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Treatment of Pd,Cl,(CNCgHsMe,-2,6)s (1) with Mo,(O,CCF3), (2) in dichloromethane afforded an infinite zigzag
chain {[Pd,Cl(CNCgHsMe;-2,6)4][M02(0,CCF3)4]} 1 (3), where two metal-metal bonded dinuclear Pd—Pd and Mo—
Mo units were bridged by chloro atoms. The Mo—Mo distance (2.1312(3) A) of 3 is significantly elongated compared
to that of 2 (2.090(4) A) and lies in the range of that of the quadruple Mo—Mo bonded complexes. Such elongation
might be attributed to the axial donation of the chloro atoms of the Pd—Pd unit to the Mo—Mo moiety.

Introduction Scheme 1
I . M-X M-X—M"-Y
Assembled complexes with highly controlled nuclearity {_ +n 'é %B
and dimensionality have been extensively investigated, and A B
guasi-one-dimensional materials, especially transition-metal —6M—M—x~} _(_M_M_X_M,_M,_Y+
linear-chain complexes, have attracted particular interest in c n 5 n

view of their novel electronic, magnetic, and optical
properties:3 Among them, halogen-bridged transition metal have been prepared and their physical properties have been
mononuclear complexe& and B (Scheme 1) have been elucidatecf. Additionally, one-dimensional polymer chains,
major targets of chemists and physicistChain compounds ~ categorized asC, containing dinuclear units, especially

C (Scheme 1) of dinuclear transition metal units bridged by M2(O;CR), ones’ and bidentate organic bases, acting as
halogen atoms such as pdtaul], (M = Pt, Ni; dta= bridging donor ligands, such as pyrazfhethylenediaminé,
dithioacetate) an€l[Pty(pop)X]* }» (pop= diphosphonate)  dimethylphosphinoethartegguinone’? 4,4-bipyridine;'* poly-
cyano anionié? and polynitrile$® have been prepared. It is
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units and other transition metals such as Pd, Pt, Co, Cu, Fecombustion analysis and X-ray crystallographic study. The

or Re in the chain&16

H NMR spectrum of3 in CDCl; displayed signals due to

In this contribution, we report that the chloro atoms bound 1, indicating the simple mixture of two starting compounds

to the P&?* core of PACIl,(CNCsH3Me,-2,6), (1) coordinate
to the axial positions of MgO,CCR), (2) to give a novel
infinite polymer chaif{ [PdL,Cl(CNCsHsMep-2,6)][M0 2(O»-
CCHR)4l}n (3) composed of alternating PdPd and Me-Mo
units with bridging chloro atoms [eq 1]. This infinite chain,

in solution.

The IR spectrum o8B indicated av(NC) stretch at 2170
cm1, which is a higher energy by 15 crhthan that found
for 1 (2155 cnmb).17 A shift to higher energy is typical for
isocyanide ligand involving a-donation with little metal-

to the best of our knowledge, is the first example of category to-ligandzr-back-bonding. Thus, it is likely that the Pd atoms

D where two different metatmetal bonded units are bridged
by halogens in the backbone.
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Results and Discussion

A solution of1 in chloroform was mixed with 1 equiv of
2 in chloroform to induce quantitative precipitation of yellow
powder of 3, whose 1:1 formulation was confirmed by

(6) (a) Ikeuchi, S.; Saito, K.; Nakazawa, Y.; Mitsumi, M.; Toriumi, K;
Sorai, M.J. Phys. Chem. B004 108 387—392. (b) Yonemitsu, K.;
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Soc 1999 121, 2321-2322. (g) Bellito, C.; Dessy, G.; Fares, Morg.
Chem.1985 24, 2815-2820. (h) Bellito, C.; Flamini, A.; Gastaldi,
L.; Scaramuzza, Unorg. Chem1983 22, 444-449. (i) Che, C.-M.;
Herbstein, F. H.; Schaefer, W. P.; Marsh, R. E.; Gray, HJ.BAm
Chem Soc 1983 105, 4604-4607.
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Kasuga, K.; Mikuriya, M.; Kotera, T.; Nukada, Rhem. Lett1995
903-904. (c) Handa, M.; Matsumoto, H.; Yoshioka, D.; Nukada, R.;
Mikuriya, M.; Hiromitsu, I.; Kasuga, KBull. Chem. Soc. Jpri998
71, 1811-1816.
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Inorg. Chem.2001, 40, 1663-1671.

