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Two co plexes of palladium with diphenylpyraline
DPH an isothipendyl (IPH) of the formulae
Pd(DPIcI)2 12] and [Pd(IPH)CI2J have been synthesised

and chara terized by elemental analysis, IR, NMR,
electronic, agnetic susceptibility. TGA and XRD da
ta. The IR data suggests that while DPH acts as, man··
odentate Ii and. IPH acts as bidentate ligand. On the
basis of sp ctral data, a square planar structure is pro
posed. The complexes are found to be more potent
as anti bact rial and antifungal agents than the free Ii
gands.

Diphenylp raline I.:' and isothipendyl1 drugs form
stable co plexes with transition metals. These
drugs arc found to be antiserotonin\ antihistam
inic"'. an 'eonvulsant7 and antiftingalS in nature
and hene used in medicinal chemistry. Duc to

the prese ce of tertiary nitrogen in their mole
cules. the. e Iigands arc active donors especially
suitable f< coordination of biometals such as co

balt and opper. We have already shown that in
the case ( diphenylpyraline its fungal activity. at
least parti lly, can be related to bonding of these
bioties an changes in their homeostasis. Earlier

we have . tudied ~the complexation of cobalt (II )I.
copper(lI) and iron(lIIi" with diphenylpyraline. In
this note. we describe the synthesis of palladi
um(I!) co plexes with DPH and IPH and th~'ir
IR, NMR, electronic, magnetic susceptibility. TGA
and XRD ata are reported.

Experime tal
All the chemicals used were of BDH:AKI

grade. Th solvents were used after distillation
The ligan s used in the preparation of the com
plexcs viz diphenylpyraline and isothipendyl were
received a gift sample from Eskeycf and German
Remedies nd used without further purification.

Thc IR 'pectra of the Iigands and their palladi
um(IIl co plexes were recorded on Hitachi Mod-

el 297 spectrophotometer in the 4000-250 cm - I
region using nujol/KBr discs. The electronic
spectra of the complexes in solution (1.0 x 10 - 4

M) were run on JAseo UVIDEC-61O double

beam spectrophotometer using DMF as solvent.
The molar conductance of the complexes in DMF
(1.0 x 10 - 4 M) were measured at 305 K using
Philips Model PR 9500 conductivity bridge. The
proton NMR spectra of the ligand (IPH) and Pd
IPH complex were run on Varian EM 390 90
MHz spectrophotometer. Du Pont 9900 compu
ter/thermal analyseI' with 951 TG module the rm
oba]ance was used for recording 1G curves in the
atmosphere of air at a heating rate of 6°C min - 1

with 5 nm min 1 chart speed. The X-ray powder
diffraction data were recorded on a DE-CER 1'12

X-ray machine with a diffractogram. The diffrac
tion pattern was recorded at a chart speed of 4°
(28) min-l at 5-60° (28) using scale 1°=1 em.

The magnetic susceptibilities were measured at
room temperature with Gouy balance using
Hg[Co(SCN).j] as calibrant. The melting points of
the complexes were determined using Thomas
Hoover capillary melting point apparatus.

Preparation of the complexes
[Pd, DPH)2 Cl2]

Diphenylpyraline (5 mmo]) in ethanol (50 ml)
was slowly added to an ethanolic: palladium (II)
chloride solution (2.5 mmol) with continuous
stirring. The solution was warmed on a water
bath (7q-75°C) for 1h. On cooling, a brownish
solid formed was removed by filtration, washed
with cold ethanol, then with ether and dried over

fused CaCl.:' (yield: 62(%; m.p. 178°C).

[Pd(I PH) Cl2]

To a hot ethanolic solution of palladium(II)
chloride (50 m]) was added a hot ethanolic solu

tion of isothipendyl (50 ml) with vigorous stirring.
On warming, the reaction mixture for - 30 min
on a water bath (70°C), a brownish solid was ob

tained. The Pd-IPH complex formed was separat
ed by filtration, washed with cold ethanol, then
with ether and dried over fused CaCl2 (Yield:
in°!.,. m.p .• 195°CI.

