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Thereaction of Na,PdCl, with 4,5-diphenyl-1,2,4-triazole-
3-thione (LH) in acetone gave cis-[PdCI,(LH),]. Stirring
cis[PACI,(LH).] in methanol gave adiamagnetic cis-[PdL;].
Reaction of cis-[PdL,] with diphosphines gave diamagnetic
complexes of the type [PdL,(diphos)] where diphos = 1,2-
bis(diphenylphosphino)methane (dppm), 1,2-bis(diphenyl-
phosphino)ethane (dppe) or 1,2-bis(diphenylphosphino)-
propane (dppp). The complexes cis-[PdCI(LH),] and
cis-[PdL,(diphos)] have been used effectively to prepare
bimetallic complexes of the type cis-[Cl,Pd(pu-LH).M"Cl;]
where M” = Co, Ni, Mn or SnCl, and [(diphos)Pd(u-L).M"
Cl,] where M” = Co or Ni, the prepared complexes were
characterized by elemental analysis, magnetic susceptibility,
IR, UV-Vis, 'H and *P-{*H} NMR spectral data.

Key Words: Palladium, Heterobimetallic, Phosphine,
Triazoleligand, Complexes.

INTRODUCTION

Heterocyclic thiones and their complexes attract much attention’ due
totheir biological and structural importance. Some research worksinvolv-
ing coordination chemistry of mercaptotriazole ligands have aready been
published®™. Interaction of some heavy metalswith N,S-donor atoms have
been recognized for their antineoplastic properties with the potential to
develop metal based drugs'#*3. However phosphine metal complexes have
received much attention due to their potential use as antitumour agents
particularly 1,2-bis(diphenyl phosphino) ethane and some of its analo-
gous™™. We expect that mixed ligands complexes of tertiary phosphines
and mercaptotriazoles to be an important class of complexes and may
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exhibit the synergic effect that attributed to the mixed ligands. Metal com-
plexes containg bis-tertiary phosphins and heterocyclic-2-thione arerare'.
As part of our systematic investigation on the coordination chemistry
of compounds containing the thioamide group'”®, we report here the
synthesis and characterization of some mononuclear palladium(ll) mixed
ligand complexes of 4,5-diphenyl-1,2,4-triazole-3- thione (LH) (Fig. 1) and
the diphosphines Ph,P(CH,),PPh,, where n = 1, 2 or 3. Further more we
used the prepared mixed ligand complexes to build up some new type of
heterobimetallic complexes bridged by L, i.e., [(diphos)M (p-L).M"Cl].

Ph {7_&% m— Ph l_ﬁz S

Ph Ph
Fig. 1. 4,5-Diphenyl-1,2,4-triazole-3-thione

EXPERIMENTAL

¥p.{1H} and *H-{*'P} were performed in the laboratories of Dr. Bob
Moore Il, University of Tennessee, Medical University, USA using Varian
INOVA-500 MHz and of Prof. Dr. Dirk Steinborn, Martin Luther
University Halle Wittenberg, Germany using Gemini 200 spectrometer.

IR spectra were recorded on a PY E-Unicam SP3-300s spectrophotom-

eter in the 4000-200 cm™* range using Csl discs. Electronic spectra were
obtained using a Jenway 6485 spectrophotometer. Elemental analysiswere
carried out on a CHN Analyzer, type 1106 (Carlo Erba). Magnetic
measurements were recorded on a Bruker BH6 instrument at room
temperature following the Faraday method. Conductivity measurements
were made on conductivity meter type CCMD 625. Melting points were
measured on a Toshinwal Eelectrothermal melting point apparatus. The
compounds K,PtCl,, Na,PdCl,.3H,O, MnCl,.2H,0, CoCl,.6H,0,
NiCl,.6H,0, SnCl,.5H,0, dppm, dppe and dppp were commercial prod-
ucts and used as supplied. The ligand 4,5-diphenyl-1,2,4-triazole-3-thione
(LH) its potassium salt (LK)#, trans-[PdCl,(DMS0),], cis-[PtCl,
(DM S0),]#, were prepared according to the reported methods.

Cis[PdCIx(LH),] (1): A mixtureof [NaPdCl,].3H.O (0.38g, 1.1 mmoal)
and LH (0.57 g, 2.2 mmol) in acetone (8 mL) was stirred at room tempera-
ture for ca. 24 h. The off white solid thus formed was filtered off washed
withwater (5 mL) threetimesthen diethyl ether (5 mL) and dried in vacuum.

cis-[PdL ] (2): A suspension of cis-[PdCl,(LH).] (0.1g,0.14 mmoal) in
methanol (14 mL) was stirred for ca. 3 d. The resulting clear red solution
was filtered off. The filtrate was evaporated to dryness to give dark red
solid.
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cis[ClPd(u-LH).CoCl;].2H,0 (3): Solid CoCl,.6H.O (0.03 g, 0.24
mmol) was added to a suspension of cis-[PdCI,(LH),] (0.08 g, 0.12 mmoal)
in acetone (40 mL). The mixture was stirred at room temperature for ca. 7
d. The unreacted CoCl, was removed by filtration and the green filtrate
was evaporated to dryness.