(13) (a) Ouyang, X.; Campana, C.; Dunbar, K.IRorg. Chem1996 35,
7188-7189. (b) Campana, C.; Dunbar, K. R.; Ouyang, Ghem.
Commun.1996 2427-2428.

donate electrons of d-orbitals to the Monit through the
bridging chloro atoms. For the Maunits in 3, carbonyl
stretching absorption appeared at 1606 £mwhich is shifted

to higher frequency compared with 1592 and 1572t

2.18 Such a shift has been observed for the axial coordination
of donor molecules such as pyriditfe2,2-bipyridine?°
methyldiphenylphosphing&, ethylenediaminé? 1,2-bis(di-
methylphosphino)etharfagtramethylethylenediamirfeand
quinones® Furthermore, the Raman spectrumBadfforded
direct information for the Me-Mo bonding. The Me-Mo
vibration frequency oB (powder sample) appeared at 374
cm 1, indicating the significant interaction between the chloro
atom bound to the palladium atom and the molybdenum atom
since the Me-Mo stretching frequencies of the starting
compound2?® and its axial chloro coordinated compound,
[Et4N][Mo »(O.CCHR)4Cl],% were observed at 398 and 373
cm L, respectively.

Recrystallization o8 from hot chloroform afforded orange
crystals suitable for X-ray analysis. Figure 1 shows the
ORTEP view of each unit o8, and the infinite zigzag
structure is shown in Figure 2. Two metahetal bonded
dinuclear Pe-Pd and Me-Mo units, which are bridged by
a chloro atom, are alternately arranged with the obtuse angle
(123.76(2j) of Pd—CI(1)—Mo. It is noteworthy that the Pd
Pd distance (2.5178(3) A) and the-Pdl distance (2.4079(5)

A) are almost the same as those in®g(tert-BuNC), (Pd—
Pd= 2.532(2) A and P&Cl = 2.403(9) and 2.416(9) AY,
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Soc 1998 120 1215%12152. (e) Mashima, K.; Kaneda, Y.;
Fukumoto, A.; Tanaka, M.; Tani, K.; Nakano, H.; Nakamuralrfarg.
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Figure 1. ORTEP view of the unit of the infinite polyme showing the
50% probability thermal ellipsoids. Chloroform as solvate molecules and
all hydrogen atoms were omitted for clarity. Selected bond lengths [A] and
angles [deg]: PgPd* 2.5178(3), Me-Mo* 2.1312(3), Pd-CI(1) 2.4079(5),
Pd—C(1) 1.9524(19), P4C(10) 1.9704(19), MeCI(1) 2.7747(5), Me-
O(1) 2.1333(14), MeO(2) 2.1193(16); Cl(1yPd—Pd* 174.937(14),
Cl(1)—Mo—Mo* 174.180(16), Pe-Cl(1)—Mo 123.76(2), Pd*Pd—CI(1)—

Mo 156.17(13), Mo*-Mo—Cl(1)—Pd 110.32(15).

Figure 2. Structure of the infinite zigzag chain & Mo, yellow; Pd,
green; Cl, orange; F, purple; O, red; N, blue; C, gray.

indicating no obvious change in the-&Pd—Pd-Cl unit. In
sharp contrast, the MeMo distance (2.1312(3) A) &, the
value which lies in the range expected for the quadruple
Mo—Mo bond? is significantly elongated compared with that
of Mo,(O,CCF), (2.090(4) A)!8 presumably due to the axial
coordination of the chloro atom bound to the palladium atom
to the Ma core despite the long MeCl distance of
2.7747(5) A. Although infinite chain structures of transition
metals with chloro atoms as bridges have been repétted,
to the best of our knowledg@ is the first example of the
infinite chain structure composed of two kinds of dinuclear
metal-metal bonded units in its one-dimensional skeleton.

