 ml of acetone and 5 ml of
methanol and dried in vacuo. Red powder, 95 mg (88%).

C , 8 H 2 4N8 NiS 4 (539.4)
Calcd C 40.08 H 4.48 N 20.77 S 23.78%.
Found C 40.30 H4.51 N 20.76 S 23.59%.
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