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Abstract: M(I11) complexes of Cr, Mn and Fe with a Schiff base derived from
2-amino-4-ethyl-5-hydroxybenzaldehyde and thiocarbohydrazide were syn-
thesized and characterized by severa techniques, including elementa analysis
(C,H,N), molar conductance measurements, magnetic measurements, and ele-
ctronic, mass and IR spectral studies. Based on these studies, a five-coordi-
nated square pyramidal geometry for all the complexes was proposed. The
Schiff base ligand and the complexes were also tested for their antimicrobial
activity (against the bacteria Escherichia coli, Saphylococcus aureus, Pseudo-
monas aeruginosa and Bacillus megaterium, and the fungi Kluyveromyces fra-
gilis, Rhodotorula rubra, Candida albicans and Trichoderma reesei) to assess
their inhibiting potential. An attempt was also made to correlate the antimicro-
bial activity with the geometry of the complexes. All complexes were found to
be less active against the pathogens E. coli, S. aureus and P. aeruginosa. The
Cr(l11) complex showed the best antimicrobia activity, but the ligand alone
was found to be active against the fungus T. reesai.

Keywords: Co (I11), Cr (111) and Fe (I1I) complexes; Schiff Base; 2-amino-4-
-ethyl-5-hydroxybenzaldehyde; thiocarbohydrazide; antimicrobial activity.

INTRODUCTION

The field of Schiff base complexes is fast developing because of the wide
variety of possible structures for the ligands, depending on the aldehyde and ami-
ne used. Many Schiff bases and their complexes have been widely studied be-
cause of their industrial and biological applications.1:2 Some Schiff bases were
tested for fungicidal activity, which is related to their chemical structure.3 Schiff
base compounds (-RC=N-) are usually formed by the condensation of a primary
amine with an active carbonyl. The cross-linking agents can also be derived from
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metal complexes with O, N or S ligands. For example, an intracoordination salt
such as salicylates or anthranilates and aliphatic or aromatic amines can form
strong five- or six-membered chelate rings which are able to produce metal
containing cross-linking agents with the required properties 4/ Synthesis of
oxovanadium(lV) complexes of Schiff bases derived by the condensation of
2-aminobenzaldehyde with various diamines (1,2-diaminoethane, 1,2-diamino-
propane, 1,3-diaminopropane) were characterized by elementa analysis, spectral
data and electrochemical studies.® The complexes of Co(Il), Ni(Il), and Cu(ll)
ions with the Schiff bases derived from the condensation of salicylaldehyde and
o-aminophenol or 2-aminobenzoic acid were synthesized and characterized by
different techniques, in particular, elemental analysis and molar conductance
measurements as well as IR and electronic spectroscopy.3-11

The aim of the present study was to prepare, characterize and determine the
antimicrobial activity of Schiff base complexes derived from thiocarbohydrazide
and 2-amino-4-ethyl-5-hydroxybenzal dehyde.

EXPERIMENTAL

Materials

All chemicals used in this work were of analytical reagent grade (anhydrous). CrCls,
MnCl; and FeCl; were purchased from Aldrich (New Delhi, India); DM SO, DMF and ethanol
were purchased from Sigma (New Delhi, India); 2-amino-4-ethyl-5-hydroxybenzal dehyde and
thiocarbohydrazide were purchased from Fluka (Mumbai, India).
Synthesis of the Schiff base

The Schiff base (ligand) was prepared by mixing a warm dilute ethanolic solution of thio-
carbohydrazide (5 mmol) with 2-amino-4-ethyl-5-hydroxy benzaldehyde (10 mmol) under
reflux for 2 h (Scheme 1). The precipitate was then removed from the reaction mixture by

filtration, 112 washed with ethanol and dried in a desiccator over anhydrous CaCl,. The colour
of the solid product was yellow (yield 65 %).

HO CHO B HO, C— N—C(C OH
= I AN NN
2 |+ NH/—MB—C—NH—NH; )\/|\ /]\/H\
S “uy “y
H:Cy NH; H:Cy NH, NH; CoHl;

Scheme 1. Synthesis of the Schiff base ligand.

