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New dinuclear palladium complex with a Chinese-lantern structure
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The new dinuclear palladium complex Pd,(u-S,N-SC;HsN,), with a Chinese-lantern
structure was synthesized by the reaction of K,PdCl, with 2-mercaptobenzimidazole and
structurally characterized by X-ray diffraction analysis.
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Dinuclear tetrabridged complexes with a Chinese-lan-
tern structure are typical primarily of 3d elements. In the
presence of a direct metal—metal bond, such complexes
with more heavy d metals (for example, with molyb-
denum(1), tungsten(ir), or rhodium(ir)) can also be
formed.! Platinum(i) carboxylates have tetranuclear
structures,? whereas a trinuclear core is typical of palla-
dium carboxylates.3—5 Dinuclear complexes, which have
a Chinese-lantern structure and contain four three-atom
bridges between d elements (for example, chromium),1:6:7
were also prepared using deprotonated aminopyridines or
other related organic compounds as ligands. However,
the dinuclear structures of the latter complexes are stabi-
lized, as a rule, by a strong metal—metal bond.! One
would expect the formation of dinuclear complexes with a
Chinese-lantern structure in systems containing de-
protonated 2-mercaptobenzimidazole (L!). The geomet-
ric characteristics and mobility of the protons in the latter
ligand are suitable for the formation of the three-atom
S—C—N bridge, which is convenient for the assembly of
a dinuclear tetrabridged structure. Unlike carboxylates,
the ligand L! contains "soft” sulfur and nitrogen atoms,
which is favorable for coordination to the platinum met-
als in oxidation state +2. However, it has recently been
demonstrated® that the use of the ligand L! in the reac-
tions with platinum(ir) derivatives leads to the forma-
tion of the mononuclear dication [PtL4]?*, in which the
metal atom is bound only to the sulfur atoms of four
neutral ligands, both nitrogen atoms in the ligand L1 be-
ing protonated and not involved in bonds with the metal
center.

Results and Discussion

We found that the reaction of K,PdCl, with L! (re-
agent ratio was 1 : 2) in a THF—water mixture (5:1) in
the presence of triethylamine afforded the dinuclear com-
plex Pd,(u-L2),+6THF (1, where L2 = L! — H') in 30%
yield (Scheme 1).
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Dinuclear complex 1 was also prepared by the re-
action of L1 with the semiquinonediimine complex
Pd[1,2-(NH)(NPh)C¢HyJ, (2) (reagent ratio was 2: 1),

Published in Russian in Izvestiya Akademii Nauk. Seriya Khimicheskaya, No. 7, pp. 1449—1452, July, 2004.
1066-5285/04/5307-1507 © 2004 Springer Science+Business Media, Inc.



1508  Russ.Chem.Bull., Int.Ed., Vol. 53, No. 7, July, 2004

Talismanova ef al.

Fig. 1. Molecular structure of the Pd,(u-S,N-SC;H;sN,), complex.

although in lower yield (19%). The structure of complex 1
as a 1 : 6 solvate with THF was established by X-ray dif-
fraction analysis. In complex 1, two palladium atoms are
linked through four three-atom S—C—N bridges of
the ligand L? (Pd—S, 2.272(2)—2.280(2) A; Pd—N,
2.045(7)—2.059(6) A; S—C, 1.703(10)—1.714(10) A;
C—N, 1.311(11)—1.317(11) A). The metal atoms in the
PdS,;N, fragment retain a square-planar environment
formed by the cis-arranged sulfur and nitrogen atoms
(S—Pd—S and N—Pd—N angles are 90.62(9) and
90.4(3)°, respectively) (Fig. 1, Table 1). The THF solvate
molecules are not involved in coordination to the metal
atoms, but four of them are linked to the bridging ligands
through the N(2)—H(2)...0(2)S and N(4)—H(4)...0(3)S
[—x + 1, —y, —z + 2] hydrogen bonds between the oxygen
atoms of THF and the protons of the NH groups of the
imidazole fragments (Fig. 2). These hydrogen bonds are
characterized by virtually identical geometric parameters
(0...H, 1.890(2) A; O...N, 2.772(1) A; N—H...0, 175°).

