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Abstract Herein, this article was focused on the synthesis and discussed the spectroscopic characterizations of
four new scandium( [l ) sulfa-drug complexes. The nomenclature and symbols of these drugs were sulfadimi-
dine (sulp-1), sulfanilamide (sulp-2), sulfamethoxazole (sulp-3) and sulfadiazine (sulp-4). The microanalyti-
cal and spectroscopic analyses which utilized in this study were micro-analyses, magnetic, FT-IR. UV-Vis
techniques. The mid infrared spectra deduced that the four sulfa-drug chelates acts as a bidentate chelates with
scandium( [ ) ion via two nitrogen atoms of —NH,-Ar and —NH-SO, groups. Also, the FTIR spectra of
Sc*™ complexes referred to the existed of new medium weak bands in the range of 500~400 cm ' due to stretc-
hing vibration bands of v(M—N). The elemental analysis technique confirmed the 1 ¢ 2 stoichiometry between
Sc®* jons and sulp ligand with molecular formula [Sc(sulp), (CD,] « Cl. At room temperature, the results of
magnetic measurements for the Sc([l[ ) complexes indicated that all of the synthesized complexes have a dia-
magnetic character with octahedral configuration. The electronic spectra of the free sulfa-drug ligands shows
band at 275 and 310 nm which are intraligand charge transfer band. The electronic sbhsorption spectra of the
Sc*™ complexes were recorded using DMSO solvent. The spectra of complexes display bands within 275~ 388
nm, which attributed to =—=" ,» n—=x" and charge-transfer M-L¢r electronic transitions, which strongly favors
the octahedral geometry around Sc(l[ ) metal ions. ' HNMR spectra of complexes referred to the downfield
proton shifts of the —NH, and NHSO, groups, which supported the place of coordination. The half maximal
inhibitory concentration (IC;,) of the Sc! complexes was assessed against the human hepato cellular carcinoma

(HepG-2) tumor cell line.
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Introduction

Sulfonamides —NHSO, received much attention because
of their tendency to attached with different drugs as a medici-
nal drugs against bacterial infections and serious diseases in

t-21 - Although sulfonamides are old drugs, they are

humans
still considered useful in some therapeutic areas especially in

the case of eye infections as well as urinary, gastrointestinal
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1 and the complex composition of metal ions and
sulfa-drugs themselves constitute an important area of re-
search™. Moreover, sulfa drugs and their metal complexes
have many applications, as well as antibacterial activity such
as diuretics, anti-glaucoma or antiepileptic, among other
things™, such as antifungal activity!’), and in many cases,
metal compound activity is much better than ligand alone™™.

[8]

Fox et al. "', was discussed number of different metal sulfa

drug complexes and their antimicrobial activities. Silver( | ),
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zinc( ] ) and cerium([l] ) sulfadiazine complexes were synthe-
sized, characterized and they were found a distinguish proper-

(0 have been re-

ties as a burn treatment™!. Srivastava et al.
ported the synthesis and spectroscopic investigations of the
coordination between sulphaguanidine ligand and different
metal ions like Fe*™, Cu®™, Cd*", V'™, Mo"™, Pb*", Se'",
and Sn'" ions have been synthesized and investigated. The
rare earth mixed ligand complexes with sulfamethoxy as a pri-
mary and pyridazine as a secondary chelates were synthesized
and spectroscopically studied™'", while Gupta and Jha''* have
been characterized an antimony ( [l ) complexes with different

3] The complexation between two sulfa

kinds of sulfa drugs
drugs (sulphisoxazole and sulfamethoxazole) ligands and first
series of transition metal ions have been synthesized and char-
acterized by Kanagaraj and Rao authors™*/,

