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Abstract

Mn(ll), Fe(ll), Co(ll), Ni(ll), Cu(ll) and Zn(ll) omplexes of mixed drug
Paracetamol (HL) and Sulfamethoxazole {Hivere synthesized and characterized by
room temperature magnetic moments, melting popgscentage metal, conductance
measurements, infrared and electronic spectrossopige percentage metal analysis
showed that the complexes mostly analyzed as [M(HIL})X].nH,O, X = Cl or NQ,
and [M(HL)(HLY)(SQy)].nH20. Infrared spectra data confirmed that coordimati@s
through phenol and carbonyl oxygen atoms of Paaauelf while the coordination in
Sulfamethoxazole was through the nitrogen and axygems of the amine and
sulphone groups. The room temperature magnetic moarel electronic spectra data
indicated that all the metal(ll) complexes were omeric and octahedral, with the

exception of the Cu(ll) complex which was dimerand antiferromagnetic.



Furthermore, the Fe(ll) complex exhibited high sptiow spin octahedral equilibrium.
The molar conductance measurements of the metal§i)plexes in DMSO confirm
that the complexes were all covalent, with the pkoa of the Ni(ll) complex which
was a 1:1 electrolyte. Interestingly, tirevitro antimicrobial studies on these mixed
drug metal(ll) complexes, Paracetamol and Sulfamethole againsEscherichia spp,
Streptococcus spp, Proteus sp, Candida albicangn@eella sp, Bacillus spp,
Staphylococcus spand Pseudomonas spphowed that [Co(HL)(HbCI,].2H,0,
[Cu(HL)(LY)(NO3)]2.H,O and [Cu(HL)(HL)SOy.H,O have higher inhibitory zones
than Streptomycin (2.0-29.0 mm) against these rhesowith the exceptions of
Escherichia sppand inhibitory zones range of 19.0-28.0, 17.@2hd 13.0-29.0 mm
respectively, proving their potentials as bropdetrum antimicrobial agents.
Keywords: Antiferromagnetic, broad-spectrum, Paracetamdfa8iwethoxazole.
1.0 Introduction

Infectious diseases still remains a crucial andlehging problem because of a
combination of factors including rising infectiodseases and the increasing number of
multi-drug resistant pathogens. Thus, there i$ s&kd to discover new compounds
with enhanced antimicrobial activities to combatuglr resistance menace as
corroborated by Jegede (2005). Paracetamol is d mmlalgesic with weak anti-
inflammatory activity, commonly used for the rel@f aches and pains- Roberts et al
(2001). However, overdose of Paracetamol may céiuee damage as validated by
Larson et al (2005). Sulfamethoxazole is in thesslaf Sulfonamides, which are
extensively used as antibacterial agent. This estduthe fact that they interfere with p-
amino benzoic acid (PABA) in the biosynthesis ofrakydrofolic acid, which is
essential for the metabolic process of bacteriatMetral (2010). Sulfamethoxazole is a
bacteriostatic antibiotic, used in combination #psr with Trimethoprim for the
treatment of urinary tract infection. It is alsedsas an alternative to amoxicillin-based
antibiotics in treating sinusitis and as prophysaaf pneumonia in AIDS patient -Garg
et al (1986). Furthermore, Streptomycin is a brepeetrum, bactericidal antibiotic used

in the treatment of tuberculosis in combinationhwitther anti-TB drugs - Zhu et al



(2001), and in combination with penicillin, it ised as a standard antibiotic cocktail to
prevent bacterial infection in cell culturgan-Thorsten and Kee-Woei (2004). Its choice
as standard antibiotic in this study is influenbgdts killing sensitive bacteria through
stopping the production of essential proteins néetde survive- Zhu et al (2001).
Mixed-ligand complexes containing nitrogen and aygatoms are of significant
importance due to their antimicrobial and anticaresivities which are better than the
metal-free ligands substantiated by Halli et allZ0and Moustafa (2005). Similarly,
many metal drug complexes have been found to haateerbantimicrobial and
anticancer activities than classical drugs likeptegin and Cloxacillin as validated by
Harminder et al (2013); Lawal and Obaleye (2007@joNet al (2011); Osowole et al
(2012); Osowole et al (2013a); Osowole et al (2Q;LBlamigboye, et al (2012); Sadler
and Zijien (1998).

