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Synthesis and characterization of some lanthanide metal complexes Ce(l11), Gd(lIl),
Nd(I1), Th(I11) and Er(111) with sulfasalazine as sulfa drug
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The complexation between lanthanides metal ions like Ce(lll), Eu(lll), Nd(lIl) and La(lll) with sulfasalazine
(Hssuz) produced 1:1 molar ratio ( metal : sulfasalazine) as a monodentate via OH group and give general formula:
Naz[M(Hsuz)(Cl)3(H20)].xH20, where: M= Ce, Eu, Nd and La, x= 2 and 10. The resulted sulfasalazine compounds
were assigned by Infrared, 'H-NMR and electronic spectra. Themogravimetric analysis and kinetic thermodynamic
parameters have proved the thermal stability feature of sulfasalazine complexes. The anti-microbial activities of the
lanthanides metal complexes of sulfasalazine recorded a significant effect against some bacteria and fungi.
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INTRODUCTION

Sulfa drugs have attracted special attention for
their therapeutic importance as they were used
against a wide spectrum of bacterial ailments [1-9].
Also, some sulfa drugs were used in the treatment
of cancer, malaria, leprosy and tuberculosis [4].
The importance of the very interesting features
of metal coordinated systems is the concerted
spatial arrangement of the ligands around the metal
ions [10]. Although the complexes of the sulfa
drugs have been investigated in the solid state,
relatively was known about their solution chemistry
in particular their mixed-ligand complexes [8, 11].
The formation and characterization of binary and
mixed-ligand complexes, involving iminodiacetic
acid and sulfa drugs as sulfadiazine and
sulfadiamidine, were investigated [8, 11, 12].
Sulfasalazine Hssuz (Fig. 1) 2-hydroxy-5-[[4-[(2-
pyridinylamino) sulfonyl]phenyl]azo]benzoic acid,;
is a sulfa drug, a derivative of Mesalazine (5-
aminosalicylic acid abbreviated as 5-ASA), used
primarily as an anti-inflammatory agent in the
treatment of inflammatory bowel diseases as well
as rheumatoid arthritis [13-16]. When dealing with
the interaction between drugs and metal ions in
living systems, a particular interest has been given
to the interaction of metal ions with antibiotics,
which has been widely used in medicine both
towards human beings and animals [17, 18]. In
particular the interaction between transition metals
and B-lactamic antibiotics such as cephalexin has
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been recently  investigated by  several
physicochemical and spectroscopic methods, and
with detailed biological data [19-22]. Many
properties when administered in the form of
metallic complexes. Probably the most widely
studied cation in this respect is Cu(ll), since a host
of low-molecular-weight copper complexes have
been proven beneficial against several diseases
such as tuberculosis, rheumatoid, gastric ulcers, and
cancers [23-29] of the complexation of sulfa drugs
did not focus on the coordination behavior, but only
dealt with the solution state and crystal structures of
its metal complexes.
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Fig. 1. Sulfasalazine (Hssuz) drug ligand.
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The complexation of sulfasalazine (Hssuz) with
some of transition metals have been investigated
[30]. Three types of complexes,
[Mn(Hsuz)(HzO)4].2HzO, [M(HSUZ)(Hzo)z].XHQO
(M= Hg(ll), Zro(ll) and VO(Il), x=4, 8 and 6,
respectively) and  [M(Hsuz)(Cl)(H.0)3].xH:0
(M=Cr(lIl) and Y(III), x=5 and 6, respectively)
were obtained and characterized by
physicochemical and spectroscopic methods. The
IR spectra of the complexes suggest that the
sulfasalazine behaves as a monoanionic bidentate
ligand. The thermal decomposition of the
complexes as well as thermodynamic parameters
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(E*, AH*, AS* and AG*) were estimated using
Coast-Redfern and Horowitz-Metzger equations. In
vitro antimicrobial activities of the Hssuz and the
complexes were tested. The complexes of
sulfasalazine(Hssuz) with some of alkaline-earth
metals Mg(ll), Ca(ll), Sr(ll) and Ba(ll) have been
investigated [31]. Sulfasalazine complexes were
synthesized and characterized by spectroscopic
tools; Infrared spectra, electronic and mass spectra.
The IR spectra of the prepared complexes were
suggested that the Hssuz behaves as a bi-dentate
through the carboxylic and phenolic groups. The
molar conductance measurements gave an idea
about the non-electrolytic behavior of the Hssuz
complexes. The thermal decomposition processes
for metal(ll) complexes of Hssuz viz:
[M(Hsuz)(H20)4] (where M= Mg(ll), Ca(ll), Sr(Il)
or Ba(ll)) have been accomplished on the basis of
TG/DTG and DTA studies, and the formula
conforms to the stoichiometry of the complexes
based on elemental analysis. The kinetic analyses
of the thermal decomposition were studied using
the  Coast-Redfern and  Horowitz-Metzger
equations. The antitumor and antimicrobial
activities of the Hssuz and their alkaline-earth
metals(ll) complexes were evaluated. Sulfasalazine
is composed by sulfapyridine (SP) and 5-amino
salicylic acid (5-ASA) with a diazo bond linkage.
5-ASA is considered to be the active component in
the theraby of inflammatory bowel disease, while
SASP and SP are effective in the theraby of
rheumatoid disease [32-34]. The complexation
behaviour of mesalazine (5-aminosalicylic acid; 5-
ASA) towards the transition metal ions namely,
Cr(I11), Mn(l11), Fe(l11), Co(ll), Ni(ll), Cu(ll) and
Zn(11) have been examined by elemental analyses,
magnetic measurements, electronic, IR and *H-
NMR. Thermal properties and decomposition
kinetics of all complexes are investigated. The
interpretation,  mathematical  analyses  and
evaluation of kinetic parameters of all thermal
decomposition stages have been evaluated using
Coast-Redfern equation. The free ligand and its
metal complexes have been tested in vitro against
Aspergillus niger and Candida albicans fungi and
Psuseudomonas aeruginosa, Escherichia coli,
Bacillis subtilies and Staphylococcus aureus
bacteria in order to assess their anti-microbial
activity than the parent 5-ASA drug [35]. Herein,
in this work we prepare chelates of Ce(l1), Eu(lll),
Nd(Il1) and La(lll) with Sulfasalazine drug
molecule. The solid chelates are characterized using
different physico-chemical methods like elemental
analyses (C, H, N, S and metal content), IR, UV-vis
spectra, *H-NMR and thermal analyses (TG and