Synthesis of the complexes

The Schiff base was taken in ethanol (50 cm3) and stirred gently for one hour to give a
homogeneous solution and then trivalent chromium, manganese or iron chlorides sats (25
cmd) were added (Scheme 2). The resulting solution was refluxed for 6-8 h. The mixture was
concentrated to half its initial volume and kept in a desiccator for two days over anhydrous
CaCl,. The complexes were then filtered, washed with ethanol and dried. The complexes were
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TRIVALENT METAL SCHIFF BASE COMPLEXES 631

soluble in DMF and DM SO but insoluble in other common organic solvents and water. They
were thermally stable up to 523-553 K and then decomposed.
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Scheme 2. Synthesis of the M(111) Schiff base complexes.

Methods and apparatus applied

The microanalyses for C, H, and N were estimated by an elemental analyzer (Perkin
Elmer 2400), at SAIF, CDRI, Lucknow, India, and the metal contents of Mn(l11), Co(ll1) and
Fe(l11) were determined using a Perkin EImer 5000 atomic absorption spectrophotometer.
Table | contains some physical properties of the prepared compounds. The conductivity was
measured on a digital conductivity meter (HPG system, G-3001) in DM SO at room tempera-
ture. The magnetic susceptibility measurements were performed on a Vibrating Sample Mag-
netometer (Model PAR 155) at room temperature. The electronic spectra (in DMSO) were
recorded on a Hitachi 330 spectrophotometer (5815-32573 cml). The IR spectra were ob-
tained using a Perkin Elmer 1650 FT-IR spectrophotometer in the wavenumber range 4000—
—200 cm! using Nujol Mull (the molar conductivities, magnetic moments and spectral data
aregiven in Tables| and I1). The FAB mass spectra (at room temperature) were recorded on a
VG-70-S mass spectrometer. The purity of the Schiff base and its complexes were confirmed
by TLC (microcrystaline cellulose (Merck) was used for the preparation of the thin layer,
complete separation was achieved with the solvent system acetone/conc. HCl/water (86:8:7);
the Re values increased in the following order of M(Il) complexes: Mn, Co, Cu (0.20, 0.34,
0.60)) and HPLC. The HPLC chromatographic instrument consisted of a Waters 600 pump
with a Waters 600 controller, a Waters 2996 photodiode array detector with UV detection at
254 nm, a Discovery Cg column, 15 cmx4.6 mm |.D., 5 um particles. The mobile phase was
methanol:25 mmol KH,PO,, pH 3 (20:80) at aflow rate of 1 ml min'L.,

Antimicrobial activity

The antibacterial and antifungal activities of the newly synthesized compounds were
evaluated by the agar well diffusion method.13 All the microbial cultures were adjusted to 0.5
McFarland Standard, which is visually comparable to a microbial suspension containing
approximately 1.5x108 cfu/ml.14 20 ml of agar media was poured into each Petri plate and the
plates were swabbed with 100 pl inocula of the test microorganisms and kept 15 min for ad-
sorption. Using an 8 mm-diameter sterile cork borer, wells were bored into the seeded agar
plates and these were loaded with 100 ml of a solution of each compound dissolved in the
dimethyl sulphoxide (DM SO) at a concentration of 1.0 mg/ml. All the plates were incubated
at 300 K for 24 h. The antimicrobia activity of all the synthesized compounds was evaluated
by measuring the zone of growth inhibition against the test organisms with zone reader (Hi
antibiotic zone scal€e). The medium with dimethyl sulphoxide (DM SO) as solvent was used as
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a negative control whereas media with ciprofloxacin (standard antibiotic) and griseofulvin
(standard antifungal drug) were used as the positive controls. The experiments were per-
formed in triplicate.

The ligand HL and its Cr(I11), Mn(l11) and Fe(l11) complexes were tested for their anti-
bacterial and antifungal activity against the bacteria: Escherichia coli, Staphyl ococcus aureus,
Pseudomonas aeruginosa and Bacillus megaterium, and the fungi: Kluyveromyces fragilis,
Rhodotorula rubra, Candida albicans and Trichoderma reesei procured from Microbia Type
Collection and Gene Bank, Institute of Microbia Technology (IMTECH), Chandigarh, India

RESULTS AND DISCUSSION

The elemental analyses (C, H, N and M) data of the metal chelates, Table I,
showed that they may be represented by the formula [M(C1gH24Ng02S)X] X2,
(M(I11) = Cr, Mn and Fe; X = Cl). The purity of the Schiff base and its com-
plexes was confirmed by the TLC and HPL C techniques.

