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Mononuclear copper(ll) complex [CuL,] and two mononuclear mixed ligand palladium(ll)
complexes of the type [Pd(X)(L)] where HL = 2-(methylthio)phenylimino)methyl)phenol and
X = benzoate or salicylate have been synthesized and characterized. Structura data shows
both the Pd(ll) complexes have distorted square planer geometry whereas there are two
molecules in a unit cell in the Cu(ll) complex-one molecule has square planer geometry and

another molecule has distorted square pyramidal geometry. Tridentate NSO donor ligand acts

as bidentate as well as tridentate ligand in the complexes.
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Abstract
Mononuclear copper(ll) complex [CylLand palladium(ll) complexes [Pd(X)L] where X=
benzoate(bz) or salicylate(sal) and HL = 2-(mettiglphenylimino)methyl)phenol, a Schiff
base ligand with NSO coordination sites have begnthesized and characterized by
microanalyses, IR, UV-Visible spectra, conductivitgasurement and magnetic studies. Crystal
structures of all the complexes have been solvesditmyle crystal X-ray diffraction studies and
showed that there are two molecules in a unitrcelie [Culy] complex - one molecule has
square planar geometry whereas second moleculdistasted square pyramidal geometry and
palladium(ll) complexes have distorted square plgeametry.
Key words. Mononuclear; copper(ll);palladium (II); NSO dorimand; spectra; structures.

1. Introduction

Schiff bases have been used as versatile chelbgjagd in the synthesis of transition metal
complexes because of their ease of preparatiorsttadtural variation. Schiff base containing
transition metal complexes have been investigatetensively because they have wide
application in the fields of biology and cataly$is10]. Metal complexes with Schiff base
containing N and O donor atoms derived from arotnatnine and salicyldehyde have been

studied extensively and
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there are many compounds reported in the literaflir@nsition metal complexes with Schiff
base chelating ligand containing hetero N, S ando@or atoms are very interesting because
compounds with NSO donor atoms have biologicalaai@lgtic activity and there are many
reports on the catalytic andbioactivity of metahgaexes with NSO coordinate ligand [11-17].
There has been considerable interest in palladimptexes with Schiff base ligand because of
their potential catalytic and biological activitg®3]. As properties of the metal complexes
depend on the coordination environment around th&lntentre, we are interested to see the
coordination behaviour of NSO donor ligand in temer(ll) and palladium(ll) complexes.

In this paper, we report on the synthesis, charnzeteon and structures of
mononuclearcopper(ll) complex [Cgjland palladium(ll) complexes of the type [Pd(X)Adhere

HL = 2-(methylthio)phenylimino)methyl)phenol, adentate N, S and O donor atoms containing

ligand and X = benzoate or salicylate.

2. Experimental

2.1.Materials
All chemicals and solvents used were analytical dgra reagents. 2-
Methylthioaniline,Pd(CHCOO)(Aldrich) and salicyldehyde (Loba) were reagentdgrand used
as received. 2-(methylthio)phenylimino)methyl)phle(tdL) was synthesized by refluxing the
mixture of 2-methylthioaniline and salicyaldehyaeethanol. Cu(CIlg),.6H,O was prepared by
reaction of cupric carbonate with dilute HGI@cid, followed by slow evaporation of the
solution.

2.2. Instruments



The micro analysis (C, H and N) were carried oungis Perkin-Elmer IA 2400 series elemental
analyzer. The IR spectra were recorded on a P&lkirer FT-IR spectrometer RX1 spectrum
using KBr pellets. UV-Vis spectra (1200- 190 nmy&ezcorded on a Shimadzu 3600 inCN
solution. Solution conductivity were measured in sCN solution using Equip-Tronics
conductivity meter (model no. EQ-660A). Room tenapere magnetic susceptibility of powder

sample was measured by Guoy balance.

2.3. Syntheses of complexes

2.3.1.9ynthesis of complex [CuL,] (1)

A methanol solution (10 mL) of ligand HL (0.244g0Immol) was added drop wise toa stirring
methanol solution (10 mL) of Cu(Cl§3.6H,0 (0.185g, 0.5mmol) and stirring was continued for
3 hrs. The solution was filtered and the filtratasnkept for slow evaporation. Dark green
colored crystals were obtained from the filtrateeab days.

