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The reactions of [Ni(aet),] with [PtClo(L)] gave a new type of S-bridged dinuclear complexes [Pt(L){Ni-
(aet)z(HZO)z}]2+ (aet=aminoethanethiolate; L=bpy=2,2'-bipyridine, phen=1,10-phenanthroline (5), dmbpy=4,4’-dimeth-
yl-2,2'-bipyridine). These complexes readily react with L' to form [M(L){Ni(aet),(L’ )}]2+ (L=bpy, L'=bpy (3), phen;
L=phen, L'=phen, bpy; L=L'=dmbpy). A similar reaction of [Ni(aet),] with [PtCl,(phen)] and phen gave only [Pt-
(phen){Ni(aet)z(phen)}]2+. The crystal structures of 3 and 5 were determined by X-ray crystallography. The Ni atoms
are surrounded by two aet and a bpy or two water molecules to have an approximately octahedral geometry, forming the
Ca-cis(S)-[Ni(aet)2{bpy or (H20);}] unit. The Pt atoms have a square-planar geometry, in which two Cl atoms of the
starting [PtCl,(L)] (L=bpy or phen) have been substituted by the two S atoms from the Ni(Il) unit. The Pt(Il) plane and
the Ni(I) equatorial plane are almost coplanar, and the Pt—Ni distance is 3.4987(8) A (3) and 3.476(4) A (5). All of the
complexes were characterized on the basis of the electronic absorption and infrared spectra and the cyclic voltammetry.
The conversion of a square-planar [Ni(aet),] to an octahedral [Ni(aet), {(H20); or (L") }] units was also considered. In the

1363

solid state, the water molecule in [Pt(L){Ni(aet)z(HZO)z}]2+ could be readily exchanged by nitrate.

The binding ability of the thiolato sulfur atoms coordi-
nated to other metal ions has led to the development of
stereochemistry of S-bridged polynuclear complexes, sev-
eral of which have been derived from square-planar [M-
(thiolato-S),(amine-N),]-type (M=Ni", Pd") mononuclear
complexes.'™'® Of these polynuclear complexes, most of
the [M(thiolato-S),(amine-N),]-type complexes can func-
tion as S-donating metalloligands. For example, the reaction
of [Ni(aet);] (aet=2-aminoethanethiolate) with NiCl, gave a
linear-type S-bridged trinuclear complex, [Ni{Ni(aet), }2]2+,
in which each square-planar cis(S)-[Ni(aet),] unit chelates
to one Ni(Il) ion."—® Further, the reaction of [Ni(aet),] with
Na,PdCl, gave stereoselectively the pin-wheel-type hexa-
nuclear S-bridged complexes, [Pd,{Ni(aet), }4]**, in which
each square-planar cis(S)-[Ni(aet),] unit spans to two Pd-
(I) ions.!® When the mononuclear complexes [MCly(L)]
(M=PtZ, Pd"), in which the ligands L (=2,2’-bipyridine (bpy),
1,10-phenanthroline (phen), and 4,4’-dimethyl-2,2’-bipyri-
dine (dmbpy)) are less susceptible to substitution of other
ligands, reacts with [Ni(aet),], therefore, it will be expected
that the dinuclear complexes, [M(L){Ni(aet), }]**, or tetranu-
clear complexes, [{M(L)},{Ni(aet); }»]*, are formed, which
contain square-planar cis(S)-[Ni(aet);] units. Recently, how-
ever, we presented a preliminary result that the reaction of
[Ni(aet),] with [PtCl,(bpy)] produced a new type of dinu-
clear complexes [Pt(bpy){Ni(aet),(H,0),}1>*, in which the

Ni(II) ion does not have a square-planar coordination ge-
ometry, but converts to an octahedral geometry.'® Further,
[Pt(bpy){Ni(aet)z(HZO)Z}]2+ readily reacts with bpy to form
[Pt(bpy){Ni(aet),(bpy) }]?*.19 In this paper we report on
a detailed study concerning the syntheses, structures, and
chemical characterizations of the S-bridged dinuclear com-
plexes [PH(L){Ni(aet)2(H;0)2}1*, [PUL){Ni(aet)2 (L)} 1%,
and [Pd(phen){Ni(aet),(phen)}1** (L,L'=bpy, phen, dmbpy).
The geometrical conversion about the Ni(Il) ion is also dis-~
cussed in relation to the geometry or the reactivity around
the metal ions.

Experimental

Materials. Sodium tetrachloropalladate(Il) was purchased
from Aldrich Chemical Co., Inc. The other reagents were purchased
from Wako Pure Chemical Ind. Co., Ltd., and Tokyo Chemical Co.,
Ltd. All of the chemicals were of reagent grade and used without
further purification.

Preparation of Complexes. trans(S)-[Ni(aet),]. = This com-
plex was prepared by a method similar to that described in the
literature.” The yield was nearly quantitative: 98.6%.

[PtCLy(bpy)]. This complex was prepared by a method similar
to that described in the literature,'™'® using a solution containing
2.0 g (4.8 mmol) of potassium tetrachloroplatinate(Il) in 250 cm’
of water, 0.78 g (5.0 mmol) of 2,2’-bipyridine, and 10 cm® of 2
mol dm ™ hydrochloric acid. Yield: 95%.

[PtCL(phen)]. This complex was prepared by a method
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similar to that for [PtCly(bpy)], using a solution containing 1.0
g (2.4 mmol) of potassium tetrachloroplatinate(Il) in 100 cm® of
water, 0.54 g (2.7 mmol) of 1,10-phenanthroline monohydrate, and
4 cm® of 2 mol dm~ hydrochloric acid. Yield: 97.7%. Calcd for
CixHgNoCLLPt: C, 32.30; H, 1.81; N, 6.28%. Found: C, 32.45; H,
1.87; N, 6.32%.

[PtCl;(dmbpy)]. This complex was also prepared by a method
similar to that for [PtCl,(bpy)], using 4,4’-dimethyl-2,2’-bipyridine
(2.7 mmol) instead of 2,2’ -bipyridine (2.5 mmol). Yield: 99.6%.
Calcd for C;oHjNoCLPt: C, 32.01; H, 2.69; N 6.22%. Found: C,
31.98; H, 2.63; N, 6.13%.

[PdCLy(phen)]. To a solution containing 0.30 g (1.0 mmotl) of
sodium tetrachloropalladate(II) in 50 cm?® of water were added 0.20
g (1.0 mmol) of 1,10-phenanthroline monohydrate and 2 cm?® of 2
mol dm ™ hydrochloric acid. When the mixture was stirred at 80 °C
for 30 min, white-orange needles began to appear, and the solution
became filled with a mass of filamentous white-orange needles.
After standing at room temperature for several hours, the resulting
white-orange needles were collected by filtration and washed well
with a large amount of water and then methanol. Yield: 0.36 g
(99%). Calcd for C1oHsN,CLPd: C, 40.31; H, 2.26; N, 7.84%.
Found: C, 40.31; H, 2.26; N, 7.78%.