Detailed literature search shows that mixed drugtamecomplexes of
Sulfamethoxazole have been reported-Bamigboye @0dl2); Ma et al (2007); Monti
et al (2010); Bellu et al (2005). However, no imf@tion is available on the mixed drug
metal(ll) complexes of Sulfamethoxazole and Paeanet. Thus, we present the
synthesis, characterization and antimicrobial #@atsy of some novel metal(ll)
complexes of Sulfamethoxazole and Paracetamol, thighaims of investigating their
magnetic properties for cooperative phenomenon sash antiferromagnetism,
ferromagnetism and spin crossover. In addition, plméentials of these metal(ll)
complexes and their ligands as broad-spectrunmanrtbial agentsn-vitro against
pathogenic organisms will be investigated and cosgavith that of Streptomycin in
order to discover suitable metal complexes forhierrtresearch in metallo-antibiotic.
This is a continuation of our group’s research amewoh drug metal complexes that
could serve as lead compounds in drug researchdior and infection management -
Osowole et al (2013a); Osowole et al (2013b); andvidle et al (2012).

2. Experimental

2.1 Materials and reagents



Reagent grade Cobalt(ll) chloride hexahydrate, @opkp sulphate
pentahydrate, Copper(ll) nitrate trihydrate, Ni¢kgl chloride hexahydrate,
Manganese(ll) nitrate hexahydrate, Zinc(ll) sulghatheptahydrate, and Iron(ll)
sulphate heptahydrate were obtained from Aldrich BDH chemicals. Paracetamol
and Sulfamethoxazole were gifts from Bentos Phaemtéeal products limited, New
Garage Ibadan and Mopson Pharmaceutical, Lagogridignd were used as received.

Solvents were purified by distillation.



2.2 Preparation of [Co(HL)(HLY)Cl]. 2H,0

This complex was prepared by the addition of 0.4@.§74 x 1G moles) of
CoCh-6H;0 to a stirring solution of 1.974 x Fonoles (0.30 g, paracetamol, HL) and
1.974 x 10 moles (0.50 g, Sulfamethoxazole, Hilin 20 mL of methanol. The
resulting homogeneous solution was then refluxed foours during which the product
was formed. The pink precipitate obtained wasrite washed with methanol and dried
over silica gel. The same method was used for tepgpation of the Mn(ll), Fe(ll),
Ni(ll), Cu(ll) and Zn(ll) complexes from their aide, nitrate and sulphate salts
respectively.
2.3 Physical measurement

The electronic (solid reflectance) and infraredcs@e (as KBr disc) of the
complexes were recorded on a Perkin-Eli®5 and Perkin-Elmer FT-IRpectrum BX
spectrometers in the range 4000-400"cfRoom temperature magnetic susceptibilities
at 301K were measured on Sherwood Susceptibilitar@® MSB Mark 1, melting
points were determined with Mel-Temp electrothermmlchine, molar conductance
measurements of 1 x M solutions in DMSO were obtained using electranfual
analyzer Consort C933 and percentage metal wasndetdl by complexometric
titration using EDTA.
2.4 Antimicrobial assay

The antimicrobial activities of the synthesized paunds as well as their metal
free ligands were studied using the agar diffuseshnique. The microbes used were
identified clinical, food and environmental straias Escherichia spp, Streptococcus
spp, Proteus sp, Candida albicans, Salmonella sgjllBs spp, Staphylococcus apd
Pseudomonas sfhe surface of the agar in a Petri dish was umifpiinoculated with
0.2 mL of 18 hour old test bacterial culture. Usagterile cork borer, 5 mm wells were
bored into the agar. Then 0.06 mL of 10 mg/mL coteion of each metal complex in
DMSO was introduced into the wells and the platesanallowed to stand on the bench

for 30 minutes before incubation at’87for 24 hours after which inhibitory zones (in



mm) were taken as a measure of antimicrobial agtivihe experiments were
conducted in duplicates and Streptomycin was usetdeareference drug.
3. Results and Discussion

The reaction of the Paracetamol (HL) and Sulfamehole (HLY) with the
metal(ll) chlorides (Co and Ni), metal(ll) nitratégln and Cu) and metal(ll) sulphates
(Fe, Cu and Zn) gave coloured metal complexes, wittoderate yields (30-40%)
according to equations below.