The distance between the palladium(i1) atoms in com-
plex 1 (2.739(2) A) is substantially smaller than the sum
of the covalent radii. However, the direct metal—metal
interaction in this complex is highly unlikely. In this con-

Table 1. Selected geometric characteristics of complex 1

Bond d/A Angle o/deg
Pd(1)..Pd(1A) 2.7392) N(I)—Pd(1)—=N(3)  90.4(3)
Pd(1)—S(1) 2.272(2) N(1)—Pd(1)—S(1) 178.9(2)
Pd(1)—S(2) 2.280(2) N(3)—Pd(1)—S(1) 89.15(19)
Pd(1)—N(1)  2.045(7) N(1)—Pd(1)—S(2) 89.9(2)
Pd(1)—N(3) 2.059(6) N(3)—Pd(1)—S(2)  179.5(2)
S(H—C(1)  1.703(10)  S(1)—Pd(1)—S(2)  90.62(9)
S(2)—C(8)  1.714(10)  N(1)—Pd(1)—Pd(1A)  85.1(2)
N(I)—C(1) 1.311(11)  N(3)—Pd(1)—Pd(1A) 86.5(2)
N(1)—C(7) 1.417(12) S(1)—Pd(1)—Pd(1A) 93.92(7)
NQ2)—C(1) 1.337(11) S(2)—Pd(1)—Pd(1A) 93.13(7)
N(2)—C(2) 1.355(13) C()—S(1)—Pd(1)  103.0(3)
NG3)—C(8) 1.317(11)  C(8)—S(2)—Pd(1)  104.0(3)
NG)—C(14) 1.345(11) C()—N(1)—Pd(1)  128.4(6)
N4)—C(8) 1.349(11) C(7)—N(1)—Pd(1) 124.2(6)
N4)—C(9) 1.386(12) C(8)—N(3)—Pd(1) 127.0(6)
C(14)—N(3)—Pd(1) 125.0(6)
N(H—C(1)=S(1)  129.2(7)
NG)—C(8)—S(2)  129.4(7)

nection, it should be noted that such short distances be-
tween the metal atoms in structures of this type (for ex-
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Fig. 2. Fragment of the molecular packing in the crystal of the Pd,(u-S,N-SC;H;sN,), - 6THF complex (1).

ample, in carboxylates) is not necessarily indicative of the
presence of a direct bond between these atoms. This
statement can be exemplified by dinuclear complexes
with high-spin ions having a Chinese-lantern structure.
For example, the Niy[(n'-0-C¢H4(NH,)(NHPh)],(u-
OOCCMej), complex containing nickel(ir) atoms at a
very short distance (2.4967(4) A) exhibits antiferromag-
netic properties. The upper value of the magnetic mo-
ment at 300 K (2.12 uB per Ni atom) is indicative of the
presence of two unpaired electrons on the metal atom.?
Apparently, in the absence of half-filled orbitals on the
metal centers (as was observed for the Pd!l atoms in
dinuclear complex 1), direct interaction between these
atoms can formally occur only in the case of overlapping
of the filled and unfilled orbitals of different metal atoms,

which is very unusual for a symmetric tetrabridged dimeric
structure.

Experimental

Complex 1 was synthesized in air and an inert atmosphere
using freshly distilled solvents. The starting complexes K,PdCl,
and 2 were prepared according to known procedures.10:11 The
IR spectrum of complex 1 was recorded on a Specord M80
instrument in KBr pellets. The 'H NMR spectrum of complex 1
was measured on a Varian VXR-400 spectrometer operating at
400 MHz using DMSO-dg¢ (Fluka) as the solvent and HMDS as
the internal standard.