896

DTG). Antimicrobial activity test of the complexes
are studied.

EXPERIMENTAL
Physical measurements

Carbon and hydrogen contents were determined
using a Perkin-Elmer CHN 2400. The metal content
was found gravimetrically by converting the
complexes into their corresponding oxides. Infrared
spectra were recorded on Bruker FT-IR
Spectrophotometer (4000-400 cm™?) in KBr pellets.
The UV-vis spectra were studied in the DMSO
solvent with a concentration of 1.0x10° M for the
Hssuz and their complexes using Jenway 6405
spectrophotometer with 1cm quartz cell, in the
range 800-200 nm. Molar conductance of the
freshly prepared solutions of Hssuz complexes with
1.0x 10 M in DMSO were measured using Jenway
4010 conductivity meter. *H-NMR spectra were
recorded on a Varian Gemini 200 MHz
spectrophotometer using DMSO-d6 as solvent.
Thermogravimetric analyses (TGA and DTG) were
carried out in a dynamic nitrogen atmosphere (30
ml/min) with a heating rate of 10 °C/min using
Shimaduz TGA-50H thermal analyzer.

Antimicrobial activity test

According to [36], the hole well method was
applied. The investigated isolates of bacteria were
seeded in tubes with nutrient broth (NB). The
seeded NB (1 cm?®) was homogenized in the tubes
with 9 cm® of melted (45 °C) nutrient agar (NA).
The homogeneous suspensions were poured into
petri dishes. The holes (diameter, 4 mm) were done
in the cool medium. After cooling 2x10 dm? of the
investigated compounds were applied using a
micropipette. After incubation for 24 h in a
thermostat at 25-27 °C, the inhibition (sterile) zone
diameters (including disk) were measured and
expressed in mm. An inhibition zone diameter of
over 7 mm indicates that the tested compounds are
active against the bacteria under investigation. The
antibacterial  activities of the investigated
compounds were tested against Escherichia coli
(Gram -ve), Bacillus subtilis (Gram +ve) and
antifungal (Aspergillus niger and Penicillium
activities).