[Pt(bpy){Ni(aet)(H0)X)}I'"* ({X, n}={H,0, 2} for 1;
{NOs, 1} for 2). To a yellow suspension containing 0.10 g
(0.24 mmol) of [PtCl(bpy)] in 10 cm® of water was added 0.05 g
(0.24 mmol) of [Ni(aet);]. The mixture was stirred at 50 °C for
20 min, whereupon the mixture became a yellow-brown solution.
After removing any unreacted materials by filtration, to the yellow-
brown filtrate was added 1.5 cm® of a saturated NaNOs solution.
The mixture was allowed to stand at room temperature for 1 d,
and the resulting yellow-brown crystals (1) were collected by filtra-
tion. Yield: 0.10 g (58%). Calcd for [Pt(bpy){Ni(aet),(H>O0),}1-
(NO3)=C14H24NeS20sNiPt: C, 23.28; H, 3.35; N, 11.64; Nj, 8.13;
Pt, 27.01%. Found: C, 23.25; H, 3.26; N, 11.57; Ni, 8.50; Pt,
27.48%.

2 was prepared by the same method as that used for 1, using 3
cm?® of a saturated NaNO; solution. Yield: 0.09 g, Calcd for [Pt-
(bpy){Ni(aet)>(NO3)(H,0) }I(NO3): C, 23.88; H, 3.15; N, 11.93%.
Found: C, 23.64; H, 3.09; N, 11.91%.

[Pt(bpy){Ni(aet)z(bpy)}]2+ 3). To a solution containing
0.10 g (0.14 mmol) of 1 in 10 cm® of water was added 0.024 g
(0.15 mmol) of 2,2-bipyridine. The mixture was stirred at 50 °C
for 5 min, whereupon the color of the solution readily changed
from yellow-brown to red-brown. To the solution was added a few
drops of a saturated NaNOj3 solution, followed by standing at room
temperature for ca. 5 h. The resulting red-brown microcrystals
(3) were collected by filtration. Recrystallization from water gave
red-brown crystals, one of which was used for X-ray structural
analysis. Yield: 0.08 g (67%). Calcd for [Pt(bpy){Ni(aet)(bpy) }1-
(N03)2°H20=C24H30N33207Nipt2 C, 33.50; H, 3.51; N, 13.02; Ni,
6.82; Pt, 22.67%. Found: C, 33.30; H, 3.41; N, 12.91; Nj, 6.83; Pt,
22.63%.

[Pt(bpy){Ni(aet)z(phen)}]2+ (4).  To a solution containing
0.10 g (0.14 mmol) of 1 in 10 cm® of water was added 0.028 g
(0.14 mmol) of 1,10-phenanthroline. The mixture was stirred at 50
°C for 5 min, whereupon the color of the solution readily changed
from yellow-brown to red-brown. The reaction solution was left at
room temperature for ca. 5 h. The resulting orange-beige powder
(4) was collected by filtration. Yield: 0.096 g (77%). Calcd for [Pt-
(bpy){Ni(aet)z (phen)}](N03 )2 -1 .5H20=C26H31N8 SzO7,5NiPt: C,
34.95; H, 3.50; N, 12.54%. Found: C, 34.79; H, 3.50; N, 12.38%.

[Pt(phen){Ni(aet)z(HZO)(X)}]""' ({X, n}={H20, 2} for 5;
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{NO3s, 1} for 6).  To a yellow suspension containing 0.10
g (0.22 mmol) of [PtCly(phen)] in 14 cm® of water was added
0.05 g (0.24 mmol) of [Ni(aet);]. The mixture was stirred at 70
°C for 40 min, whereupon the mixture became a brown solu-
tion. After removing a small amount of unreacted materials by
filtration, to the brown filtrate was added 0.3 cm® of a saturated
NaBr solution. The mixture was allowed to stand at room tem-
perature overnight; the resulting brown crystals (5) were collected
by filtration. One of 5 was used for an X-ray structural analy-
sis. Yield: 0.04 g (23%). Calcd for [Pt(phen){Ni(aet),(H20),}1-
BrCl-1.5H,0=C16H27N4S,03 sBrCINiPt: C, 25.13; H, 3.56; N,
7.33%. Found; C, 25.62; H, 3.57%; N, 7.18%. To the filtrate
was added 1 cm® of a saturated NaBr solution. The mixture was
allowed to stand at room temperature for 6 h, and the resulting
brown crystals (Br, salt of 5) were collected by filtration. Yield:
0.06 g (33%). Calcd for [Pt(phen){Ni(aet),(H,0); }1Br;+1.5H,0:
C, 23.75; H, 3.36; N, 6.92; Ni, 7.25; Pt, 24.11%. Found: C, 23.61;
H, 3.34; N, 6.73; Ni, 7.05; Pt, 23.96%.

6 was prepared by the same method as that used for the BrCl or
Br; salts of 5. After removing a small amount of unreacted materi-
als by filtration, to the brown filtrate was added 1 cm® of a saturated
NaNOs solution. The mixture was allowed to stand at room tem-
perature overnight, and the resulting brown crystals (6) were col-
lected by filtration. Yield: 0.14 g (86%). Calcd for [Pt(phen){Ni-
(aet)z(NO3)(H2O)}](NO3)=C16H22NGSZO7NiPt: C, 26.39; H, 3.04;
N, 11.54%. Found: C, 26.18; H, 3.04; N, 11.41%.

[Pt(phen){Ni(aet)z(phen)}]z"' (7).  To a brown solution con-
taining 0.13 g (0.18 mmol) of 6 in 20 cm® of water was added
0.04 g (0.20 mmol) of 1,10-phenanthroline monohydrate. The
mixture was stirred at 55 °C for 10 min, whereupon the color
of the solution changed from brown to red-brown. To the reac-
tion solution was added one drop of a saturated NaNO; solution,
followed by leaving at room temperature for 1 d. From this solu-
tion red-brown microcrystals (7) were appeared and were collected
by filtration. One of the crystals was used for an X-ray analy-
sis. Yield: 0.09 g (54%). Calcd for [Pt(phen){Ni(aet),(phen)}]-
(NO3)2-2.5H,0=C23H33N3S; 05 5NiPt: C,35.95; H, 3.56; N, 11.98;
Ni, 6.27; Pt, 20.85%. Found: C, 35.67; H, 3.51; N, 11.81; Ni, 6.23;
Pt, 20.24%.

