


164 R. US6N et al. 

zIm*- according to eqn (1): 

MC12(dpe) + T12(N-N)* + M(N-N),(dpe) t 2TlCl (1) 

M = Pd; (N-N):- = BiIm*-(I), BiBzIm’-(II) 

M = Pt; (N-N)**- = BiIm2-(III), BiBzIm2-(IV) 

lead to the precipitation of TlCl and solutions from 
which the mononuclear biimidazolate and biben- 
zimidazolate palladium(H) or platinum(I1) complexes I- 
IV (Table l), where the anions are acting as bidentate 
chelate ligands, can be obtained. 

These complexes (B,C) have two uncoordinated 
nitrogen donor atoms and are therefore Lewis bases. 
Thus, the addition of a stoichiometric amount of perch- 
loric acid to dichloromethane solutions of I-IV (eqn 2) 

M(N-N),(dpe) t 2HC104 ac. + [M{H2(N-N)2}(dpe)l(C10J2 

M = Pd; H2(N-N), = H*BiIm(V), H,BiBzIm(VI) (2) 

M = Pt; H2(N-N)* = H2BiIm(VII), H2BiBzIm(VIH) 

produces the protonation of the basic nitrogen atoms 
leading to the formation of cationic complexes V-VIII, in 
form of the perchlorate salts. Alternatively, these com- 
plexes can also be obtained from the cationic precursors6 
[M(dpe)(Me2CO),](C10J2 by displacement with H2BiIm 
or, respectively, H2BiBzIm of the poorly coordinated 
Me,CO (eqn 3) 

[M(dpe)(Me2CO)2l(ClO,)2 + I-UN-W+ 

[M{H2(N-N)2Mdpe)l(C10~)* + 2MeXo (3) 

Since complexes (I-IV) are stronger Lewis bases than 
acetone, they react with the cationic complexes 
[M(dpe)(Me2CO),](C10,)z (M = Pd, Pt) affording solu- 
tions of homobinuclear cationic complexes (eqn 4) 

[M(dpe)(Me2CO)2l(ClO,)2 + MWN)2(dpe) + 

[M21CL-(N-N)2}(dPe)21(C104)2 + 2MeXO (4) 

M = Pd; (N-N);- = BiIm’-(IX), BiBzIm*-(X) 

M = Pt; (N-N);- = BiIm*-(XI); BiBzIm*-(XII) 

from which, after partial evaporation of the solvent, 
complexes (IX-XII) are obtained. 

The process of eqn (4) is a general one and can be 
extended to the synthesis of heterobinuclear complexes. 

H H -4+ 

N 

x 

N 

P N N 

‘M’ 
\/ 

P 

P’ ‘N N 
AM\ 

P > 

N x N 
H Ii 

(D) 

M=Pd,Pt 
H2(N-N)* = H2BiIm, H,BiBzIm 

Thus, palladium(II)-rhodium(I) and platinum(IIt 
rhodium(I) complexes (XIII-XIV) can be prepared, ac- 
cording to eqn (5) 

[Rh(COD)(Me,CO),](ClO,) t M(BiBzIm)(dpe) + 

[(dpe)M(@-BiBzIm)Rh(COD)](ClOJ t xMe2C0 (5) 

M = Pd(XHI), Pt(XIV) COD = 1,5-cyclooctadiene. 

All the reactions take place smoothly at room tem- 
perature. 

Bubbling of carbon monoxide through di- 
chloromethane solutions of the heterobinuclear com- 
plexes XIII and XIV leads to the displacement of the 
diolefin and to the formation of the dicarbonyl deriva- 
tives [(dpe)M(~-BiBzIm)Rh(C0)2](C10.J (M = Pd(XV), 
Pt(XVI)). Addition of an equimolecular amount of 
triphenylphosphine to dichloromethane solutions of XV 
and XVI causes the substitution of one mole of carbon 
monoxide by the phosphine and leads to the formation of 
the monocarbonyl complexes [(dpe)M(p- 
BiBzIm)Rh(CO)(PPh,)l(ClO~) [M = Pd(XVII), 
Pt(XVHI)I. 