Yield. (0.160g, 50%). Found. C = 61.68, H = 4.40:18.12%. Anal calc for &H24sN,CuG,S,:C

= 61.36, H = 4.38, N = 5.11%. IR (KBr pellet) ¢m (C = N) 1604 s. UV-Vis spectram/nm
(emax/molcm™). 679(127). 398(5969), 231(25563) (Q'cnmol ™) = 14. ue = 1.80 BM.
2.3.2.9ynthesis of complex [Pd(bz)L] @)

A solution of ligand HL (0.061g, 0.25mmol) in aceiivile (10ml) was added drop by drop to a
acetonitrile solution (10 mL) of Pd(GBOO)(0.056 g, 0.25 mmol) with stirring. To this, a
solution of benzoic acid (0.25mmol) in acetonit@® ml) was added and stirring was continued
for3 hrs. Filtered the solution and the solutiorsvkapt for slow evaporation. Orange coloured
crystals were obtained from the solution after $sddield.0.075g (63%). Found C = 53.70, H =

3.60, N = 2.90 %. Anal calc for,gH;7/NOsPdS; C = 53.68, H = 3.62, N = 2.98 %. IR (KBr



pellet) cm*; v(C=N),1606s:v((Pd-N), 479.UV-Vis spectrékma/nNM(mad/mol*cm?). 447(7061),
317(14110), 242(35420).
2.3.3.9ynthesis of complex [Pd(sal)L] @)
The complex was synthesized by followingthe simpascedure to that &, but salicylic acid
was used in place of benzoic acid. Yield.0.0829%@. Found C = 51.93, H = 3.55, N = 2.78 %.
Anal calc for G;H1gNO4PdS; C = 51.87, H = 3.70, N = 2.88 %. IR (KBr pdllem’; (C=N),
1607s; v(Pd-N), 479.UV-Vis spectignanm(md/molicm™). 446 (6077), 318 (11812), 227
(35590).

2.4.X-ray crystallography
Crystals for X-ray diffraction of the compounds 2 andwere obtained through slow
evaporation of the solution. Single crystal X-raiffrdction intensity measurements were
performed on Oxford X-CALIBUR-S diffractometer egped with CCD detector using MozK
radiation § = 0.71073 A) for complet and Cu-K radiation { = 1.54184 A) for complexe®
and3. The reflection were measured in the range of 8728.08 for complex1,4.68 to 88.79
for complex 2and4.065 to 73.03for complex3. Data reduction was carried out using the
program CrysAlisPro, Agilent Technologies, Versiba71.35.19 [24]. An absorption correction
based on multi-scan method was applied [25]. Thectire was solved by direct methods and
refinement was performed by the full-matrix leagti@re technique oR? using the programs
SHELXS-97 and SHELXL-97 respectively [26]. All calations were carried out using WinGX
system Ver-1.64 [27]. All hydrogen atoms were ledatrom difference Fourier map and treated
as riding. All non-hydrogen atoms were refined vathsotropic displacement coefficients.

Table 1. Crystal data for the compleke® and3



Empirical formula
Formula weight
Temperature (K)
Wavelength Q&)
Crystal system
Space group

a )

b &)

c @)

a ()

BC)

v ()
Volume A3

Z

Density (Mg/nf)

Absorption coefficient

(mm')

F(000)

Theta range for data

collection (°)

Index ranges

[CuLy]
GoH36C U sN303S3
822.23
293(2)

0.71073

Monoclinic
P21/n

11.1682(4)

21.9010(8)

15.3682(6)

90.00

100.893(4)

90.00

3691.3(2)

4

1.480

1.087

1698

3.7140 to 28.0900

[PdL(bz)]
Cz1 Hi/N OsPdS
469.82
293(2)
1.54184
Monoclinic
P2i/c
9.5640(8)
10.5093(10)
19.0108(16)
90.00
96.383(9)
90.00
1859.2(3)
4
1.678

9.284

944

4.68 to 88.79

-11<h<11,

-5<k<13,

[PdL(sal)]

G1 Hi7 NO4PdS
485.848
293(2)

1.54184
Monoclinic

P2i/c
9.1817(3)
10.71128(5)
19.5035(8)

90.00
98.257(4)

90.00
1898.51(13)

4

1.700

9.156

976

4.065 to 73.03

-11<h<11,

-13<k<12,



Reflections collected

Independent reflections

Absorption correction

Max. and min.
transmission

Refinement method

Data/ restraints/
parameters
Goodness-of-fit offF*
Final R indices
[1>2sigmay(l)]

R indices (all data)

-19<1<20
26416
8683

[R(int) = 0.0299 ]

Semi-empirical form

equivalents

0.78729 and 1.0000

-23FI<2

6158

3730
[R(int) = 0.0623]

Semi-empirical form

equivalents

1.00 and 0.625

-2XI<24
10010

3793

Semi-empirical form
equivalents

1.00 and 0.3225

Full-matrix least-squareBull-matrix least-squares Full-matrix least-

onF?

