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ABSTRACT

Several new phenyl hydrazinium Ln(lll) pyridin€-8icarboxylate hydrates have been synthesizedgire@us
medium and characterized by metal and elementalyaas, UV-visible and infrared spectra, thermal lgsas, X-
ray powder diffraction and X-ray single crystal haiques. The L'8N;Os part in the complex anion has a nine-
coordinated structure in which the nine coordinatatbms (three N and six O) from three pyridine-1,6-
dicarboxylate ions are coordinated to the centrale earth metal ion directly. The crystal of trenthanum
complex belongs to the trigonal crystal packingeyswith p-3 space group. The crystal data are: @4870(3) A,
b=16.4870(34, c=9.2900(2) Ag==90° andy=120°, V=2186.90(7) A The final R and Rw are 0.0338 and 0.0799
for rr(%flection 2581 with [I> 2 (I)]. The volume and calculated density of thestal are 2186.90(7) A and 1.562
mg/nT.

Keywords. Phenyl hydrazinium, pyridine-2,6-dicarboxylate(PD@plecular structure, TG-DTA.

INTRODUCTION

Lanthanide coordination chemistry has been a rese of interest over the past two decades is aubet rich
functionality of the ground and excited states afthanide complexes. The properties of thesedauation
complexes in aqueous solutions which are of gregtortance not only scientifically but also biologlig and
medically and hence commercially too. Lanthanibdeth in crystalline complexes as well as in solgioshow
variable secondary valencies (6 to 12) in whichrdo@tion number 9 is the most predominant and re¢ve
geometries are thus observed, leading to limitunzeess in the design of molecular architecture pigdetermined
structure[1]. General observations reveal thatdbmplexations in aqueous medium are regarded epdhtial
replacement of water molecules from the coordimasphere by a strong N,O-containing chelating litgan The
extent of substitution depends on several facikespH, composition and chemical environment. Hemost of
the complexes isolated in aqueous solutions wareddo be hydrated and these water molecules praséf], 2™
and 3" coordination spheres of the lanthanum(lll) iosdeed water of hydration and Ln-@Hond length play a
dominant role in binding of Ln(lll) ions to the miwlecules which are the ultimate factors decidhgjrtpotential as
drug materials. The inherent strong oxyphilicifyanthanide causes the interaction binding sitsadp COOH, OH
(phenolic, hydroxylic), O (carbonyl), N (amino, in@, imido) and S (sulphydryl).
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Antioxidants are excellent substances used as dimgshe treatment of degenerative diseases. Toaroh
ascorbates and a number of other organic compoarasonsidered as components of such drugs dueeio t
antioxidant property shown towards ROS (Reactiveyg@r Species) induced degenerative diseases[2].
Lanthanides are considered as high potentials Becafl their inherent antioxidant properties. Thethanide
inhibiting ROS involves strong oxyphilicity inherteim lanthanides, because of the availability ofgen sites on
these free radicals, makes them excellent targetsri{lll) coordination. This causes lanthanideptay the role of
scavenger of ROS, therefore presenting good paldnti lanthanide as a future drug for a numbedegenerative
diseases due to ROS. The involvement of lanthanidROS is quite different from that by organic camapds like
ascorbic acid. Most of the organic oxidants scgeefiee radicals by single electron exchange watticals and
thus transform themselves into radicals, hencegais ‘pro-oxidants’. LH very easily interacts with either free
radicals or peroxides but is not transformed agcadgl However, the mechanistic understanding abimtole of
Ln(lll) as scavenger of oxidants is very meager.

The lability of lanthanide complexes, strongly okifjzity, very fast water exchange reactions (reaestant 5 x 10
s%), non-directionality of lanthanide-ligand bond aratying coordination number, all contribute towatanthanide
interaction with biomolecules.

The complexes of lanthanides are getting more aoik rapplications in cancer therapy and the mosbitapt of
these are those derive from polyaminocarboxylicisiciThe formation constants of these lanthaniddates with
these acids are of the order ofltb 1G°, which enables them to remain intact, while diifigsinto extracellular
spaces with rapid clearance through kidneys. Duké high thermodynamic stability and extreme ki@ertness
of these Ln-polyaminocarboxylate chelates, thecingxcretion enhances, thereby lowering the botgnt®n of
chelated Ln(lll) complexes.