Yi et al.

In summary, we prepared an infinite zigzag chain com-
pound,3, as the first example of one-dimensional chains of
two dinuclear moieties in its skeleton, i.e.,-&*d—Pd—Cl
and Mo—Mo units. The elongation of MeMo distance of
3 in solid state compared to that of the precur8awvas a
result of the axial donation of chloro atoms of the-®ld—
Pd—Cl unit to the M@ moiety. Further investigations to ex-
tend such assembling of discrete dinuclear complexes, as well
as characterization of physical properties, are in progress.

Experimental Section

General Procedures. All manipulations involving air- and
moisture-sensitive organometallic compounds were carried out using
standard Schlenk techniques under argon. Compl&%esnd 218
were prepared according to the literature procedures.

Physical MeasurementsNuclear magnetic resonancél(NMR)
spectra were measured on a Varian-Mercury 300 spectrometer. IR
and mass spectra were recorded on a Jasco FT/IR-230 spectrometer,
and ESI techniques were performed on a PE-Sciex API-III plus
spectrometer. UV Vis spectra were recorded on an HP 8453-UV
Visible ChemStation using acetonitrile solution in a sealed cell.
TGA was measured on a Seiko TG/DTA 6200. Elemental analyses
were performed on a Perkin-Elmer 2400 microanalyzer in the
Department of Chemistry, Faculty of Engineering Science, Osaka
University. Melting point was measured in sealed tubes and was
not corrected.

Preparation of 3. A solution of 1 (87.3 mg, 0.108 mmol) in
chloroform (10 mL) was added to a solution®{69.4 mg, 0.108
mmol) in chloroform (10 mL) via syringe. The yellow reaction
mixture was stirred fo3 h atroom temperature. The resulting
yellow precipitations were isolated by removal of the supernatant
and dried in argon atmosphere, giviBgas yellow solids (130.3
mg, 83%); mp 21+216°C (decomp.). The TGA measurement of
3 afforded a peak of weight loss around-380 °C due to the release
of chloroform before its decomposition temperatdt€NMR (300
MHz, CDCk, 35°C): 6 2.48 (s, 24H, @i3), 7.09-7.23 (m, 12H,
CeHz). Raman (solid, cmb): 374. IR (KBr, cnt?): 2168 (s(NC)),
1684 (w), 1606 (s), 1474 (m), 1194 (s), 1161«ECF)), 856 (m),

779 (m), 731 (s), 656 (W), 498 (M), 422 (w). UV (GEN): Amax
262 € = 7.0 x 10°), 313 ¢ = 2.6 x 10%), 491 ¢ = 60). ESI-MS:
m/z = 1452 (1), 773 (100, base peak), 904 (78), 683 (9). Anal.
Calcd for Q5H380|8F12M02N408Pd2: C, 32.67; H, 2.26; N, 3.31.
Found: C, 32.65; H, 2.34; N, 3.40.

Crystallographic Data Collections and Structure Determi-
nation. Crystals of3 suitable for X-ray crystallography were grown
by cooling its hot solution in chloroform. Orange crystals 3of
suitable for X-ray diffraction study were mounted on the end of a

Mass spectrum (ESI) afforded a peak corresponding to glass fiber with a layer of light mineral oil and placed in a nitrogen

the parent iof [PACl,(CNCGsHzMex-2,6][Mo (O.CCR)4]} ™
(m'z 1452), whereas peaks due to the two discrete

stream at 110(1) K. Data f@were collected by a Rigaku RAXIS-
RAPID equipped with a sealed-tube X-ray generator (50 kV, 40

precursors were not observed, indicating an associative™A) With monochromatized MeKa (0.71075 A) radiation in a

interaction between the chloro ligand bound to the palladium
atom and the Mgmoiety.