Materials and methods

All chemicals used were of analytical grade
where possible and were purchased from Aldrich
and Merck companies and sulfasalazine drug was
presented from Egyptian international
pharmaceutical industrial company (EIPICO). The
complexes were prepared by mixing sulfasalazine
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(2 mmol) and metal chlorides of Eu(lll), Ce(lll),
Nd(I1) and La(lll) (1.0 mmol) in mixed solvent
MeOH/H,O (50/50%; 40 cmq), then pH of the
solution was adjusted to 8-9 with 1 M NaOH
solution and the reaction mixture was stirred at 60
°C for 2 h and left to stand overnight. The
precipitated complexes were filtered off, washed
with MeOH and H,O and dried in vacuum at room
temperature under anhydrous CacCl,.

RESULTS AND DISCUSSION

The elemental analysis (CHN) agrees quite well
with the speculated structure of the colored
sulfasalazine complexes (Table 1). The prepared
complexes have brown color. They are thermally
stable above >250 °C, soluble in DMSO and DMF.
The conductivity values measured in DMSO at
room temperature are located in the range of non-
electrolytes [37] for Ce(lll), Eu(lIl), Nd(Il) and
La(l)/Hssuz complexes while complexes behaves
as 1:1 non-electrolytes. The interpretation
concerning decreasing of conductivity values back
to the deprotonation of both OH of carboxylic and
OH of phenolic groups for the sulfasalazine ligand.
This assumption proves that free ligand acts in a
bidentate fashion via carboxylic and phenolic
groups and also attributed to the participation of
carboxylic group as a monodentate chelate.

Infrared spectra

The infrared spectra of sulfasalazine and its
complexes exhibited with the main coordination
bands which reveal the mode of bonding and are

free ligand (~1700-1300 cm-!) is selected and
assigned in Table 2 as follows; In contrast to the
assignments data of sulfasalazine, Ce(lll), Eu(lll),
Nd(111) and La(lll) complexes show no absorption
band at 1677 cm?, characteristic to the v(C=0)
vibration of the carboxylic group (in case of free
Hssuz ligand ), that is indicative of the involvement
of the carboxylic group in the coordination with
metal ion. The peaks at 1655 cm?® (vs)
Ce(I11)/Hsuz, 1652 cm (vs) for Eu(I11)/Hsuz, 1649
cm? (s) for Nd(II1)/Hsuz, 1654 cm? (vs) for
La(lll)/Hsuz complexes, respectively, are absent in
the spectrum data of the free Hssuz and can be
assigned to the asymmetric stretching vibration of
the carboxylate group, Vi(COO-). The spectra of
Naz[M(Hsuz)(Cl)3(H20)]1.xH0 (M= Ce(lll),
Eu(lll) Nd(lI) and La(lll), x= 2 and 10
respectively) complexes also have medium to
strong intensity band in the range of 1437-1456 cm"
1 This band is absent in spectrum of Hssuz and
interpretive to the symmetric vibration of the
vs(COO-) group. Deacon and Phillips [38] studied
the criteria that can be used to distinguish between
the three binding states of the carboxylate
complexes. These criteria are: (i) v >200cm?
(where v = [v a5(COO)- v 5(COO]), this relation is
found in case of unidentate carboxylato complexes,
(ii) bidentate or chelating carboxylato complexes
exhibit v significantly smaller than ionic values (v
<100 cm?) and finally (iii) bridging complexes
show v comparable to ionic values (v ~150 cm™).
The observed v for all the sulfasalazine complexes
is > 200 cm-! which confirms a unidentate