Recent investigations on hydrazinium[3-5] and phdmnydrazinium[6] complexes of lanthanide carboxgtatare
limited to ethylenediaminetetraacetic acid. Difiitc acid with O,N,O chelating mode also capalieaordination
with transition metal ions and lanthanide(lll) ibas not been studied in detail. Neverthless, tgcemo transition
metal complexes of picolinic acid with phenyl hydraum cation has been reported[7,8]. The tridenta
coordination with lanthanide ions are expected idycomplexes with coordinated sphere could exollg
occupied by the ligand without water molecules \uhéce scarce and expected only in the presencatiohs like
Na', K*,Li* etc[9]. However, hydrazinium and phenyl hydrazimications having dual tendency to act either as
coordinating and non-coordinating species leadanpredictable geometries. However, due to thdcsedfect,
phenyl hydrazinium ion may prefer to stay outside sphere, still the nine coordinated structurén wit without
water molecules in the primary sphere is possilblence, it is considered interesting to study phéggrazinium
complex of lanthanide dipicolinates and the resfitheir investigations is presented in this paper.

EXPERIMENTAL SECTION

The chemicals used were of AnalaR or equivalerdegr®henyl hydrazine, k@;, PO, SmO; Dy,Ozand YhOs
were used as received from Sigma Aldrich. The In(Hitrates, ligands and complexes were prepanedamalyses
were carried out using fresh doubly distilled weaded the solvents were distilled before use. Thahtontents
were determined by complexometric titrations afiecomposing the complex with concentrated nitriid d@o
eliminate the organic part[9]. The C,H and N amab/were carried out using a Perkin-Elmer modeD 12N
analyzer. The electronic absorption spectra ofctiraplexes in water were recorded on a Systronmsb[® Beam
UV-VIS spectrophotometer model 2202. The infraspdctra of the solid samples in the range 400-48@bwere
recorded on a Thermo NICOLET AVATAR 330 FT-IR speghotometer using KBr pellets. The TG-DTA curves
were recorded on a SWI TG/DTA 6200 thermal analymeng about 5 mg of the samples with the heatatg of
10°C per min and platinum cups as sample holdersayXpowder diffraction patterns were recorded onrakBr
D8-Focus diffractometer with a scan speed 5 seqr/gtng Cu-Ki radiation £=1.540598 A) and scintillation
counter as a detector.

X-ray structure determination

The X-ray intensity data were collected on a Enras Nonius CAD-4 diffractometer system with graphi
monochromated Mo-K radiation £=0.71073 A). The structure was solved by directhogs using SIR92 program
and completed using Fourier techniques and reflnedpplying full matrix least square techniquesefiiement
was carried out using SHELXL-97 program[10,11]. d¥lof the hydrogen atoms could be located in diffee
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Fourier map. Their positions were constrained fanuically idealized positions wherever geometrynpted.
These hydrogen atoms were given riding model rafer. Other hydrogen atoms were isotropicallynesdi

Synthesis of (CgHsN,H 4)3[LN(OOC-CsHzN-COO);].6H,0

The lanthanide nitrate hydrates were preparedespmiposing their respective lanthanide oxides (11a63 g, Sm
=1.749,Pr=1.72g,Dy =1.87 g, Yb = 1.97 dl-reetal oxides 10 mmoils) in dilute nitric acid aedaporating the
resultant solution to dryness. The lanthanide t@thgydrate thus obtained was dissolved in 20 mdistilled water
and used for the preparation of the complex.

To an aqueous solution (40 mL) of PDCA (3.34 gn#fiols), phenylhydrazine (4.325 g, 40 mmols) in 10ndter
was added slowly with constant stirring. The résglcontents were mixed with the respective ramthemetal (I11)
nitrate hydrate (10 mmols) with constant stirrifidne resulting precipitate was continuously refluxeda round
bottomed flask. The precipitate was dissolved Blomhile refluxing and a clear solution was obtalrefter 8 h.
The clear solution was concentrated to one-thiritsobriginal volume and allowed to cool at roormperature.
After 24 h to 48 h, the crystals formed were renthweashed several times with ice cold distilledevand dried in
air. Analytical data of the complexes are givertaiple 1.