The chloride and the metal analyses were carri
ed out as usual by the literature methodslO.ll. The
dnalytica] data of the two complexes viz.
[Pd(DPH)2CI2] and [Pd(IPH)C!2] are: [Found: Pd,

1,1 Iii H 1"1"1 IIII H I
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14.50; N, 4.10; CI, 10.10. Reqd for [Pd(DPHhClz]:
Pd, 14.39; N, 3.79; CI, 9.60%. Found: Pd, 23.40;
N, 8.90; CI, 15.35%. Reqd. for [Pd(IPH)Clz], Pd,
23.01; N, 9.10; CI, 15.36%].

Results and discussion

The data reveals 1:2 (metal: ligand) stoichiome
try for Pd-DPH complex and 1: 1 for Pd-IPH
complex.

These complexes have been found to be diam
agnetic in confirmation with the square planar
geometIl'l2. The low molar conductance values
(27.6 and 16.2 mohs mol-' cm-Z) indicate the
non-electrolytic nature of these complexes in
DMF solution.

The square planar geometry is generally found for
metals of d8 system. The ground state for the low spin
d8 system is 1A'g ( = Gig ze; bzg2). The ligand field
excited states are JAzg> IAzg (bzg - big, JE g> lEg

(eg - big) and JBig (alg - big)' Therefore, one can
expect three spin-allowed and three spin-forbid
den transitions in these cases. The intensity bands
arising out of transition alg - big could not be as
signed since the charge transfer intense bands (li
gand - metal) mask the forbidden d- d transition
bands. A broad band in the region 22222-23600
cm - I is attributable to IAig - IBig transition'lJ.

The IR spectra of the complexes and the ligands
were recorded in the range 4000-250 cm-I. An
absorption band appearing in the range 2250
2700 cm - I can be assigned 14 to tertiary nitrogen
atom attached to alkyl group combined with ha
logen. the bands at 1600 and 1080 cm - I respect
ively in DPH ligand can be attributed to vC - H
and vC - 0 - C bands. The band - 2850 cm - I in
the IR spectra of IPH is assigned to heterocyclic
nitrogen atom. The peak occurring at 1620 and
755 cm - I respectively in IPH are due to vC = N
and vC = S vibrations. The vC - 0 - C band in

DPH and vC = N band in IPH present at 1080
and 1620 cm -I respectively in the ligands remain
at the same positions in the spectra of the respec
tive complexes suggesting the non-involvement of
oxygen of DPH and pyridine ring nitrogen of IPH
in bonding with palladium ion. The vC - S sym
metric vibration of IPH appeared almost in the
same region in its palladium complex confirming
the non-bonding of sulphur atom to palladium
ion. In the IR spectra of the palladium (II) com
plexes, the band at 2250-2700 cm -1 totally dis
appeared indicating the coordination through ter
tiary nitrogen atom in both the ligands. In the Pd
IPH complex, the band at 2850 cm - I also disap
pears suggesting the involvement of heterocyclic
nitrogen also in bonding. The Pd-Cl stretching

band is observed around 295-310 cm - I in the m
spectra of both the palladium (II) complexes and
the band around 410-435 cm -I is assigned to
vPd-N. The non-conducting behaviour of the
complex further suggests that the Cl- ion is pres
ent within the coordination sphere.

During the thermogravimetric analysis, the co
ordination compounds show no weight loss upto
240°C indicating that they are not hydrated. The
palladium (II) complexes show only one step
transformation 275-295°C corresponding to the
gradual loss of ligand moiety. The coordination
compounds undergo complete decomposition in
the region 81O-865°C and the TG curve becomes
a level line. The final greenish black product ob
tained in each case is the metal oxide.

