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Introduction

Transition metal complexes with the dmit (1,3-dithiole-2-
thione-4,5-dithiolate, €5527) ligand have received significant
attention because of their metallic-like electronic prope#tiés.
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such as S or Se, into the periphery of the structure stabilizes
the interactions via direct -SS or Se--Se overlap on the
adjacent inter- and intrastack ions. Most preparations within this
field utilize the tetraalkylammonium salts of [M(dmil)~

(n = 2, 1) as starting material.

Recently, Reynolds et &7 have reported a new series of
chalcogen-rich, extensively conjugated and planar bimetallic
complexes, [Cftto[M(dmit);]} [C = BuN, Eu4N, MegN;
tto = tetrathiooxalate, €42~; M = Cu(ll), Ni(ll)], in which
the tto acts as the bridging ligand and the dmit as a capping
ligand. This work opened up a new field for transition metal
complexes with the dmit ligand. The fully conjugated bimetallic

These complexes form stable dianions, monoanions, and neutrafPMP!ex (BuN)2{ tto[Ni(dmit)z]}, which is the starting material

species along with highly conducting complexes with a variety

of “open-shell” and “ closed-shell” cations. Several of their

charge-transfer salts in this category exhibit superconducting

properties. Examples include three complexes, (NbHENI-
(dmit);],8 B-(NMeg)o Pd(dmith],° and [NMeEty]o fPd(dmit)],1°
containing closed-shell cations and four others, (TTF)-[Ni-
(dmit);] 2,1t a- and o’ -(TTF)[Pd(dmit}]2,*? anda-(EDT-TTF)-
[Ni(dmit),],13 containing open-shell cations. The exciting prop-

for other conducting bimetallic complexes faio[Ni(dmit),]} 1617

has been prepared mainly on the basis of competitive reactions
of the NP cation with tto and dmit dianions. Only a few of
the bimetallic complexes containing dianifimo[Ni(dmit)z]}2~

has been prepared because of the tedious work of synthesizing
the precursor (BaN){tto[Ni(dmit),]}.16:17 Here, we report a
convenient and novel synthesis of (BI){ tto[Ni(dmit),]} from
(BugN)2[Ni(dmit)2]. The crystal structure of a new crystal form

erties of these complexes have been attributed to the ability of O the complex is also presented.
the planar acceptor ions to form close-packed segregated

. : . Experimental Section
stacking arrangements. The incorporation of more heteroatoms, P
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Notes

Table 1. Crystallographic Data for (BiN){ tto[Ni(dmit)2]}
GoH72N2Ni2S14

empirical formula

fw 1147.26
space group P2,/c

a, 9.9740(2)
b, A 15.2622(3)
c A 17.9482(4)
B, deg 90.8125(8)
V, mm3 2731.89(10)
z 2

T, K 293(2)

1, Ax81 0.71073
Pcalcd Mg/m3 1.395

w, mmt 1.254
GOR 0.885

RO [I > 20] 0.052

Re [all data] 0.129

aGOF = {3[W(Fs? — FAF/(n — p)}*? where F, = observed
structure factor,F. = calculated structure facton = number of
reflections,p = total number of parameters refined, = weighing
function.? R = 3 ||Fq| — |Fcll/S|Fol.

