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ABSTRACT

The new lanthanide(lll) complexes wdhinoline derivative (MQAP) obtained by the reantlmetween 3-formyl-2-
mercapto quinoline with 4-amino pyridine have begnthesized and characterized by elemental analgsidar
conductance, magnetic moment measurements, FTid&ranic spectra’HNMR spectra, FAB mass spectra, and
thermal analysis studies. The molar conductancedissuindicate non-electrolytic behavior of the céemps. The IR
and 1HNMR studies indicate that MQAP acts as masichbidentate ligand of potential donar site ob amethine
nitrogen and thiolate sulphur. TG and DTA studiéd a(lll) and Sm(lll) complexes indicate the preserof two
coordinated water molecules along with two nitrated two MQAP moieties. Based on these studiesaimplexes
have been formulated as [Ln(MQA®),O),](where Ln = La, Pr, Nd, Sm, Eu, Gd, Yb) with canedion number 8.
The cytotoxicity of the ligand and Ln(lll) complexXgave been screened against cancer cells line HEkavical
cancer cells, Human), which reveals that Ln(llIyquexes shows moderate cytotoxicity against testkdines.
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INTRODUCTION

Coordination chemistry of lanthanides is one of fiotive research fields in inorganic chemistry 147 seems
from the published work that lanthanides are capabforming stable complexes with quinoline arsddérivatives.
The work on quinoline Schiff's base complexes hagen reported from our laboratory with transititengents [8—
9]. As a part of a programme for the synthesis emaracterization of solid complexes of lanthanigeesently,
complexes of seven lanthanide(lll) iongz. La(lll), Pr(lll), Nd(lll), Pm(l1), Sm(ll1), Eu(lll), Gd(lIl) and Yb(lII)

with 3-formyl-2-mercaptoquinoline synthesized. The®mplexes were characterized by elemental asalysilar
conductance measurements, magnetic moment, infratectronic and proton nmr spectra. The TG studfethe
lanthanide(l1l) complexes were carried out in dyi@air, with a heating rate of T&/min.

EXPERIMENTAL SECTION

All the chemicals used were of analytical gradechased from Aldrich, Merck, S.D. Fine, or BDH ahé solvents
used were purified by standard methods [10]. Thapiexes were analyzed for their metal content laydsrd
methods [11]. Elemental analyses (C, H and N) weréormed on a Perkin- Elmer 2400 CHN elementalpzer
Model 1106, Carloerba Strumentazione. The IR speat the Schiff bases and their La(ldpmplexes were
recorded on a HITACHI-270 IR spectrophotometer fre t4000-250 crh region using KBr disks. Molar
conductivity measurements were recorded on an EEGBO82 T conductivity bridge with a cell having kel
constant 0.51. The electronic spectra of the coxaglevere recorded in DMF on a VARIAN CARY 50-BIO UV
spectrophotometer in the region of 200-1100 nm. IHeNMR spectra of Schiff bases and complexes were
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recorded in CDGland DMSO-¢g on BRUKER 300 MHz spectrometer at room temperatisiag TMS as an
internal reference. The mass spectrometer was t@geimathe +ve ion mode. FAB-mass spectra wererdecbon a
JEOL SX 102/DA-6000 mass spectrometer/data systng lArgon/Xenon (6 kV, 10 A) as the FAB gas. THeRE
spectra recorded on Variant E-4', X-band ESR Sepewter using cylindrical quartz sample tube at room
temperature. Polycrystalline diphenylpicrylhydrag®lPPH) was used as ‘g’ marker. Thermo gravimednalysis
data were measured from room temperature to 100&t @Cheating rate of 10 °C/min. The data wereinbthby
using a PERKIN-ELMER DIAMOND TG/DTA instrument.

Synthesis of 2-chloro-3-formyl quinoline
This compound was synthesized by the reaction efaadide with Vilsmeier-Haack reaction at 80 as per the
procedure given in the literature [12].