The proton NMR of [Pd(IPH)Clz] complex ex
hibits - CH - CHJ resonance at [) 1.3 ppm (dou
blet) and the multiplet bands - [) 6.7 ppm are in
the same position as in the free ligand. The mul
tiplet bands at 0 7.0 ppm, 0 7.2 ppm and 0 7.8
ppm are also observed at the same positions as in
the free ligand confirming the non-involvement of
pyridine nitrogen in the bonding with Pd(II) ion.
The signals - [) 2.8 ppm, and [) 3.6 ppm indicate
the shift of alkyl protons attached to tertiary ni
trogen thereby suggesting the involvement of ter
tiary nitrogen atoms in coordination with Pd(II)
ion. Thus IH NMR support the conclusion drawn
on the basis of IR data regarding the involvement
of tertiary nitrogen atoms in bonding with Pd(II)
IOn.

The molecular structure of [Pd(CI9H230NhClz]
was investigated by X-ray diffraction. The diffrac
togram of the complex records 30 reflections be
tween 5° and 60° (2e) with maxima -at 2e = 8.25°
and 16.76 which correspond to d= 10.72 and
5.306, respectively. All the main peaks have been
indexedl5,11l and their sinz () compared with the
calculated ones. A comparison of the values re
veal that there is a good agreement between the
observed and calculated values of sinze. The unit
cell has been determined by the trial and error
method17-zo. The observed values fit well into tric
linic system to give a unit cell lattice parameters
a=9.822 A, b=9.679 A and c= 8.434A,
V=803.2873 Nand «=96.655°, ~=89.055°
and y = 87.99r. Substitution of this cell volume
primitive lattice (n = 8) for the complex
[Pd(CI9H2JONhCI2] gives the theoretical value of
density oqual to 1.222 g em- J. The experimental
value of density has been found to be 1.215 g
cm - J which is in good agreement within the limits
of experimental error.
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Table I-Percentage inhibition of fungicidal and bacterial growth

Compound I

A. alternataA.j7avlIsA. nigerA. tenllisE. coli·S. aureus"
-0.1 0.250.10.250.10.250.10.250.10250.10.25

C,~H2JON

8.31<+.59.519.37.416.29.217.39.416.27.614.5

ClhHI~N~

11.319.413.022.513.424.515..024.517.119.522.340.2

[Pd(C19H2P }zCI2J

J"l ..680.345.587.136.575.840.276.748.376.439 '565.4

[' "ClhHI~t'lJ )C12]

46.987.553.894.549.787.346.589.456.587.854.391.2

"bacterial gro th

On the ~asis of the above data, a four coordin
ate squar planar geometry is proposed for the
palladium( I) diphenylpyraline c( nplex (structure
I)

0-i-o-o(' /" Q
Cl/'{~)-O-C-o

H,( I
t . H

(I)

A ntibacte 'al and antifunl:;alactivity
The an microbial activity of free ligands and

their palla ium(II) complexes clearly indicate that
'he camp unds have both antibacterial and anti
fungal pot ncy against all tested organisms.

The in 'itro biocidal activities of the investigat
ed comp nds (0.1 and 0.25% pc test) were
screened gainst Alternaria alternata, Aspergillus
flavus, As ergillus niger and Alternaria tenius fun
gi. These ompounds were also screened against
Staphylot ccus aureus and Escherichia coli bacte
ria follow ng cup-diffusion technique. All plates
were run 'n triplicate, the inhihition zones were
measured and mean in milHmeters was recorded.
The data Table 1 indicates that the antimicrob-·
ial activit of the complexes is more than thu of
the free I gands. The complexation reduces the
polarity 0 the metal ion mainly because of partial
sharing 0 its positive charge with donor group
and pOSSl Ie Jt-electron de localization over the
whole co plex mo•.:cule. This is due to the en
hanced 1i ophilic character of the metal complex
which fav urs its permeation through lipoid layers
of fungus membrane thus improving tht: antimic
robial acti ity of the complex over the free lig<md.
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