Hexasolvate of tetrakis[p-S,N -(2-mercaptobenzimid-
azole)]dipalladium(i1) with tetrahydrofuran, Pd,(u-S,N-
SC;H;5N,)4+ 6THF (1). 4. A solution of 2-mercaptobenzimid-
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azole (0.130 g, 0.87 mmol) in THF (25 mL) and triethylamine
(0.5 mL) were added to a solution of K,PdCl, (0.142 g,
0.435 mmol) in H,O (5 mL). The red-orange reaction solution
was stirred at ~20 °C for 15 min, concentrated at 0.1 Torr
(20 °C) to 20 mL, and kept in air at ~20 °C for 72 h. The yellow
finely crystalline precipitate of compound 1 that formed
was filtered off from the mother liquor, washed with cold
hexane, and dried in air. The yield was 0.08 g (30% with re-
spect to K,PdCl,). Found (%): C, 50.4; H, 5.6; N, 9.0.
Cs5,HggNgO(Pd,S,. Calculated (%): C, 50.28; H, 5.48; N, 9.02.
IR, v/ecm~': 3387 m, 3196 w, 2964 m, 2914 w, 2870 w, 1612 w,
1556 w, 1520 w, 1488 w, 1436 v.s, 1416 s, 1388 s, 1356 m,
1296 m, 1276 s, 1260 m, 1224 w, 1180 w, 1096 s, 1048 m,
1016 w, 1000 w, 804 m, 736 s, 684 w, 624 w, 608 w, 512 w,
428 w, 416 m. 'H NMR (DMSO-dg), & 7.02 (t, 4 H, H(2), J =
7.5Hz);7.07 (d, 4 H, H(1),J=7.5Hz); 7.13 (t, 4 H, H(3), /=
7.5 Hz); 8.02 (d, 4 H, H(4), J/ = 7.5 Hz); 8.17 (br.s, 4 H, NH)
(see Scheme 1).

The crystals suitable for X-ray diffraction analysis were grown
by slow cooling of a solution of complex 1 in THF, which was
saturated at 50 °C, to room temperature.

B. 2-Mercaptobenzimidazole (0.064 g, 0.424 mmol) was
added to a solution of compound 2 (0.1 g, 0.212 mmol) in THF
(20 mL). The reaction mixture was stirred at 65 °C for 3 h under
argon. Then the crimson-red solution was cooled to ~20 °C,
concentrated at 0.1 Torr (20 °C) to 15 mL, and kept at —18 °C
for 24 h. The yellow crystals of complex 1 thus prepared were
suitable for X-ray diffraction study. The crystals were filtered
off, washed with hexane, and dried under a stream of argon. The
yield was 0.025 g (19 % with respect to 2).

Crystals of 1 were studied by X-ray diffraction analysis.

X-ray diffraction study. Experimental X-ray diffraction data
for complex 1 were collected on an automated Bruker AXS
SMART diffractometer equipped with a CCD detector (graph-
ite monochromator, 110 K, o scanning technique with a step
of 0.3°, 26, = 27.24°, R;, = 0.1118) using a standard proce-
dure.!? The structure was solved by direct methods using the
SHELXS97 program package!® and refined anisotropically by
the full-matrix least-squares method using the SHELXL97 pro-
gram package.!¥ Complex 1, C5,H¢gNgOgPd,S,, M = 1241.61,
monoclinic system, space group P2,/c, a = 10.353(3) A,
b=16.668(5) A, c = 15.665(5) A; a.=90°, B =97°, y=90°, V=
2682.6(15) A3, Z=2, dy. = 1.528 g cm™!, p = 0.883 mm~!,
6/26-scan range is 1.79—27.24, a total of 10465 reflections
were measured, of which 4713 reflections were with / > 20,
324 parameters were refined, R; = 0.0847, wR; = 0.1993.
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