In literature survey, our group were prepared and dis-
cussed some of transition (Mn (][ ), HgCI[ ), Cr([l[), ZrO
(1), VOCII)) and rare earth metal (YCII), CeCIll), Gd
(M), NdCIIYs Th (), Er (Il )) complexes with sul-

fasalazine drug ligand™'"). These complexes were spectroscopy

characterized and biologically screened against bacteria, fungi
and cancer cell lines. In literature survey, there is no work
appears to have been done on the chelation between sulfa-drug
with Sc" ion. It should be noted that the medicinal properties
of scandium metal is now recognized, and the scandium has

been of interest because of its possible use as an adjunct to *

151 It was therefore thought to

Ga survey of cancer patients
be useful to assemble some Sc*" sulfa drugs for the first time.
The main objective of this work is to prepare and spectroscop-
ic characterize scandium complexes ([[[) with sulp-1, sulp-2,
sulp-3 and sulp-4 sulfa drugs and to determine coordination

sites, antimicrobial and anti-cancer assessment.
1  Experimentals

1.1 Chemicals
There are pure grade and used as received, the name of
chemicals, exporting company and their purpose can be listed

as follows:

Chemicals

Company

Purpose

Sulfadimidine
Sulfanilamide
Sulfamethoxazole

Sulfadiazine

ScCl;

Sigma-Aldrich, USA

Chemical Synthesis

DMSO

Sigma-Aldrich, USA

Chemical analysis

Crystal violet
Trypan blue dye
Fetal Bovine serum
EMEM
RPMI-1640
HEPES buffer solution
L-glutamine
Gentamycin

0.25% Trypsin-EDTA

Lonza Group AG, Switzerland

Sigma (St. Louis, Mo. , USA)

Biological analysis

1.2 Synthesis of scandium( [[[ ) sulfa-drug complexes

A 1.0 mmol (152 mg) of ScCl; and 2. 0 mmol from sul-
fadimidine (557 mg), sulfanilamide (345 mg), sulfamethox-
azole (507 mg), or sulfadiazine (501 mg) were separately dis-
solved in methanol (25 mL), then mixed and refluxed for 6
hrs, yielding a white solution which was concentrated and left
for three days yielding a white precipitate then filtered and
washed with hot methanol solvent. The resulting solid precip-
itates were dried in a dessicator for seven days to afford the
desired solid complexes. The elemental, physical and micro-
analytical data are summarized in Table 1.
1.3 Instrumentals

1.3.1 Instrument

Perkin Elmer CHN 2400; Jenway 4010 conductivity me-
ter; Bruker FTIR Spectrophotometer; UV2 Unicam UV/Vis
Spectrophotometer; Magnetic balance, Sherwood Scientific,
Cambridge, England, at Temp 25 °C; Varian mercury VX-
300 NMR Spectrometer.

1. 3.2 Measurement

Contents C, H and Nj; Electrolytic or non-electrolytic
character; IR measurements; Electronic spectra; Magnetic
moments; ' H-NMR spectrum.

1.4 Antimicrobial and anticancer assessments

Antimicrobial activity was performed dependent on modi-

fied Kirby-Bauer disc diffusion method"**). The tested species

of bacteria and fungi are Escherichia coli, Pseudomonas
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aeruginosa, Bacillus subtilis, Staphylococcus aureus, Asper-

gillus flavus and Candida albicans. The cytotoxicity of sam-

ples was screened against human Hepatocellular carcinoma

(HepG-2) using viability assay"'").

Table 1 Elemental and physical data of sulfa drugs scandium( [ ) complexes
c 0 Col Content[ (calculated) found] Awm/ Yield
omplexes ~olor
P %C %H %N %M (Q ' ecm? e mol 1) /%
(40.72) (3.99) (15.83) (6. 35)
Sc(sulp-1),(CD, ] « ClI, (1 i
[Sc(sulp-1)2(CDy] « Cl, (1) white 40. 34 e 15. 69 6. 21 40 63
. (29.07) (3.25) (11.30) (9.07)
Sc(sulp-2),(Ch, ]« Cl, (2 4 4
[Sc(sulp-2), (CD, | (2) white 29, 02 3 10 11 22 9. 02 15 64
(36.51) (3.37) (12.77) (6. 83)
Sc(sulp-3),(CD, ] « Cl, i S
[Sc(sulp-3)2(Chy] + Cl, (3) white 36. 25 3. 32 12. 63 6. 71 38 60
. (36.85) (3.09) (17.19 (6.90)
Sc(sulp-4), (Cl - Cl, (4 > 4
[Sc(sulp-4), (CD, ] 4) white 6. 81 3. 04 17. 03 6. 64 34 62
o and DMF solvents with gently heating. The Sc" complexes
\\ have an slightly electrolytic nature!'® with molar conductance
O// S /NHZ values within 34~45 Q' « em® « mol ' range, this is due to
\ P the presence of one chloride ion outside the coordination
N ’
R 1S & sphere. The Sc complexes have a diamagnetic state with an
H N i Cl octahedral geometry"'®’ as shown in Fig. 1.
b ’
( .
cl— Se 2.1.2 Infrared spectral assignments
/ L "
P hNR H FTIR spectra of Sc™ sulfa-drug complexes are displayed
% \\ / . . . . . . .
4 N__ R in Fig. 2(a) and the distinguish peaks are assigned in Table 2.
/ Regarding free sulfa-drug ligands, there are observed bands at