8683/ 0/ 487

1.052
R1=0.0412,
wR2 = 0.0919
R1=0.0638,

wR2 = 0.1019

3. Resultsand Discussion

3.1.9ynthesis

onF?

3730/0/248

1.152

R1 =0.0532,
WR2 = 0.1431
R1 =0.0532,

WR2 = 0.1431

squares off>

3793/0/257

1.047
R1=0.0751,
wR2 = 0.1990
R1 = 0.0826,

WR2 = 0.2132

Mononuclear copper(ll) complex [CulLwas readily obtained with good vyield (~50%) Ine t

reaction of Cu(Cl@),.6H,O with the ligand HL

temperature [scheme 1].

in 1:2 mole

ratio in metlwhmt room

The molecular compositibthe complex was supported by micro



analyses, IR and solution conductivity measurembfdlar conductivity measurement of the
complex in CHCN solution (~1GM) shows that the complex has very low molar cotigity
(Aw ~10Q e mol ™), indicating the complex isneutral and no couatepn is present. Infrared
spectrumof the complex also indicate the absenc@®©f ion in the complex.Single crystal X-
ray diffraction study of the copper(ll) complex s¥ethere are two molecules in the unit cell-one
molecule has square planar geometry where thedigats as bidentate and another molecule has
distorted square pyramidal geometry where one d¢igants as bidentate ligand with N,O
coordination mode but another ligand acts as ttaterwith N, S and O coordination mode.The
structure and bioactivies of the ternary five camated copper(ll) complexes with this NSO
donor ligand and nitrogen containing heterocydjand is reported in the literature[11, 28-29].
The complex is moderately soluble in organic sdlssmch as acetonitrile,methanol, ethanol,

dichloromethane, acetone etc.

CU(CIO4)26H20

> [Cul,] ()
N
X

OH

s Pd(OCOCHS5),

>  [PdLX]

X

HL [PdL(bz)] (2)

PdL(sal)] (3
Where, X= bz/sal. [PdL(sal)] (3)

Scheme 1. Synthesis of the complexes

Mononuclear palladium(Il) complexes of the type (®d.] were readily obtained in good vyield
(65%) by the reaction of Pd(GHOOQO), ligand HL and HX (where HX= salicyclic acid /

benzoic acid) in1:1:1 mole ratio in acetala@tat room temperature. Orange coloured crystals



of [Pd(X)L] were obtained by slow evaporation oktanitrile solution of the complexes. Both
the complexes have slightly distorted square plgeametry. The Schiff base ligand L acts as
tridentate monoprotic NSO coordinate ligand in bt complexes. The microanalysis data of
the two complexes are found to be consistent widirtmolecular compositions. There is no
change in composition even after adding excessdienzsalicylic acid. Molar conductivity
measurements in GBN solution show the complexes are neutral. Theptexes are soluble in
common organic solvents like dichloromethane, methacetonitrile etc.

3.2IRdata
The IR spectra of the complexes were assigned mpadng the IR spectra of the ligand HL.
The IR spectrum of all the complexes exhibit otrergy band at 1604 chcorrespond to
v(C=N) of imine andthe absence of ligand’s phenel! band in the region of 3320 ¢in the
compounds confirming the coordination of phenolid-Owith metal centre in the
complexes.Infrared spectra of both compleXsnd 3 are nearly identical.For both the
compounds, one weak band exhibited at474&tme tov(Pd-N)[30] and one strong absorption
band exhibited at 1376 and 1335 tfor the complexeg and3 respectively, due to asymmetric
stretching vibration of monodentate —C@f@up confirming the coordination of acid ligandtwi
palladium(ll) ions.For [Pd(sal)L], the phenolic-Osinot coordinated to the palladiumcentre and
therefore, salicylic acid acts as monodentatentigand coordinate only through oxygen atom of
carboxylate ion. This was confirmedby single criy3taay diffraction study of the comple3.
This type of non-coordination of phenolic-OH groip the complexes was reported in the
literature [31].Finally, coordination of ligand Wwitmetal atoms were confirmed by single crystal

X-ray difffraction studies.



