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ABSTRACT

Zirconium (1V) complexesof the type [ (EtO),Zr(Bzt),] where Bzt = anion of
Schiff base of monofunctional bidentate benzothiazolinehave been
synthesized by the reaction of zirconium ethoxide with sulfur containing
ligands in 1:2 molar ratio using dry benzene as reaction medium.
Benzothiazolines are prepared by the reaction of 2-acetylfluorene, 4-
acetylbiphenyl, 4-tolualdehyde, 4-fluoroacetophenone, 9-acetylanthracene
and 9-anthraldehyde with 2-aminothiophenol which on reaction with metal
ion rearranges to Schiff bases.These compounds have been characterized
by the elemental analysis, conductance and magnetic
measurements.Octahedral geometry of the resulting complexeshas been
proposed on the basis of UV, IR, H, °C spectral studies. Some of these
compoundswere screened for antifungal and antibacterial activitiesto access
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INTRODUCTION

Schiff basesarewell known for different types of
biologicd activitied!. But muchinterest hasbeen shown
inthesynthes sof metal complexeswith sulfur contain-
ing ligands. Thecondensation of 2-aminothiophenol with
aldehydes/ketones normally does not lead to thefor-
mation of Schiff basesbut abenzothiazolineisisolated.
These benzothiazolinesrearrangesin Schiff basesin
presenceof metal ions. Itisreported that equilibrium
may exist between benzothiazolineand Schiff baseeven
in the absence of metal ions and cyclic form of the
benzothiazolinerearrangesto givethe Schiff basemeta
complex in presenceof metal ion3,

The sulfur containing ligandsand their complexes
have becomemoreimportant dueto their widehbiol ogi-

cd activitiesand it isproved that theexistence of metal
ionsbonded to biologically activeligands can enhance
their activity*®. Meta complexeshaving such type of
ligandsaredrawing much attention dueto their activity
aganst viruses, maaria, tuberculosiscancer and tumort™
9

Zirconium (1V) tetradentate Schiff base (sal phen)
complex hasbeen successfully used for efficient syn-
thesisofwidevariety of indolederivativesin EtOH asa
standard green solvent under mild conditiong*®. Therole
of ligand effectson thestability and redox propertiesof
the zirconium(1V) complexes have been reported by
Al-Mohannaet al.™. Thereforethe present study was
focused on the synthesi s of such type of complexesby
thereaction of zirconium (1) ethoxidewith somenew
benzothiazolines.
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EXPERIMENTAL

Analytical methodsand Physical measurements

All thereactionswere carried out under strictly an-
hydrous conditions. To attain anhydrous conditionsal
the gpparatus used during thereactionswerefitted with
quick fit interchangeable standard ground joints. All the
chemicasused were of AR grade and obtained com-
mercialy whichwereused without further purification.
Solventsweredried by standard methods.

Nitrogen and sulfur wereestimated by Kjeldahl and
Messengers method respectively'213, Theanalysis of
Carbon and hydrogen were carried out on aColeman
5612 andyzer a CDRI, Lucknowand molecular weights
weredetermined by the Rast method. Measurement of
molar conductance wascarried out in dry DMF at
30£1°C using amodel 305 Systronics digital conduc-
tivity bridge. TheR spectraintherange4000-200 crm
1 were recorded on FTIR spectrophotometer using
ShimadzuA-8400Smode in KBr opticsandelectronic
spectrawere recorded with aToshniwal spectropho-
tometer using dry methanol asasolvent. A Jeol AL 300
MHz spectrophotometer was used to obtain *H and
13C spectrausing DM SO-d, asasol vent andzirconium
wasestimated gravimetricaly astheir oxides.

Synthesisof ligands

Benzothiazolinesof 2-acetyl fluorene, 4-acetyl bi-
phenyl, 4-tolualdehyde, 4-fluoro acetophenone, 9-
acetyl anthracene and 9-anthral dehyde were prepared
by adding ice cold ethanolic solution of 2-
aminothiophenol (1 mole) to the precooled ethanolic
solution of aldehydes’ketones (1 mole). After stirring
the solution themixture was refluxed for one hour and
then allowed to stand overnight at room temperature.
Thecrystalline solid obtained wasfiltered off, washed
with ethanol and dried in vacuum over phosphorous
pentoxide. The general structure of benzothiazoline
ligands used during the present study isrepresentedin
Figure 1. Themain physical propertiesand analysisof
theseligandsareenlistedinTABLE 1.