[Pt(phen){Ni(aet)z(bpy)}]H' (8).  To a solution containing
0.10 g (0.12 mmol) of the By salt of 5 in 10 cm® of water was added
0.02 g (0.13 mmol) of 2,2 -bipyridine. The mixture was stirred at 50
°C for 5 min, whereupon the color of the solution readily changed
from brown to red-brown. The reaction solution was left at room
temperature for 1 d. The resulting beige-brown powder (8) was col-
lected by filtration. Yield: 0.09 g (76%). Calcd for [Pt(phen){Ni-
(aet)2(bpy) }1Br,-8HyO=CyHasNeS20s B NiPt: C,29.84; H,4.24;
N, 8.03%. Found: C, 29.30; H, 4.22; N, 7.80%.

[Pt(dmbpy){Ni(aet)z(Hz_O)(X)}]""' (X, n}={H;0, 2} for 9;
{NOs, 1} for 10). To a yellow suspension containing 0.05 g (0.11
mmol) of [PtCly(dmbpy)] in 10 cm® of water was added 0.025 g
(0.13 mmol) of [Ni(aet);]. The mixture was stirred at 50 °C for
40 min, whereupon the mixture became a yellow-brown solution.
After removing a small amount of unreacted materials by filtration,
to the yellow-brown filtrate was added ca. 1.5 cm® of a saturated
NaBr solution. The mixture was allowed to stand at room temper-
ature overnight, and the resulting brown crystals (9) were collected
by filtration. Yield: 0.07 g (77%). Calcd for [Pt(dmbpy){Ni-
(aCt)z(HzO)z}]Brz-H20=C16H30N432O3BI‘2NiPtZ C, 23.90; H,
3.76; N, 6.97; Ni, 7.30; Pt, 24.26%. Found: C, 23.83; H, 3.86;
N, 6.86; Ni, 6.74; Pt, 23.98%.

The nitrate salt of 10 was obtained by the same method as
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that used for the bromide salt, using ca. 2.5 cm® of a saturated
NaNO; solution instead of a saturated NaBr solution. Yield:
0.056 g (68%). Calcd for [Pt(dmbpy){Ni(aet)(NO3)(H,0)}]-
(NO3)=Ci6H26N6S,07NiPt: C, 26.24; H, 3.58; N, 11.48%. Found:
C,26.24; H, 3.63; N, 11.38%.

[Pt(dmbpy){Ni(aet)z(dmbpy)}]z"' (11).  To a brownish-yel-
low solution containing 0.09 g (0.12 mmol) of 10 in 30 cm® of
water was added 0.026 g (0.14 mmol) of 4,4’-dimethyl-2,2’-bi-
pyridine. The mixture was stirred at 55 °C for 2 h, whereupon
the mixture became a orange-yellow solution. After removing a
small amount of unreacted materials by filtration, to the orange-
yellow filtrate was added one drop of a saturated NaNOs solution.
The solution was allowed to stand at room temperature for 2 d,
and the resulting brown crystals (11) were collected by filtration.
Yield: 0.045 g (38%). Calcd for [Pt(dmbpy){Ni(aet),(dmbpy)}]-
(N03)2-5H20=C23H46N382011Nﬂ)t: C, 34.02; H, 4.69; N, 11.33;
Ni, 5.94; Pt, 19.73%. Found: C, 33.93; H,4.41; N, 11.21; Ni, 6.23;
Pt, 19.45%.

[Pd(phen){Ni(aet);(phen)}]** (12).  To a pale orange-white
suspension containing 0.08 g (0.22 mmol) of [PdCl(phen)] in 20
cm’ of a1 : 1 methanol/water mixture was added 0.05 £(0.24 mmol)
of [Ni(aet),]. After the mixture was stirred at 40 °C for 15 min, 0.04
£ (0.22 mmol) of 1,10-phenanthroline was added with stirring at 40
°C, and continued to be stirred for 5 min. To the reaction solution
was added a few drops of a saturated aqueous NaBr solution, fol-
lowed by leaving at room temperature for 1 d. From this solution the
red-brown microcrystals (12) appeared and were collected by filtra-
tion. Yield: 0.15 g (75%). Calcd for [Pd(phen){Ni(aet)>(phen)}1-
Br;-4H,0 = Cy3H3N6S204BrNiPd: C, 36.97; H, 3.99; N, 9.24;
Ni, 6.45; Pd, 11.70%. Found: C, 37.08; H, 3.97; N, 9.14; Ni, 5.76;
Pd, 11.95%.

Measurements. The electronic absorption spectra were
recorded with a JASCO Ubest V-570 spectrophotometer, and the
CD spectra with a JASCO J-600 spectropolarimeter. All of the
measurements were carried out in aqueous solutions at room tem-
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perature. Electrochemical measurements were made with a CV-1B
apparatus (Bioanalytical Systems, Inc.; BSI) using a glassy-carbon
working electrode and a platinum microelectrode (BSI). An aque-
ous Ag/AgClINaCl (3 moldm™?) electrode (BSI) and a platinum
wire were used as reference and auxiliary electrodes, respectively.
Electrochemical experiments were conducted at room temperature
in 2 0.1 mol dm ™3 N2,SO4 aqueous solution as the supporting elec-
trolyte and complex concentrations of 1.0 mmoldm~—>. The con-
centrations of Ni, Pd, and Pt in the complexes were determined
with a Nippon Jarrel-Ash ICPA-575 ICP spectrophotometer. The
magnetic susceptibilities were measured with a Sherwood Scien-
tific apparatus at 23 °C. The molar conductances of the complexes
were measured with a Horiba conductivity meter DS-14 in aqueous
solution at room temperature. The infrared spectra were recorded
as KBr disk with a JASCO FT/IR spectrometer.

X-Ray Structure Determination. The unit-cell parameters and
intensity data for 3 and § were measured on an Enraf Nonius CAD4
diffractometer by using graphite-monochromatized Mo K¢ radia-
tion (A =0.71073 A). The unit-cell dimensions were determined by
a least-squares refinement of 25 reflections with 16° < 26 < 20°.
Crystal data and the experimental parameters are listed in Table 1.
The intensity data were collected by the w—26 scan technique. The
reflections of F, > 30(F,) were used for structure determinations.
Data reduction and the application of Lorents, polarization, decom-
position (correction factor on I; 1.00—1.00 for 3; 1.00—1.11 for
5), and empirical absorption corrections (transmission coefficient
on [; 0.65—1.00 for 3; 0.75—1.00 for 5) based on a series of Y
scans was carried out using the Enraf Nonius structure determina-
tion package.'*® The positions of the Ni, Pt, and S atoms for 3 and
5 were located by a direct method, and the remaining atoms were
located in successive difference Fourier syntheses. All of the hy-
drogen atoms, except for the water molecules, were included in the
refinement, but were restrained to ride on the atoms to which they
were bonded (C-H or N-H=0.95 A, U=1.3U(C,N)). The structure
was refined by a full-matrix least-squares on F using anisotropic