summarized in Table 2. Concerning the  interaction of the  carboxylate  group.
sulfasalazine complex, the most important region in
the infrared spectra of all complexes and the Hssuz
Table 1. Elemental analyses and physical data of suzH and its complexes
Content ((calculated) found) Am
Complexes Mawt — Color o e "o oo %Cl %M Q'cmmolt
Ce(Il1) (30.11) (2.79) (7.39) (14.03) (18.49)
6985 Brown ‘5026 279 719 1444 1831 9.2
Eu(lIl) (24.97) (4.08) (6.13) (11.64) (16.63)
8545 Brown “o563 452 640 1260  17.95 59
(29.95) (2.78) (7.35) (13.96) (18.93)
N1 7025 Brown ‘3556 492 738 1523  20.82 8.7
(30.16) (2.80) (7.40) (14.06) (18.36)
La(im) 6975 Brown ‘3,73 283 843 1573 1957 68
Table 2. Main IR data of the suzH and its metal complexes
Compound V(O-H) V(C-O) §(0OH) Va(COO) Vs(COO) AV(COO) V(M-0)
Hssuz - 1281 1393 1625 1427 -- --
Ce(l1) 3430 1239 1374 1655 1449 206 529
Eu(lll) 3383 1239 1378 1652 1437 215 538-458
Nd(I11) 3423 1240 1380 1649 1441 208 439
La(lll) 3422 1240 1382 1654 1456 198 411
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A board diffuse band of strong to medium
strong intensity in the 3500-3350 cm™ region may
be assigned to the OH stretching vibration for the
coordinated and uncoordinated water molecules in
the Hssuz complexes. It is note-worthy to say that
when the media of precipitation is sodium
hydroxide, this means that the sodium salt of
sulfasalazine is formed so, the stretching vibration
band of v (OH) of carboxylic group. As is also
difficult distinction between the v (OH) phenolic
group of sulfasalazine and the stretching vibrational
bands of water molecules because of the
overlapping values, and appear in one place. To
ascertain the involvement of v (OH) of phenolic
group of sulfasalazine in the coordination process
to the followed by the stretching vibration bands of
v (C-0) in all sulfasalazine complexes, examination
of the Hssuz complexes found that the v (C-O)
shifted to lower wave number from 1281 cm? in
case of free ligand to 1239 to 1240 cm in case of
their complexes. This result indicates that the
phenolic group participated in the complexation
and the Hssuz ligand acted as bidentate. The lower
shift of §(OH) from 1393 cm™ in the free Hssuz
ligand to 1374-1382 cm™ in their complexes is
another factor confirming the involvement of OH
phenolic group in the coordination process. The
presence of v(M-O) stretching vibrations at two
bands: 538-458 cm™ for Eu(I11)/Hsuz and one band:
529 cm?! for Ce(lll)/Hsuz, 439 cm?t for
Nd(ll)/Hsuz and 411 cm? for La(lll)/Hsuz,
supports coordination by Hssuz ligand as a
bidentate monoanionic chelating agent via OH of
carboxylic and phenolic groups [39].

Electronic spectra

The electronic spectra of the free Hssuz and
their metal complexes were measured and listed in
Table 3.

Table 3. Electronic spectral data of the sulfasalazine
metal complexes

Compound Amax (NM) Assignment
226, 246, 260
268,308, 332, i
Ce(lll) 389 m-m trans
427, 601, 701, N-m™ trans
787
226, 248, 259, i
Eu(lll) 270, 296, 332 - rans
597, 704 n- ™ trans
228, 269, 298, i
Nd(Il) 332 - trans
403, 427, 591 n-n* trans
215 227, 231,
245, 251, 262, - T* trans
La(ll) - 570, 306, 332 N- * trans
428, 591

There are some absorption peaks at ranged from
215-390 nm (225, 280, 290, 360, 390 nm) and at
415 nm, which are assigned to n- ©* and n-m*
transitions  within  the organic moiety of
sulfasalazine ligand. On the other hand, there are
two absorption ranges at 215-389 nm and 403-787
nm, due to n-t* and n-m* transitions, respectively,
within the Hssuz complexes. The electronic
absorption spectra of all Hssuz complexes show a
bathochromic shift comparable to free ligand within
n-m* transition region [40-45]. This shift attributed
to the place of complexation and the change in the
electronic configuration for the Hssuz complexes
resulted.

'H-NMR spectra

The H-NMR spectra presented the persuasive
confirmation of the coordination modes. Thus, the
IH-NMR spectra of complexes (Fig. 2) on
comparing with those of spectrum of the free
sulfasalazine indicate that, Hssuz ligand acts as
bidentate ligand through the phenolic OH group
and carboxylic OH group. H-NMR spectra of
complexes were carried out in DMSO-dg as a
solvent, the data obtained are in agreement with the
suggested coordination through the carboxylic and
phenolic groups by absence of the signals of two
protons which exist in the free ligand about 6=
11.00 and 5.00 ppm, respectively, and due to
different chemical environments the signals of
aromatic protons at 6.00-8.00 ppm are present with
decreasing intensities.