3.3. UV-Vis spectra and Magnetic data

The UV-Vis spectra of both the complexes were m@edrin the range of 200-1100 nm in
CHsCN. A broad absorption band observed at 679 nin s ~ 131 mol cmi* for complex1
which is attributed to d-d transition. For palladhi(ll) complexes, both the complexes show a
band at ~446 nm with high molar extinction coeéfiti (>6000 motcm™) and it may be due to
charge transfer transitions. The higher energy §an898 nm for copper(ll) complex and at 318
nm for palladium(ll) complexes with higher molartiextion coefficient values are due to charge
transfer (LMCT) transition. The other high energiensity transitions at 227 and 247 nm are due
to the intra ligande1t* and n«t transition.
3.4. Description of crystal structures
3.4.1.Crystal structure of [ CuL;]
The ORTEP diagram of complex [Cilwith atom-lebeling scheme is shown in Fig. 1. The
ray crystal structure confirms that complexrystallise in monoclinic crystal system with aent
symmetric space group2l/n. In the asymmetric unit, there are two independaundl) centers
[Cu(1l) and Cu(2)] are present and the bonding ef @u(1) center is slightly different from
Cu(2). In Cu(1), ligand behaves as a bidentatentigaith N and O coordination site and bonded
through nitrogen atom of the immino nitrogen atomd axygen atom of the phenol and Cu(1)
atom adopts square planar geometry. The equatmral distances of Cu(1)-N(1) [1.985(2) A],
Cu(1)-N(1)i [1.985(2) A], Cu(1)-O(1) [1.922(18) Ajd Cu(1)-O(1)i [1.922(18) A] are nearly
equal and two sulfur atoms of the ligand remainoandinated. The bond angles O(1)-Cu(1)-
O(1)i and N(1)-Cu(1)-N(1)i are 180.0° and O(1)-Cuil(1) and O(1)-Cu(1)-N(1)i are 89.26(8)
and 90.74(8)°, respectively. In Cu(2), copper attas CuNO,S coordination environment and

adopts distorted square pyramidal geometry[0.10] and two L ligands show two different



coordination modes- one behave as bidentate ligatidnitrogen and oxygen coordination sites
similar to Cu(1) whereas another ligand behavé&idsndate with nitrogen, oxygen and sulfur
coordination sites. In the case of Cu(2) centee, e¢quatorial bond distances of Cu(2)-N(2),
Cu(2)-N(3), Cu(2)-0(2) and Cu(2)-0O(3) are 2.09812999(19), 1.911(16) and 1.917(17) A
respectively, are nearly equalbut has long axigRE«8(3) [2.859(2) AJbond. Similar long Cu-S
bond distance in Cu(ll) complex with NSO donor hdais reported in the literature.[11].The
bond angles O(2)-Cu(2)-N(3), O(3)-Cu(2)-N(2), O@){2)-O(3), O(3)-Cu(2)-N(3), O(2)-Cu(2)-

N(2) and N(3)-Cu(2)-N(2) are 158.64(8), 153.12(89.38(7), 91.81(8), 91.17 and 97.24(8)°

respectively.

Fig.1. ORTEP diagram depicting the cationic parthef complexl with atom numbering

scheme (30% probability factor for the thermalpsitids).

Table 2. Selected bond Iengtbﬁs) @nd angles’) of complexes



Bond Iengths&)

[Culy] [Pd(bz)L] [Pd(sal)L]
Cu(1)-O(1)  1.922(18) Pd(1)-0(3)  2.013(9) Pd(1)-O(1) 1.987(5)
Cu(1)-O(1)i 1.922(18)  Pd(1)-N(1)  2.019(7) Pd(1) - N(1)  1.991(5)
Cu(1)-N(1)  1.985(2) Pd(1)-0(1)  2.048(7) Pd(1) - 0(22.043(4)
Cu(1)-N(1)i  1.985(2) Pd(1)-S(1)  2.245(3) Pd(1) 1)S( 2.248(18)

Cu(2-0(2)  1.911(16)
Cu(2-0(3) 1.912(17)
Cu@2-N(@3)  1.999(19)
Cu2-N(2)  2.008(2)

Cu(2)-S(2)  2.859(5)