Synthesis of 2-mercapto-3-formyl-quinoline

One mol of 2-chloro-3-formyl-quinoline was mixedtiwvil.5 mol of sodium sulfide dissolved in 5 mL d¥iB. The
mixture was stirred for 1-2 h at room temperatiifeis mixture was poured in crushed ice followedabidification
with acetic acid to obtain yellow coloured solidItimg point 245°C [13].

Synthesis of Schiff bases (MQAP)

A mixture of 0.004 mol of 2-mercapto-3-formyl quiime and 0.004 mol of 4-aminopyridine in the 1:tigan 20
mL ethanol-acetic acid mixture was stirred at rotamperature for 6 h. After the completion of thaat@®on
(monitored by TLC), the solid separated was fillererashed with excess of cold ethanol, dried anpdtallized
from ethanol.

Synthesis of Lanthanide(lll) complexes (1-7)

The ethanolic solutions of the respective metahtet(0.01 mol) and the Schiff base L (0.01 moljemefluxed for
about 6-7 h on a water bath and the pH of the i@mactixture was adjustech. 7.0- 7.5. During the refluxation the
metal chelates were separated out. The metal eldlais separated were filtered, washed succegsiitél ethanol
and ether and finally dried over fused Cai@lvacuum. Yield of all the metal complexes lietle range of 63-68 %
(Scheme 1).

RESULTS AND DISCUSSION

Elemental Analysis

The analytical and physicochemical data of the dergs are summarized in table 1. The values oldtaéme in
good agreement with the theoretical values caledldr the suggested general formula of the congslesuch as
[Ln(MQAP)(NO3),(H20)5]H0.

Molar conductance

Molar conductance values of lanthanide(lll) complex were measured in dimethylformamide(DMF),
dimethylsulfoxide(DMSO), Table.1. These conductameties are much lower than the values reportedlfbr
electrolytes in these solvents [14]. Therefore, ¢baductance values suggest that all the seven leze¥p are
nonelectrolytes, and hence, they are neutral cormaple

Magnetic behaviour

Magnetic moments of the lanthanide(lll) complexess given in Table 1. The measured values complasesery
close to the theoretical values calculated for filee lanthanide(lll) ions [15]. The observed magnebhoment
values suggest that the La(lll) and Y(lll) complexare diamagnetic and the remaining complexes are
paramagnetic, as expected. As the magnetic monadmes of the complexes are almost the same as thosiee
respective free lanthanide ions, it is presumetl tthea 4f electrons are not at all disturbed bylipand field, and
hence, it is unlikely that the 4f orbitals of thenthanide(lll) ions are involved in coordination time present
complexes.

Infrared spectra

In the ligands, a broad band at 3454’ arorresponds to the tautomeric formsy(MH) andv(SH) of quinoline ring
moiety. This confirms the subsequent substitutiopsemoving the chlorine present at the secondtipasof the
quinoline nucleus. A high intensity band obserwethie region 1687 cthis attributed to the(C=N) vibration [16],
which confirms the formation of Schiff base. Theaghintensity band arrived in the region of 750-06" is
assignable to the formation of C-S bond. [17].
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In the complexes the band in the region 1624-1664 assigned toc-n) Vibration and this lower shift from 1687
cm’ in the ligand supports the coordination of metal with azomethine nitrogen. The disappearancheband at
3454 cnt and appearance of new medium to high intensityl®am the region 450-510 chior V(u-s) Supports the
coordination of thiolate sulphur to the metal iaes deprotonation [18]. The complexes show six ghtsaon bands
near 1470, 1290, 1067, 843, 750 and 611 whichsaigred to/, v, V,, Vs Vzandvs vibration of coordinated(g,)
nitrate group. These are indicating the coordimatd nitrate group. The magnitude wfv,; andvs-vs lies range
185-200 and 55-65 chrespectively, indication the coordination of nigaroup in bidentate fashion and 1380-1384
cmi' which are assigned to nitrate group. A broad ban@454-3388 cih attributes to the antisymmetric and
symmetric —OH stretching modes of water and a freake region 858 - 821 chin the complexes indicates the
presence of coordinated water molecules [19]. THesemce of water bound in different ways is sumgublly the
results of the TG analysis.