A
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O

Fig. 2. 'H-NMR spectra of (A) Eu(III)/Hsuz and (B)
Nd(I11)/Hsuz complexes
Thermal analysis

The thermal decomposition curves (TG/DTG
and DTA) are given in Fig. 3, while the TG weight
loss data, DTG and DTA peak temperatures are
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existed in Table 4. The results showed that the
complexes lost its hydration water below 573 K,
within the temperature range 573-653 K the
coordinated water molecules were liberated. The
anhydrous complexes displayed the decomposition
of the organic ligand within the temperature range
673-1073 K leading to metal oxide. The metal
contents were calculated from the residual contents
and were found to be in good agreement with the

results of elemental analysis.
Naz[Ce(suzH)(Cl)3(H.0)].2H,O  complex  was
thermally decomposed in three successive

decomposition steps within 327-1073 K, the first
decomposition step (obs= 5.0%, calc= 5.4%) within
the temperature range 327-519 K, may be attributed
to the liberation of the two hydrated water
molecules. The second decomposition step found
within the temperature range 519-768 K (obs=
45.6%, calc= 45.3%), which are reasonably
accounted for by  the removal of
(3C2H2+2HCN+S0,+1.5Cl>+0.50). The rest of
sulfasalazine molecule was removed on the third
step within the temperature range 768-1073 K
(obs= 27.9%, calc= 27.4%). The decomposition of
the ligand molecule ended with a final oxide
residue of CeOss.

The TG curve of
Naz[Eu(suzH)(Cl)3(H-0)].10H.0 complex indicates
that the mass change begins at 352 K and continues
up to 814 K. the first mass loss corresponds to the
liberation of the three hydrated water molecules
(obs=  7.9%, calc= 8.0%). The second
decomposition step occurs in the range 600-814 K
and corresponds to the loss of
(2C2H2+S0O2+2HCN+2HCI+5.5H,0+0,) (obs=
43.2%, calc= 43.7%). The final decomposition step
occurs in the range 814-1073 K and corresponds to
the loss of (5C;H,+HCI+N»+2CO) (obs= 29.2%,
calc= 29.3%). DTG profile shows three
endothermic peaks, the first at 352 K corresponds
to the melting of the complex, while the second at
600 K corresponds to the dehydration and
decomposition of the complex. The third board
endothermic peak corresponds to the final
decomposition of the organic ligand to the EuO; s.

To make sure about the proposed formula and
structure for the Nd complex, thermo gravimetric
(TG) and differential thermo gravimetric (DTG)
was carried out for this complex under N, flow.
The thermal decomposition for
Naz[Nd(suzH)(Cl)3(H20)].2H.O complex occurs in
three steps. The first degradation step take place in
the range of 298-344 K and it is corresponds to the
elimination of 2H,O molecules due to weight loss
(obs, =5.8% and calc=5.4%).
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Fig. 3. TG and DTG curves of (A): Ce-sulfasalazine,
(B): Eu-sulfasalazine, (C): Nd- sulfasalazine and (D):
La-sulfasalazine

The second step fall in the range 523-803 K
which is assigned to loss of
(3C2H2+2HCN+S0O,+Cl>+0.50) with a weight loss
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(obs=38.7% and calc=39.0%). The final step fall in
803 K was accompanied by mass loss (0bs=32.1%
and calc=31.9%) which is assigned to loss of
(4C2H2+N2+ZCO+O.SC|2). The (Ndol,s) is the final
product remains stable till 1073 K.

The Nag[La(suzH)(Cl)3(H20)].2H.O complex
was thermally decomposed in three successive
decomposition steps with in the temperature range
352-1073 K. the first decomposition step (obs=
6.0%, calc= 5.4%) within the temperature range
352-600 K, may be attributed to the liberation of
two hydrated water molecules.

The second decomposition steps found within
the temperature range 534-803 K (obs= 35.5%,
calc= 35.5%) which corresponds to loss of
(2C2H,+2HCN+SO,+CI2+0.50).  The rest  of
sulfasalazine molecule was removed on the final
step within the temperature range 803-1073 K and
corresponds to loss of (2.5C;H;+N,+ 2CO+HCI)
(obs= 27%, calc= 27.3%). The decomposition of
the ligand molecule ended with a final oxide
residue of LaO, s contaminated carbon atoms.

In the present investigation, the general thermal
behaviors of the sulfasalazine complexes in terms
of stability ranges, peak temperatures and values of
kinetic parameters, are shown in Table 5 and Fig. 4.

