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ABSTRACT

Few mixed ligand complexes of Transition and Inner transition metals have been synthesized by reacting their metal
salts with a substituted benzimidazole derivative, Omeprazole and RNA bases, uracil /adenine. All the complexes
were synthesized in ethanolic medium and refluxed in reaction medium. The yield percentage ranging from 80-90%.
The complexes are coloured solids and of the type [M(Ome)(Ade),.2H,0)]S0,4.xH,0.and
[M(Ome)(ura).4H,0)] SO,4.xH,0. They are characterized through elemental analyses, conductance measurements,
spectroscopy (FT IR, Mass, *H NMR and U.V). An IR spectrum indicates that all the ligands behave as bidentate
ligand. Molar conductance studies indicates electrolytic behavior of these complexes. The metal complexes have
been screened for their antifungal activity towards Aspergillus niger fungi. The result obtained is compared with
that of parent drug. The result reveals that the metal chelates showed resistance as compared with parent drug.
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INTRODUCTION

Transition and Inner transition metal complexes afecontinuing interest mainly due to their strualuand
catalytical properties and their applications imgmhostic pharmaceutical and laser technology [T+&y have been
found to exhibit anticancer and fungicidal propestalso [7]. Physiological activity and commereipplications of
many Benzimidazole derivatives have received mutdntion. Benzimidazole and its derivatives haviedent
activities as they can act as bacteriostats orehaites, fungicides, anticarcinogens etc. Thedit@e reveals that a
large number of drugs have been used to synth#szeomplexes with many metals with a view to eckatheir
therapeutic action [8 -12]. Considering the impoceof drugs and their complexes it has been dktirsynthesize
and characterize some mixed ligand complex of Oampe and Uracil/Adenine with transition metal€uyi(ll),
Cr(ll) , Co(ll) , Cd(l) ,Mn (I) Jand Inner transbn metals [Th (Il),Ce(ll), Gd(ll), Nd(Il)]. The kemical name of
omeprazole is - (5-methoxy- 2- {{(4-Methoxy-3, ftkthy- 1-pyridiny) methyl} sulfinyl}-IH-benzimidaale) [13-
14].1t is an anti ulcer drug with the capacity tdibit gastric H+, K+, ATPase , the proton transipgr enzyme in
the parietal cells that secrete HCL in stomach ffvesk et al 1983).

As the interaction of metal ions with nucleobase®fi great interest because of their relevancén¢oessential,
medical or toxic bioactivity of metal, where nudbi@se molecule can coordinate as exogenous ligamds i
metalloproteins, function as cofactors in the eratyensystems and construct important cell strustwg. RNA.
[15]

The RNA bases Uracil and Adenine is selected asséitondary ligand for the formation of ternary ptaxes.
Uracil is 2 Oxy - 4-Oxy pyrimidine [16].Adenine is a BI-Purin-6-amine with a variety of roles in biochetnyjs
including cellular respiration, in the form of bothe energy-rich adenosine triphosphate (ATP) dwedcbfactor
nicotinamide adenine binucleatide (NAD) and prowinthesis, as a chemical component of DNA and RINA
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EXPERIMENTAL SECTION

All the chemicals used throughout the course okerpental were either BDH or E merck quality. Spescopic
grade solvents were employed for recording thetspec

(1) ligand-metal ratio

To confirm the ligand-metal ratio, conductometiteations using monovariation method were carrietiat 25 C.
0.01 M solution of Omeprazole drug was prepared(r80 mixture of DMF and water. Similarly, a sodut of
metal salts were prepared in same solvent of M0@ncentration. 20 ml of ligand was diluted to g00and
titrated against metal salt solution using monatan method. Conductance was recorded after eddhian.
Graph is plotted between corrected conductancevahuoine of metal salt added. From the equivalendetpio the
graph it has been concluded that the complex foomdias taken place in the ratio of 1:1:2 (M: k) &nd 1:1:1 (M:
L: L). Stability constants and free energy changegse also calculated .

(2) Preparation of the complexes

For the formation of mixed ligand complexes Trdositand Inner transition metals are used with primeand
Omeprazole and secondary ligands uracil/adenihe. Solid complexes were prepared by mixing the aggie
solution of metal salts with ethanolic solutionlighnd in molar ratio 1:1 .The resulting mixturesre than refluxed
for 4-5 hours to give the precipitate. After cogliat room temperature the solid complexes wererétt as fine
precipitates. These precipitates were washed twitle water .Then they were dried and stored in siadbators
containing dry calcium chloride.