Synthesis of complexes

For the synthesisof zirconium (1V) complexesre-
quiredamount of zirconium ethoxideand benzothiazoline
(L:2molar ratio) wasadded in dry benzeneand refluxed
under afractionating column for about 8 hours. After
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Figurel: Sructureof benzothiazoline

TABLE 1: Physical propertiesand Elemental analysisof monofunctional bidentate benzothiazolines

Molecular Elemental Analysis (%)
S Ligands Colour & Yidd M.P. Wi. C H N S
No. State (%) (°C)  Found Found Found Found Found
(Caled)  (Caled.) (Calcd) (Caled.) (Caled.)
2-Acetylfluorene Creamy
o 309.20 79.90 5.40 4.25 10.10
1  benzothiazoline Powdered 80 85
(CaHNS) <lid (315.43) (79.96) (5.43) (444  (10.17)
, ﬂ’aﬁ;jﬁgﬁnﬁy Ligtydlow ., 30010 7912 559 460 1040
powder (30342)  (79.17)  (5.65) (4.62) (1057)
(CxHNS)
4- Tolualdehyde Light ydlow
T 224.30 73.84 5.70 6.10 14.05
3 benzothiazoline Powdered 78 135
(CuH NS Solid (227.32) (73.96) (5.76) (6.16)  (14.10)
4-FHuoroacetophenone  Yelow
S . 240.20 68.51 4.85 5.56 13.01
4 benzothiazoline Crystaline 85 130
(CuHLFNS) <iid (245.31) (6854) (4.93 (5.700  (13.07)
9-Acetylanthracene Brown
i 315.40 80.60 5.18 4.20 9.70
5  benzothiazoline Powdered 88 154
(CoH NS <lid (327.44)  (80.69) (5.23 4.27) (9.79)
9-Anthraldehyde Dark yellow
N . 310.30 80.34 4.75 4.35 10.10
6  benzothiazoline Crystaline 81 81
(CaHyNS) <iid (31341  (8047) (4.82 (4.46)  (10.23)
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completion of thereaction the excessof solvent wasre-
moved under reduced pressure. Complexesformed were
washed and dried under vacuum for 2-3 hoursand then
werepurified by recrystalizationwith samesolvent. The
purity of complexeswas further checked by TLC on
slicagd G Thecomplex formation can berepresented

—= Fyll Poper

by thefollowing generd equation.
Zr (OEt), +2BztH —[(EtO),Zr (Bzt),] +2EtOH
Where BztH = Schiff base of monofunctiond bidentate
benzathiazaline.

Thephysicd propertiesand andytical dataof com-
plexesaregivenin TABLE 2.

TABLE 2 : Physical properties and elemental analysis of zirconium (1) complexes with monofunctional bidentate

benzothiazolines

Reactants M olecular Elemental Analysis (%)
S. ) ) Molar Product M.P. wt. N S Zr
No. égrgorglj‘:; Ligand Ratio (Colour & State) °0) Found Found Found  Found
P (Caled.)  (Caled.) (Caled.)  (Caled.)
(EtO)Zr(CxH6NS),
_ : . 805.12 340 785 1130
1. Zr(OEt), C,Hi7;NS 1.2 ;?.TI Red Crystalline 190 (810.19) (3.46) (7.92) (11.26)
. (Et0),Zr(CroHieNS), 775.10 355 820 1150
2. Zr(OBy, CoHNS 12 ot Brown Solid 1495 (78617)  (356) (816) (1160
. (Et0)Zr(CiHuNS), 95 63540 440 1010 1421
3. Zr(OBy, CuHNS L2 ot Brown Solid d (63398 (442 (1012) (14.39)
. (Et0),Zr(C1aHuNSF), 665.00 420 950 1375
4. Zr(OBy, CiHPNS 12 ot Brown Solid 140 (66096)  (418) (957)  (1362)
. (E10),Zr(CpHieNS), 830.20 330 785 1085
5 Zr(OBy, CoHuNS 12 poincysalineSolid  1° (83421)  (336)  (7.69)  (10.94)
. (Et0):Zr(CuH1NS), 810.10 346 790 1125
6. Zr(OEN), CaHiNS 12 00 solid 185 g0616)  (347) (795  (11.32)

BIOLOGICALACTIVITY

Antifungal activity

Antifungd activity of someligandsand their corre-
sponding zirconium complexeswere screened in vitro
against Aspergillusflavus and Fusariumoxysporum
by thelinear growth method*4. Solutions of the com-
poundsindifferent concentrationsin DM Fweremixed
with medium. Micostain was used asreference com-
pound.

The growth*4 of thefungus colony was recorded
by measuring thediameter of the colony after 96 hours
and the percentageinhibition was cal cul ated by thefor-
muld™.