Table 4. Thermal data of sulfasalazine and its complexes

The kinetic and thermo dynamic parameters have
been evaluated using the Coats-Redfern and
Horowitz-Metzger equations [46, 47]. The entropy
of activation, AS", was calculated. The enthalpy
activation, AH", and Gibbs free energy, AG", were
calculated from; AH" = E*-RT and AG" = AH"-
TAS’, respectively. The thermodynamic behavior of
the all complexes of sulfasalazine with some
lanthanide(I1l) metal ions is non-spontaneously
(more ordered) reactions (AS is negative value),
endothermic reactions (AH>0) and endergonic (AG
>0) during the reactions. The thermodynamic data
obtained with the two methods are in harmony with
each other. The correlation coefficients of the
Arrhenius plots of the thermal decomposition steps
were found to lie in the range ~ 0.99, showing a
good fit with linear function. It is clear that the
thermal decomposition process of all sulfasalazine
complexes is non-spontaneous, i.e., the complexes
are thermally stable.

Structure of the sulfasalazine complexes

Finally on the basis of the above studies, the
suggested structures of the sulfasalazine complexes
can be represented in Fig. 5.

Compound  Step Temprange DTG peak TG weight Assignments
(C) )
Calc Found
1 50-150 54.59 54 50 2H,0
Ce(ll) 2 200-250 246.73 453 45.0 3C,H+2HCN+S0,+1.5Cl,+0.50
3 260-500 495,97 274 27.9 4C,H2+N2+2CO
Ce0O15+NaO
1 40-180 80 80 7.9 3H.0
Eu(li 2 200-330 327.43 437 43.2 2C,H,+S0,+2HCN+2HCI+5.5H,0+ O,
3 350-800 541.82 29.3 29.2 5C,H,+N,+2CO+ HCI
EuO15+ Na,O
2H,0
NIl : IS ot o8 3CHM2HCN #50,+C1+0.50
) ’ ’ 4C,H»+0.5ClL,+N»+2CO
3 500-800 530 319 321 NdO1 s+ Na,O
1 50-150 62.36 54 6.0 2H,0
La(lll) 2 200-250 261 355 355 2C,H+2HCN+S0,+Cl»,+0.50
3 560-800 530 273 27.0 2.5C,H>+N> + 2C0O+0.5Cl,

LaO; 5+ Na,O
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Table 5. Thermodynamic parameters of the thermal
decomposition of sulfasalazine complexes

Thermodynamic Methods Complexes
Parameters CR HM
r 0.99836  0.99732
E* 1.59E+05 1.83E+05
A 6.17E+08 2.56E+10
AS* - - Ce(ll1)
8.45E+01 5.35E+01
AH* 1.53E+05 1.77E+05
AG* 2.18E+05 2.18E+05
r 0.99408  0.99172
E* 2.09E+05 2.20E+05
A 1.33E+11 1.39E+12
AS* - - Eu(lln)
4.03E+01 2.08E+01
AH* 2.02E+05 2.14E+05
AG* 2.35E+05 2.31E+05
r 0.99645  0.99536
E* 2.12E+05 2.26E+05
A 4.29E+11 5.13E+12
AS* - - La(lln)
3.05E+01 9.86E+00
AH* 2.05E+05 2.20E+05
AG* 2.30E+05 2.28E+05
r 0.99926  0.99885
E* 2.61E+05 2.79E+05
A 1.22E+15 2.06E+16 Nd(111)
AS* 3.57E+01 5.92E+01
AH* 2.55E+05 2.72E+05
AG* 2.26E+05 2.25E+05

Antimicrobial activity

The results of antimicrobial activities (bacteria
and fungi) in vitro of sulfasalazine ligand and their
complexes Table 6 and Fig. 6, show that, the
Naz[La(suzH)Cl3(H20)].2H,O test complex have
high activities against A. niger>B.
subtilis>pencillium. On the other hand, Ce(lll),
Eu(lll) and Nd(IIl) sulfasalazine complexes have
antimicrobial activities against B. subtilis and
pencillium These results clearly obviously that,
some metal ions after complexation give the
sensitive nature for the ligand against some bacteria
and fungi.

2
\ / OH2

0 [ e
NH SO\

Nay xHp0

Fig 5. Mode of chelation of sulfasalazine complexes,
where M= Ce(l11), Eu(l11), Nd(111) and La(lll); X= 2 and
10.

||:| B. subtilis B E. coli O Pencillium O Aspergillus |

16
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Fig. 6. Microbial test for sulfasalazine complexes

Table 6. Antimicrobial activity of sulfasalazine

complexes.