Table 1.  Crystal Data of [Pt(bpy){Ni(aet)>(bpy) }I(NO3)2-H20 (3) and [Pt(phen){Ni-
(aet)2(H,0), }1BrCl-1.5H,0 (5)
3 5
Formula C24H30N8 SzO7NiPt CmHz7N4SzO3,5BIC1NiPt
Fw 860.48 764.71
Cryst dimens/mm 0.22 x0.10 x 0.08 0.32x0.10 x 0.08
Space group P1 C2/c
alA 12.640(3) 39.488(10)
blA 14.107(4) 5.363(1)
c/A 9.382(2) 22.058(5)
aldeg 106.28(1)
Bldeg 99.08(2) 92.56(1)
y/deg 65.93(2)
VIA® 1464.5(7) 4666.6
zZ 2 2
Deacalg cm™3 1.95 2.18
ulem™? 56.6 88.8
Transm factor 0.65—1.00 0.75—1.00
Scan type w-26 w20
0 range/deg 52.0 52.0
No. of reficns measd 6123 5273
No. of reflcns used 5072 2335
No. of variables used 388 271
R (Ry) 0.028 (0.032) 0.074 (0.093)
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thermal parameters for the non-hydrogen atoms. All of the calcula-
tions were performed on a VAX computer using the crystallographic
package Molen."™ The final atomic positional parameters for com-
plexes 3 and 5 are given in Tables 2 and 3.2%

Results and Discussion

X-Ray Crystal Structures for 3and 5. An X-ray struc-
tural analysis for 3 revealed the presence of a discrete diva-
lent complex cation, two nitrate anions and a water molecule.
Similarly, 5 consists of a discrete divalent complex cation,

Table 3.

Pt(Il)-Ni(1l) Dinuclear Complexes

Final Atomic Coordinates and Equivalent
Isotropic Thermal Parameters (Beg/A%)® for [Pt-
(phen){Ni(aet),(H,0), }1BrCl-1.5H,0 (5)

Atom x y z By
Pt 0.62066(3) —0.0793(2) 0.43065(5) 2.22(2)
Ni 0.5536(1) —0.1193(7) 0.3235(2) 3.72(8)
S(1) 0.6060(2) 0.116(1) 0.3413(3) 3.0(D)
S(2) 0.5750(2) —0.338(1) 0.4137(3) 2.6(1)
O(1) 0.5353(6) 0.122(4) 0.253(1) 6.3(6)
0(2) 0.5130(6) —0.379(4) 0.307(1) 7.7(6)

Table 2.

Final Atomic Coordinates and Equivalent
Isotropic Thermal Parameters (Beq/AZ)a) for [Pt-
(bpy){Ni(aet)2(bpy) }(NO3)2-H,0 (3)

Atom X y z By
Pt 0.77147(2) 0.25222(2) 0.05078(3) 2.412(4)
Ni 0.73983(6) 0.51951(5) 0.12651(8) 2.36(1)
S(1) 0.8390(1) 0.3651(1) 0.2316(2) 2.94(3)
S©2) 0.6713(1) 0.3937(1) —0.0569(2) 2.70(3)
N 0.6079(4) 0.5603(4) 0.2707(6) 3.3(1)
N(@2) 0.8763(4) 0.4660(4) —0.0157(6) 3.1(1)
N@3) 0.8602(4) 0.1184(4) 0.1322(6) 3.0(1)
N@4) 0.7181(4) 0.1427(3) —0.1022(6) 2.8(1)
N(5) 0.6465(4) 0.6558(4) 0.0456(6) 2.7(1)
N(6) 0.8037(4) 0.6301(4) 0.2665(5) 2.7(1)
C) 0.7441(6) 0.4129(5) 0.3861(7) 3.8(2)
C(2) 0.6181(6) 0.4737(5) 0.340009) 4.2(2)
C@3) 0.7667(6) 0.3729(5) —0.2012(7) 3.6(2)
C4) 0.8862(6) 0.3687(5) —0.1346(8) 3.7(2)
C(5) 0.9369(6) 0.1124(5) 0.2503(8) 3.9(2)
C(6) 0.9999(7) 0.0167(5) 0.2934(8) 4.2(2)
C(7) 0.9823(7) —0.0734(5) 0.212509) 4.3(2)
C(8) 0.9032(6) —0.0689(5) 0.0893(8) 3.9(2)
C©9) 0.8428(5) 0.0294(5) 0.0525(7) 3.2(1)
C@10) 0.7602(5) 0.04374) —0.0768(7) 3.0(1)
C(11) 0.7269(7) —0.0374(5) —0.1629(9) 4.4(2)
C(12) 0.6465(7) —0.0156(6) —0.2836(9) 4.9(12)
C(13) 0.6024(6) 0.0851(5) —0.3123(8) 4.12)
C(14) 0.6415(6) 0.1628(5) —0.2192(7) 3.4(1)
C(15) 0.5686(5) 0.6620(5) —0.0692(7) 3.3(1)
C(16) 0.5112(6) 0.7537(5) —0.1214(7) 3.6(2)
C(17) 0.5368(6) 0.8423(5) —0.0514(8) 4.02)
C(18) 0.6161(6) 0.8388(5) 0.0712(8) 3.7(2)
C(19) 0.6698(5) 0.7428(4) 0.1159(7) 2.5(1)
CR0) 0.7568(5) 0.7292(4) 0.2412(7) 2.8(1)
C(21) 0.7888(6) 0.8113(5) 0.3288(9) 4.2(2)
C(22) 0.8693(7) 0.7915(6) 0.446(1) 4.92)
C(23) 0.9199(6) 0.6881(6) 0.4704(9) 4.4(2)
C(24) 0.8843(5) 0.6095(5) 0.3767(8) 3.5(2)
N(11)  0.2970(6) 0.8682(7) 0.5731(8) 6.8(2)
N@22) 0.1658(5) 0.3444(4) 0.2138(7) 4.0(1)
O(11) 0.3561(6) 0.7691(5) 0.5404(8) 7.32)
0O(12) 0.3421(8) 0.9222(6) 0.6707(9) 9.7(3)
0O(13) 0.2072(7) 0.9073(9) 0.5085(9) 14.54)
0O21) 0.1149(5) 0.3252(5) 0.0916(7) 6.2(2)
0(22) 0.2326(6) 0.2704(4) 0.2665(7) 6.5(2)
0QR23) 0.1495(7) 0.4359(4) 0.2804(8) 8.2(2)
O(lw) 0.4096(5) 0.2521(5) 0.4819(6) 5.6(2)
a) Beq denotes the equivalent isotropic temperature factors,