(3) Physical measurement

Conductance measurement was done in DMF .The mgitdint was recorded on labotech instrument. ThesMa
spectra was done on a jeol SX-102 spectrophotorasieg argon as the FAB gas.Elico, SL191 doublerbea-vis
spectrophotometer is used for recording u.v-viscBp. Elemental analysis was performed on a Gatla mod
1108 elemental analyzer. The FTIR spectrum wasrdecbon varian 1000 FTIR using KBR Pallets. TH&MR
spectra was recorded on bruker DRX-300. The argdu activity is studied by paper disk method aathdvas
recorded after 48 hours of incubation

RESULTS AND DISCUSSION
The reaction of the Transition and Inner transitiogtal ions with Omeprazole and Uracil/Adenine aféal in good
yield (80-90%) of stable solid compound. The eltarization of their molecular structure was mbhgelemental
analysers conductivity and spectroscopy studies. &mpounds prepare were of blue /brown colalgbde in
ethanol, 1, 4 dioxane, DMSO, DMF and insoluble atev.

The analytical data including yield percentagehef tomplexes are recorded in table 1.

TABLE — 1: Analytical and Physical Characteristic d mixed ligand complex.

Molar
Sr. Yield(%) Melting . Conductance
no. Complexes Colour poInt(°C) Solubility (VS cm
mol-1)
Freely soluble in DMF, DMSO, Ethano].
1 [Cu(Ome)(Ade) 2H,0]S0s. XH-0 90 Blue 250 Insoluble in cold water, HCI. 19.12
Freely soluble in DMF, Ethanol. Insoluble
2 [Cr(Ome)(Ade)2H,0 ]SO, XH-0 85 Brown 270 in cold water, NaOH, HCI. 20.9
Light Freely soluble in DMF, DMSO, Ethano].
8 | [Mn(Ome)(Ade)2H,0]SQyXH:0 8l Brown 260 Insoluble in cold water, NaOH, HCI. 12.32
Dark Freely soluble in DMSO, Ethanol. Insoluble
4 [Cd(Ome)(Ade)2H,0]S0s. XH-0 86 Brown 240 in cold water . HCI. 12.01
Freely soluble in DMF, DMSO, Ethano].
5 [Co(Ome)(Ade)2H,0]S0,. XH-0 82 Brown 280 Insoluble in cold water, NaOH, HCI. 23.9
Liaht Freely soluble in DMF, Ethanol,1,4
6 [Th(Ome)(Ura).4H0]SOy. XH0 90 Brgwn 316 Dioxane, Nitric acid, cold water and 88.8
partially in hot water.
Brick Freely soluble in DMF,DMSO,Ethanol,1 4
7 [Ce(Ome)(Ura).460]SO.. XH0 92 red 316 Dioxane, Nitric acid,cold water and partially 86.5
in hot water
Light Freely soluble in DMF,DMSO, Ethanol,14
8 [Gd(Ome)(Ura).4H0]SOu. XH,0 86 Brgwn 302 Dioxane, Nitric acid,cold water and partially 84.2
in hot water.
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| R SPECTRA
The relevant vibration bands of the free ligands #me complexes are in the region 4000-400,di8 -20] .The
characteristics frequencies of the ligands and dhiixgand complexes of the metals are given in table

In case of Omeprazole molecule the N-H (aromatic aenine) stretching occurs at 3050¢mwhere as sulfoxide
(S=0) stretching occurs at 1076 tnThe aromatic tertiary amine (C=N) occurs at 1660" in Omeprazole [21].
In free uracil molecule the N-H and CO frequeisjocated in 1800- 1300 c¢hregion. The bending vibration of
N(1)-H is at 1567 cihwhere as N(3)-H vibration is at1408 ¢nThe position and intensity of the bands assignabl
to the 2-keto group is at 1750 ¢i22]. In free ligand Adenine molecule the (N-H) af@N) frequency is located
in 1300-1600 cnt region. The bending vibration of N (9)-H is at 84dnm’* and (C-N) band is at 1366 &¢m

In case of ternary complexes of M-OME-URA , all tbemplexes showed frequency of (N-H) at ~3050"cm
showing that there is no involvement( N-H) groupcmmplex formation, where as sulfoxide stretchihgts to
lower frequencies at ~ 50/86m due to coordination of the sulfonyl oxygen wihthanides in all the complexes.
The frequency of (C=N) bands appears at differegion lowered by ~ 40 chindicating the coordination of
nitrogen atom of (C=N) with metal. Thus, Omeprazoielecule chelates with metal ions using its(C=K)up
and(S=0) group, acting as bidentate ligand.Thetiposand intensity of the bands assignable to tket@ group of
uracil in the complexes change appreciably witlpeesto free uracil molecule. The bending fretpyeof Uracil
due to N(1)-H remains almost unchanged both ianisity and position while the vibration bands dudl{3)-H at
1408 cm' disappears completely in all the complexes and Tinuthe complexes uracil acts as a chelating tigan
binding through its C (2) =0 and N (3). In casdeshary complexes of M-OME-ADE there is a consitéashifts

in the frequencies of (S=0) and( C=N) of Omeprada@and and also in N(9)-H and C-N band of adenin
molecule. Thus, in the complexes adenine actscaglating ligand binding through its N(9)-Hand C-N