100(C —T)

&
HereC = diameter of thefunguscolony inthe control
T = diameter of thefungus colony inthetest plates.
ThedatahavebeengiveninTABLE 3.

Antibacterial activity

Synthesized ligandsand their corresponding zirco-
nium (1) complexesweretested against gram positive

Percentage Inhibition =

(Bascillusthuringiensis) and gram negative (Escheri-
chiacoli) bacteriaby disc plate method!*¢. The nu-
trient agar medium (beef extract, peptoneagar agar and
NaCl), 5 mm diameter paper discsand thereference
compound (Streptomycin)were used.

The compounds used were dissolved in methanol
to prepare different concentration viz. 500 and 1000
ppm. The paper discsweredipped in solutionsof com-
pounds, dried and then placed in petri disheswhich

TABLE 3: Antifungal screening data of benzothiazolines
and their zirconium(lV) complexes

Percent Inhibition after 96h
(conc. In ppm)

Compounds Organism Organism
Apergillusflavus  Fusariumoxysporum
50 ppm 100 ppm 50 ppm 100 ppm
CyH7NS (Bzt;H) 38 72 65 70
CyoH17NS (Bzt,H) 55 65 55 58
C14H13NS (BztzH) 50 65 46 66
CiH1,FNS (Bzt,H) 52 60 52 56
Zr(OEt), (Bzty), 43 75 66 75
Zr(OEt), (Bzty), 60 68 57 60
Zr(OEt), (Bzts), 55 70 50 68
Zr(OEt), (Bzty), 54 67 54 70
Micostatin 69 86 72 82
—==mm>  [norganic CHEMISTRY
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werea ready seeded with test organism. Thesedishes
wereincubated for 24h at 28+ 2°C and inhibition zone
was measured around each disc. Theresults of anti-
bacteria activity aregivenin TABLE 4.

TABLE 4: Antibacterial screening data of benzothiazolines
and their zirconium (1V) complexes

Diameter (mm) of inhibition zone after
24h (conc. in ppm)
Bacillus

Compounds thuringiensis(+) Escherichia coli(-)
500 ppm 1000 ppm 500 ppm ;?)Org
CxH7;NS(Bzt;H) 6 6 6 7
CyoH7NS(Bzt,H) 5 5 7 8
C14H13NS(BztzH) 6 6 8 9
Cy4H,FNS(Bzt,H) 5 5 7 8
Zr(OEt), (Bzty), 9 9 11 12
Zr(OEt), (Bzty), 7 7 12 14
Zr(OEt), (Bzta), 8 8 10 13
Zr(OEt), (Bzt,), 10 10 12 15
Streptomycin 14 14 17 18

RESULTSAND DISCUSSION

Zirconium (1V) complexes of the type
[(EtO),Zr(Bzt),], where Bzt = anion of Schiff base of
monofunctiond bidentatebenzothiazolinewereprepared
from zirconium ethoxideand respective benzothaizoline
schiff bases (1:2 molar ratio) in refluxing anhydrous
benzenewhich proceeds with rearrangement of
benzothiazolinesring.

Zr(OEt), +2BztH [(EtO),Zr (Bzt),] +2EtOH
WhereBztH = Schiff base of benzothiazoline

Thenewly synthesized Zr(1V) complexesarecol-
ored solid crysta ssusceptibleto hydrolysisand soluble
in common organic solventsviz. acetone, chloroform
and THF. The complexation occursby thelossof pro-
ton from theligands. The molecular weight determina-
tion showsthat these compl exes are monomeric and
diamagnetic in naure. Thelower value of molar con-
ductivity (=10'* ohnr*cm?mol2) of the complexsin
DMF showsthem to be non e ectrolytes®®.

Spectral characterization
Electronic spectra

Two intense bands near 250 nm and 315 nmwere
observed in the electronic spectraare consistent with
thetypical spectrum of benzothiazoline (cyclic form)
moiety*¥. Thesebands may beattributed to the n-m*129

and t-n* benzenoid transitions in the corresponding
zirconium complexes, an additional band at about 402-
412 nmisaso observed which can beassigned to the
charge transfer band according to (n-1) d° ns” elec-
tronic configuration of zirconium(IV)@2,