/
rd
7/
= s=o
\
)

H;C WCH} sulp-1 complex 1 [Sc(sulp-1),(Cl),]-Cl

N
\/ WY sulp-2 complex 2 [Sc(sulp-2),(Cl),]-Cl
R= H sulp-3 complex 3 [Sc(sulp-3),(Cl),]-Cl
yd o CH;
\/
sulp-4 complex 4 [Sc(sulp-4),(Cl),]-Cl
NN

Fig. 1 Suggested structural formulas of Sc! sulf-drug complexes

2 Results and discussion

2.1 Structural characterization of the Sc([[ ) sulfa-drug com-
plexes
2.1.1 Stoichiometric and molar conductance results
The micro analytical data of the synthesized Sc** comple-
xes are in agreement with 1 2 stoichiometry (Sc : sulp) as
refereed in experimental section. The white scandium C Il )
complexes are stable in static air with highly melting points

(>>300 C), insoluble in H;O and slightly soluble in DMSO

3 479~3 423 and 3 379~3 343 cm™ ' due to asymmetric and
symmetric stretching vibratioo bands —(NH) of aniline group
—NH., """, The bands presence at 3 290~3 242 cm ™! are as-
signed to —NH stretching vibration of (SO;NHR) sulfona-
mide group'®’. Concerning of Sc™ complexes, the y,, (NH) of
aniline group is existed at 3 461~3 420 cm™ ' and the v, (NH)
band is exhibit at 3 370~3 340 cm ', These shifts to lower
frequencies are due to the involved in coordination toward Sc'
ions. Moreover, tie bending —(NH, ) vibration of —NH,
group take place at 1 652~1 619 cm ™' for the free sulfa-drugs
compounds is shifted to lower wavenumbers after complexity
with Sc ions to became at 1 611~1 645 em™'. On the other
hand, the —NH band of —SO,NH group was exhibited at
3 290~3 242 ecm ™! in case of free sulfa-drugs. this is shifted

to lower wavenumbers by 5~24 em ! upon complexation™".
These FTIR results are supported the involvement of both
—NH; and —NH groups in the coordination toward scandi-
um( [[[ ) ions. The strong-to-very strong bands placed at 1 325
~1303 ecm 'and 1 165~1 145 em ! in the free sulfa-drugs
are attributed to asymmetric and symmetric stretching vibra-
tions of the —SO, sulfonyl group, respectively. In case of Sc
() complexes, it’s found that, these presented bands are
located at the same place or shifted to slightly higher wavenu-
mbers. These data reveal that the sulfonyl group doesn’t in-

volved in the coordination'?"’