All the complexes described herein are air-stable. 
Table 1 lists their analytical data, decomposition points, 
molecular weights of the neutral complexes along with 
the conductivity data of the cationic complexes. The 
values of the slope A in Onsager’s equation (nitromethane 
solutions) for the cationic complexes V-XVIII (see 
experimental) confirm that they are 1: 2 (A = 427-477) or 
1: 1 (A = 230, 249) electrolytes supporting the proposed 
formulation and ruling out other possible structures (D, E) 
for which higher values of A should be expected.’ 

The IR spectra of the complexes (Nujol mulls) show 
absorption bands due to the anions BiIm2- or BiBzIm2- 
which are basically identical with those described for 
these ligands in other related complexes.‘.’ Nevertheless, 
some differences are observed in the 1300-1100 cm-’ 
region (in plane C-H bending) where the spectra of 
mononuclear and homobinuclear complexes I-IX and XI 
exhibit two absorption bands. The spectra of the cationic 
complexes VI-XVIII show the two absorption bands 
which are characteristic of the perchlorate anion* (Td) at 
ca. 1095(s, br) and 623(s)cm-‘. For the complexes 
[M{H2(N-N)z}(dpe)](C10J2 (V-VIII) these results con- 
trast with the IR spectra of the related rhodium (I) 
cationic complexes [Rh{H*(N-N),}(diolefin)](ClOJ 
where the corresponding absorptions of the perchlorate 
group (C,,) point to a bonding via N-H.. . 0C103.4.9 The 
stretching v(N-H) in the complexes V-VIII appears as a 
strong and broad band in the 3500-3000 cm-’ region. 
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M=M’=Pd,Pt. n=4 
M=Pd,Pt. M’=Rh. n=2 
(N-N)**- = BiIm*-, BiBzIm*- 
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The dicarbonyl complexes XV and XVI exhibit two 
strong absorptions (CH& solutions) due to v(CO), as 
expected for cis-dicarbonyl derivatives whilst the spec- 
tra of monocarbonyl complexes XVII and XVJII show a 
single absorption band (Table 1). 

EXPERIMENTAL 
C, H, N analyses were carried out with a Perk&Elmer 240 

microanalyzer. The IR spectra were recorded over the 4000- 
200 cm-’ range on a Perkin-Elmer 577 spectrophotometer using 
Nujol mulls or CH2C12 solutions. Conductivities were generally 
measured in ca. 5 x 10m4 M acetone or nitromethane solutions 
with a Philips 9501/01 conductimeter. Values of A were cal- 
culated in Onsager’s equation il, = A,, - Avc using several con- 
centrations in the 5 x lo-‘-5 x 10m4 M range. The molecular 
weights were determined in chloroform solutions with a Hitachi- 
Perkin Elmer 115 osmometer. Decomposition points were deter- 
mined under air in a Buchi apparatus. 

PREPARATIONOFCOMFLEXJB 
Mononuclear palladium(ZZ) or platinum(ZZ) neutral 
complexes: M(BiIm)(dpe) and M(BiBzIm)(dpe) (Z-N) 

An equimolecular mixture of Tl,BiIm or TLBiBzIm’ 
and MC&(dpe)” (M = Pd, Pt) (0.5 mmol) in 50 ml of 
CH,Cl, was stirred at room temperature for 2hr. After 
filtering off the TlCl, partial evaporation of the solvent 
and addition of ether led to the precipitation of com- 
plexes I-IV. Yield %: (I) 64, (II) 79, (III) 83, (IV) 75. 
Mononuclear palladium(ZZ) or platinum(ZZ) cationic 
complexes: [Mz(p-BiIm)(dpe)Z](CIO& (V, VU) and 
[M(H,BiBzIm)(dpe)l(ClO~)~ (M, ym) 