Table 1. Per centage composition of elements

Complex Mol. Colour Yield Found
Wit. (%) (Calc) (%)
C H N M etal
La 1069.77| dirty white| 75 43.74 4.5] 11.797 12.98
(43.68) | (4.42)] (11.68] (12.91]
Pr 1071.77 pale 80 43.66 451 11.15 13.15
green (43.76)] (4.40) (11.64) (13.2p)
Sm 1081.22 dark 80 43.2§ 4.4y 11.45 13.p1
yellow (43.18)| (4.52)] (11.50) (13.79)
Dy 1093.37| Colourlesy 70 42.8 4.4p 11.%2 147
(42.92) | (4.30)] (11.44] (14.69
Yb 1103.91| Colourless 70 42.39 4.38 11.93 1568
(42.33) | (4.20)] (11.38] (15.5Q

RESULTSAND DISCUSSION

Phenyl hydrazinium rare earth metal(lll) pyriding-2licarboxylate hydrates, {8sN,H4)3[Ln(OOC-GH3N-
COOQ)].6H,0 where Ln = La, Pr, Sm, Dy and Yb were preparedh@yaqueous reactions between pyridine-2,6-
dicarboxylic acid, phenyl hydrazine and the retipeaare earth metal () nitrate hydrates. Thgstals obtained
are stable in air and soluble in water. The contwos of the complexes were determined by metal miato
analyses.

Electronic Spectra

An aqueous solution of La(lll), Dy(lll) and Yb(llgomplexes show very big absorption band in thibkdsegion
as expected since these complexes are nearly deurHowever, Pr(lll) and Sm(lll) complexes shouwmber of
sharp bands in the visible region characteristicldbck elements.

Infrared Spectra

All the complexes show several sharp bands inegen 3000-3500 cthwhich are attributed to the presence of N-
H stretching of phenyl hydrazinium cation and O4retehing of water molecules. The N-N stretchingpbenyl
hydrazinium moiety for the complexes is found af 98n" indicting the ionic nature[12]. The,y, and veym
stretchings of carboxylate groups are observethénrange 1620 chand 1390 cmindicating their monodentate
coordination behaviour. In the present casgs, vsy,m= Av is found to be more than 225 ¢nndicating some
degree of covalency in the metal-carboxylate bat®]s[ Several other bands are observed betweera@d@300
cm, which though are characteristic of complexes arel useful for identification purpose do not shomwy a
significant correlations.
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Thermal Analyses

The simultaneous TG-DTA of complexes in air andagjen atmospheres were recorded to understanduthber
and nature of water molecules present and alsadw khe degradation patterns and end residues tbdueng the
pyrolysis of ligand. The simultaneous TG-DTA tracef all the five complexes show almost similarteats.
These complexes undergo dehydration in two stagéwelen 60-15W with approximately 7% weight loss
indicating the removal of four water molecules. tB8dG and DTA show two stages for this dehydratidnich is
attributed to the difference in hydrogen bondingiiaction of three water molecules (removed at ldemperature)
from the other three molecules. The mass logsugeil accordance with the calculated weight loSke anhydrous
complexes thus formed undergo decomposition (emdatic) and ligand pyrolysis (exothermic) in muliages to
yield respective oxides as the final residue a600The final weight loss very well coincides witie theoretical
weight loss for the formation of respective oxid&ue to the instability of the intermediates ajh@r temperatures
and continuous decomposition of the anhydrous cexesl, we were unable to isolate the intermediatefufther
characterization. However, the formation of resipecrare earth metal oxides was confirmed by Ingatig of the
respective powdered complexes at ®Ddor about 15 minutes and weighing the final ras&l formed. The
theoretical and experimental weight losses matet well indicating the formation of anticipated des.