The important features of the infrared spectralbthe complexes are the appearance of two stbangls at 354-
360 cm' region are assignabiéM-N) and those in the region 500-510trto v(M-S) vibrations, supporting the
coordination through thiolate sulphur via deprot@mraand azomethine nitrogen in the ligand MQAP][Zlhe
infrared spectral data of the L and its Ln(lll) qalexes are listed in Table-2.

Electronic spectra

The electronic spectra of the ligand and the corgdavere taken, and are given in Table 4. Thereleict spectra
of the ligand shows two absorption maxima at 29680and 38240 ci, which are attributed to the n-p and p-p*
transitions, respectively [21]. In the lanthanidi@(tomplexes, a bathochromic shift is observed ttoe n-p at
26560-27800 ci, and p-p* at 36950-37230 cm-1. Some f-f transitiare also observed in the case of Nd(lll)
complex, and further lanthanide(lll) complexes thbands could not be identified as they are mabketie ligand
charge transitions [22]. The charge transfer ttamsbands are observed in 18400 to 21300 cange Table 3.

'H-NMR spectral studies

The Schiff base exhibits the resonance at 8.37 gpento the azomethine proton. A singlet correspumndd one
proton observed at 14 ppm is probably due to Shigrélydrogen bonding leads to deshielding and tmarease
in the frequency of th&H NMR signal of the hydrogen bonded proton. Thisyraaplain the observed increase in
the chemical shift. The sharp multiplet signalstttd phenyl protons are found in the region 7.44-&Bm. The
peak due to SH group appeared at 14 ppm in thadigmnot observed in the La(lll) complex. This fioned the
involvement of thiolate sulphur in coordination fwthe metal via deprotonation. The downfield sbifthe methine
proton from 8.37 ppm in the ligand spectrum to [§p8n in the complexes indicate the participatiormzdmethine
nitrogen in the coordination [23].

FAB-MASS

In the spectrum of one of the representative cormfila(L)(NO3),(H,0),]-H,O molecular ion peak at/z581 is
equivalent to its molecular weight. This moleculam undergoes fragmentation with the loss of orticka water
molecule giving a specig®. [Ln(L)(NO3),(H,0),]- H,O atm/z563. Further, this fragment ion by the loss of two
nitrate molecules and two coordinated water mokxidave a fragment ion at/z 403. Finally it undergoes
demetallation to form the species [L +'Hit a fragment ion an/z248.

Thermal Studies

The thermal decomposition of representative congddgkn(L)(NO)2(H,0),]- H,O and [Yb(L)(NQ),(H20),]- H.O
were carried out for TGA proceeds with an endotlierpeak in the temperature range 70-1%D for the
decomposition of one lattice water molecule. Furthehe temperature range 270-2T5the decomposition of two
coordinated water molecules take place. In theltsiage of decomposition in the temperature raf@s@-360°C
decomposes two coordinated nitrate molecules. Enepérature range of 425-46C decomposes the ligand
moiety. Finally the most stable metal oxide formeyevobtained. The percentage weight loss, natudeaimposed
chemical change with the temperature range anceptrge of metal oxide obtained which are in goagemgent
with calculated values are given in the Table 4.

In-vitro cytotoxicity Studies [24, 25]

Cell line and growth media

HelLa (Cervical cancer cells, Human) were culturedMEM (minimum essential medium). The medium also
contains 10% fetal calf serum, penicillin (100 Wyastreptomycin (100 pg).
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Method for Passaging the Cells:

Procedure

All the reagents were brought to °87 before use. The sufficient amount of Trypsin-giade-versene-glucose
(TPVG) solution was added to cover the monolay@sed and discarded. Fresh TPVG solution was adaed
allowed to stand at room temperature for 2-3 miswiePVG solution was discarded and the flask comgithe
monolayer was incubated at 3Z for 3-5 minutes and slightly tapped to free te#iscfrom the surface. 10 mL of
MEM containing 10% serum was added to the flaskipdtted to breakdown the clumps of cells. To&l count
was taken using a haemocytometer. Calculated takrtamber of cells. The medium was added accgrthirthe
cell population needed. Required amount of mediontaining the required number of cells (0.5-1.0xdélls/ml)
was transferred into bottles according to the celint and the volume was made up with medium agdired
amount of serum (10% growth medium and 2% maintemanedium) was added. The flasks were incubated at
37°C and the cells were periodically checked for amyphological changes and contamination. After tivenfition
of monolayer, the cells were further utilized.