Method (a). To a solution of 0.173 mmol of [M(dpe)- 
(Me,CO)&ClO.& (M = Pd, Pt)” in 5Oml of acetone 
(obtained in situ by reacting 0.173 mmol of MWdpe) 
with 0.347 mmol of AgC104 and subsequent removal of 
AgCI) was added 0.173 mmol of HzBiXm or H*BiBzIm.” 
After stirring at room temperature for 3 hr solutions were 
filtered off yielding the respective complexes by: partial 
evaporation of the filtrate and addition of ether (V, VII) 
or evaporation to dryness and stirring the oily residue in 
ether (VI, VIII). Yield %: (V) 84, (VI) 82, (WI) 87, (WI) 
90, A = (V) 435, (VI) 434, (VII) 460, (VIII) 477. 

Method (6). A solution of 0.1 mmol of I-IV in 60 ml of 
CH,CI, was treated with 0.022 ml of HClO,, 60% and 
stirred at room temperature for 1 hr. Complexes V-VIII 
were isolated after partial evaporation of the solution 
and addition of ether. Yields %: (V) 87, (VI) 80, (VII) 88, 
(VIII) 82. 

Zfomobinuclear palladium(ZZ) or platinum(ZZ) cationic 
complexes: [M&-BiIm)(dpe)~](ClO.& (IX, XI) and 
[M,(p-BiBzIm)(dpe)N10,)2 (X, w) 

An equimolecular mixture of [Pd(dpe)(MezCO),] 
(ClO4)2 (obtained in situ as described above) and 
Pd(BiIm)(hpe) (I) or Pd(BiBzIm)(dpe) m) (0.157 mmol) 
in 50ml of acetone was stirred at room temperature for 
3 hr. Complexes IX and X were precipitated by addition 
of ether to the partially evaporated solution. Platinum 
complexes XI and Xll were similarly prepared. Yields %: 

(IX), 80, (X) 88, (XI) 87, (XII) 93. A = (IX) 430, (X) 424, 
(XI) 427, (XII) 448. 

Heterobinuclear palladium(ZZ)-rhodium(Z) 
platinum(ZZ)-rhodium(Z) cationic complexes [(dpe)M(Ir 
BiBzIm)Rh(COD)](ClO,). M = Pd, (XZZZ), Pt (XIV) 

A mixture of [Rh(p-CI)(COD)],‘* (0.033 g; 
0.068 mmol), A&IO., (0.028 gr, 0.138 mmol) and 
0.136 mmol of M(BiBzIm)(dpe) [M = Pd(II), Pt(IV)l in 
30 ml of H2CC12Me,C0 (1: 1) was stirred at room tem- 
perature for 20 min. AgCl was filtered ofl and the tiltrate 
evaporated until ca. 1 ml. Yellow complexes XIII and 
XIV were precipitated by addition of ether. Yields %: 
(XIII) 79, (XIV) 94. A = (XIII) 230, (XIV) 249. 

[(dpe)M(~-BiBzIm)Rh(C0)2](C10.,) M = Pd (XV), Pt 
(XVZ) 

Carbon monoxide was bubbled through a di- 
chloromethane solution (20 ml) of XIII and XIV at atmos- 
pheric pressure for 20 min. The resulting solutions were 
partially evaporated and the required orange complexes 
XV, XVI precipitated by addition of ether. Yields %: 
(XV) 92, (XVI) 91. 

[(dpe)M(p-BiBzIm)Rh(CO)(PPh~)l(ClO~) M = Pd (XV@, 
Pt (Xvm) 

An equimolecular mixture of XV (0.013 g; 0.013 mmol) 
or of XVI (0.039 g; 0.036 mmol) and PPb in 20 ml of 
CH& was stirred at room temperature until CO evolu- 
tion is not observed (in ca. 2hr. Pale yellow complexes 
XVJI and XVJII were isolated after partial evaporation of 
solutions and addition of hexane. Yields %: (XVJI) 91, 
(XVIII) %. 
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