Beq = (877 /3) 2> Uyaf aj’." a;-a;.
rJ

N(1) 0.5821(9) —0.321(5)  0.264(1) 6.0(8)
N@©2) 0.5259(6) 0.083(6)  0.382(2) 7.6(9)
NQ@3) 0.6328(6) —0.217(5)  0.5145(9) 3.4(5)
N@4) 0.6623(6)  0.141(5)  0.452(1) 3.3(5)
C() 0.6267(7) —0.028(5)  0.281(1) 3.2(6)
C(2) 0.6193(9) —0.295(7)  0.273(1) 4.1(7)
C@3) 0.5445(9) —0.205(6)  0.461(1) 3.8(7)
C4) 0.538(1) 0.062(8)  0.450(2) (1)

C(5) 0.6610(7) —0.095(6)  0.544(1) 2.9(5)
C(6) 0.6739(7)  0.10L(7)  0.510(1) 3.5(6)
C(7 0.6749(8)  0.328(6)  0.420(1) 3.4(6)
C(8) 0.7011(8) 0.483(6)  0.442(2) 4.0(7)
C©®) 0.7141(7)  0.436(7)  0.500(2) 4407
C(10) 0.7011(8)  0.236(7)  0.535(1) 3.9(7)
c(1n 0.7135(7)  0.189(7)  0.595(2) 4.7(8)
C(12) 0.6998(8) 0.004(7)  0.627(1) 4.6(8)
C(13) 0.6724(7) —0.142(8)  0.603(1) 4.1(8)
C(14) 0.6584(9) —0.347(8)  0.632(1) 5.19)
C(15) 0.6310(9) —0.478(6)  0.604(1) 4.1(7)
C(16) 0.6214(7) —0411(7)  0.544(1) 3.4(6)
Br 0.4341(1) —0.013(1)  0.3763(2) 12.6(2)
Cl 0.7234(2) —-0.068(2)  0.3246(4) 4.7(2)
O(1w) 0.7098(5) 0446(5)  0.226(1) 5.3(5)
o2w)”  0.467(1) 0.507(8)  0.388(2) 4(1)

a) Beq denotes the equivalent isotropic temperature factors,
Beq = (87 33 Uija;"a;-"ai-aj. b) Occupacy factor=0.5.
i

a chloride and a bromide anions, and one and a half water
molecules. Perspective drawings of complex cations 3 and
S5 are given in Figs. 1 and 2. Their selected bond distances
and angles are listed in Tables 4 and 5.

Both complex cations 3 and 5 contain one Ni atom and
one Pt atom to form the dinuclear complex. This is consis-
tent with the plasma emission spectral analysis, which gave a
value of Ni:Pt=1:1. The Ni atom in 3 is surrounded by the
two aet ligands and one bpy ligand to have an approximately
octahedral geometry (Fig. 1). Its equatorial coordination

Fig. 1. Perspective view of [Pt(bpy){Ni(aet)z(bpy)}]2+ 3)
with the atomic labeling scheme.
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Fig. 2. Perspective view of [Pt(phen){Ni(aet),(H,0);}1**
(5) with the atomic labeling scheme.

Table 4. Selected Bond Distances (A) and Angles (deg) for
[Pt(bpy){Ni(aet),(bpy)} I** (3)

Pt=S(1) 2297(2)  Ni-S(2) 2.435(2)
Pt-S(2) 2.297(2)  Ni-N(1) 2.106(6)
Pt=N(3) 2.053(5) Ni-N(2) 2.103(6)
Pt=N(4) 2.050(5) Ni—N(5) 2.086(5)
Ni-S(1) 2424(2)  Ni-N(6) 2.086(5)
S(1)-Pt-S(2) 87.46(5)  S(2)-Ni-N(2) 85.3(2)

S(1)-Pt-N(3) 96.4(1)
S(1)-Pe=N#) 175.7(1)
S@2)-Pt-N@3) 175.8(1)
S(2)-Pt-N(4) 96.8(1)
NQ@)-Pt-N@) 79.3(2)
S(1)-Ni-S(2) 81.61(5)
S(1)-Ni-N(1)  85.2(2)
S(1)-Ni-N(2)  90.4(2)
S()-Ni-N(5) 176.4(2)
S(1)-Ni-N(6) 101.7(1)
S@)yNi-N(1) 92.4(2)

S(2)-Ni-N(5) 98.9(1)
S(2)-Ni-N(6) 174.5(2)
N(1)-Ni-N@2) 175.4(2)
N(1)-Ni-N(5)  91.2(2)
N(I)-Ni-N(6)  92.3(2)
N@2)-Ni-N(5)  93.1(2)
N(@2)-Ni-N(6)  90.2(2)
N()-Ni-N(6)  78.1(2)
Pt-S(1)-Ni 95.60(6)
Pt=S(2)-Ni 95.32(5)

Table 5. Selected Bond Distances (A) and Angles (deg) of
[Pt(phen){Ni(aet)2(H,0):}J** (5)

Pt-S(1) 2282(7)  Ni-S(2) 2.429(8)
Pt-S(2) 2.292(7)  Ni~O(1) 2.12(2)
Pt-NQ3) 2032)  Ni-O(2) 2.14(2)
PN®) 2.06(2)  Ni-N(1) 2.07(3)
Ni-S(1) 24408)  Ni-N(2) 2.05(3)

S(1)-Pt-S(2) 88.3(3)
S(1)-Pt=N@3) 173.7(7)
S(1)-Pt=N(4) 95.8(7)
S(2)-Pt-N(3) 94.6(7)
© S(2)-Pt=N@4) 175.9(7)
N@3)-Pt-N#)  81.0(1)
S(1)-Ni-S(2) 81.7(3)
S(1)-Ni-O(1)  93.5(7)
S(1)-Ni-O(2) 170.4(7)
S(1)-Ni-N(1)  83.7(9)
S(1)-Ni-N(2)  95.5(8)
S(2)-Ni-O(1)  171.2(7)