The complexes No. 4, 5 and 6 were prepared and isolated by asimilar
method.

[PdL z(dppm)]2 (7): A solution of dppm. (0.05 g, 0.12 mmol) in chlo-
roform (5 mL) was added to asuspension of cis-[PdL ;] (0.07 g, 0.12 mmol)
in chloroform (5 mL). The clear red solution was heated on steam bath for
ca. 10 min, colour was changed to orange-red. Solvent was then left to
evaporate at room temperature to give areddish orange powder.

The complexes No. 8 and 9 were prepared and isolated by a similar
method.

[(dppm)Pd(p-L)-,CoCl;].2H,0 (10): Thiscomplex was prepared and
isolated by asimilar way to that used to prepare complex 3 using complex
7.

The complexes No. 10-15 were prepared and isolated by a similar
method.

RESULTSAND DISCUSSION

Synthesis of the complexes

Treatment of Na,PdCl, with 4,5-diphenyl-1,2,4-triazole-3-thions (LH)
gavecis-[PdCl;(LH).] on using acetone asasolvent. Stirring cis-[PACI(LH).]
in methanol for 3 d gave cis[PdL,]. Treatment of cis-[PdCl,(LH).] with
solid CoCl,.6H.0, NiCl,.6H.0, MnCl,.6H,O or SnCl..5H,0 in acetone
yielded heterobimetalic complexes of the type [Cl.Pd(u-LH).M"Cl;].
Reaction of cis-[PdL.] with the diphosphines (B), B = Ph,P(CH,),PPh; [n
=1, 1,2-bis(diphenylphosphino)methane (dppm), n = 2; 1,2-bis(diphenyl-
phosphino)ethane (dppe), n = 3; 1,2-bis(di phenyl phosphino)propane (dppp)]
gave square planar complexes of the type [PdL»(B)]. (B = dppm) or
[PdL2(B)] (B = dppe or dppp), which was a single linkage isomer in each
case, Thiswas the N,S-bonded isomer. Treatment of [PdL»(B)] with solid
CoCl,.6H-0 or NiCl,.6H.0 in chloroform yielded heterobimetalic
complexes of the type [(B)Pd(u-L).M"Cl;].2H,0.

Chractarization of the complexes

The complexes were identified by elemental analysis, IR, UV-Vis
spectra, magnetic susceptibility conductivity measurements and some of
them by *P-{*H} and *H-{*'P} NMR and their dataarelisted in Tables 1-4.

The synthesized heterobimetalic complexes are stablein the solid state
aswell asin solution except for the cobalt complexes which showed some
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TABLE-3
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ELECTRONIC SPECTRA, MAGNETIC MOMENTS AND

MOLAR CONDUCTIVITY OF COMPLEXES 1-15

-1 7 =T
Colr\1|1cr;lex ();lmrﬁ) Assignment Hat (BM)? AM(QC:_:glmol )
. 3
1 235 ct. 0.2 Pd sg.pl. 0.6
255 ot
360 Ay - '
2 255 ¢t 0.2 Pd sq.pl. 14
360 Ay~ B
07 A, - By
452 Ay - Ay
3 232 ct. 4.2 Pd sg.pl., Coo.h. 0.7
344 Ay - B
7 TS e
1q - 2
4 224 ¢t ’ 2.7Pd sq.pl., Ni o.h. 0.2
201 ot
2 g By
787 An(F)  TiglF)
5 24 ct. ’ 6.0 Pd sg.pl., Mn o.h. 31
241 ot
6 Ay = 1Tl
Aus - By
6 244 (l:.t.g . ’ 0.2 Pd sg.pl., Sno.h. 0.3
0 Al
1g — By
7 250 g.t.g ) ’ 0.1 Pd sg.pl. 5.0
36 Ay -
8 245 g.t.g ) 0.1 Pd sg.pl. 10
74 A
1g — 1
9 250 (1:.t.g . ’ 0.2 Pdsg.pl. 23
A
1g — 1
0 2 ct’ 7 4.7 Pdsqpl., Cooh. 12
19 — By,
631 Ty - “To(P)
11 243 ct. 3.3Pdsgpl., Ni oh. 17
368 1A1 - 1Eg3T
798 sﬁZQEE)’ %0
2 g 1
12 228 ’ *"  s5Pdsgpl., Cooh. 05
248 &:.t.
a5 Ay
638 “Tlg(ﬂ %‘gng(P)
13 242 2.6 Pdsq.pl., Ni o.h. 41
318
B A0
2 1
14 25t L sq.pl., Cooh. 0.7
355 I,
630 wa “TlP)
15 243 4.2 Pd sg.pl., Coo.h. 0.8
265
319
395 3A2q(F) Egaqu(P)