NiCl2.6H0 + HL + HL' — [Ni(HL)(HL )CI(H20)]CL.H,O + 4H0  ---meeeeemm- (1)
2Cu(NQy),.3H,0 + 2HL + 2HL— [Cu(HL)(LY)NO3]2.H;0 + 2HNG; + 5H,0 ------- )
MX2.aH0 + HL + HL' — [M(HL)(HL)X2.nH0 + cHO  =ememmmeeees 3)
(whenM=Mn,a=6,n=2,c=4,XN05; M=Co,a=6,n=2c=4, X=0
MSO,.aH0 + HL + HL'— [M(HL)(HLY)(SQy)].nH,0 + cHO  —eemmeem e (4)

(when M =Fe, Zna=7,n=0,c=7;M=Cu,a=5n=1,c=4

The formation of the metal complexes was confirnbgdpercentage metal,
distinct decomposition temperature, infrared amttedbnic spectroscopies. The ligands,
Paracetamol (HL) and Sulfamethoxazole {Hlmelted at 170-17Z and 168C
respectively, whereas their metal complexes decsegbdn the range 98-24°C,
confirming coordination. We have not been succésafwur efforts to isolate single
crystal of the metal complexes for X-ray diffractimeasurements. The analytical data,
colours, % metal, melting points, molar conducyivaind room temperature magnetic
moments for the complexes are presented in Table 1.

3.1 Percentage metal, Solubility and Conductance measurements

The experimental values of percentage metal inctiraplexes were in close
agreement with the calculated values. This corrateor the proposed formula mass for
the complexes.

The solubility of the metal complexes was testedvater, methanol, ethanol,
nitromethane, DMSO and dichloromethane. However cttmplexes were soluble only
in DMSO. Consequently, the molar conductance of riietal (1) complexes were
measured in DMSO and the values obtained wereeimathge 10.37— 23@ cmfmol™



indicating their covalent nature, with the exceptf the Ni(ll) complex which had a
value of 80.10 cm’mol™ indicative of a 1:1 electrolyte as validated bya@Ge(1971).
3.2 Electronic Spectra and Magnetic moments

The ultraviolet spectra of the HL (Paracetamol) &fld (Sulfamethoxazole)
were characterized by a strong absorption maxinzh et 32.68 and 32.79 kK
respectively, assigned to- n* transitions. These bands were shifted in the meta
complexes to 30.0- 33.3 kK due to coordination (&€&). The Mn(ll) complex showed
two absorption bands at 12.35 kK and 24.00 kK asslgo®Ay — “E; and®A;y -
4Tlg transitions typical of octahedral geometry-Al-Sairfid Refat (2012) . Literature
showed that high spin octahedral Mn(ll) complexssally have moments close to spin
only value of 5.90 B.M because orbital contributisnnil, a consequence G4
ground term-Saha et al (2000). Thus, an observednenb of 5.94 B.M was
corroborative of octahedral geometry -Saha et@DQ2

The Fe(ll) complex had one absorption band at 2%B8typical of 6-
coordinate, octahedral geometry and was assignét,go- °Eg transition. Normally,
high spin octahedral Fe(ll) complexes have momentke range 5.0-5.5 B.M while
low spin octahedral Fe(ll) complexes are diamagnetHowever, octahedral Fe(ll)
complexes are known to exhibit spin crossoteat is equilibrium between the high
spin Ty (g’ &) State and low spitAq(ty,’) state, with moments in the range 1.2-4.7
B.M- Matouzenko et al (2004). Consequently, the Fe@plex in this study had a
moment of 1. 22 B.M corroborative of a high sgilow spin octahedral equilibrium-
Kitchen et al (2013) and Rudavskyi et al (2013).

The Co(ll) complex exhibited three bands at 12ZR60 and 23.75 kK which
were consistent with octahedral geometry and wssegaed t04Tlg(F) - 4ng’4Tlg(F)
~ “Ayg and *T1(F) — *T1(P) transitions. An observed moment of 4.57 B.M was
supportive of octahedral geometry since momentshe range 4.6-5.2 B.M were
reported for octahedral Co(ll) complexes as vaéiddiy Housecroft and Sharpe (2005).

