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Abstract

Palladium(ll) complexes with nine carboxy amideahds viz. 4-(2-acetylhydrazino)-4-oxobut-
2-enoicacid (AOBEH), 4-(2-acetylhydrazino)-4-oxadnicacid (AOBAH), 2-[(2-acetylhydraz
ino)carbonyl]benzoicacid (AHCBH), 4-[(2-cyanopheyayhino]-4-oxobut-2-enoic acid(COBEH)
4-[(2-cyanophenyl)amino]-4-oxobutanoicacid(COBAH}[@2-cyanophenyl)amino]carbonyl}
benzoicacid (CACBH), 4--benzimidazol-2-ylamino)-4-oxobut-2-enoicacid (BOB): 4-(1H-
benzimidazol-2-ylamino)-4-oxobutanoicacid (BOBAHd2-[(1H-benzimidazol-2-ylamino)car
bonyl]benzoicacid (BYCBH) have been synthesized ahdracterized by elemental analysis,
magnetic moments, molar conductivity, thermal stadiinfrared,"H NMR and electronic
spectral data.
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I ntroduction

The palladium (II) complexes of amide group contariigands are of great interest because of
their biological importance [1]. It has been atteacthe attention of the chemists to synthesize
the coordination compounds of transition metal ianth the ligands containing amide and to
study the structure, anti-fungal, antibacterial @hgsiological activity of the ligands and their
metal complexes [2-5]. In addition to the biolodietivity of the amide group containing
ligands show diversified coordinating behavior heit metal complexes. According to the
studies of Kroneck and co-workers [6] the diverserdinating behavior of amide group in the
complexes not only depends on the nature of thalnwet but also on the C-terminal and the N-
terminal substituents of the amide (-CO-NH-) grotlipe involvement of carboxyl group in the
chelation depends upon the second donor atom abthect spacing for the formation of a stable
chelate ring [7, 8]. Keeping the above facts inwieve have continued our research work on
transition metal complexes with amide ligands [9-48d we here with report the synthesis and
characterization of nine Pd(ll) complexes with caymmides. All these complexes were
characterized by elemental analysis, magnetic m&nenolar conductivity, thermal studies,
infrared,"HNMR and electronic spectral data.
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Materials and M ethods

Experimental

All the chemicals used in the study were of AR gratihe ligands used in complexation were
prepared by reported methods [9]. The solventshdietther and methanol were distilled by
standard procedures before use. The nine amidediégaheir complexes were synthesized and
characterized by elemental analyses, IR, NMR anssmspectral data. The melting points of all
the amide ligands and their metal complexes weitaimdd on a Buchi- 510 melting point
apparatus. The percentages of carbon, hydrogengeit in metal complexes were determined
using a Perkin-Elmer CHN analyzer at 240C. Gouwmhegcalibrated with Hg [Co(NC3) was
used for the determination of magnetic suscepi#xsliof complexes in solid state at room
temperature. Conductance measurements were donk0drM solution of compounds in
dichloromethane at room temperature using Digisigit® conductivity meter model DL-909.
TG-DSC thermograms were recorded on Mettler-TA-ZDOModel. The IR spectra were
recorded in KBr pellets on Perkin EImer-283 spqutaiometer. The scanning rate was 6 min. in
the range of 4000-200 ¢mUV-Visible spectra were recorded with Shimadzu-L80A, a UV-
Visible double beam spectrophotometer with mataneattz cells of path length 1 cm.

Synthesis of Pd(l1) complexes

A general method was adopted in the preparatiothefPd(Il) complexes of all nine amide
ligands due to the similarity in the propertiess@ution of PdCl (0.354 g, 0.002 mole) in 0.1M
HCI (30 ml) was added to a solution of the liga®@004 mole) in methanol (30 ml) with
constant stirring and heating. The yellow coloredcjpitate formed was digested over a hot
water bath for 2 hr. It was suction filtered, washeith methanol and dried in vacuum over
anhydrous calcium chloride (yield 80-89%). The prdwas found to be TLC pure in 2:8
mixtures of chloroform and methanol tested in pedieular direction.

Results and Discussion

All the Pd(Il) complexes are crystalline yellow isisl The complexes are non-hygroscopic and
stable up to 230°C. They are freely soluble in D&fd DMSO whereas moderately soluble in
methanol.