Bond angels%

Cul, [PdL(ba)] [PdL(sal)]
O(1)-Cu(1)-O(1)i  180.0 O(3)-Pd(1)-N(1) 95.8(4) O(Rd(1) - N(1) 94.2(2)
O(1)-Cu(1)-N(1) 90.74(8)  O(3)-Pd(1)-O(1) 86.6(4) 1P¢Pd(1)- O(2) 86.6(2)
N(1)-Cu(1)-N(1)i 180.0 N(1)-Pd(1)-O(1) 177.6(4) NEPd(1)- O(2) 178.9(2)
O(3)-Cu(2)-N(2) 153.12(18) O(3)-Pd(1)-S(1) 178.0(2P(1) - Pd(1) - S(1) 178.28(13)
N(3)-Cu(2)-N(2) 97.24(8)  N(1)-Pd(1)-S(1) 86.1(3) I)¢ Pd(1)- S(1) 87.34(16)
0(2)-Cu(2)-N(2)  91.17(8)

O(3)-Cu(2)-N(3) 91.81(8)
0(2)-Cu(2)-0(3)  89.38(7)

O(1)-Cu(1)-N(1) 89.26(8)



3.4.2.Crystal structures of complexes2and3.

The ORTEP view with atom numbering scheme of corgd@and3 are shown in the Fig. 2and
3. Complexe® and3 are iso-structural, consisting of monomeric pailladcentre with slightly
distorted square planer geometry. Both the complegee crystallized in the monoclinic crystal
system withP2,/c space group. The ligand HL act as a tridentate N®@or ligand and
coordinated to metal centre via one nitrogen atdf) Nf imine group, one oxygen atom O(3) of
phenolic OH group and one sulphur atom S(1) of —S@tdup. For both the complexes, the
coordination sphere around Pd(ll) centre can beriesi as square planer, with PdMO
coordination environment, comprises of NSO coottimasites from ligand L and one oxygen
atom from —COOH of benzoic or salicyclic acid. lmgalL forms two chelate rings with the
palladium metal centre - one six member ring cosipg Pd-O(3)-C(8)-C(13)-C(14)-N(1)-Pd
and one five member ring with Pd-S(1)-C(20)-C(1%)}NPd.The Pd-N distances are similar to
the other reported Pd(Il) compounds [32].For thenglex 2, the equatorial bond lengths of

Pd(1)-0(1),  Pd(1)-N(l)and  Pd(1)-O(3)  are  2.048(7), 2.019(5),  and

C21

Fig.2. ORTEP diagram of the compl2x30% probability factor for the thermal ellipsojd$-

atom are omitted for clarity).



2.013(4) Arespectively are nearly equal and shartanPd(1)-S(1) [2.245(3)] bond length. The

bond angles N(1)-Pd(1)-0(2) [178.9{pand O(1)-Pd(1)-S(1) [178.28(13)°] are close t6°18

Fig.3. ORTEP diagram of the complgx30% probability factor for the thermal ellipsojdé-

atom are omitted for clarity).

For the comple®, the equatorial bond length ofPd(1)-S(1) [2.244(B3 longer than other three
equatorial bonds i.e.Pd(1)-O(2) [2.043(4)A], PAWI()[1.991(5)A], Pd(1)-O(1) [1.987(5)A]but
the bond angles of N(1)-Pd(1)-O(1) and O(3)-Pd(@)Sare 177.6(4) and 178.0(2)°,
respectivelyare close to 180n both the palladium complexes, Pd-S bond lengtie nearly
equal (~2.248A)but much longer than other threedblemgths in the equatorial plane and
produce distortion in the molecules. The Pd-S bdistance is much shorter than Cu-S bond
distance but similar to other Pd-S bond distanpernted in the literature [32].

4. Conclusion

We have synthesized mononuclear copper(ll) comf@ex_,] and two palladium(ll) complexes

[PdL(bz / sal)] wusing tridentate NSO coorinate $chibase ligand HL and



characterized.Structural datashowed palladium cexesl have distorted square planar geometry
and the ligand behave as tridentate NSO donordigelmereas it behaves as tridentate NSO as
well as bidentate NO donor ligand in the two cofipecomplexes with square pyramidal and
square planar geometry. The Cu-S bond length isitanger than Pd-S bond.
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Synthesis and characterization of mononuclear Cu(l1) and Pd(l1) complexes.

NSO donor ligand shows two different coordination modes in the copper complexes.
One copper complexes have square planar and another has square pyramidal geometry.
In palladium complexes, both Pd atoms have distorted square planar geometry.

Pd-S bond lengths are shorter than Cu-S bond length.