TABLE I. Elemental analysis, molar conductance and magnetic moment of the Schiff base
ligand and its metal complexes

Molecular Calcd. (Found)/ % Hest Ay
Compd. formula W Colour C H N M g Scm®mol™
ngand C19H24N6028 506.62 Yelow 45.0 4.7 16.6 - - -
(HL) (45.4) (4.8) (15.9
Cr [Cr(HL)X]X, 558.61Greenish 40.8 43 150 93 435 58.8
complex (405 (420 1500 (9.4
Mn [Mn(HL)X]X,562.46 Dak 405 43 149 99 485 40.0
complex brown (40.6) (4.2) (15.1) (9.8)
Fe [Fe(HL)X]X, 561.56 Orange 40.6 43 150 98 578 325
complex red (405) (3.3) (149 (9.6)

The measurements of the molar conductance in DM SO, Table I, showed that
these chelates were 1.2 type of eectrolytes (the conductance values were 3060
S cm? mol—L, whereas the literature range is 30-180 S cm? mol—1)."™® The tests for
anions were positive before and after decomposition of the chelates with concen-
trated HNO3, showing their presence outside as well as inside the coordination
sphere. Several attempts to obtain a single crystal suitable for X-ray crystallo-
graphy failed. However, the analytical, spectroscopic and magnetic data enabled
the prediction of the possible structure of the synthesized complexes. The low
molar conductance of the complexes might arise due to the large size of the cat-
ion coordination sphere, which might have a low ionic mobility; the values of
molar conductance suggest that the complexes were electrolytes and that chloride
was present as the counter ion.

The IR and electronic spectral data of the ligand and of the complexes are
givenin Tablell.

The IR spectra provided valuable information regarding the nature of func-
tional group attached to the metal atom. The presence of a single medium band in
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TRIVALENT METAL SCHIFF BASE COMPLEXES 633

the region 3250-3330 cm1 in the complexes may be assigned to N—H stretching
vibrations.16:17 |t was noted that a pair of bands corresponding to v(NH>) at 3245
and 3309 cm1 were present in the spectra of the thiocarbohydrazide. The value
of the v(C=N) stretching vibration was found at a lower frequency (1520-1560
cm1) than the expected value (1580-1650 cmL). This may be explained based
on a drift of the lone pair density of the azomethine nitrogen towards the metal
atom,18.19 indicating that coordination occurred through the nitrogen of the (C=N)
groups. The bands present in the range 3020-3040 cm~1 may be assigned to (C—H)
stretching vibrations of the benzil and naphthalene rings.20 The C-N stretching
was in the range 1000-1300 cm21. The band near 780 cm1 in thiocarbohydra-
zide may be assigned to free v(C=S). This band is also present in the spectra of
al the complexes, which indicates that sulphur is not coordinating to the metal
atom.21.22 The band at 3292-3438 cm1 is due to the presence of —OH groupsin
the complexes. The far IR spectra of the complexes show bands in the region
420-450 cm1, corresponding to v(M—N) vibrations,23-24 which identifies coor-
dination of the azomethine nitrogen.2> The bands present at 290-310 cmL may
be assigned to v(M—Cl) vibrations.26.27

TABLE Il. IR spectral bands position (cm1) and electronic spectral datain DMSO (cm™) of
the Schiff base ligand and its metal complexes

UV—Vis maxima, cml

Compd. M X \i v v —OH ~ —OH (extinction coefficients,
(NH,) (C=N) (C=S) (M-Cl) (M—N) str. ben. m3 mol-1 crmr)

Ligand 3250 1560 740 295 410 3327 1350 27027

(HL) (35.8)

Cr 3280 1530 760 310 400 3292 1352 8950-9300

complex (24.5, 8.20)

Mn 3260 1560 730 290 440 3375 1380 22200-22575

complex (32.4,12.6)

Fe 3310 1520 780 397 450 3438 1332 9540-9830

complex (18.3,8.9)