. The absent of any bands in case

1

of Sc([ll) complexes at ~3 500 cm ' are due to absence of
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coordinated or uncoordinated water molecules, so the comple-

xes are fouod in the anhydrous form. The new medium-to-weak

d

Transmittance/%

T T T T T T 1
4000 3500 3000 2500 2000 1500 1000 500

Wave number/cm’!
Fig. 2(a)
a: Sulp-1; b: Sulp-2; ¢: Sulp-3; d: Sulp-4

FTIR spectra of Sc" sulfa-drug complexes

bands observed in the infrared spectra for all Sc" complexes
within the range of 500~400 ecm™" are attributed to y(M—N)
bands [ see Fig. 2(b) 7,

B
3
=]
S
E
&
g
F‘

Sc™-sulp-1

Sc™-sulp-2

Sc™-sulp-3

Sc™-sulp-4

T T T T T T 1

550 500 450 400 350 300 250 200
Wave number/cm™
Fig. 2(b) Far-IR spectra of Sc' sulfa-drug complexes

Table 2 FT-IR spectral frequencies (cm™') of sulfa-drugs and its Sc' complexes

Anilino group (—NH;) Sulfonamido group (—SO; NH)
Compounds
vas (NH) vs (NH) 0(NH;) y(NH) vas (SO2) s (SO32)
sulp-1 3442 3343 1 640 3242 1303 1147
sulp-2 3479 3 374 1 630 3269 1312 1148
sulp-3 3 467 3379 1619 3290 1 305 1145
sulp-4 3423 3 355 1652 3258 1325 1156
Complex 1 3 438 3 340 1635 3235 1303 1 146
Complex 2 3461 3 369 1626 3 245 1313 1145
Complex 3 3 460 3370 1611 3 285 1311 1157
Complex 4 3420 3 345 1 3 250 1325 1155

2.1.3 Electronic and magnetic measurements

An electronic spectra of sulfa-drugs ligands and their Sc
(Il complexes were scanned within 200 ~ 800 nm range.
These spectra have two absorption bands at 275 and 310 nm
that attributed to x—=" transition of the aromatic rings'?

*

and n—x " transition of the anilino —NH, and sulfonamido —
NHSO, groups. The electronic spectra of the four scandium
(Il ) complexes have different electronic transitions of the 71—
n*, n—x" and charge-transfer M-LLCT are presence at (277,
315, 388 nm), (275, 295, 309 and 372 nm), (276, 281,
297, 298 and 312 nm) and (277, 312, 322 and 326 nm) for
the Sc' complexes of sulp-1, sulp-2, sulp-3 and sulp-4, re-
spectively. These bands have be relocate rather than free lig-
ands because of binding to the central metal ions. In case of
octahedral statement of Sc([l[ ) complex, the charge-transfer
transition band is often occur at low energy"?’’. The scandium
(Il sulfa-drug complexes have u within the range of 0. 43
~0.69 BM, this is assigned to a diamagnetic octahedral ge-
ometry[m.
2.1.4 'H NMR assignments

"H-NMR spectra of the sulp-3 drug and its [ Sc(sulp-3),
(CD, ]+ Cl complex,

were scanned. In Table 3, the signals

of sulp-3 drug and its Sc" complex with significant shifts are
assigned. These results supported the site of coordination be-
tween the sulp-3 ligand and Sc" metal ions. 1H signals of
sulp-3 spectrum (scheme 1) comparing with the spectrum of
scandium( [l ) complex, it is clearly that they are relevant dis-
placement shifted towards downfield when the sulp-3 ligand is
coordinated to Sc ( [Il ), especially those assigned to 2H;
(NH,), that is presented at 6. 10 ppm for the free ligand,
and at 6. 45 ppm in the complex and 'H; (NHSO,) from
10. 95 to 11. 00, supported that the sulp-3 ligand is chelated
via the NH, anilino nitrogen atom and the —NH sulfonamido

nitrogen groups.

103
Hhatich e CTTF)
YRl S =4[ |
LAt rraas
1l (N
Scheme 1 Numerical protons of sulp-3 free ligand
2.1.5 Antimicrobial and Anticancer assessments

The antimicrobial activities of the free sulfa-drugs com-
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Table 3 'H-NMR proton signals of the

sulp-3 ligand and Sc( ][ ) complex

3'H A B C D E F
sulp-3 10. 95 7.49 6. 60 6.11 6. 10 2.29
ScCIll 11. 00 7.54 6. 70 6.10 6. 45 2.29

plexes (sulp-1, sulp-2, sulp-3 and sulp-4) and their Sc([l] )
complexes have biologically assessed in vitro against bacteria
and fungi species (Escherichia coli, Pseudomonas aeruginosa,
Bacillus subtilis, Staphylococcus aureus, Aspergillus flavus
and Candida albicans). The zones of inhibition produced by
the test compounds are summarized in Table 4. It is observed
that:

(1) [Sc(sulp-1), (CD, ] » Cl complex has a significant in-
hibition against E. coli, B. subtilis, S. aureus and Candida
albicans in comparable with free sulp-1 drug.