(24) (a) Lawandy, M. A.; Huang, X.; Wang, R.; Li, J.; Lu, J. Y.; Yuen, T;
Lin, C. L. Inorg. Chem.1999 38, 5410-5414. (b) Schmidpeter, A.;
Noth, H. Inorg. Chim. Actal998 269, 7—12. (c) Bailey, R. D.;
Pennington, W. TPolyhedron1997, 16, 417-422. (d) Corbett, J. D.
Pure Appl. Chem1992 64, 1395-1408. (e) McCann, M.; Carvill,
A.; Guinan, P.; Higgins, P.; Campbell, J.; Ryan, H.; Walsh, M.
Polyhedron1991, 10, 2273-2281. (f) King, R. B.Inorg. Chim. Acta
1987 129 91-97. (g) Wheeler, R. A.; Whangbo, M.; Hughbanks,
T.; Hoffmann, R.; Burdett, J. K.; Albright, T. Sl. Am Chem Soc
1986 108 2222-2236.
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nitrogen stream at 110(1) K. Indexing was performed from 3
oscillations which were exposed for 90 s. The unit cell parameters
and the orientation matrix for data collection were determined by
the least-squares refinement with the setting angles listed in Table
1. A symmetry-related absorption was corrected by use of the
program ABSCORSawith transmission factors. Details of the data
collection are summarized in Table 1.

Structure Determination and Refinement. The structure o8
was solved by direct methods (SIR-&P)and refined onF2 by

(25) Rettig, M. F.; Kirk, E. A.; Maitlis, P. MJ. Organomet. Chenl976
111, 113-121.
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Table 1. Crystallographic Data of and Structure Refinement for

3-2CHCkK?®

empirical formula

fw

temp, K

wavelength, A

cryst syst, space group
a,

b, A

c, A

3, deg

vol, A3

z

calculated density, g/cin
abs coeff

F(000)

crystal size, mm

6 range for data collection, deg
limiting indices

reflns collected/unique
completeness t6 = 32.58
max. and min. transmission
data/restraints/parameters
GOF onF?

final Rindices | > 20(1)]
Rindices (all data)

largest diff. peak and hole/A3

GeH3gClgF12M02N4OgP b
1691.08

110(1)

0.71075

monoclin@2/c

14.5231(2)
15.7412(3)
26.7104(4)
96.329(1)
6069.08(17)
4

1.851
1.427
3304
0.56 0.30x 0.20
3.01to0 32.58
—21<h=<21,
—23< k=23,
—40=<1=<40
127288/1103iht) = 0.0312]
99.9%
0.8793 and 0.7110
11039/13/461
1.045
R; = 0.0311,wR, = 0.0748
R; =0.0372wR, = 0.0770
0.901 and-0.821

3Ry = (Z|IFol — IFel)/3IFol. PWR = [SW(Fo? — FA3 (WFoh)] 2

full-matrix least-squares methods, using SHELXL297AIl non-

hydrogen atoms except Cl atoms of solvate chloroform were
anisotropically refined. A molecule of solvate chloroform was
located in the asymmetric unit. The three chlorine atoms of the

solvate chloroform were disordered and 18 sites were found on a
difference Fourier map. The sum of the site occupancy factors of
Cl atoms was 2.98951. The—Cl bonds of chloroform were
restrained to 1.772(20) A in the refinements. Hydrogen atoms of
methyl groups were included in the refinement on calculated
positions riding on their carrier atoms (Gsg = 0.98 A, Uiso(H)

= 1.5*Ueq(C) A) and the other hydrogen atoms were isotropically
refined. All calculations of least-squares refinements were per-
formed with SHELXL-97 programs on the Origin 3400 computer
of Silicon Graphics Inc. at the Research Center for Structural
Biology Institute for Protein Research, Osaka University. Details
are summarized in the Supporting Information. An X-ray crystal-
lographic file in CIF format has been deposited at the Cambridge
Data Center and is available as Supporting Information.
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