S(2)-Ni-0(2) 93.2(7)
S(2)-Ni-N(1) 95.0(8)
S(2)-Ni-N(2) 85.(1)
O(1)-Ni-O(2)  92.6(9)
O(D)-Ni-N(1)  92.(1)
O(1)-Ni-N(2)  88.(1)
O@2)-Ni-N(1)  89.(D)
O(2)-Ni-N(2)  92.(1)
N(I)-Ni-N@2) 179.(1)
Pt-S(1)-Ni 94.7(3)
Pt-S(2)-Ni 94.3(3)
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sites are occupied by the two S atoms in aet and the two
N atoms in bpy, and the axial sites are filled by the two N
atoms in aet, forming cis(S)-[Ni(aet),(bpy)] unit of the C,
symmetry. Similarly, the Ni atom in 5 consists of the Cs-
cis(S)-[Ni(aet),(H20),] unit, that is, the bpy ligand in 3 is
substituted by the two water molecules in 5 (Fig. 2). In
both complex cations 3 and 5, the Pt atoms have a square-
planar geometry, as in the case of the starting complexes
[PtCl,(L)] (L=bpy for 3; phen for 5), which have been coor-
dinated by the two S atoms from the C;-cis(S)-[Ni(aet),{bpy
or (Hy0O),}] unit and the two N atoms in bpy or phen. The
PtS;N, plane and the NiS,;N, equatorial plane in 3 are essen-
tially coplanar, and its Pt-Ni distance is 3.4987(8) A (Fig. 1).
Therefore, this suggests that there is no interaction between
the axial groups of the C,-cis(S)-[Ni(aet),(bpy)] unit and the
vacant axial site of the Pt atom. The NiS,0; equatorial plane
in 5 is somewhat (7.0°) bent for the PtS,N, plane (Fig. 2),
but its Pt-Ni distance is 3.476(4) A, which is a similar to
that of 3. It is noted that each complex cation 5 exists in
the alternative arrangement to avoid an interaction with the
neighboring cation (Fig. 3). These facts suggest that some
repulsions in 5 occurs between the phen ligands to bend the
Pt(Il) plane against the Ni(Il) plane. Accordingly, there also
seem to be no interaction between the axial groups of the
Ni(Il) unit and the vacant axial site of the Pt atom.
Although the Ni—S bond distances (av. 2.430(2) A) in 3
correspond well to those (av. 2.435(8) A) in 5 (Tables 4 and
5), they are significantly longer than those on the cis(S)-[Ni-
(aet);] units in [Ni{Ni(aet), }2]** (av. 2.155(5) A).” Thisis in
accordance with the fact that the six-coordinated Ni(Il) com-
plexes have a relatively weaker ligand field strength than the
four-coordinated Ni(Il) complexes.”' ¥ The S—Ni—S angle
(81.61(5)°) in 3 also corresponds well to that (81.7(3)°) ob-
servedin 5 (Tables 4 and 5). In contrast to the bond distances,
these are very similar to that (81.4(2)°) observed in the
square-planar cis(S)-[Ni(aet);] unit of [Ni{Ni(aet); }>]**.?
It is noted, however, that the Pt—S—Ni bridging angles (av.
95.46(6)° for 3; 95.75(3)° for 5) approach the ideal tetra-
hedral angle of 109.5° compared with the corresponding
Ni—S-Ni angles (av. 77.5(2)°) in [Ni{Ni(aet); }»]**.* These
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Fig. 3.  Projection of crystal packing for [Pt(phen){Ni-
(aet)2(H,0), }1BrCl-1.5H,0 (5) viewed along b axis.
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results seem to indicate that the S-bridged structures in 3 and
5 with the octahedral C;-cis(S)-[Ni(aet),{bpy or (Hz0);}]
unit are less strained than that in [Ni{Ni(aet); },]*>* with the
square-planar cis(S)-[Ni(aet),] units.

There are two possible optical isomers, A and A, for 3
and 5, considering the absolute configurations of the cis(S)-
[Ni(aet);{bpy or (Hy0), }] unit. In crystals, 3 and 5 exist as
the racemate, as shown in the crystal system (Table 1). Both
of two bridging sulfur atoms in 3 and 5 are fixed to the R
configuration for the A isomer and the S configuration for A
isomer (Figs. 1 and 2). Further, two aet chelate rings take a
gauche form with the A conformation for the A isomer and
the & conformation for the A isomer.

Characterization. The elemental and plasma emis-
sion analytical data indicate that 1, 2, 5, 6, 9, and 10 are
consistent with the compositions of the expected planar—pla-
nar dinuclear structures for the Pt(Il) and Ni(Il) ions, [Pt-
(L){Ni(aet)g}]Xz-nHZO (X2=BI'2, BI'CI, (NO3)2), in which
[Ni(aet),] could function as S-donating metalloligands.!—>1%
However, the magnetic moments of these complexes are not
diamagnetic, but paramagnetic, as listed in Table 6. Namely,
their values coincide well with those of 3 and 5, whose struc-
tures were determined by X-ray analyses, due to the high-spin
d® electron configuration of the Ni(II) ion, indicating the octa-
hedral (or tetrahedral) geometry.”?* These therefore indicate
that the possibility of planar—planar structures is excluded.
The electronic absorption spectra of the pairs of 1 and 2, 5
and 6, or 9 and 10 are identical with each other over the whole
region in aqueous solution. This means that these pairs of
complexes take the same structures in solution as each other.
All of the complexes exhibit weak absorption bands at about
10.5 and 17x10* cm~! (Fig. 4 and Table 7). Similar ab-
sorption bands were also observed for such octahedral Ni(Il)
complexes as [Ni(bpy)(H20)4]**,* [Ni(bpy)a(H,0),1**,>
and [Ni(bpy);]**,2® in which the bands have been assigned
as spin-allowed d—d transitions, 3 Aoy —3T5, and >Ay;— 1Ty,
respectively, from the lower energy side.”>—>” Further, the
pairs of 1 and 2, 5 and 6, or 9 and 10 show the characteris-
tic intense bands in the region of 29—45x10° cm™!, which
are assigned as the 7t system in the ligands (Fig. 4 and Ta-
ble 7);%9 also the absorption intensities of 1 and 2 are about

P(II)-Ni(Il) Dinuclear Complexes

£/10* mol™! dm® em™!

30 35 40 45 50
/103 em™
Fig. 4. Electronic absorption spectra of [Pt(L){Ni-
(aet)2(H20), )** L=bpy (1; —) and phen (5; ---+), and
[Pt(bpy){Ni(aety, (bpy) }I** (3; - - -).

half for those of [Pt(bpy){Ni(aet),(bpy)}]** (3; Fig. 4 and
Table 7). A similar trend was also observed for 5, 6, and 7 or
9,10, and 11, respectively (Table 7). Accordingly, these facts
reasonably indicate that 1, 2, 5, 6, 9, and 10 take dinuclear
structures in solution, [Pt(L){Ni(aet),(H,0),}1** (L=bpy
for 1 and 2; phen for 5 and 6; dmbpy for 9 and 10). These
results are also supported by the molar conductivity in the
solution that 1 in water exhibited value of 228 S cm? mol~!,
which are in good agreement with that (216 S cm? mol~!) of
the 1:2 electrolyte of [Pt(bpy){Ni(aet),(bpy) }I(NOs), (3).
[Pt(bpy){Ni(aet)(bpy) }]** (3) is easily obtained by the