Cytotoxicity Screening

Determination of Mitochondrial Synthesis by MicrocutureTetrazolium (MTT) Assay

The ability of the cells to survive a toxic inshks been the basis of most cytotoxicity assayds d$say is based
on the assumption that dead cells or their proddotsiot reduce tetrazolium. The assay depends d@otthe
number of cells present and on the mitochondriéiviag per cell. The cleavage of MTT to a blue rftazan
derivative by living cells in clearly a very efféet principle on which the assay is based.

The principle involved is the cleavage of tetrazolisalt of 3-(4,5 dimethyl thiazole-2 yl) - 2,5-tgnyl tetrazolium
bromide (MTT) into a blue coloured product (formagéy mitochondrial enzyme succinate dehydrogenasee
number of cells was found to be proportional todgk&ent of formazan production by the cells used.

Procedure

The monolayer cell culture was trypsinized and ¢e# count was adjusted to 1.0X1€ells/ml using medium
containing 10% new born calf serum. To each welthef 96 well microtitre plate, 0.1 mL of the dildteell
suspension (approximately 10,000 cells) was adé@eér 24 hours, when a partial monolayer was formie
supernatant was flicked off, washed the monolayeeaand 10Qul of different drug concentrations was added to
the cells in microtitre plates. The plates werentliecubated at 37C for 3 days in 5% C@atmosphere, and
microscopic examination was carried out and obsiena recorded every 24 hours. After 72 hours, dheg
solutions in the wells were discarded anql50f MTT in MEM was added to each well. The platesre gently
shaken and incubated for 3 hours atG37n 5% CQ atmosphere. The supernatant was removed apt &0
propanol was added and the plates were gently shekesolubilize the formed formazan. The absorbamae
measured using a microplate reader at a wavelei@honm.

The percentage growth inhibition was calculatedgishe formula below:

% Growth Inhibition= 100 - MMean OD of Individual Test Group <100

Mean OD of Control Group

Interpretation:

The above compounds were tested for cytotoxicibiregy Cancer cell line HeLa. The compounds showederate
cytotoxicity against the tested cell lines. La céemgds more cytotoxic towards Hela cells with low€S G5, value

of 145.23 + 5.23 followed by Samarium complex W@ C;, value of 147.63 + 4.14.These compounds merits
further investigations.
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Figure 1. Proposed structure of Lanthanide complexes
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Table 1. Analytical, magnetic and conductance dataf the PQT and its Lanthanide(lll) complexes

c% H% N%% S% M% Molar
Complex Calc. Calc. Calc. Calc. Calc. Magnetic conductance
(Found) | (Found) | (Found) | (Found) | (Found) Ohm™ cm2 mol*
i 67.9 | 415 | 1584 | 12.07 ] ] -
: 67.5) | (432) | @575) | (12.12)

3098 | 275 | 1204 | 550 | 2392 )

(La(L)(NO)(HORI HO | 53156) | (2i93) | (11.9) | 552) | 397y | PR 22.36
3087 | 274 | 120 | 548 | 2418

(PrL)(NOs)o(HOLIHO | 3199y | (2.92) | (1162) | 550) | (2a23) | 347 29.62
3071 | 273 | 11.94 | 546 | 2457

[NA(L)(NOe)o(H0RI-HO | 3576y | (2.90) | (1156) | (5.40) | (a7a) | 352 21.25
3040 | 270 | 11.82 | 540 | 2533