(2) [Sc(sulp-2), (CD, ] « Cl complex has a significant in-
hibition against P. aeruginosa. B. subtilis, S. aureus. A.
flavus and Candida albicans in comparable with free sulp-2
drug.

(3) [Sc(sulp-3),(CD), ] « Cl complex has a significant in-

hibition against E. coli, B. subtilis, S. aureus, Aspergillus

flavus and Candida albicans in comparable with free sulp-3
drug.
(4) [Sc(sulp-4),(CD, ] « Cl complex has a significant inhibi-
tion against E. coli, P. aeruginosa, B. subtilis, S. aureus
and Candida albicans in comparable with free sulp-4 drug.

On complexity, the polarity of the metal ion is greatly re-
duced due to the partial sharing of a positive charge of the
metal ion interfering with the donor groups. Increased li-
pophilicity promote the penetration of complexes in lipid
membranes and block mineral binding sites on microorganism
enzymes

In witro cytotoxicity assessment of the [ Sc (sulp-4),
(CD; ] » Cl complex was performed on human hepatocellular
carcinoma (HepG-2) tumor cell line. The results evaluated
upon the determination of inhibitory concentration of 50%
(ICs0), the data was listed in Table 5. The [ Sc (sulp-4),
(CD, ] « Cl complex has IC;, equal >1 000 pg » mL™ ' for
HepG-2 cell line. From this data, it is deduced that [ Sc(sulp-
4), (CD), ] + Cl complex has an efficient appropriate against

HepG-2 cell line.

Table 4 Inhibition zone diameter of sulfa-drugs and their Sc( ][ ) complexes against bacteria and fungi species

Inhibition zone diameter (mm * mg ! sample)
Sample Bacillus Escherichia Pseudomonas Staphylococcus Aspergillus Candida
subtilis coli aeruginosa aureus flavus albicans
(G+) (G—) (G—) (G+) (Fungus) (Fungus)
Control: DMSO 0.0 0.0 0.0 0.0 0.0 0.0
Anibarierl et 2 8 & - -
Stendard Amphotericin B
/\:tli}fungal agent N N N 18 1
sulp-1 12 16 14 16 11 0.0
Sc-sulp-1 19 22 11 20 3 17
sulp-2 12 10 5 0.0 0.0 0.0
Sc-sulp-2 22 9 22 14 12 21
sulp-3 15 12 10 0.0 0.0 0.0
Sc-sulp-3 29 15 10 19 10 12
sulp-4 2 16 4 0.0 8 0.0
Sc-sulp-4 10 22 9 20 2 19
Note: —G: Gram reaction; Solvent: DMSO
Table 5 Inhibitory efficiency against HepG-2 cell lines for the [ Sc(sulp-4), (CD), | « Cl complex
Con in Inhibitory activities against HepG-2 cell line
pg s mL™! Ab %C Ab %C Ab %C Abs Av Ave % C SE
0 0.453 97.419 35 0.476 102. 365 6 0. 466 100. 215 1 0. 465 100 1. 431 899
0.1 0.431 92. 688 17 0.415 89. 247 31 0.423 90.772 53 0.423 90. 967 74 0.995 42
1 0.425 91. 397 85 0.422 90. 752 69 0.418 89. 892 47 0.421 667 90. 681 0.436 04
10 0.418 89. 892 47 0.414 89. 032 26 0.417 89. 677 42 0.416 333 89.534 05 0.258 462
100 0. 395 84.946 24 0. 399 85. 806 45 0. 392 84.301 08 0. 395 333 85.017 92 0.436 04
1 000 0. 257 55. 268 82 0.275 59.139 78 0. 266 57.204 3 0. 266 57.204 3 1. 117 452
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