Elemental analysis

The analytical and physical data of the Pd(ll) cteres are presented in Table-1. It is clear from
the table that the experimental values are in gagteement with the calculated values,
supporting the molecular formulae proposed to tiragexes.

Conductance measurements

The molar conductance values (Table-1) of all theyplexes in DMF measured at 1o
concentration are in the range of 7-13 mho-ale’ suggesting that they are non-electrolytes
[14].

Thermal analysis

The thermal analysis data of Pd(ll) complexes (@&l indicates that they are stable up to
230°C and hence exist in anhydrous state. The DB@s show no endothermic peaks up to
230°C confirming the absence of lattice or coortidavater molecules in the complexes [15,
16]. The sharp decomposition corresponding to dlse bf organic moiety in complexes can be
seen in the DSC curves which contained one shasfhesmic peak falling in the range of 231-
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328°C. The final product of decomposition of aléthomplexes above 750°C corresponds to
metal oxide. Taking the loss of organic moiety las decomposition temperature, the thermal
stability of the palladium (II) complexes can beresented with respect to ligands as BYCBH
BOBAH > BOBEH> CACBH > COBAH > COBEH > AHCBH > AOBAH > AOBEH. Tdugh

it is difficult, every time, to explain the ordef thermal stability in terms of the structure ahd t
nature of the ligand this order can be explainegome extent, on the basis of the steric factors
such as bulkiness of the groups attached to thtinig groups, labile nature of ligand bonds and
the number of chelate rings formed by each ligdnq 18].

Table 1. Physical and analytical data of Pd(l1) complexes

Complex Decomp. Found (Calcd)% A
Color Temp C H N M M
(’C)
[PA(AOBEHY)] 239 32.05 | 3.05 1255 | 23.65| 9.0
Yellow (32.12) | (3.15) | (12.49) | (23.71)
[PA(AOBAH),] 246 31.75 | 3.98 12.40 | 23.40 | 12.0
Yellow (31.84) | (4.01) | (12.38) | (23.50)
[PAd(AHCBHY,] 244 4365 | 3.25 | 10.25 | 19.30 | 11.0
Yellow (43.77) | (3.31) | (10.21) | (19.39)
[Pd(COBEH)] 247 49.20 | 2.65 1040 | 19.75 | 8.0
Dark Yellow (49.23) | (2.63) | (10.44) | (19.82)
[Pd(COBAHY)] 258 48.80 | 3.15 10.25 | 19.60 | 13.0
Dark Yellow (48.86) | (3.35) | (10.36) | (19.67)
[PA(CACBHY)] 254 56.60 | 2.78 8.75 16.65 | 13.0
Dark Yellow (56.58) | (2.85) | (8.80) | (16.71)
[Pd(BOBEHY] 231 4655 | 2.80 | 14.85 | 1865 | 7.0
Light Yellow (46.62) | (2.85) | (14.83) | (18.77)
[Pd(BOBAH)] 236 46.30 | 3.50 | 14..80 | 18.70 | 11.0
Light Yellow (46.29) | (3.53) | (14.72) | (18.64)
[PA(BYCBHY),] 237 54.10 | 2.99 12.65 | 15.98 | 10.5
Light Yellow (54.03) | (3.02) | (12.60) | (15.95)
I nfrared spectra

The IR spectral data of nine Pd(Il) complexes aspective ligands corresponding to important
absorption bands are given in Table-2. The compared the absorption bands of the ligands
and their complexes yielded the identification lné tbonding sites of the ligands in the Pd(ll)
complexes. In the IR spectra the bands due to an(@e0) mode at 1660-1670 ¢chior the free
ligands are shifted to lower frequency 25-40"'cmhile the amidev(C-N) shifted to higher
frequency in all the complexes indicating the nowsilvement of the amide nitrogen and
involvement of the carbonyl oxygen of the amideugran coordination with the metal ion [12,
19]. The absorption bands around 1700"camd 1300 ci in the free ligands attributed to
v(C=0) andv(C-OH) of the carboxyl group [20]. They are repkhd®y bands around 1550 ém
and 1380 cm corresponding ta(COO)sy and v(COO)ym (i.e. asymmetric and symmetric
stretching modes respectively) in all the nine clex@s. The broad(O-H) ands(O-H) bands of
carboxylic group spreading near 3100tand 900crit in the free ligands disappeared in all the
complexes indicating the deprotonation and cootdinaof carboxyl group to the metal ion.
Two new bands in the region of 350-420tassignabley(Pd-0), which are absent in the free
ligands, appeared in the spectra of all the conggleX his indicates the deprotonation and
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involvement of carboxylic group in complexation [2P] and also confirms the coordination of
amide group via carbonyl oxygen in all the comptexe

