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Abstract—Novel neutral biimidazolate or bibenzimidazolate palladium(Il) and platinum(ll) complexes of the type
M(N-N),(dpe) {M = Pd, Pt; (N-N),*" = Bilm*~, BiBzIm?~. dpe = 1,2-bis(diphenylphosphinc) ethane] have been
obtained by reacting MCl,(dpe) with T1,(N-N),. Complexes M(N-N),(dpe) which are Lewis bases react with HCIO,
or [M(dpeXMe,COLUCIO); to yield, respectively, mononuciear cationic complexes of general formula [M{H,(N-
N)X(dpe)}(CI0,), (M = Pd, Pt; Hy(N-N), = H,Bilm, H;BiBzIm) and homobinuclear palladium(Il) or platinum(Il)
cationic complexes of the type [Mafx — (N-N):Kdpe):J(ClIOs),. Reactions of M(RiBzIm)(dpe) with [RWCOD)
(Me,COKICIO,) render similar heterobinuclear palladium(I)}-rhodium(I} and platinum(ID-rhodium(I} cationic
complexes, of general formula [(dpe)M(u-BiBzIm)RR(COD))(CIO,) (M = Pd, Pt; COD = 1,5-cyclooctadiene). Di-
and mono-carbony! derivatives [(dpe)M{p~BiBzIm)Rh(CO)LYCIO,) (M =Pd, Pt; L = CO, PPh;) have also been
prepared. The structures of the resulting complexes have been elucidated by conductance studies and IR

spectroscopy.

INTRODUCTION

Qur recent contributions to the coordination chemistry
of biimidazolate (Bilm®") and bibenzimidazolate (BiB-
zIm*~) anions have shown the ability of these ligands to
form bi-,"* tri->* and tetra-nuclear™® complexes. Parti-
cularly, we have described®® several homonuclear
gold(l) or heterotrinuclear gold(I)-palladium(ll} and
gold(I)-rhodium(l) complexes which have been prepared
starting from Aux(u-BiBzIm)L, (L. = phosphine) (A) as
precursors, where BiBzIm®™ is acting as bidentate bridg-
ing ligand. These binuclear gold(I) complexes are Lewis
bases, since they contain two nitrogen atoms as potential
donors.

In the present paper we report the synthesis and
properties of neutral mononuclear palladium(il) or pla-
tinum(II) complexes (B,C) of the type IM(N-N)(dpe)]
(M =Pd, Pt; (N-N),>" =Bilm*", BiBzIm*"; dpe=1,2-
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bis(diphenylphosphino) ethane) which, similarly to the
aforementioned gold{I) complexes, behave as a potential
bidentate ligands. This allows the preparation of mono-
and bi-nuclear palladium(I) and platinum(II) cationic
complexes of the type [M{H.(N-N),}{dpe)l(CIO.),
[M{p-(N-N)}{dpe)J(CIO,), (M=Pd, Pt) as well as
heteronuclear palladium(II}-rhodium(l) and platinum(iI)-
rhodium(I) cationic complexes of general formula
[(dpe)M(u-BiBzIm)RhL,}(C10,) (M =Pd, Pt; L,=15-
cyclooctadiene; L = CO), along with the monocarbonyl
derivatives [(dpe)M(u-BiBzIm)Rh(CO)LKCIO,) (M =Pd,
Pt; L= PPhy).

RESULTS AND DISCUSSION

Reaction between dichloromethane solutions of
MCl(dpe) (M=Pd, Pt; dpe=12-bis(diphenyl-
phosphino) ethane) and thallium salts of Bilm®>~ or BiB-
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zIm®™ according to eqn (1):
MClx(dpe) + TL(N-N), > M(N-N),(dpe) + 2TIC1 (1)
M = Pd; (N-N),”~ = Bilm>~(I), BiBzIm® (II)
M = Pt; (N-N),*>~ = Bilm*"(Tl), BiBzIm®> (IV)

lead to the precipitation of TICI and solutions from
which the mononuclear biimidazolate and biben-
21m1dazo]ate palladmm(II) or platmum(II) complexes I-
IV (Table 1), 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) + 2HCIO, ac. » [M{H,(N-N),}(dpe)C1O.).

M = Pd; Hx(N-N), = H,Bilm(V), H,BiBzIm(VI) @
M = Pt; Hy{(N-N), = H,Bilm(VII), H,BiBzIm(VIII)

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 precursors®
[M(dpe)(Me.CO),](C10,), by displacement with H,Bilm
or, respectively, H,BiBzIm of the poorly coordinated
Me,CO (eqn 3)

[M(dpe)(Me.CO).)(CI04), + HAN-N), >
[M{H»(N-N),}(dpe)(C10,), + 2Me,Co 3
Since complexes (I-IV) are stronger Lewis bases than
acetone, they react with the cationic complexes
[M(dpe)(Me,C0),J(Cl04). (M =Pd, Pt) affording solu-
tions of homobinuclear cationic complexes (eqn 4)
[M(dpe)(Me,CO),)(Ci04), + M(N-N),(dpe) -
[Mx{-(N-N).}dpe).)(CIO.), + 2Me.CO @
M = Pd; (N-N),>~ = Bilm*"(IX), BiBzIm* (X)
M = Pt; (N-N),>~ = Bilm*> (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.