The FAB mass spectra of the ligand and the Cr (111), Mn (111) and Fe (l11)
complexes were recorded. All the spectra exhibited parent peaks due to
molecular ions (M*). The proposed molecular formula of these complexes was
confirmed by comparing their molecular formula weights with the nVz values.
The molecular ion peaks obtained were as follows: m/z 506 (ligand), 558 (Cr(I11)
complex), 562 (Mn(l11) complex) and 561 (Fe(IIl) complex). These data are
in good agreement with the proposed molecular formula for these complexes,
i.e., [M(C19H24Ng029)X]1X2, where M = Cr(I11), Mn(I11) and Fe(lIl), and X =
= CI~. In addition to the peaks due to the molecular ions, the spectra exhibited
peaks assignable to various fragments arising from the thermal cleavage of the
complexes. The peak intensity suggested the stability of the fragments.
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The electronic spectra of the Schiff base and its complexes were recorded in
DMSO. The absorption spectra of free ligand consisted of an intense band cente-
red at 370 nm (27027 cm1), attributed to the n — n* transition of the thioxo
group. Another intense band in the higher energy region of the spectra of the free
ligand was related to the n — n* transition of the benzene rings.22

Magnetic moment of the Cr(111) complex was 4.35 ug at room temperature,
which is close to the predicted value for three unpaired electrons in the metal
ion.28 The electronic spectrum of the Cr(l11) complex showed bands in the range
8950-9310 cm L. The spectral bands are consistent with that of a five-coordi-
nated Cr(I11) complex, the structure of which was confirmed by X-ray diffraction
measurements.29 Based on the analytical data, spectral studies and electrolytic
nature of the complex, a square-pyramidal geometry may be assigned for this
complex.30 The electronic spectral bands may be assigned as: 4B, — 4E2 4B; —
— 4B, 4B, — 4A1 and 4B1 — 4ED.

The magnetic moment of the Mn(I11) complex was 4.85 ug, which indicates
ahigh spin d4 system.28 The electronic spectra of the manganese complex show
three d—d bands, which lay in the range 12250-12590 cm—1 and may be assigned
to charge transfer transitions. The spectrum resembles those reported for five co-
ordinated, square pyramidal Mn(l11) complexes.30 This is further supported by
the presence of a broad ligand field band at 20400 cm~1. The various bands may
be assigned as follows: 5B; — 5A4, 5B1 — 5B, and 4B — °E. The band assi-
gnments in single electron transitions may be made as: dzz — dyzy2, Oxy — dxy2
and dyy, dyz — Oxz_y2, respectively, in order of increasing energy. However, the
complex did not have idealized Cgy Symmetry.

The magnetic moment of the Fe (I11) complex was 5.78 upg, corresponding to
five unpaired electrons and is close to the predicted high spin values for this me-
tal ion.28 The electronic spectra of the Fe (111) complex showed various bands in
the range 9820-9970 cmL, which are consistent with the range of spectral bands
reported for five coordinate square pyramidal Fe(lll) complex.31 The various
bands can be assigned as: dyy, — Oy, dyz and dyy — d2. Any attempt to make
accurate assignment was difficult due to the interactions of the metal-igand n-bond
systems lifting the degeneracy of the dy; and dy pair.

Based on the various characterisation results, the structure shown in Scheme
2 may be proposed for all the complexes.

The antimicrobial results, Table 111, showed that HL (ligand) exhibited mo-
derate activity against all the tested bacteria and C. albicans fungus. HL showed
high antifungal activity against K. fragilis and T. reesai but no activity against R.
rubra. The Cr(l111) complex showed high antibacterial and antifungal activity against
B. megaterium, K. fragilis, R. rubra and C. albicans, moderate activity against E.
coli, S aureus and P. aeruginosa, but no activity against T. reesei. The Mn(I11)
complex exhibited moderate activity against P. aeruginosa and B. megaterium,
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TRIVALENT METAL SCHIFF BASE COMPLEXES 635

was highly effective against K. fragilis, C. albicans and T. reesei, but showed no
activity against E. coli, S. aureus and R. rubra. The Fe(lll1) complex exhibited
moderate activity against S. aureus, P. aeruginosa, B. megaterium and T. reesei,
had a higher effect against K. fragilis and C. albicans, but no activity against E.
coli and R. rubra microorganisms.

