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Abstract: Complexes of La(lll) and Pr(I11) were synthesized by using tridentate ligand 5-acetamido-
1,3,4-thiadiazole-2-sulphonamide, having the general formula ML,. The complexes were characterized
by IR, UV, elemental analysis, TGA, magnetic moment, conductivity etc. The conductivity data
suggests their electrolytic nature. Spectral studies and magnetic susceptibility measurements revealed
an octahedral geometry for all the complexes. The ligand and it’s complexes were screened for their
antimicrobial activity against E. coli, S. aureus, A. niger, Alternaria.
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Introduction

Interest in the co-ordination behaviour of acetazolamide (5-acetamido-1,3,4-thidiazole-2-
sulfonamide) arises from several reasons AZM is a diuretic sulfonamide used clinically, whose
therapeutic action can be explained from the potent inhibition of the Zn(l11) metalloenzyme
carbonic anhydrase. There is much evidence reported in the literature, including crystal
structures and spectral data, that shows the inhibitor reacting with the enzyme by direct co-
ordination with the metal*% Although the sulfonamide deprotonated moiety is generally
considered the portion of the AZM that interacts with the Zn(lI1), there is no solid experimental
basis to state this concept®. So it seems to be interesting to investigate which are the best co-
ordination positions of the AZM molecule, which has two ionazable proton and several donar
atoms on the other hand, since this ligand presents a diazole group, the complexes of AZM and
essential trace ions could represent one of the simplest models for the natural metalloenzymes.

Aromatic sulfonamides and their derivative compounds with 1,3,4-thiadiazole constitute
an important group of carbonic anhydrase inhibitors. The inhibition of this enzyme by
sulfonamide drugs finds clinical application in the treatment of glaucoma, epilepsy and other
disorders. On the other hand, these compounds have also played an important role in the
physicochemical and enzymatic studies on carbonic anhydrase®.
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The systemic carbonic anhydrase inhibitor (CAl), acetazolamide {5-acetamido-1,3,4-
thiadiazole-2-sulfonamide} (ACZ) (Scheme 1), is generally used for the treatment of
glaucoma® and epilepsy”® and also as diuretic®.
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Metal ions play an important role in altering biochemical properties of the sulfonamide
based drugs, and indicate a new direction in the impact of chemotherapeutic agents and
lowering toxicity. The studies have proved that the metal complexes of sulfonamides
possess much stronger CAI properties than the sulfonamides themselves from which they
were prepared’®*?. Some metal complexes of 1,34-thiadiazole derivatives have been
reported as in vitro inhibitors of the zinc enzyme carbonic anhydrase®®, whereas in vivo
studies showed good antiepileptic action for some Cu(ll) and Zn(ll) complexes of the

sulfonamide type ligands™. Finally, some 2,5-disubstituted -1,3,4-thiadiazoles as well as
their Cu(l1) complexes were reported to act as fungitoxic agents™.

These properties obviously originate from the binding mode of metal ions that may
cause a significant influence on the redox properties of these drugs. Therefore, the studies on
acetazolamide as a sulfonamide derivative and its metal complexes have been reported in the

literature®®Y’.

The apparent formula of acetazolamide is given in Scheme 1. As can be seen from
Scheme 1 that its metal-complexation can be formed by means of acetamide and/or
sulfonamide NH groups as monoanion and dianion for the metal ions which can be crucially
important in biological processes™®*°. Although the spectroscopic and thermal characterization
studies of metal(ll) acetazolamide complex have been carried out to illuminate the
interaction processes?*?,

The introduction of nitrogen atoms into the structure of organic compounds often
resulted in important changes in their behaviour towards metal ions. Many investigations
were undertaken of the interaction of metal ions with ligands containing oxygen and
nitrogen as donor atoms®*%, In the present study, metal complexes of La(lll) and Pr (I1I)
with 5-acetamido-1,3,4-thiadiazole-2-sulphonamide (acetazolamide) were synthesized and
characterized in view of their importance in biological systems*?.

CH,CONH SO,NH,

Experimental

All the chemicals used were of analytical grade. Pure ethanol and distilled water were used
for preparation of the solutions. Acetazolamide was obtained from sigma chemical company
(U.S.A) Metal chlorides were obtained from Alfa Acer company.

Preparation of complex

For the synthesis of complex, ligand metal ratio was confirmed by conductometric titrations
using monovariation method on Systronics conductivitymeter using dip type electrode.
Conductometric titrations supported 2 : 1 (L:M) ratio in the complex was further supported
by Job’s method® of continuous variation as modified by turner and Anderson®’. The
stability constant and free energy change values were also calculated.