Additional bands in the complexes in the region-7265 cm* compared with IR spectra of free ligand have
tentatively been assigned to M-O frequency and bamd appeared at 1380-1390tin complexes might be due
to chelate ring formation in the complex.The appeae of strong band at ~820°tand ~ 3380 cfhin the spectra
of all the mixed ligand complexes indicates thespree of coordinated water.

Table 2: IR BANDS OF MIXED LIGAND COMPLEXES OF OMEP RAZOLE &URA/ADE

. Coordinated
_ v (C=N)cm®* v v v v v v ( )
Sg Ligand and Metal complexes | V ((:?n_l() ) }(4'\; (CN) N,_(|3))' C(2)=0) ((“)")' Ho0) cm
’ Stretching | Bending et cm? et cm et Stretching | Bending
1 Omeprazole 1076 1660 547 - - - -
2 Uracil - - - - - 1408 1750
3 Adenine - - - 1418 1336 - - - - -
4 [Cu(Ome)(Ade)2H,O]SOs.xH,0 1120 1581 540 1408 1321 - - 787 3348( 844
5 [Cr(Ome)(Ade).2H,0]SOy.xH;0 1038 1602 552 141% 1352 - - 723 3211 58¢
6 [Co(Ome)(Ade)2H,O]SOs.xH,0 1058 1582 562 1400 1314 - - 797 3252 862
7 [Cd(Ome)(Ade) 2H,0]SO,.xH,0 1123 1590 550 1401 1338 - - 733 3399 842
8 | [Mn(Ome)(Ade)2H0]SQuxHO | 12> | 1600 542 | 1410 1367 - - | 796 8117 873
4 | [Th(Ome)(Ura).4H0]SO.xH;0 1032 1637 529 - - Dis 1637 76D 3428 824
5 | [Ce(Ome)(Ura).4kD]SO,.xH,0 | 1020(w)|  1638(s) 525 - - Dis| 1638(%) 730 3450 821
6 | [Gd(Ome)(Ura).4kD]SO.xH0 | 1050(s)| 1636(s) 550 - - Dis _ 1636(5) 780 3390 815

'H NMR SPECTRA

To confirm the coordination of the ligands to thetat ion the complexes H NMR spectra was recorded for the
ligands and its Transition and Inner transition ahetomplexes .The important chemical shifts fa ligands and
the complexes are given in the table 3 .

The 'H NMR spectra of the ligand has the expected chariatic signals. The CHoroton shows singlet @t2.16
and O-CH3 proton & 3.69 ppm the peak observedat.71 is attributed to Ciprotons. In addition multiplet peak
atd 6.8-8.2 may be due to aromatic protons and peak at2 is observed due to NH proton of benzimidarioig.

. In case of ternary complexes of Omeprazole- Ursaénine, the chemical shifts occurs at low fiekldeshielding
of proton occurs in methylene group proving theoimement of electron of S=0 in bonding. Signalsested in the
complexes at region @& 8.18- 8 due to the azomethine proton are eitheameed unaffected or shifted slightly to
higher field with reference to those of the parbgand and the position of signal due to NH prot@main
unaffected in the complexes. Rest of the chemtuftlis more or less same in the ligands and tbemplexes. Pure
Uracil/Adenine shows the chemical shiftséat0.7 ppm in N-H but in few complexes this haverbdesappeared
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showing that there is deprotonation of hydrogetiacil/Adenine molecule and the new bond of M-N édeen
made in complexes These observations support shgnasl structure to the complex