Furthermore, the Ni(ll) complex showed two absamptbands at 14.93 and
23.98 kK typical of 6-coordinate octahedral geomeaissigned téAzg - 3Tlg(F) and



3Azg - 3Tlg(P) transitions. An observed moment of 3.13 B.Mswamplimentary of
octahedral geometry since moments in the range3.3.88.M. were reported for
octahedral Ni(ll) complexes by Gupta and Sutar {200

The zn(ll) complex expectedly showed no d-d traositbecause it had'¥
configuration. This complex was essentially diameignand octahedral with a moment
of 0.39 B.M. Similar result was obtained by Ramtal2004).

The Cu(ll) complexes, [Cu(HL)H(NOs)]2.H,0 and [Cu(HL)(HL)(SOW)].H,0
both had an absorption band each at 20.92 kK &®I72K assigned t6E; — *Tyg
transition of 6-octahedral, geometry as indicdigd\gwara et al (2010). Mononuclear
copper(ll) complexes regardless of stereochemiatey expected to have effective
magnetic moments in the range 1.9-2.2 B.M. usuagjizer than the spin only moment
due to orbital contribution and spin-orbit coupliag validated by Gulcan et al (2012).
Thus, [Cu(HL)(L)Y(NO3)]2.H,0 and [Cu(HL)(HL)(SO,)].H,O had moments of 0.85
B.M. and 1.81 B.M. respectively. The latter compd'snmoment of 1.81 B.M. was
complimentary of octahedral geometry while the mote 0.85 B.M. in the former
compound was suggestive of anti-ferromagnetismatipey through a Cu-Cu bond in a
dimeric structure (Figure 1). However, we could podbe this further due to lack of
facility for variable temperature magnetic momergasurement as validated by Singh
et al (2012).
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Figure 1: Propose structure fordhmeric copper(ll) complex

3.3 Infrared Spectra

The strong and medium bands at 3467 @nd 3376 ci in Paracetamol and
Sulfamethoxazole were assignech@H/(NH) and corroborated by Lawal and Obaleye
(2007); Lutfar et al (2012) and Harminder et al 42D The band at 3376 ¢hin
Sulfamethoxazole still remained in the metal(ll)g@exes but shifted to 3379-3393
cm?, with the exception of [Cu(HL))NO3],.H,O. This indicated coordination to the
metal ion through nitrogen atom of the amine grelgamigboye et al (2012). In the
latter complex, the band at 3376 tim Sulfamethoxazole was absent due to de-
protonation and coordination of the secondary g#ro atom to the metal ion.
Furthermore, theOH band in Paracetamol, still showed in the metehglexes but
shifted to 3406-3486 cihdue to coordination of the un-deprotonated phemxgigen
atom to the metal(ll) ion as corroborated by Laamdl Obaleye (2007). The broad band
at 3500 crt in the Ni(ll) complex was assigned #©H water of coordination.
Furthermore, the(C=0) band of Paracetamol at 1622 cand 1595 cm shifted to



1608-1625 cril and 1545-1598 cihin the metal complexes due to the coordination of
the carbonyl oxygen atom. TRES=0) (Sulphone) band at 1293 tifasymmetric) and
1149 cm' (symmetric) in Sulfamethoxazole shifted to 127942m" and 1145-1164
cm® in the metal complexes due to the coordinatiomxafgen atom of the sulphone
group. Additionally, the new bands in the range-588 cm' and 377-455 cih and
356-371 crit, which were absent in the spectra of ParacetanmlSalfamethoxazole,
were assigned to(M-N), v(M-O) andv(M-CI) respectively. Similar result was obtained
by Al-Saif and Refat (2012) and Harminder et &1(2).
3.4 Antimicrobial activities