M =Pd,Pt
Hz(N-N)z = HzBlIm, HzBiBZIm

- HoH 1“0

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

[Rh(COD)(Me.CO)xJ(C10,) + M(BiBzIm)(dpe) »
[(dpe)M(x-BiBzIm)Rh(COD)I(CIO,) + xMe.CO  (5)

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

All the reactions take place smoothly at room tem-
perature.
Bubbling of 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(u-BiBzIm)RKCO),}(CIO,) (M =Pd(XV),
Pt(XVI)). Addition of an equimolecular amount of
triphenylphosphine to dichloromethane solutions of ¥V
and XVI causes the substitution of one mole of carbon
monoxide by the phosphine and leads to the formation of

carbon monoxide

the monocarbonyl complexes [(dpe)M(p-
BiBzIm)Rh(CO)(PPh,)}(C1O,) [M = Pd(XVII),
Pt(XVII)].

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 (Nu;ol mulls) show
absorption bands due to the anions Bilm*~ or BiBzIm®>~
which are basically identical with those described for
these ligands in other related complexes.'” Nevertheless,
some differences are observed in the 1300-1100cm™
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® (fd) at
ca. 1095(s,br) and 623(s)cm™'. For the complexes
[M{H.(N-N),}dpe)I(C10,), (V-VIII) these results con-
trast with the IR spectra of the related rhodium (1)
cationic complexes  [Rh{H,(N-N).}(diolefin)}(ClO,)
where the corresponding absorptlons of the perchlorate
group (Cs,) point to a bonding via N-H .. . 0CI0,.** The
stretching »(N-H) in the complexes V—VIII appears as a

strong and broad band in the 3500-3000 cm™' region.
- n"
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M=M=Pd,Pt. n=4
M=Pd,Pt. M'=Rh. n=2
(N-N),”” = Bilm*~, BiBzIm*~
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The dicarbonyl complexes XV and XVI exhibit two
strong absorptions (CH,Cl, solutions) due to »(CO), as
expected for cis-dicarbonyl derivatives whilst the spec-
tra of monocarbonyl complexes XVII and XVIII show a
single absorption band (Table 1).

EXPERIMENTAL

C, H, N analyses were carried out with a Perkin-Elmer 240
microanalyzer. The IR spectra were recorded over the 4000-
200 cm™ range on a Perkin-Elmer 577 spectrophotometer using
Nujol mulls or CH,Cl, solutions. Conductivities were generally
measured in ca. 5x 10" M acetone or nitromethane solutions
with a Philips 9501/01 conductimeter. Values of A were cal-
culated in Onsager’s equation A, = Aq— AV using several con-
centrations in the $5x107>-5x107*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.

PREPARATION OF COMPLEXES

Mononuclear palladium(Il) or platinum(II) neutral
complexes: M(Bilm)(dpe) and M(BiBzIm)(dpe) (I-1IV)
An equimolecular mixture of Tl,Bilm or TL,BiBzIm'
and MCl(dpe)'® (M=Pd, Pt) (0.5mmol) in 50ml of
CH.Cl, was stirred at room temperature for 2 hr. After
filtering off the TICI, partial evaporation of the solvent
and addition of ether led to the precipitation of com-
plexes I-IV. Yield %: (I) 64, (I1) 79, (1) 83, (IV) 75.
Mononuclear palladium(II) or platinum(Il) cationic
complexes: [My(u-Bilm)(dpe).KClO4). (V, VII) and
{M(H,BiBzIm)(dpe)}(Cl0,), (VI, VIH)

Method (a). To a solution of 0.173 mmol of [M(dpe)-
(Me,CO),J(C10,), (M=Pd,Pt)* in 50ml of acetone
(obtained in situ by reacting 0.173 mmol of MCl,(dpe)
with 0.347 mmol of AgClO, and subsequent removal of
AgCl) was added 0.173 mmol of H,Bilm or H,BiBzIim."
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, VII). Yield %: (V) 84, (VI) 82, (VII) 87, (VIII)
90, A = (V) 435, (VI) 434, (VIN) 460, (VII) 477.

Method (b). A solution of 0.1 mmol of I-IV in 60 ml of
CH,Cl, was treated with 0.022ml of HCIO, 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,
(VI) 82.

Homobinuclear palladium(Il) or platinum(Il) cationic
complexes: [My(u-Bilm)(dpe),}(C104). (IX,XI) and
[Mz(p-BiBzIm)(dpe).)(C10,), (X, XII)

An equimolecular mixture of [Pd(dpe)(Me,CO),]
(C10,), (obtained in situ as described above) and
Pd(Bilm)(dpe) () or Pd(BiBzIm){dpe) (L) (0.157 mmol)
in 50 mi 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 XII were similarly prepared. Yields %:

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

Heterobinuclear palladium(II)-rhodium(I) or
platinum(II~rhodium(I) cationic complexes [(dpe)M(y.-
BiBzIm)Rh(COD)|(CIO,). M = Pd, (XIH), Pt (XIV)

A mixture of [Rh(u-CICOD)L,'* (0.033g;
0.068 mmol), AgClO, (0.028gr, 0.138mmol) and
0.136 mmol of M(BiBzIm)(dpe) [M = Pd(II), Pt(IV)] in
30 ml of H,CCl,Me,CO (1:1) was stirred at room tem-
perature for 20 min, AgCl was filtered off and the filtrate
evaporated until ca. 1 ml. Yellow complexes XHI and
XIV were precipitated by addition of ether. Yields %:
(XII) 79, (XIV) 94. A = (XHI) 230, (XIV) 249.

[(dpe)M(-BiBzIm)Rh(CO),)(Cl10,) M=Pd (XV), Pt
(XVI)

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,)(C10) M = Pd (XVII),
Pt (XVII)

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