TABLE — 3: '"H NMR SIGNALS OF MIXED LIGAND COMPLEXES OF OMEPRA ZOLE AND URA/ADE

Sr. Kind of c?r:q Omepr | [Cr(Ome)(Ade).2H, | [Mn(Ome)(Ade).2H | [Th(Ome)(Ura).4H | [Ce(Ome)(Ura).4H | [Gd(Ome)(Ura).4H
No Proton no azole 0]S0y.xH;0 20]S0,.xH0 0]S0,.xH;0 0]SOi.xH:0 0]S0y.xH;0
Aromatic 6.7
1 Benzimi 9 6.8-7.9 6.6-7.8 6.4-7.9 6.84-7.90 6.88-7.90 6.867
dazole '
2 | Aromatic| 5 1 g5y 8.2 8.24 8.25 8.27 8.2
(&) | Pyridine
Methyle 4.71-
3 ne -CH- 14 475 4.6 4.2 4.2(weak) 4.0-4.2(weak) 4.2(weak)
4 Methoxy
@ O-CHs 13 3.69 3.2 3.1 3.1/3.2(s) 3.2-34 3.3-34
b) | oCH | 23 3.81 3.8 3.5 3.82 3.7(sharp) 3.7/3.8
5 Methyl -
@ CHo- 24 2.16 2.2 2 2.14 21 2.1
5 Methyl -
() CHor 21 25 25 25 2.48 2.52 2.58
6 Adenine 9 - - - - -
7 Uracil 1 - - - 12.68 12.8

MASS SPECTRA

In the present investigations, the mass spectrutheoDmeprazole shows the formation of molecidarpeak at
M/Z 344 corresponds to the total molecular weidtthe ligand. The mass spectra of the cerium aoduim shows
the molecular ion peaks at M/Z 669 and 761 respelgtsupporting the composition of the complexas(lilz Cr(ll)

, Co(ll) , Cd(ll) and Mn (Il) shows the molecul@an peak at M/Z 680 ,M/Z 807 , M/Z 693 , M/Z 68%pectively
supporting the composition of the complexes . Ratdhe molecular weight of complexes are presetahite along
with the values calculated on the basis of estadtisnolecular formulae of the complexes as showalite 4.

TABLE: 4(a): Molecular Mass & Elemental AnalysiMixed Ligand Complexes of Omeprazole & Adenine

Sr. Name of complex structure cal. SPec. Base C H N (0] Metal

no Mass mass peak (%)

1 [Cu(Ome)(Ade)2H,0]S0,. XH0 | 1:1:2: 2HO 680 685 360 42.% 161 1647 4Y 19.68
2 [Cr(Ome)(Ade).2H,0]SO..XH,0 | 1:1:2:2HO 807 811 406 358 141p 133 1387 3.9

3 [Co(Ome)(Ade)2H,0]SO..XH,0 | 1:1:2:2HO 693 685 360 41.7 16.4 16.1 4.6 21.2]

4 [Mn(Ome)(Ade).2H,0]SO. XH,0 | 1:1:2.:2HO 689 685 360 419 165 16.25 4.5 20.7

TABLE : 4(b) Molecular Mass & Elemental Analysisof Mixed Ligand Complexes of Omeprazole & Uracil

Found Mass (Calculated Mass %

S.No. complex structure cal. Mass  spec. @SS m N 0 S Metal
1 [Th(Ome)(Ura).4H0]SO.XH,0 | 1:1:1.4HO 761 762 (3320171 (ig%) (gig) (iggg (4412( (gég%
2 [Ce(Ome)(Ura).4pD]SOi.XH0 | 1:1:1.4HO 669 661 (3;;%5% (igg) (igiz éi;g (2:34) éggg)
3 [Gd(Ome)(Ura).4H0]SO.XH0 | 1:1:1:4 HO 668 661 (‘?;1722 (jgi) (18297) &gig (3:31;) éggé)

ELECTRONIC SPECTRA
Typical spectral data of the metal salts, ligandd gernary complexes of Transition and Inner tr@osimetal
complexes have been investigated in alcohol andisho table 5.

The electronic spectra of the Omeprazole displagsigption bands at 219, 301 which is assigned #¢ and= - ©*
transition respectively. The electronic spectrahef URA displays absorption bands at 224, 269 whiehassigned
to n-n* and = - o* transition respectively. The electronic spectfahe complexes are similar to that of the ligand
expect for a very slight shift towards lower fregag. This slight shift was attributed to the effecf the crystal
field upon the inter electronic repulsion betwées 4f electrons.

Some red shift or nephelauxetic effect is obserwmethe alcohol solutions of these complexes. Thid shift is
usually accepted as evidence of a higher degreewalency than the presence of aqua compound<2f3n all
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the complexes, marked enhancement in the intensithe bond has been observed. This red shift efhyper
sensitive bands has been utilized to calculatendphelauxetic effecf] in these chelate complexes. From fhe
values the covalence factors(p Sinha parameterd(%) (metal- ligand covalency percent) and the cenvey
angular overlap parametey) (have been calculated using the expressions 2&be

b* = %[(1-B) ",

3 (%) = [(1-B)/ B] x 100,

n=[(1-) "B "]

The positive values for () andd% in these coordination compounds suggest thaboheing between metal and
ligand is covalent compared with the bonding betwd#ee metal and an aqua ion. The values of paranaéte
bonding (59 and angular overlap parametg) (ere found to be positive, indicating covalenating.