Table 6. Magnetic Moments (/,leff)a) and Electrochemical Data (E/V)®

Complex Ut Epc Ep E°'9
[Pt(bpy){Ni(aet)2(Hz())z}]2+ (1) 323 . 0.610 0.675 0.643
[Pt(bpy){Ni(aet)2(NO3)(H20)}1" (2) 3.13
[Pt(bpy){Ni(aet)>(bpy) }I** (3) 308 0525 0590  0.558
[Pt(phen){Ni(aet)z(HZO)Z}]2+ (5) 3.04 0.625 0.685 0.655
[Pt(phen){Ni(aet),(NO3)(H.0)}]* (6) 3.16
[Pt(phen){Ni(aet)z(phen)}]2+ (@) 3.17 0.535 0.598 0.567
[Pt(dmbpy){Ni(aet)Z(H20)2}]2+ 9 3.05 0.610 0.674 0.642
[Pt(dmbpy){Ni(aet)>(NO3)(H,0) }]* (10) 3.45
[Pt(dmbpy){Ni(aet),(dmbpy) }1** (11) 317 0494 0560  0.527
[Pd(phen){Ni(aet),(phen)} ]** (12) 3.23

a) 296 K; B. M. b) 296 K; 0.1 mol dm—3 Na, SOy aqueous solution; scan rate 100 mVs—!;
Vvs. Ag/AgCl 3 M NaCl) (1 M=1moldm™3). ¢) E°'=(Epc+Epa)/2.
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Table 7. Absorption Spectral Data (o/ 10° cm™! (£/10° mol™! dm® cm ™))

[Pt(bpy){Ni(aet)z(HzO)z}]2+ (€))]
[Pt(bpy){Ni(aet)> (bpy) }I** (3)
[Pt(bpy){Ni(aet)>(phen)}1** (4)
[Pt(phen){Ni(aet)2(H20)2}1* (5)
[Pt(phen){Ni(aet)(phen)}** (7)
[Pt(phen){Ni(aet)>(bpy) }** (8)
[Pt(dmbpy){Ni(aet)>(H20): }]** (9)

[Pt(dmbpy){Ni(aet)>(dmbpy)}** (11)

10.64 (16.7)

33.7 (10800, sh)

10.7 (16.0, sh)
33.86 (26230)
10.5 (14.1, sh)
34.28 (21150)
10.42 (20.6)

44.5 (37000, sh)

10.6 (18.8, sh)
44.44 (65330)
10.6 (18.4, sh)
36.04 (34630)
10.64 (18.2)

34.04 (12320, sh)

10.5 (20.7, sh)
34.11 (24040)

17.3 (9.4, sh) 28.7 (3050, sh) 31.30 (14350)  32.53 (13220)
40.24 (19520)

11.79 (25.9) 28.3 (3520, sh) 31.29 (16960)  32.84 (28490)
40.60 (31650)

11.74 (24.6) 29.09 (4240) 31.30 (16660)  32.63 (17560)
37.20 (44090)  44.4 (53400, sh)

16.8 (16.1,sh)  27.55 (2800) 29.04 (2980) 36.23 (28120)
12.05 (27.9) 27.55 (3470) 29.02 (4470) 37.04 (51860)
11.79 (29.2) 27.52 (3360) 32.92 (25860) 34.22 (29160)
40.6 (2500, sh)  44.1 (39600, sh)

17.09 (11.1) 29.2 (3290, sh) 31.55(14740)  32.87 (14360)
40.10 (22870)

11.59 (27.2) 29.1 (4340, sh) 31.53 (17870)  33.00 (26470)

40.21 (33320)

[Pd(phen){Ni(aet),(phen)} 1> (12) 10.5 (27.0, sh)

37.05 (65330)

11.84 (37.8)
44.64 (95220)

20.01 (186) 29.07 (4650) 34.3 (25350, sh)

reaction of [Pt(bpy){Ni(aet)z(H20)2}]2" (1) with bpy. Sim-
ilar reactions of 5 with phen and 9 with dmbpy also gave
7 and 11, respectively. The absorption spectral behavior
of 11 is quite similar to that of [Pt(bpy){Ni(aet),(bpy)}**
over the whole region, as in the case of 1 and 9 (Table 7).
These facts suggest that 11 is assignable to [Pt(dmbpy){Ni-
(aet)o(dmbpy)}1>*. This is supported by the fact that in the
d—d transition band region of 10—13x 10> cm~!, the absorp-
tion bands (11.79 and 11.59x 103 cm™!) of 3 and 11 appear
to more higher energies than those (10.64 x 10> cm™!) of [Pt-
(L){Ni(aet)z(HZO)g}]2+ (L=bpy for 1, dmbpy for 9). This
corresponds to the ligand field strength around the Ni(I)
units;?>?¥ that is, 1 and 9 are the (S),(N)2(0), chromophore
with the cis-cis-cis geometry, but 3 and 11 are the (S),(N)4
chromophore with the cis(S) geometry. Similar relationship
was also observed for 5 and 7. These facts indicate, accord-
ingly, that 7 can be assigned to [Pt(phen){Ni(aet),(phen) }]>*.

In the IR spectra, [Pt(bpy){Ni(aet),(bpy)}1(NO3), (3)
gives strong stretching bands at 1371 and 1345 cm™!, which
do not appear for the corresponding bromide salt ((Br),
salt of 3). Similar strong stretching bands were also ob-
served for [Pt(L){Ni(aet),(L)}]J(NO;), (L=phen (7), 1374
cm™!; dmbpy (11), 1362 cm™!), but not for 5, 7, and 9.
This suggests the existence of free NO; ™ ions. In addition
to the strong stretching bands for the free NO; ™ ions, an-
other strong band appears at 1328 cm™! for 2 and at 1320
cm™! for 10, indicating the coordinated monodentate NO; .
Similar bands were not observed for the (NOs), and (Br),
salts of 3 and 7, 5, 9 and 11. A similar trend was also
observed for the ionic nitrate and the monodentate nitrate
for Ni(Il) complexes.?8?) These facts and the elemental an-
alytical data seem to indicate that in the solid state one of
the nitrates in 2, 6, and 10 readily coordinates to the Ni(II)
ion to form dinuclear structures of [Pt(L){Ni(aet),(NO;)-
(H20)}1(NO3)-nH,0 (L=bpy for 2; phen for 6; dmbpy for
10). Three geometries, Ci-cis(0), Cp-cis(0O) and trans(O),
are possible for the cis(S)-[Ni(aet),(H,0),] or cis(S)-[Ni-
(aet)»(NO3)(H,0O)] units. Molecular model examinations re-

veal that a significant strain on the coordinated sulfur atoms
exists in the Cy-cis(0) and trans(O) geometries, when the Ni-
(II) equatorial plane is coplanar with the Pt(II) one to avoid
an axial—axial interaction. Taking into account these exami-
nations, the crystal structures of 3 and 5, and the substitution
reactions of [Pt(L){Ni(aet),(H,0), }]** with L’ (L, L’ =bpy,
phen, dmbpy), suggest that the C,-cis(O) geometry around
the Ni(Il) units is retained not only in the solid state, but
also in solution, although the coordinated nitrate anion is
substituted by the water molecule in aqueous solution.