A solution of metal chloride in absolute ethanol was added drop wise to a solution of
ligand acetazolamide in absolute ethanol and refluxed for 4-5 h. After the mixture had been
maintained at pH 7-8 by adding liquor ammonia. The precipitate was filtered off, washed
with ethanol and dried in vacuo. The compound was obtained as yellow powder.
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Analytical procedure

Acetazolamide and rare earth metal chlorides were used as received from S.D. fine
chemicals. The solvents were a solution of distilled before use a distilled water was used for
the preparation and analyses. The molar conductivity at room temperature was determined in
conductivity water using a dip type cell with a smooth platinum electrode. The magnetic
susceptibility measurements were made by Gouy’s method at room temperature using
powdered samples of complexes.

The electronic absorption spectra of the complexes in DMSO were recorded on a
Shimadzu double beam UV-Visible spectrophotometer model UV 150-02. The infrared
spectra of the solid samples in the 500-4000 cm™ were recorded on a Shimdzu FTIR
spectrophotometer and Brueker FTIR spectrophotometer using KBr pellets. The thermal
analyses (TGA) for the complexes were recorded on a perking Elmer STA 6000 under
nitrogen atmosphere at room temp to 1000 °C 5 mg of the samples with the heating rate of
10 °C per min and the platinum cups as sample holders.

Result and Discussion

These complexes are air stable, colored, solid which decompose above > 300 °C. The molar
conductance value of complexes indicating their electrolytic nature. The values of magnetic
moment of complexes are indicating diamagnetic and paramagnetic nature. La(lll) complex had
not ligand filed stabilization effecting to complete f-sub shell, therefore La(lll) complex should
be diamagnetic spin free octahedral complex with d* system. The elemental analyses indicate
that the complexes of AZM with La(lll) and Pr(l11) can be formulated as ML2 (Table 1-3).

Table 1. Physical characteristics of complexes

Comp M : L ratio Color Yield, %

AZM - White 60
[(AZM),La]5CI.2H,0 1:2 Off white 55
[(AZM),Pr]5CI.2H,0 1:2 Light Pista 55

Table 2. Analytical data of complexes
Complex Elemental Analysis % found (calculated) M.P.
P c _H N S o cl M °C
CaHusLaClaN 1290 215 1505 1720 17.20 1429 18.68 > 300

0s5: (1236) (3.01) (14.85) (17.99) (20.12) (13.65) (17.86)

1287 214 1501 1716 1716 1426 18.89
CoH1sPRCINGOsSs (15 50) (2 05) (15.56) (17.56) (17.34) (14.09) (18.34) 0

Table 3. Analytical data of complexes

Magnetic moment Molar cond_gjctance Mol. Wi,
Uett BM ohm

[(AZM),La]2H,0.3ClI. Diamagnetic (-) Electrolytic (102) 743.80

[(AZM),Pr]2H,0.3Cl.  Paramagnetic (3.40) Electrolytic (111) 745.75

Infrared spectral study

The IR spectra of Acetazolamide shows (Table 4) two sharp peaks at 3294 cm™ and as 3178
cm' for primary amine group (-NH,) which were shifted to lower frequency at 3197 and
3115 in La(lll)-AZM complex and at 3180 and 3093 in Pr(I11)-AZM complex, it indicates
coordination of N to metal ion. The C = N (azomethine) group in acetazolamide shows sharp

Complex
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peak at 1651 cm™ which shifted to lower frequencies in the metal complexes to i.e. 1645 cm™
and 1600% cm™. It indicates N in C = N group shows coordination with metal ion. The
value of -NH group in ligand is 3091 cm™ which shifted to lower frequency in complexes to
3024 cm™ and 3026 cm™ showing of co-ordination of N in —NH group with metal. A broad
peaks of water molecule are present in complexes® at 3300 cm™ and 3305 cm™. The new IR
bands appearing at 557 cm™ and at 560 cm™ are assigned toM -N* in La(lll) and Pr(lIl)
complexes respectively.

Table 4. IR bands of La (111), Pr(111) complexes, AZM ligand

Ligand La(l11) complex Pr(111) complex Assignment
3294, 3178 3197,3115 3180,3093 - NH,
1651 1645 1600 CH=N
3091 3024 3026 -NH
- 557 560 M-N
1680 1678 1678 C=0
- 3305 3300 H,0

Electronic spectral data

The ultraviolet region band shift and intensity alternation® of ligand indicates involvement of
ligand in the chelation with lanthanide ions. The ligand acetazolamide shows strong band at
316 nm (Table 5 & Figure 1). In case of La(lll) complexes the strong bond observed at 266
nm and Pr(l11) complex the strong bond observed at 284 nm. These shifting in the value of
bond alternation indicates the involvement of ligand in chelate formation.