The antimicrobial activities of the ligands and ithenetal complexes are
presented in Table 3. The complex, [Cu(HL)#{BQy)].H-0, was the only one with an
activity of 7 mm againsg. coli. The remaining metal complexes, Paracetamol and
Sulfamethoxazole were not active agaistcherichiaspp The ligand, Paracetamol,
was inactive against all the tested bacteria wBilfamethoxazole was active against
six out of the tested microbethat is, C. albicans, Salmonella sp, Streptococgus
Bacillus sppand Pseudomonas swith inhibitory zones range of 12.0-29.0 mm. The
[Cu(HL)(HLY)(SQy)].H20 had the best activity being active against ad thicrobes
with the exception oE. coli(Typed strain) with inhibitory zones range of 792 mm.
The next in activity were [Cu(HL)@(NOs)]..H,O and [Co(HL)(HL)(CI),].2H,0,
being active against all the microbes with the pkioas of Escherichiaspp and
inhibitory zones range of 17.0-25.0 mm and 19.@28m respectively. These are
followed in activity by [Mn(HL)(HL)(NOs),].H,O and [Fe(HL)(HL)SO,] with
activity against all the microbes with the excepsioof Escherichiaspp and
Pseudomonas ¢dinical) /Staphylococcus s@nd inhibitory zones range of 19.0-31.0
mm and 15.0-25.0 mm respectively. The complex,HN)(HLYCI(H,0)]CI.H,O was
next in activity, being active against all the miges with the exceptions Bkcherichia
spp, Pseudomonas smdStaphylococcus swith inhibitory zones range of 13.0-29.0
mm. The Zn(ll) complex had the lowest activity lpiactive against three organisms

namelyStreptococcus sfProteus spndC. albicanswith inhibitory zones range of 6.0-
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27.0 mm. Its lowest activity was attributed to almble lipophobic nature which made
permeation though lipid bacteria membrane impossdd indicated by Weder et al
(2002). Generally, the metal(ll) complexes were tigosiore effective than the metal
free drugs, Paracetamol and Sulfamethoxazole, duehelation which increases
lipophilic character, favouring its permeation thgb lipid layers of the bacterial
membrane as documented by Agwara et al (2013.n0m-activity of Paracetamol
against tested microbes indicated that it was exittat 10mg/mL and also confirmed
its uses as pain killer as indicated Bgrminder et al (2013) It was interesting to note
that the mixed drug metal complexes were mostlyenamtive than Streptomycin, and
Streptomycin was expectedly active against all tdsted microbes with inhibitory

zones range of 2.0-29.0 mm.
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Tablel Analytical data of complexes

Compound F. mass Color M. pt % %M He m
(Empirical formula) (Calc.) Yield (exp)

HL 151.15  White  170-172 - - - -
CgHgNO,

HL* 253.28  White 169 - - - -
C10H11N30sS

[Mn(HL)(HL 1)(NOs)5].H.0 601.4  Pinkish *182 30 9.14 5.94 23.1
(MnC]_gszO]_zNeS) Cream (918)
[(Fe(HL)(HLY)(SO)] 556.29 Yellow  *110 30 10.04 1.22 22.1
(FeGigH20N400S,) (10.09)
[Co(HL)(HLYCI)].2H,0 570.41 Pink *98 40 10.33  4.57 19.16
(COQ8H24O7N4C|25) (1021)

[Ni(HL)(HL 1)CI(H20))]CI.H,0 570.19 Lt Blue *200 40 10.30 3.13 80.1
(NiC1gH240;N4CI,S) (10.00)
[Cu(HL)(L")(NO3)]2.H,0 1075.96  Brown *242 30 11.81 0.85 11.07
(CpCg6Ha0017N10S,) (11.70)
[Cu(HL)(HLY(SOy)].H-0 581.97  Brown *236 30 1091 181 10.37
(CuCi4H25014N2S) (10.93)
[Zn(HL)(HL)(SQO)] 565.82  White *206 30 1156 0.39 13.77
(ZnCy1gH20N4O0S,) (11.92)

HL = Paracetamol; HL.= Sulfamethoxazole; * = decomposition temperatOne= molar conductance;
F. mass = formula magSalc. = calculated; exp = experimental;iEffective magnetic moment; Lt Blue = Light

Blue; %M = percentage metal
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Table2 Reevant infrared and electronic spectra data of the complexes