The reaction of [Pt(bpy){Ni(aet),(H,0), }]** (1) with phen
and § with bpy also gave 4 and 8, respectively. The absorp-
tion spectra of 4 and 8 are more complicated in the region
of the 7t system in the ligands, although their d—d transition
bands (11.74x10° cm™! for 4; 11.79x10% cm™! for 8) cor-
respond well with those of [Pt(L){Ni(aet),(L)}]>* (L=bpy
(3), phen (7), dmbpy (11)) containing the (S)2(N)4 chro-
mophore (Fig. 5 and Table 7). However, their absorption
behavior could be represented by the consideration that the
absorption bands of the i system due to the Pt(Il)-L (L =bpy
or phen) in 3 and 7 appear more at the lower energy side
than those due to the corresponding Ni(II)-L without the
m—7 interaction between bpy and phen, depending on the
results that the Pt(I)-L bond is stronger than the Ni(I[)-L
bond. Therefore, these facts and the reactivities suggest that
4 can be assigned to [Pt(bpy){Ni(aet)(phen)}1** and 8 to
[Pt(phen){Ni(aet),(bpy) }]**. Namely, it is exhibited that
the additional L easily substitutes for two water molecules,
which coordinate to the Ni(Il) atom without an exchange of
L, which is coordinated to the Pt(II) atom.

A plasma emission analysis of 12 gave a value of
Pd:Ni=1:1, and an elemental analysis proves that the for-
mula of 12 is consistent with that of a dinuclear structure
in [Pt(phen){Ni(aet),(phen)}]>* (7). Further, the absorption
spectral behavior of 12 is quite similar to that of 7 over the
whole region. Accordingly, it is reasonable to assume that
12 is [Pd(phen){Ni(aet),(phen) }J>*.

The reaction of [Ni(aet),] with [PtCly(L)] (L. =bpy, phen,
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Fig. 5.  Electronic absorption spectra of [Pt(bpy){Ni-
(aet)(L)}?* L=phen (4; —) and bpy (3; ---), and [Pt-
(phen){Ni(aet)>(L)}12* L=bpy (8; —-—) and phen (7; --+-).

dmbpy) in water readily gave S-bridged dinuclear complexes,
[Pt(L){Ni(aet),(H,0), }]** (1, 5, and 9), in which a square-
planar [Ni(aet),] converts to an octahedral [Ni(aet),(H,0),]
unit. However, [Ni(aet),] did not react with water nor 2,
2/-bipyridine under several conditions (ca. 80 °C for several
hours) without [PtCly(L)], and the octahedral complex [Ni-
(aet),{(H,0), or bpy}] could not be formed. This means
that [PtCl,(L)] is necessary for conversion to the octahe-
dral Ni(I) unit. The treatment of [Pt(L){Ni(aet),(H,0), }]>*
with L’ or the addition of L’ to the reaction solution for
[Pt(L){Ni(aet),(H,0), }]** afforded quantitatively the corre-
sponding complexes [Pt(L){Ni(aet),(L')}I** (3, 4, 7, 8, and
11). Similarly, the addition of phen to the reaction solution
of [Ni(aet);] with [PdCly(phen)] affords quantitatively an
S-bridged dinuclear complex [Pd(phen){Ni(aet),(phen)}]**
(12). In the Pd(Il) complexes, however, [Pd(phen){Ni-
(aet),(H,0), }1**, corresponding to the Pt(I) dinuclear com-
plex was not isolated. Furthermore, when [PdCl,(bpy)]
was employed instead of [PdCl,(phen)], the dinuclear com-
plex was not formed, but the hexanuclear complex [Pd,{Ni-
(aet), }4]*'> was obtained in good yield, even in a mild
condition, suggesting that [PdCl,(L)] is relatively more reac-
tive than [PtCly(L)]. Accordingly, conversion of the square-
planar [Ni(aet),] to the octahedral [Ni(aet),(L)] seems to ob-
viously be caused by the formation of an S-bridged structure
with stable square-planar mononuclear complexes.

The present type of dinuclear complexes are optically ac-

Pt(1)-Ni(Il) Dinuclear Complexes

tive, as mentioned in discussions concerning the X-ray struc-
tures of 3 and 5. Although the optical resolutions for all
of the complexes have been attempted, they could not be
achieved by some methods. In the column chromatographic
technique, the existence of an interaction with the exchange
resins results in a decomposition of the complexes, although
racemic [Pt(L){Ni(aet),(L')} ]** is stable in aqueous solution.
In fractional crystallizations for the solubility of any solvents,
further, the racemization accompanied by a M-S cleavage
seems to easily occur for the present dinuclear complexes,
since the Ni(Il) complexes are relatively active for substi-
tution, and isomerization accompanied by a M-S cleavage
has been recognized even for a more stable trinuclear com-
plex [Co{Ir(aet); },]** with the two S-donating tridentate
metalloligands.>”

Electrochemistry.  Electrochemical experiments were
performed by cyclic voltammetry (CV). The representative
cyclic voltammogram for the PtINi! dinuclear complexes are
shown in Fig. 6, and all of their data are listed in Table 6. The
cyclic voltammogram was indicated at 0 V with a positive
scan, and yielded one oxidation wave (E,,) coupled with one
reduction wave (Ey:). No other redox couple was observed
in the potential region of +1.0 to —1.0 V (vs. Ag/AgCl). The
peak current is proportional to the square root of the scan
rate, and the ratio of the cathodic peak current to the anodic
one is nearly unity for each of the dinuclear Pt(II)-Ni(Il)
complexes. At a scan rate of 100 mV s~1, the observed peak
separation (AE, = Ep, — Ep.) is 60—72 mV for a series of [Pt-
(L){Ni(aet)2(H,0), }]** and [Pt(L){Ni(aet)>(L')}]**. These
results indicate that the redox reactions are electrochemically
quasi-reversible. In the redox process, the differences for the
coordination spheres about the Ni(Il) ion affect the formal
potentials (Table 6). Taking the configurations about the
Ni(Il) ion into consideration, each of the formal potentials
seem to correspond to the redox potential of the Ni(II)/Ni(Il)

L 1 1

1.0 0.8 0.6 0.4 0.2
E/V vs Ag/AgCI
Fig. 6. Cyclic voltammograms of [Pt(bpy){Ni(aet), wL*
L=(H,0), (1;—) and bpy (3;---)in 0.1 mol dm™3 Na, SO0,
aqueous solution. The scan rate is 100 mV s,
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couple for the [Ni(aet),(H,0),] and [Ni(aet);(L)] units. The
redox couples for [Pt(L){Ni(aet),(H,0), }]** are ca. 0.1 V
more positive than those for [Pt(L){Ni(aet),(L")}1** (Fig. 6
and Table 6). This indicates that replacement of (H,0O), by
diimine ligand L stabilizes the Ni(Ill) oxidation state.

This work was supported by a Grant-in-Aid for Scientific
Research No. 07454172 from the Ministry of Education, Sci-
ence and Culture.
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