Table 2. Bond Lengths [A] and Angles [deg] for
(BusN)A{ tto[Ni(dmit)2]} 2

Bond Length

Ni(1)—S(7) 2.1618(12) Ni(L)S(6) 2.1648(10)
Ni(1)—S(4) 2.1667(12) Ni(L)yS(5) 2.1744(10)
S(1)-C(17) 1.651(4) S(2)C(17) 1.735(4)
S(2)-C(18) 1.749(4) S(3)yC(17) 1.729(4)
S(3)-C(19) 1.755(3) S(4yC(18) 1.744(3)
S(5)-C(19) 1.734(4) S(6)C(20) 1.703(4)
S(7)-C(20) 1.701(3) N(1)-C(5) 1.519(4)
N(1)—-C(1) 1.519(4) N(1)C(9) 1.520(5)
N(1)—C(13) 1.527(4) C(1yC(2) 1.514(5)
C(2)-C(3) 1.468(5) C(3yC(4) 1.500(5)
C(5)—C(6) 1.518(5) C(6)C(7) 1.525(5)
C(7-C(8) 1.495(6) C(9yC(10) 1.523(5)
C(10)-C(11) 1.504(5) C(1HC(12) 1.516(6)
C(13)-C(14) 1.503(5) C(14)C(15) 1.514(5)
C(15)-C(16) 1.506(6) C(18)C(19) 1.332(5)
C(20)-C(20y* 1.409(7) C(20)-S(7)* 1.701(3)
Bond Angle
S(7)-Ni(1)—S(6) 90.45(4) S(ANi(1)—S(4) 178.15(4)
S(6)—Ni(1)—S(4) 87.96(4) S(AHNi(1)—S(5) 87.99(4)
S(6)—Ni(1)—S(5) 175.01(4) S(4)Ni(1)—S(5) 93.67(4)
C(17)-S(2)-C(18) 97.4(2) C(1AS(3)-C(19) 97.35(19)
C(18)-S(4)—-Ni(1) 101.49(14) C(19S(5)Ni(1) 101.16(14)
C(20)-S(6)—Ni(1) 104.63(13) C(207—S(7)-Ni(1)  105.03(14)
C(5)-N(1)—C(1) 106.8(2) C(5rN(1)—C(9) 110.7(3)
C(1)-N(1)—C(9) 110.4(3) C(5rN(1)—C(13) 110.9(3)
C(1)-N(1)—-C(13) 110.3(3) C(9yN(1)—C(13) 107.8(3)
C(2)-C(1)—-N(1) 116.0(3) C(3yC(2)-C(2) 111.5(3)
C(2)-C(3)-C(4) 115.8(4) C(6yC(5)—N(1) 116.0(3)
C(5)—C(6)—C(7) 111.7(3) C(8yC(7)—C(6) 115.3(4)
N(1)—C(9)-C(10)  115.4(3) C(11yC(10y-C(9) 112.7(3)
C(10-C(11)-C(12) 110.7(4) C(14yC(13)-N(1) 115.9(3)
C(13)-C(14)-C(15) 113.0(3) C(16)C(15-C(14) 112.7(4)
S(1)-C(17)-S(3) 123.9(2) S(HC(17)-S(2) 123.4(3)
S(3-C(17)-S(2) 112.7(2) C(195C(18)-S(4) 121.3(3)
C(19)-C(18)-S(2) 116.4(3) S(4yC(18)-S(2) 122.3(2)
C(18)-C(19)-S(5) 122.3(3) C(18)C(19)-S(3) 116.2(3)
S(5)-C(19)-S(3) 121.4(3) C(2071—C(20)—-C(7)*1 119.0(4)
C(20§1—C(20)-(6) 119.5(3) S(7—C(20)-S(6) 121.5(2)

aSymmetry transformation used to generate equivalent atoms,
denoted®, is —x, -y, —z

thoroughly with water and MeOH to remove dithionites and other
impurities. Finally, the product was recrystallized from 4CH\.
Yield: 0.40 g (66%). Anal. Calcd for £gH72N2S1aNi: C, 41.87; H,
6.34, N, 2.44. Found: C, 42.02, H, 6.24, N, 2.51. IR (KBr,ém
ve=c 1452.8,vc=s 1078. UV—vis [CH:CN, nm (loge in parentheses)]:
379 (4.58), 495 (4.10), 1045 (4.53).

Single crystals suitable for X-ray determination were obtained by
slowly diffusing diethyl ether into a DMF solution of the complex.

Inorganic Chemistry, Vol. 39, No. 6, 2000323

Figure 1. Molecular structure and numbering scheme for f8u-
{tto[Ni(dmit)2]} with 50% probability ellipsoids.

X-ray Crystallography. A brown crystal needle of the (BN)2-
{tto[Ni(dmit).]} with approximate dimensions of 0.36 mm 0.22
mm x 0.14 mm was mounted in air. The intensity data were collected
at 293(2) K on a Siemens SMART CCD diffractometer with a detector
distance of 4 cm and a frame exposure time of 30 s. The structure was
resolved by direct methods and refinedrérby full-matrix least-squares
methods using the SHELXTL softwafavith 6513 unique absorption-
corrected (empiricalTmin = 0.661, Tmax = 0.844) reflections. All non-
hydrogen atoms were anisotropically refined. The refinement converged
atR = 0.052, andR, = 0.097 for a total of 262 parameters and 6513
observed reflections with > 2.0 o(l). The crystallographic data are
listed in Table 1.