Compound v(OH) v(C=0) v(S=0) v(M- v(M-  v(M-  Electronic
/NH Asy/Sym N) 0O) Cl) spectra (kK)
HL 3467s 1622s - - - 32.68
1595s
HL' 3376s - 1293s - - 32.79
1149m
[Mn(HL)(HL H(NO3)2].H,0 3470s 1619s 1309s 579m  422m - 12.35 24.10
3382s 1598s 1158s 549s 33.0
[Fe(HL)(HLY)(SO)] 3470s 1622s 1309s 545s 425s - 23.98 30.0
3379s 1598s 1155s
[Co(HL)(HLHCI,].2H,0 3473s 1625s 1306s 549s 422m 371lm 12,59 21.60
3382s 1592s 1164s 23.75 33.1
[Ni(HL)(HL HCI(H,0)]CI.H,O0 3500b 1608s 1279s 563s 455m  356s 14.93 23.98
3406s 1545s 1151s 33.3
3332s
[Cu(HL)(L)(NO3)]2.H-0 3469b 1609s 1287m 586s 377m - 20.92 33.3
1597m 1145s 555s
1558w 522w
[Cu(HL)(HLY(SQ)].H,0 3486b 1608s 1288s 586s 385m - 23.87 31.0
3393m 1597m 1146s 556s
[Zn(HL)(HLY)(SO)] 3467s 1622s 1309s  579m 422m - 32.0
3379s 1595s 1158s 549s

HL = Paracetamol, HL.= Sulfamethoxazole, b = broad, s= strong, m= maditkK = 1000crit
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Table3

Antibacterial activities of theligands and their complexes
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E. coli(Typed strair R R R R R R R R R 12.0%(
Streptococcus sp (bloc 19.0+C 15.0#C 23.0+C 18.0#( 21.0#( 25.0+C 6.0%(C R R 15.0+(
Proteus s 26.04#C 21.0#( 25.04C 21.0+( 23.0#C 29.0+( 27.0#( R R 20.0+(
Candida albican 25.04C 21.0+C 27.0#C 19.0+( 22.0#C 21.0+( 8.0+( R 19.0+(  2.0+(C
Salmonella s 23.04#C 18.0+( 28.0#C 22.0+( 23.0#C 25.0+( R R 25.04C  15.0+(
Streptococcus sp (woul 30.0£C 20.0£C 25.0#( 29.0+( 27.0&( 27.0x( R R 29.0x( 15.0«(
Bacillus sp (Fooc 23.0#C 15.0+( 21.04#C 19.0+( 21.0#C 23.0+( R R 15.0+( 13.0(
Staphylococcus 31.0#( R 27.0¢C R 25.04C 27.0+# R R R 29.0+(
Pseudmonas s(Clinical) R 25.04C 19.0+( R 17.0¢C 13.0#C R R R 23.0+(
Pseudomonas ¢Envirormenta) 21.0+( 25.0#C 19.0+( 13.0+C 25.0#C 27.0x( R R 12.0+C  25.0+(
Bacillus sp (Environmentz 25.0#C 15.0#( 25.0#C 20.0#C 17.0+( 26.0#( R R 19.0+C 23.0(
E. Coli (Clinical strain) R R R R R 7.0£C R R R 18.0+(
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4. Conclusion

Mixed drug Mn(ll), Fe(ll), Co(ll), Ni(ll), Cu(ll) ad Zn(ll) complexes of
Paracetamol and Sulfamethoxazole, were synthesizédharacterized by infrared and
electronic spectroscopies, room temperature magmetiments, melting points and
conductance measurements. Electronic spectra amad temperature magnetic moment
data corroborated octahedral geometry for the Ineetaplexes, with Cu(ll) nitrate
metal complex being dimeric. The conductance measents in DMSO showed that
only the Ni(ll) complex was a 1:1 electrolyte. Timevitro antimicrobial studies of the
complexes againstEscherichia spp, Proteus sp, C. albicans, Salmanedp,
Streptococcus spp, Bacillus spp, StaphylococcusPspudomonas sphowed that
[Co(HL)(HLY)CI3].2H,0, [Cu(HL)(L)(NO3)]o.H,O and [Cu(HL)(HL)SOy).H,O had
broad spectrum antimicrobial activities againsttladl microbes with the exceptions of
Escherichia spp
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