Tested Diameter of inhibition zone (cm)
compounds B. subtilis E.col P.rotatum A.niger
Ce(111) 15 0 0.7 0
Eu(l1) 0.5 0 0.2 0
Nd(111) 0.7 0 0.3 0.6
La(lll) 0.6 0 0.3 1.2
REFERENCES

1.D.B. Clyson, J. A. S. Pringle, G. M. Ranses, Biochem.
Pharmacol., 16, 614 (1967).

2.W.N. Beerlev, W. Pelers, K. Mager, Ann. Trop. Med.
Parasitol., 26, 288 (1960).

3.G. Tarbini, Inst. Congr . Chemother. Proc. 5™, 2, 909
(1967).

4.Hoffman La Roches Co., Swiss Patent 416648 (1967).

5.L.H. Schmidt, Ann. Rev. Microbiol,. 23, 427 (1969).

6.C. Sharaby, Synth. React. Inorg. Met. Org. Chem., 35
133 (2005).

7.A. Vaichulis, US Patent 3,272,352 (1966).

8.M.M. Shoukry, E.M. Shoukry, Int. J. Chem., 2, 81
(1991).

9.C. Sharaby, Spectrochim. Acta Part A., 66(4),1271
(2007).

10.J. B. Castledine, A.F. Fell, R. Modin, B. Sellberg, J.
Chromatogr., 592, 27 (1999).

11.W. M. Hosny, Synth. React. Inorg. Met.- Org. Chem.,
29, 361 (1999).

12.W. M. Hosny, Synth. React. Inorg. Met.- Org. Chem.,
27,197 (1999).

13.C. M. Bell, F. M. Hebal, Am. J. Gastroenterol., 92,
2201 (1997).

14. O.DiavCirtin,Y.Park,G.Veerasuntharam, Gastroenter
ology., 114, 23 (1998).

15. W.Sandborn , L.Sutherland , D.Pearson , G.May , R.
Modigliani , C.L.Prantera C. Cochrane Database
Syst. Rev., CD000543 (2000).

16. S.B.Hanauer, W.J.Sandborn, A.Kornbluth, S.Katz,
M. Safdi. Am J Gastroenterol. , 100, 2478 (2005).

902


http://www.ncbi.nlm.nih.gov/pubmed/?term=Sandborn%20W%5BAuthor%5D&cauthor=true&cauthor_uid=10796557
http://www.ncbi.nlm.nih.gov/pubmed/?term=Sutherland%20L%5BAuthor%5D&cauthor=true&cauthor_uid=10796557
http://www.ncbi.nlm.nih.gov/pubmed/?term=Pearson%20D%5BAuthor%5D&cauthor=true&cauthor_uid=10796557
http://www.ncbi.nlm.nih.gov/pubmed/?term=May%20G%5BAuthor%5D&cauthor=true&cauthor_uid=10796557
http://www.ncbi.nlm.nih.gov/pubmed/?term=Modigliani%20R%5BAuthor%5D&cauthor=true&cauthor_uid=10796557
http://www.ncbi.nlm.nih.gov/pubmed/?term=Prantera%20C%5BAuthor%5D&cauthor=true&cauthor_uid=10796557

M.G. Abd EIl-Wahed at al.: Synthesis and characterization of some lanthanide metal complexes Ce(l11), Gd(I11), Nd(III).....

17.J. Klostersky, D. Danean, D. Weerts, Chemotherapy,
18, 191 (1973).

18. A. Zaki, E. C. Schreiber, 1. Welikly, J. R. Knill H. J.
Hubsher, J. Clin . Pharmacol., 14, 1180 (1974).

19.F. M. Abdel-Gawad, N. M. el-Guinidi, M. N.
Ibrahim, J. Drug Res., 17, 197 (1987).

20.J. Lozano, J. Borras, J . Inorg. BioChem., 31, 187
(1987).

21. M. I. H. Helaleh, E. S. M. Nameh, An. Quim. Int., 94,
160 (1998).

22.J. R. Anacona, J . Coord. Chem., 54, 355 (2001).

23.G. N. Mukherjee, S. Beau, T. Ghosh, J. Indian Chem.
Soc., 70, 1043 (1993).

24.S. Tabassum , F. Amirand, S. H. Rafiqi, Main Group
Metal Chem., 19, 245 (1996).

25.Z —F. Chen, S. Kang, H. Liang, F. Yi, K-B. Yu,R -
G. Xiong, X —=Z. You, Appl. Organometal. Chem.,
17, 887 (2003).

26.Z —F. Chen, S. Kang, S —-M. Shi, B F. Abrahams, H.
Liang, J.Mol. Struct., 882, 134 (2008).