TABLE I11. Antibacterial and antifungal activity of the standards, solvent, ligand and its metal
complexes

Inhibition zone, mm

Cmpd. E. S P. B. K. R. C. T.

coli aureus aeruginosa megaterium fragilis rubra albicans reese
Ligand (HL) 7 7 7 8 12 0 9 14
Cr complex 9 8 7 16 18 16 12 0
Mn complex 0 0 9 7 10 0 15 12
Fe complex 0 8 9 7 15 0 12 7
Ciprofloxacin 24 20 22 24 - - - -
Griseofulvin - - - - 24 24 24 23
DMSO 0 0 0 0 0 0 0
(control)

Antibacterial and antifungal activities of the ligand and its metal complexes
were compared with those of the standard drugs ciprofloxacin and griseofulvin.
The variation in the activity of different metal complexes against different micro-
organisms depends on the impermeability of the cell or differences in the riboso-
mes in the microbial cells.32 The lipid membrane surrounding the cell favours the
passage of any lipid soluble materials and it is known that liposolubility isan im-
portant factor controlling antimicrobial activity.33:34

In the present study, the low activity of the metal complexes may be due to
their low lipophilicity, because of which penetration of the complex through the
lipid membrane was decreased and hence, they could neither block nor inhibit the
growth of the microorganisms.

CONCLUSIONS

The analytica data showed the presence of one meta ion per ligand molecule
and suggested a mononuclear structure for the complexes [M(C1gH24NgO2S) XX 5.
The electronic spectral data is in favour of a square pyramidal geometry of the
complexes. The ligand and its Cr(l11), Mn(I11) and Fe(l11) complexes were tested
for antimicrobial activity against some pathogens. All the complexes were found
to be less active against the bacteria E. coli, S. aureus and P. aeruginosa, where-
as the Cr(l11) complex showed the best antimicrobial activity against the bacte-
rium B. megaterium and the fungi K. fragilis and R.. rubra. The free ligand
(C19H24Ng02S) was found to be active against the fungus T. reesal.
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CHUHTE3A, ®U3NUYKA KAPAKTEPU3AIIUJA 1 AHTUMHUKPOBHA AKTUBHOCT
TPOBAJIEHTHUX METAJIHUX KOMIIVIEKCA CA IIN®OBUM BA3SAMA
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Cunrerucanu cy M(I11) kommnekcu Cr, Mn u Fe ca IlTudosum 6a3ama U3BEACHUM U3 2-aMU-
HO-4-eTHI-5-XUApOKCHOCH3ANAeX 1A M THOKApOOXUAPa3uIAa U OKapaKTepHCaHu MOMOhy HEKOIHKO
TexHuka kopuihemem enemenrtande anammse (C, H, N), MomapHe mpoBOIUBMBOCTH, MarHETHHUM
MepemhnMa, eNeKTPOHCKNM, MaceHUM U |R crnekrpannuM npoyuasamiMa. Ha ocHoBy Tora 3a oBe
KOMIUIEKCE je Mpe/UIoKeHa MeTO-KOOpIMHAIIMOHA KBaApaTHO-IMPaMHJaiHa TeoMeTpyja 1 HaheHo
Jla Cy NOTEHNIHWjaHW aHTUMUKpoOHM areHcu. Jluramn Illmgpoe 6aze m komIulekcH cy Takohe
TecTupanu npema O6akrepujama Escherichia coli, Staphylococcus aureus, Pseudomonas aeruginosa
u Bacillus megaterium, u rsunnama Kluyveromyces fragilis, Rhodotorula rubra, Candida albi-
cans u Trichoderma reesel na 6u ce yTBpIMiIa HBHX0Ba HHXHOMTOPCKAa MOoh. Takolhe je mokymano
Iia ce JoBeze y Be3y OHOJIOIIKA aKTHBHOCT ca reoMeTprjoM Komiuiekca. HaheHo je ma cy cBu kom-
IUIeKCH OHJIM Marbe aKTHBHH npema natorenuma E. coli, S aureus u P. aeruginosa, mok je Cr(lll)
KOMIUTIEKC OMO HajaKTHBHH]jH, a caM CIOOOAHM JHMTaHJ je MOKa3ao aKTHBHOCT IpeMa IJbUBULU 1.
reesel.

(IMpumsbero 19. jyna, peumupano 16. HoemGpa 2009)
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