Table 5. Electronic Spectral Data
Compound Wavelength, nm  Assignment

AZM 316 nm n-mt*
La-AZM 368 nm MLCT
Pr-AZM
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Figure 1. Electronic Spectra of La-AZM complex Electronic Spectra of Pr-AZM complex

Thermal analysis

In La(l11) AZM complex, in first step two lattice water molecules (8.60%) lost at RT-200 °C
temperature. The 2-CO-CHj and 2 NH,-SO; of ligand (33.07%) lost in second step at 200-
260 °C. In third step organic moiety and 3CI (40.92%) are lost at 260-765 °C. Finally
residue (21.91%) remain at 765-1000 °C (Table 6 & Figure 2).

In Pr(111)-AZM complex two lattice water molecules (7.23%) lost at RT-140 °C. The 2-
CO-CH; and 3CI" part (25.05%) at 140-250 °C. In third step remaining organic moiety
(47.15%) at 250-775 °C. Finally residue (21.50%) at 775-1000 °C.
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Figure 2. TGA of La-AZM complex
Table 6. TGA Analysis of La (111) AZM complex
Decomposition Weight ~ Weight loss
Complex Temperature, °C Lost fragment loss %  calculated, %
RT -130 Lattice 2H,0 7.26 8.60
2 —C—CH,
130 - 260 (|3| 33.07 32.25
La-AZM 2 NH, - SO,
o™
260 - 765 d_ 0 40.92 41.20
3Cl
765-1000 Residue 21.91 21.25
RT - 140 Lattice 2H,0 7.23 7.15
2 —C—CH,
140 - 250 I 25.79 25.05
o 3Cl
Pr-AZM 2 S<_NH
250 - 775 Nl(_\l,!,/ 48.01 47.15
2 NH, - SO,
775-1000 Residue 22.11 21.50

Co-ordination geometry

Due to large size, lanthanide ions generally have co-ordination number higher than that of
transitions metal ions. Based on the analytical, spectral, thermal data the six co-ordination
around the La(lll) and Pr(lll) ions is proposed. The 3 chloride anion and two water
molecules are expected to be outside the co-ordination sphere. The lanthanum and
praseodymium ion expected to posses six co-ordinated geometry with tridentate two

acetazolamide molecule.
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Antioxidant properties

The results of antioxidant testing of the new acetazolamide complex is summarized in Table 8.
The comparison of the results with control, acetazolamide and La(lll)-acetazolamide and P(I11)r-
acetazolamide complex is done. The complexes are more antioxidative than control and ligand.

Table 8. %lnhibition efficiency data

Compound Initial wt Finalwt  Different % I.E.
Control 0.443 0.431 0.012 -
Acetazolamide 0.395 0.384 0.009 25
La-AZM complex 0.424 0.417 0.007 41
Pr-AZM complex 0.428 0.412 0.006 50

Antimicrobial activity

Above synthesized compound and the ligand have been screened against bacteria E.coli and
staphalococcus aureus and fungi aspergillus Niger and alternaria. Nutrient agar as medium
used for bacteria and potato dextrose Agar used for fungi. Incubation of plates with complex
solution and ligand solution in well done for 48 h at 27 °C temperature.

The zone of inhibition based upon size around the well was measured. Inhibition zone
percentage are recorded in Table 3. The percentage inhibition of growth by ligand is less
than acetazolamide metal complex. Thus complex shows greater activity against micro-
organisms as compared to ligand acetazolamide. This prove that the chelation increases the
antimicrobial activity. Results are presented in Table 9.

Table 9. Antimicrobial activity of ligand and Ce(I11) complex

Ligand / % of Inhibition Zone

Complex E.Coli S.Aureus A.Niger Alternaria
Ligand 11 - - 04
La(lll) AZM - 09 - -
Pr(l11) AZM - 06 - 11

Conclusion

Hence on the basis of elemental analysis, IR spectra, UV, spectra, magnetic moment data,
conductivity measuremen and TGA data, following octahedral structure are proposed for
La(l11)-AZM complex and Pr(l11)-AZM complex as follows,

o
\
HZN—sj/‘i\F ”—‘(‘:—CH3

|
Il
w\\"\‘/ o)
La 2H,0 . 3CI
/; —k

HN— .‘SJ‘\ | NH—c—cH,
!

= J M=La(Ill) AND Pr(l11)

The results of antioxidative activity conclude the synthesized La(lll)-AZM and Pr(l11)-
AZM complexes has better antioxidative activity than acetazolamide. The results of
antimicrobial activity conclude the synthesized La(lll)-AZM and Pr(l11)-AZM complex of
AZM has better antimicrobial activity than acetazolamide.
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