Table 2. Selected IR bands of Pd(l1) complexes

Complexes VN-H Vco Vcoo | Vcoo | Ve Vm-0
(amide) | (asym) | (sym)
[Pd(AOBEH)] | 3300-3100 1620 1540| 1380 1595 350
[Pd(AOBAH),] | 3400-3300 1625 1550| 1375 1590 380
[PA(AHCBH)] | 3450-3250 1630 1530| 1370 1605 360
[PA(COBEH) | 3400-3200 1620 1560| 1385 1585 370
[Pd(COBAH)Y] | 3350-3250 1635 1550 1380 1590 400
[PA(CACBHY)] 3350-3280 1640 1540 1385 1580 420
[Pd(BOBEH3] 326( 162t 155( 137C 161( 38C
[Pd(BOBAHY);] 338( 163t 150C 138t 160( 39t
[Pd(BYCBH),] 333(-331( 164( 154( 138( 159¢ 36(C
PMR spectra

The PMR spectral data of all the ligands and tRéifll) complexes are presented in Table-3. A
comparison of the PMR spectra of the ligands amir tbtomplexes helped in identifying the
coordination sites of the ligands in their compkexéhe PMR spectra of all the nine palladium
(I) complexes show the disappearance of the sigmatesponding to carboxylic protons
indicating the deprotonation of the carboxyl groapsl the coordination of the carboxylate ions
to the metal ion in the complexes [23]. Relativetyall down field shift (0.05-0.2) observed in
the signal of amide proton of all the palladiun) @bmplexes compared to the ligands indicates
the non-coordination of the amide nitrogen to thetahion in the complexes [23]. No additional
signal observed around 530 the three palladium (Il) complexes comparedhe ligands
indicates the absence of lattice or coordinate@miatthe complexes.

Table 3. 'HNMR spectral data of Pd(I1) complexes

Complexes "HNMR bands

Amide proton(d) Aromatic protons(d)
[PA(AOBEH)] 5.05-5.65(4H, s-br) --
[Pd(AOBAH),] 5.25-5.45(4H, s-br) -
[PA(AHCBH))] 5.20-5.40(4H, s-br) 7.22-7.80(8H, m)
[Pd(COBEH] 6.5(-6.90(2H, -br) 7.1(¢-7.60(8H, m
[Pd(COBAH};] 6.2(-6.50(2H, -br) 7.35-8.01(8H, m
[Pd(CACBH);] 6.5(-6.80(2H, -br) 7.05-8.06(16H, m
[Pd(BOBEH)Y] 5.70-5.90(4H, s-br) 7.10-7.80(8H, m)
[Pd(BOBAH)] 5.65-5.85(4H, s-br) 7.25-7.84(8H, m)
[Pd(BYCBHY),] 5.70-6.00(4H, s-br) 7.05-8.09(16H, m)
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Magnetic moments

All Pd(Il) complexes were found to be diamagneticexpected for square planar complexes.
The diamagnetic nature of complexes was furthefitnad by the sharp well defined signals in
the PMR spectra.

Electronic spectra

The electronic spectra of the Pd(ll) complexes weoerded in DMF. Theoretically three ligand
field bands are expected for square planar Pd@ihpexes in the regions of 14500-16500,
18000-22000 and 24000-27000 Embut all these three are not observed in mosthef t
complexes. The Pd(ll) complexes prepared have firerd to show a broad d-d transition band
in the region of 21130-21760 ¢hassignable tdB;y ¢ Ay, transition typical for the square
planar geometry [24, 25]. Further a relatively sgaharge transfer band has been observed in
the spectra of all the Pd(ll) complexes in the ean§ 34750 - 36330 ch From the electronic
spectral data and the diamagnetic behavior of dmptexes square planar geometry has been
proposed to all the Pd(ll) complexes.
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Figure 1. Therepresentative structure of Pd(I1) complexes
Conclusion

In the present investigations nine palladium (Bmplexes with coordinated amides have been
synthesized and characterized by elemental analgggnetic moments, molar conductivity
measurements, thermal studies, infrark#\MR and electronic spectra. On the basis of the
above data square planar structures are tentatip®ged to all the palladium complexes.
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