[SML)(NO)(HOLIHO | 3047y | (0i87) | (11.47) | (5.36) | (25.43) | L4° 23.63
30.03 | 267 | 1178 | 538 | 2558

[Bu(L)(NO)(H0)1-H:O | 5537y | (2lg7) | (1123) | (5.40) | (2563) | 336 26.85
30.05 | 267 | 1168 | 534 | 2621

[CA(L)(NOs)o(H0)I-HO | 35709y | (2:84) | (11.36) | (5.39) | (26.48) | 792 22.52
202 | 260 | 1138 | 52 | 2829

[YD(L)NOe)o(HORIHO | 3650y | (292) | a111) | 547) | (2814) | 4*° 23.49

Table 2. Infrared spectral data (in cm®) of L; and its Lanthanide(lll) complexe

n

Compound Code Vor) | Vv | Ve=n) | Veno | Youny | N s | Vies)

[ - 3454s 16879 956 - - -
[La(L1)(NOs)2(H20)7].H.0 | 3399b - 16559 945m 354m 500m 749
[Pr(Ly)(NOs)2(H20),].H,O | 3388b - 16559 999m 356m 500m 749
[Nd(Ly)(NO,),(H,0)].H,0 | 3393b - 16254 ©980rh 354in 500 750
[SM(L)(NOs)2(H20)]).H-O | 3422b - 16649 960m 360m 502m 746
[Eu(L1)(NOs)2(H20),].H,O | 3404b - 16479 960m 358m 502m 7hH4
[GA(Ly)(NOy),(H,0)].H,0 | 3411b - 16249 960mh 3590 503 749
[Yb(L1)(NOs)2(H20),].H.O | 3390b - 1661 980m 358m 504m 742

S=strong; b=broad; m=medium; w=weak.

Table 3 Electronic spectral bands of hap and its lgthanide(lll)

complexes
Complex Abs. Max./cm -1 Tentative assignment

29658 | n-p

L1 38235| p-p*
26546 | n-p
36954 | p-p*

[La(L1)(NOs)2(H20),].H,O | 20670 | Charge transfer

29580 | n-p
38180 | p-p*

19570 | Charge transfer
[Pr(Ly)(NO3)2(H-0).].H,O | 29400 | n-p

37230 | p-p*

19080 | 419/2-4G7/2
17380 | 419/2-2G7/2
13720 | 4I19/2->4F7/2
[NA(L1)(NOs)z(H20),].H20 | 12490 | 419/2-4F5/2
11660 | 419/254F3/2

27780 | n-p

37230 | p-p*
[SM(L1)(NOs)2(H20),].H,O | 20570 | Charge transfer

27800 | n-p

37230 p-p*
[Eu(L1)(NOs)z(H20),].H,O | 21300 | Charge transfer

27800 | n-p

37250 p-p*
[Gd(L1)(NOs)2(H20),].H,O | 21256 | Charge transfer

26560 | n-p

36950 | p-p*

[Yb(L1)(NOs)>(H20);]. H.O

19200 | Charge transfer
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Table 4. Thermal data of representative Lanthanidd(l) complexes

7 -
Complex Temp range {C) % nggt loss Nature of decomposition % of metal
71-100 3.09 Loss of one lattice water molecule
150-180 6.19 Loss of two coordinated water molecule
[La(L1)(NO3)o(H-O)]. H0 275-310 21.34 Loss of two nitrate molecule 23.92
390-410 32.53 Loss of quinoline moiety
50-100 3.25 Loss of one lattice water molecule
150-180 6.42 Loss of two coordinated water molecyle
[YD(L1)(NOs)(H-0)] H:0 300-320 21.75 Loss of two nitrate moleule 28.29
370-390 32.33 Loss of quinoline moiety

Table 5. Results of CTGyby using MTT assay

Compound Code CTC scin (ug/ml) by MTT assay
Hela cells

L 205.53 +5.47
[La(L)(NOg)2(H20)].H-0 145.23 +5.23
[Pr(L)(NOs)2(H20),].H-0 192.18 +5.28
[Nd(L)(NO3)5(H20)].H.O 179.48 +5.17
[SM(L)(NOs)2(H20)].H-0 147.63 +4.14
[GA(L)(NOs)2(H20),].H,0 155.13 + 4.54
[Dy(L)(NO3)5(H20)].H-0 171.18 + 4.56
[Y(L)(NO3)5(H20),].H-0 164.27 +5.14