The proposed scheme for the formation of ternamgpdex is shown in figure 1

TABLE-5 ELECTRONIC SPECTRA OF MIXED LIGAND COMPLEXE S OF OMEPRAZOLE AND URA

Sr. No Name Of Complex Band position (nfn  Band pos{tamt) B 1-8 b%% 3% n

1 | [Cu(Ome)(Ade)2H,0]SQuxH;0 ggg gizgg ;

2 | [CrOme)(Ade)2HOISOuXHD 73 41840 oas | oss | o3m00| 498 | 006m0
3| ICo(Ome)(Ade2H,0}SQuxH0 7o 42190 o4s | oar | 05v62 | s66 | oo6us
4 | [Cd(Ome)(Ade)2H,0]SOuxH;0 ggg gggég ;

5 | Mn(Ome)(Ade) 2HOISOuXH,0 259 39680 041 | 050 | o3s | so | oorro
vy — ——— i - T
7| [ceomeyura) 4r01S0 0 708 3385 | 077208 003531 0.235h0 255861 DAde2s
e 0d 34013 | 0Be054 019048 015655 160861 0 Tdode

Fig. 1 .Proposed scheme of formation of represenigé ternary complex (M-OME-URA)
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ANTIFUNGAL ACTIVITY

The antifungal activity of the ligand, metal sadtsd the corresponding complexes were assayed aimeoltisly
against Aspergillus niger by paper disk methodoatnt temperature. The pure metal salt, Uracil , Aakerand
Omeprazole drug showed activity in Aspergillus nig€he zones of inhibition against microorganismrave
measured (in cm) after 48 hours of incubation asvshin table 6 .In Aspergillus niger culture thentery complex
of Omeprazole with Cr (Il) shows similar inhibitoagctivity as compared to parent drug Omeprazole réseMn
(I, Cu (I, Cd (1) shows higher Antifungal aetty.

The ternary complexes of Th with Omeprazole andcclUshowed less inhibition zone but the complexe&o and

Ce showed higher inhibition zone . The result iaths that the complexes are more active than fgaads.

Increased activity of the complexes can be expthorethe basis of chelation theory. If the orbithéach metal ion
overlaps the ligand orbital increases which enhartbe lipophilicity of complexes due to delocatinn of

electron in the chelate.

TABLE — 6(A) Sensitivity Test of Omeprazole, Adenie& Their Complexes against A. niger Culture

Sr.No Inhibition Diameter (cm)
T Metal ion | Omeprazolg Adenine  M-Omeprazole-Adenjne
1 Cu 1.6 0.5 0.8 2.0
2 Co 13 0.5 0.8 1.7
3 Cr 1.8 0.5 0.8 1.9
4 Mn 1.4 0.5 0.8 2.0
5 Cd 1.0 0.5 0.8 1.2

TABLE — 6(B) Sensitivity Test of Omeprazole, Uracil& Their Complexes against A. niger Culture

Sr.No Inhibition Diameter(cm)
T Metal ion | Omeprazolg Uracil M-Omeprazole-Uragil
1 Th 1.1 0.5 0.9 1.2
2 Ce 0.7 0.5 0.9 1
3 Gd 0.8 0.5 0.9 1.3

The characterization of the newly synthesized ttamsand inner transition metals with Omeprazotel &RNA
bases was made by stoichiometric analysis, moladwetivity and spectroscopic studies. The electr@pectra
data indicates the stereochemistry of the mixednligcomplexes. The |.R. data reveal that both tmapy
(Omeprazole) as well as secondary(URA) ligand fioncas bidentate ligands while Omeprazole moleccifedates
with the metal ions using its C=N group and S=0ugtahe uracil acts as a chelating ligand bindhmgugh its C
(2) =0 and N (3) group. Th&H-NMR spectra of non-equivalent proton of OmeprazblUracil in complex exhibit
chemical shift towards lower field due to complésatwith metals.

The results of the study thus indicate the possibiaf formation of metal- bridged drug receptomguex during
antiulcer activity of the drug. The complexes mag formulated as [M(Ome)(Adg2H,0)]SO,.xH,0.and
[M(Ome)(Ura).4H0)]S0,.xH,0 .
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