“Abbreviations sg.pl., 0.h. and t.h., are for square planar, octahedral, tetrahedra
environment, c.t. for chargetransfer.
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instability in aqueous or alcoholic solvents. For this reason, these solvents
were avoided in the preparation and characterization of the cobalt
complexes. The molar conductivities of the complexes in chloroform
(Table-3) were too low to suggest that they are non-electrolytes®.

IR spectra and magnetic moments. The IR spectra of the prepared
complexes (Table-2) showed weak to strong bands at ca. 1590, 1330, 970
and 775 cm'*, which may be assigned to the thioamide vibrational bands|,
[1, 111 and IV, respectively**?#. The IR spectraof the complexes 1-6 showed
two medium to strong bands at around 323-290 cm™ assigned to v(Pd-Cl)
in acis geometry®. The Far IR spectrum of the Pd-Sn complex 6 showed a
strong band at around 310 cm™ assigned to v(Sn-Cl)*# overlapped with
v(Pd-Cl) bands. The IR spectra of the complexes 10-15 showed two
medium intensity bonds at ca. 300, 320 cm™* assigned to v(M-Cl) (M = Co
or Ni) in an octahedral environment (complexes 10-15)%. Other IR data
aregivenin Table-2.

The magnetic susceptibility measurementsfor the prepared complexes
(1, 2 and 6-9) indicated that they are diamagnetic. The magnetic suscepti-
bility values of the (Pd-Co) or (Pd-Ni) complexes (3,4 and 10-15)
indicated that palladium has a square planar geometry. The magnetic
susceptibility values for the other metals; cobalt was in the 4.2-4.7 B.M.
suggesting an octahedral arrangement around cobalt, as compared with the
reported values for octahedral complexes of cobalt(ll) 4.7-5.2 B.M.%%,
For nickel(I1) complexes the magnetic susceptibility values were in the
2.6-3.3 B.M. range. These values together with the spectral data suggests
an octahedral arrangements around nickel (11)*". The magnetic susceptibil-
ity value for the manganese(Il) (5) was 6.0 B.M. suggests an octahedral
arrangements around manganese(l1) as compared with the reported values
for octahedral complexes of manganese(ll) (5.5-6.0 B.M.)%*, Other
magnetic susceptibility values and assignments are given in Table-2.

P-{'H} and *H-{*'P} NMR data: The*P-{'H} and 'H-{*'P} NMR
data of some of the prepared complexes are given in Table-4.

The *P-{*H} NMR spectrum of cis-[PdL(dppm)]. (7) showed an AX
splitting system, doublet of doublets at 3P 37.3 and 34.7 ppm with 2J(P-P)
=56 Hz. The positive dP values indicate that dppm behaves as a bridging
ligand®. The coupling between the two doubl etsindicating asingleisomer
and that the trans atoms are a sulfur and a nitrogen atoms. The *H-{*'P}
NMR spectrum showed asinglet at d H 1.8 ppm assigned for the methyl-
ene protons (CHy) of the dppm ligand. The low chemical shift indicates
that dppm behaves as a bridging ligand compared with that for the chelate
O H 4.4 ppm®.

The*P-{*H} NMR spectraof complexes cis-[PdL(dppe)] (8) and cis-
[PdL x(dppp)] (9) showed a doublet of doublets each, at 0P 64.3, 63.4 and
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10.3, 6.6 ppm with 2J(P-P) of 7 and 35 Hz respectively. The doublet of
doubletsindicates asingleisomer each with two different atoms sulfur and
nitrogen bounded to palladium trans to phosphorus. Other NMR data are
givenin Table-4.

TABLE-4
p.{’H} AND H-{*'P} NMR DATA (8 ppm and J Hz)?
OF SOME OF THE PREPARED COMPLEXES

3lP_{ lH} lH_{ 31P}
Complex Sequence > Comment

AP “J(Pa-Px) 8CH, & Ph

[PdL x(dppm)]. 7 37.3 56 18 6.8—-8.8 S—bhonded
34.7 N — bonded

[PdL,(dppe)] 8 64.3 7 32 65-79 S-bonded
63.4 N — bonded

[PdL,(dppp)] 9 6.6 35 20 64-80 N-bonded

10.3 35 20 6.4-8.0 S— bonded
*M easured in CDCl; downfield from 85 % H3PO,.
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