CONCLUSION

The ligand MQAP formed colored complexes with By(INd(lll), Sm(lll), Eu(lll), Gd(ll), Tb(lll), Dy(llI)
andYDb(lll) and colorless complex with La(lll) iofThe analytical, thermoanalytical and FAB-mass gpédata
suggests the general molecular formula of the cermnpbs [Ln(MQAP)(NQ)(H,0),].H,O. The conductance study
reveals non-electrolytic nature of the complexd® TR and'H NMR studies reveals bidentate nature of the figan
with coordinating sites of thiolate sulphur via datpnation and azomethine nitrogen in additiorhi ¢oordination
of water and the coordination of bidentate faskubnitrate group to the Ln(lll) ion. Based on thmsae studies, the
ligand MQAP, nitrate ion and water coordinates e L.n(lll) ions with the coordination number eigfthe
following structure may be proposed for the comptefigure 1).

REFERENCES

[1] Aspinall H C..Chem. Rev2002,102 1807.

[2] Tsukube H, Shinoda &hem. Rev2002,102 2389.

[3] Adachi G, Imanaka N, Tamura Shem. Rev2002,102 2405.

[4] Wickleder M S.Chem. Rev2002,102:2011.

[5] Bunzli J C G, Piguet GChem. Soc. Re\2005,34: 1048.

[6] Bunzli J C G.Acc. Chem. Res2006,39: 53.

[7] G. Rijulal, P. Indrasenad. Rare earths2008,26: 315.

[8] M. A. Phaniband, S.D. Dhumwadl. Coord.Chem200962: 2399.

[9] Narayanachar, S.D. Dhumwat.Chem. Pharm. Re2011,3(4):504-517.

[10] Weissberger A, Proskauer P S, Riddick J A,0p®E. Organic Solvents. Vol. VIII, New York: Ingeience,
1956.

[11] Kolthoff I M, Elving PJ. Treaties on Analytit€hemistry. Vol. 8, Part Il, New York: Intersciexncl963.

[12] O. Meth-Cohn, B. Narin&et. Lett, 1978,19: 2045.

[13] A. Srivastav, R. M. Singhndian J. Chem 2005.44B :1868-1875.

[14] Geary W GCoord. Chem. Rev1971,7: 81.

[15] Earnshaw A. Introduction to Magnetochemistigw York: Academic Press, 1968.

[16] Ramirez, F.M.; Sosa-Torres, M.E.; Castro, MBasurto-Uribe, E.; Zamorano-Ullao, R.; Rio-Portillg.;
J.Coord. Chem41, 303 1992).

[17] Philip, V.; Suni, V.; Kurup, M.R.P Acta Cryst.2004 60.856.

[18] Swearingen, J.K.; Kaminsky, W.; West, D.Xrans.Met.Chem2002 27: 724

[19] Saha, N.C.; Butcher, R.J.; Chaudhari, S.; SAhaolyhedron, 200322:383

[20] Sastri, C.V.; Eswaramoorthy, D.; Giribabu, Maiya, B.G.; Journal of Inorganic Biochemistry2003,94:138
[21] Sathyanrarayana D N. Electronic Absorption Gmescopy and Related Techniques. University Priesha,
2001.

[22] Kumar P A.Synth. React. Inorg. Met.-Org. Chermh997,27: 577.

3452



Shreedhar D. Dhumwadet al J. Chem. Pharm. Res., 2012, 4(7):3446-3453

[23] George, G.N.; Prince, R.C.; Bare, R.IBgrg.Chem, 1996 35434
[24] Francis D and Rita LJ. Immunol. Method4,986 89, 271-277.
[25] Mosmann, TJ. Immunol. Method$983 65, 55.

3453