27.S. Kang, Z —F Chen, J. Guangxi, Normal University,
26, 789 (2006).

28.D.H. Brown, A.J. Lewis, W.E. Smith, J.W. Teape, J.
Med. Chem., 23, 729 (1980).

29.G. M. Golzar Hossain, A. J. Amorso, A. Banu K.
M.A. Malik, Polyhedron, 26, 967 (2007).

30.M. G. Abd El-Wahed, M. S. Refat, S. M. ElI-
Megharbel, Indian academy of science, 32, 205
(2008).

31.M. S. Refat, F. S. Mohamed, Spectrochimica Acta

part A, Molecular and Biomolecular Spectroscopy,
82, 108 (2011).

32.K. M. Das, R.Dubin, Clin pharmacokinet,; 1406
(1976).

33. C. Fischer, K. Maier, E. Stumpf, U. von Gaisberg, U.
Klotz, Eur J Clin Pharamcol; 25, 511 (1983).

34.H. A. Bird, Br J Rheumatol, 34; 16 (1995).

35.H. M. Soliman, G. M. Gehad, Spectrochimica Acta
part A, Molecular and Biomolecular Spectroscopy,
107, 8 (2013).

36.R. Gupta, R. K. Saxena, P. Chatarvedi, J. S. Virdi, J.
Appl. Bacteriol,. 87, 378 (1995).

37.W. J. Geary Coord., Chem. Rev,. 7, 81 (1971).

38.G. B. Deacon, R. J. Philips, Coord. Chem. Rev., 33,
227 (1980).

39.K. Nakamoto, Infradred and Raman spectra of
inorganic and coordination compounds, 4 th ed.,,
Wiley, New York, 1986.

40.M. G. Abd EIl-Wahed, M. S. Refat, S. M. EI-
Megharbel, Chem. Pharm. Bull., 56 (11), 1585
(2008).

41.M. G. Abd EIl-Wahed, M. S. Refat, S. M. El-
Megharbel, Spectrochim. Acta A, 70, 916 ( 2008).

42. M. S. Refat, J. Mol.struct., 842, 24 (2007).

43.M. G. Abd El-Wahed, M. S. Refat, S. M. EI-
Megharbel, J. Mol. Struct. , 888, 416 (2008).

44. M.G. Abd El-Wahed, M.S. Refat, S.M.EI-Megharbel,
J. Mol. Struct., 892, (2008) 402.

45. M.,S.,Refat, J.Mol.struct., 969, 163,(2010).

46. A\W. Coats, J. P. Redfern, Nature, 201, 68 (1964)

47.H.W. Horowitz, G. Metzger, Anal. Chem., 35, 1464
(1963).

CUHTE3A M OXAPAKTEPU3UPAHE HA HSIKOU KOMIUIEKCH HA JIAHTAHUJIUTE
Ce(I11), GA(111), Nd(111), To(11) X Er(111) CBC CYJIDPACATA3ZNH KATO CVYJIDA-
JIEKAPCTBA
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(emro3eP)

KomrmekcoobpaszyBaHeTo Mexay

Houn Ha mantanuaute (samp.Ce(lll), Eu(lll), Nd(IIl) u La(lll)) cse

cynacanasun (H3SUZ) maBa KOMILIEKCH ¢ MOJIapHO choTHOMIEHHE 1:1 (MeTa : cyndacaaa3ut) KaTo MOHOAEHIATHIPES
XMIApOKCHIHA rpyna u ¢ obma dopmymnaNaz[M(Hsuz)(Cl)s(H20)].xH20, xsnero M= Ce, Eu, Nd ulLa, X = 2 u 10.
IMonydyenute cheavHeHUs 3a oxapakrepusupanu ¢ uHdpadepsenn, ‘H-NMR u enexrponsn cnexTpu. JlokasaHa e

TAXHAaTa TEPMUYHA CTaOUITHOCT Ygpe3 TCPMOrpaBUMETPUYCH aHAIN3, TCPMOAMHAMUYHU W KHUHCTUYHU H3CJICIABAHUA

Te3n KOMIUIEKCHH CheIUHEHUS Ha JJAHTAHUINUTE ChC cyn(banamHa IIOKa3BatT aHTI/I-MI/IKpO6Ha AKTUBHOCT CIIPAMO HAKOHU

OaKkTepuy U rbOMYKH.
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