X-ray Diffraction Pattern

The X-ray powder diffraction pattern of all the colexes are found to be super imposable and hermectad to
possess similarity in structure and bonding. THieired spectra of these complexes are also sagsable which
along with X-ray powder diffraction pattern suggsstimorphism along the series.

Crystal and Molecular Structure

Phenyl hydrazinium lanthanum tris(pyridine-2,6-dicarboxylate) hexahydrate
(CeHsNoH4)3[La(OOC-CsH3N-COO),].6H,0

The lanthanum complex is nine coordinated and eaHl) ion is surrounded by three pyridine dicaxigtate
(PDC) ions which coordinates in a tridentate clmgptashion with one nitrogen and two carboxylatggen atoms.
This results in the formation of two five memberewys with each PDC ion. Hence, ultimately sixlsuings are
established around the La(lll) ion and stabiliziee tomplex molecule. In the present case, sunglisiwater
molecules are not coordinated to the central metabut present outside the coordination spherattise water.
Furthermore, as expected, due to the steric fadtwr, heavier phenyl hydrazinium ions present asrgeha
neutralizing counter ions and hence present outbeleoordination sphere along with water molecules

In aqueous solutions, lanthanide(lll) ions form eaed complexes with uncertain composition, [Li@}]*>" from
which water molecules are replaced by strong cimgldigand containing N and O as donor atoms. ldgiitcis
expected that the water molecules inside the spdrer@isually partially replaced by ligands depegdin the ratio
of the metal ion to the ligand and some of the watelecules always present inside the coordinasipimere as
coordinated water. This will largely reduces tiverrowding of chelating ligands around the metal. i Several
hydrazinium complexes studied with variety of catdic acids like EDTA, CDTA, DTPA etc., were fourtd
possess one or more coordinated water moleculeswetr, the present case is the rare occasion wtitho
coordinated water molecules. It is also propokatiaqueated species should be [Lid]*".

The unit cell has only two complex molecules whick mainly associated through intermolecular hyeinogonds
that play a vital role in stabilizing the crystatueture. It is quite understandable that thermtdecular hydrogen
bonding is due to the presence of six lattice watelecules and three phenyl hydrazinium cationivhiso have a
weak impact on the combination. The net strudsifermed through the hydrogen bonds and stateraations.

The selected bond distances and bond angles dfalamt complex are given in Table 3. The ORTEP aystal
packing diagrams are shown in Figs. 1 and 2 res@égt

CONCLUSION
Novel phenyl hydrazinium Ln(lll) pyridine-2,6-didaoxylate hydrates have been synthesized and theimical

composition were assigned on the basis of elemanthimetal analyses. The IR spectra of all the ¢exap show
N-N stretching of phenyl hydrazinium moiety in ttemge 960 - 965 citindicting the ionic nature.
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The simultaneous TG-DTA traces of all the five céemps indicate that they undergo multi stage deasitipn to
give their respective metal oxides as the finaldwes. The X-ray powder diffraction pattern of e complexes are
found to be super imposable and hence expectensseps similarity in structure and bonding.

The single crystal X-ray diffraction study revedrsat the LA N;Os part in the complex anion has a nine-
coordinated structure in which the nine coordinatens (three N and six O) from three pyridine-@igrboxylate
ions are coordinated to the central rare earth Inatalirectly. The crystal of the lanthanum compbelongs to the
trigonal crystal packing system with p-3 space grou
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Supplementary material
Crystallographic data for the structure reporteceHeas been deposited with the Cambridge Crystalfdgc Data

Centre (Deposition number: CCDC - 915922).
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Fig. 1 ORTEP diagram of lanthanum complex
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Fig. 2 Packing diagram of lanthanum complex

Table2. Crystal data and structurerefinement of lanthanum complex

Identification code shelxl

Empirical formula 36Hz La Ny O

Formula weight 1069.77

Temperature 293(2) K

Wavelength 0.71073 A

Crystal system, space group TrigofaB

Unit cell dimensions a=1a08) A alpha =90 deg.

b =167883) A beta =90 deg.
c=9.P99) A gamma = 120 deg.