The selected bond distances and bond angles are listed in Table 2.
Complete crystallographic data, atomic coordinates, thermal parameters,
and bond distances and angles are gathered in Supporting Information.

Results and Discussion

Synthesis of (BuN){tto[Ni(dmit) 5]} from (Bu4N);[Ni-
(dmit);]. The tetrabutylammonium salt of [Ni(dmit}~ is a
good starting material for the preparation of either nonintegral
oxidation state complexes such as the superconducting\vle
[Ni(dmit),], or donor-acceptor compounds such as the super-
conducting [TTF][Ni(dmit}]>.1~7 In this paper, we used it as
the precursor to prepare the fully planar bimetallic complex
(BugN){ tto[Ni(dmit),]} .

Although it has long been proposed thatttes the precursor
to G3Ss2~ in the reduction (chemical and electrochemical) of
C$,2422 which has been confirmed recentfthe reverse
conversion of G52~ to tto>~ has not been suggested or
investigated. We first observed the transformation fros8s&
to tt®>~ and confirmed that ¢S5~ is the precursor to tfo.
That is, they could transform to each other under certain
conditions, even though boths&?~ and ttd~ dianions are in
coordination states.

This unexpected reaction occurred during the course of
synthesizing some alkylation derivatives of nickel complexes
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Notes

Figure 2. Packing diagram with unit cell labels of (BM){tto[Ni(dmit);]} showing sheets containing complex dianions and tetrabutylammonium

cations.

with the dmit liganc?* The bromine compounds did not react
with Ni(dmit),2~ and did not take part in the reaction of the
conversion of (BuN)2[Ni(dmit);] to (BusN){ tto[Ni(dmit),]}.
By comparison to the previous meth8this is a convenient
and effective route to synthesize (Bi).{tto[Ni(dmit),]}. In

thioxo—thiole [S1:+-S3, 3.604(4) A] of the dianionic units
resulting in each bimetallic unit interacting with two adjacent
bimetallic units.

The cations interact with the dianionic units by-8---S
hydrogen bonds. Each dianionic unit is in contact with the

our preparation procedure, the tedious process to synthesize th@djacent cations via four €H-++S hydrogen bonds [C(3)

compound (EfN);tto was avoided; therefore, formation of the
polymeric byproduct [Ni(tto)] was not observed. Thus, the yield
is up to 66%, which is higher than that of the method using
(EuN),tto (41%). Since (ByN){ tto[Ni(dmit),]} is the precursor
for other conducting bimetallic complexes [&}o[Ni(dmit)2]},
including nonintegral oxidation state complexes and denor
acceptor compound§;1’the new method will facilitate research
on them.

Structure of the New Crystal Form of (BusN){tto[Ni-
(dmit)2]}. The space grougP@,/c) of the new crystal form is
different from the one that Reynolds et al. reported earlier
(P212,2;).16 The atomic labeling scheme of the dianion is shown
in Figure 1. In the molecule, two Ni(dmit) fragments are linked
by the side-on coordination of a tto ligand. The CZIR0OA
bond of the tto ligand is 1.409(7) A shorter than that in the
structure of previous crystal foAh[1.416(7) A] and that in
the isolated dianionic tto ligarit [1.461(11) A]. Ther system
of the bridging tto ligand is highly delocalized and results in a
planar structure. The NiS [2.1633(11) A] and €S [1.702(4)

H(3A)---S(7)2, 3.651(4) A; C(12Y-H(12A)---S(1)*3, 3.792(5)
A].25 Thus, the crystal packing is characterized by sheets of
separating cations and dianions with nonbondirgSSinterac-
tion and hydrogen bonds in two dimensions. There is no
interaction observed among the sheets.

Summary

A novel route for the conversion of (BN);[Ni(dmit);] to
(BusN){ tto[Ni(dmit),]} is reported here. This provides a much
more efficient way of synthesizing (BN){ tto[Ni(dmit),]} than
the literature method. During the process, the conversion of
dmit?~ to tto?>~ was realized for the first time. This new synthesis
should facilitate further research on the conducting bimetallic
complexes [CY tto[Ni(dmit),]}. In addition, a new crystal form
of (BusN){tto[Ni(dmit),]} was determined by X-ray crystal-
lographic analysis.
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