Volume 2186.90473

Z, Calculated density 2, 1.56¢/m"3

Absorption coefficient 1.058 m~-

F(000) 1042

Crystal size 0.15 £9x 0.10 mm

Theta range for data collection 2.19 t®9%4eg.

Limiting indices -19<=h<g1-18<=k<=19, -11<=Ik=11

1901



B. Subramani and R. Wilfred Sugumar J. Chem. Pharm. Res,, 2014, 6(7):1895-1902

Reflections collected / unique 1211782BR(int) = 0.0441]
Completeness to theta =24.99 100.0%
Absorption correction Semi-enyat from equivalents
Max. and min. transmission 0.9359 argd 86

Refinement method Full-mateast-squares on F 2
Data / restraints / parameters 2581280/

Goodness-of-fit on F*2 1111

Final R indices [I>2sigma(l)] R1 =0.RWR2 =0.0733

R indices (all data) R1 = BB3wR2 = 0.0799
Largest diff. peak and hole 1.080 énB63 e.A"-3

Table 3. Selected bond lengths[A] and bond angles [deg] of lanthanum complex

Bond Length [A] Bond Angle[deg]
C(6)-N(1)-La(1) 120.74(16)
C(2)-N(1)-La(1) 120.36(17)
C(1)-0(2)-La(1) 126.66(16)
N(1)-La(1) 2.640(2) | C(7)-0(3)-La(1) 126.97(16)
0(2)-La(1) 2.5264(18)O(2)#1-La(1)-0(2)#2 78.03(7)
0(3)-La(1) 2.5275(19)O(2)#1-La(1)-0(2) 78.04(7)
La(1)-O(2)#1 2.5264(18) O(2)#2-La(1)-0(2) 78.04(7)
La(1)-O(2)#2 2.5264(18) O(2)#1-La(1)-O(3)#1 122.54(6
La(1)-O(3)#1 2.5275(19) O(2)#2-La(1)-O(3)#1 151.25(7
La(1)-O(3)#2 2.5275(19) O(2)-La(1)-O(3)#1 86.55(7)
La(1)-N(1)#1 2.640(2) | O(2)#1-La(1)-O(3)#2 86.55(7)
La(1)-N(1)#2 2.640(2) | O(2)#2-La(1)-0(3)#2 122.53(6
0(2)-La(1)-0(3)#2 151.25(7
O(3)#1-La(1)-O(3)#2 81.47(8)
O(2)#1-La(1)-0(3) 151.25(7
0(2)#2-La(1)-0(3) 86.55(7)
0(2)-La(1)-0(3) 122.53(6
O(3)#1-La(1)-0(3) 81.47(8)
0(3)#2-La(1)-0(3) 81.47(8)

O(2)#1-La(1)-N(1)#1 61.37(6)
O(2)#2-La(1)-N(1)#1 134.96(6)
0(2)-La(1)-N(1)#1 75.37(6)
O(3)#1-La(1)-N(1)#1 61.19(6)
O(3)#2-La(1)-N(1)#1 75.95(6)

O(3)-La(1)-N(1)#1 138.48(7)
O(2)#1-La(1)-N(1) 134.96(6)
O(2)#2-La(1)-N(1) 75.37(6)
0(2)-La(1)-N(1) 61.36(6)
O(3)#1-La(1)-N(1) 75.95(6)
O(3)#2-La(1)-N(1) 138.48(7)
0(3)-La(1)-N(1) 61.19(6)
N(1)#1-La(1)-N(1) 119.985(2

O(#1-La(l)-N(L)#2  75.37(6)
O(2#2-La(l)-N(L)#2  61.36(6)
0(2)-La(1)-N(1)#2 134.96(6)
O(3)#1-La(1)-N(1)#2 138.48(7)
O@3)#2-La(l)-N(L)#2  61.19(6)

O(3)-La(1)-N(1)#2 75.95(6)
N(L)#1-La(1)-N(1)#2 119.984(2
N(1)-La(1)-N(1)#2 119.986(2

Symmetry transfor mations used to gener ate equivalent atoms:
#1 -x+y+1,-x+1,z #2-y+1Xx-y,z
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