Infrared spectra

ThelR spectraof ligandsand corresponding zirco-
nium complexes have been obtained and important
bandsarerecorded in TABLE 5. Inthe IR spectraof
thebenzothiazolinesthe—NH stretching and deforma-
tion bands appears at 2930-3150 cm* and absence of
v(>C=N) band at 1620-1600, and v(SH) at about
2500-2600 cm? is indicative of the existence of
benzothiazolinering sructurerather than the Schiff base
structure?.In the spectra of metal derivatives, the
v(NH) band disappears, which suggests the
deprotonation of theligands on chelation and anew
band at 1600+10 cm™ isalso observed which may be
ascribed to the coordinated >C=N group and supports
thefact that thecomplexesformed aremetal azomethine
derivatives, asthe benzothiazolinering rearrangesto
givethe azomethineformin presence of metal ionand
act asamonobasic bidentate ligand. The medium to
strong intensity bandsintheregion 510-530 cm* and
350-330 cnt in zirconium complexesmay beassigned
tov(Zr-N) and v(Zr-S) vibrations respectively.
TABLES: IR spectral data (in cm™) of theligandsand their
metal complexes

Compound V(N-H) v(>C=N-) Vv(Zr-N) v(Zr-S)
CyH17sNS(Bzt;H) 2930 - - -
Zr(OEt)»(Bzt,), - 1601 515 350
CyH17sNS(Bzt,H) 2950 - - -
Zr(OEt)»(Bzty), - 1595 520 345
Cy4H1sNS(BztzH) 3150 - - -
Zr(OEt)»(Bzty), - 1590 510 330
CyH1,FNS(Bzt,H) 3100 - - -
Zr(OEt)2(Bzt,), - 1595 530 340

'H NMR spectra

To confirm the bonding pattern in the complexes
proton magnetic resonance spectraof theligandsand
their metal complexeswererecorded in DM SO-d, us-
ing TM Sasinternal reference. TheH NMR spectraof
thefree benzothiazolinesshowstheN-H proton signa
at 64.50 to 65.20 ppm which disappears on complex-
ation indicates the deprotonation of the functional
group®. The presence of benzothiazolineringinthe
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ligands are supported by the absence of SH signals.
Freeligands show acomplex multipletintheregion

TABLE 6: *H NMR chemical shifts(é ppm) of the ligands
and their metal complexes

Aromatic protons

Compound  NH (m) O—CH,-CHs
BZ4H(CaHNS) 455  6.40-8.70 -
Zr(OE),(Bzty), - 6.50-7.80 1.50s
Bzt,H(CyoHiNS) 450  6.44-7.20 -
ZHOEN(BZt), - 6.70-8.15 1.55s
BztzH(C14H1sNS)  4.60 6.70-8.20 -
ZHOEN(BZty), - 6.50-8.40 1.52s
Bzt;H(CH,FNS) 520  6.50-8.00 -
ZHOE)(BZt), - 6.75-8.60 1.60s
BztsH(Cx,H7NS)  4.80 6.75-8.10 -
ZHOEN(Bts), - 6.70-8.00 1.58s
BztgH(CxHisNS)  5.10 6.65-8.30 -
Zr(OE),(Bzty), - 6.60-8.25 1565

6.40-8.70 ppmfor thearomatic protonsandit remains
at amost samepositioninthe spectraof the complexes.
The spectraof complexesshowsprotonsignd at 1.50-

—= Fyl] Paper

1.60 ppm due to methyl protons of the ethyl groups
(TABLES®).

3C NMR spectra

The®*C NMR spectraof oneligand and their cor-
responding zirconium complex have beenrecordedin
dry DMSO and givenin TABLE 7. The shiftsin the
sgna sof carbon atom attached to nitrogen and sul phur
indicatestheir coordination with the zirconium atom.
Thusonthebasisof above spectra datathefollowing
structureissuggested for the zirconium (1V) complex
with benzothiazoline.

Antimicrobial activity

Theantimicrobid activity of few ligandsandtheir metd
derivativesunder investigation havebeen screenedwhich
aregiven TABLE 3and4. Theresultsreved that ligands

and complexeshavefoundto beactiveininhibitingthe
growth of fungi even at lower concentration. Theinhibi-

TABLE 7: ®C NMR chemical shift of theligand and their metal complex

CJ/C, CJ/C, C/Ce CICs Co/Cro
Ligand 139.9/128.4 127.4/135.4 136.8/127.4 129.0/127.4 129.0/121.2
Cu/Cy Cu3/Cus Cis/Cye C17/Cys C19/Cyo
127.4/128.4 66.1/32/8 141.4/112.5 125.6/117.0 127.4/119.2
C./C, C5/Cy Cs/Cq C,ICq Cd/Cip
129.2/127.2 129.2/127.4 127.0/129.2 127.1/129.1 127.2/136.2
Cu/Cy, Cis/Cuy Cis/Cis C17/Cys C1/Cx
137.1/128.0 154.0/18.0 129.0/129.2 125.1/127.1 127.0/132.0
Cx/Cx Cx/Cx Cus/Cas C27/Cas C/Cxo
Complex
127.2/129.0 127.2/137.4 136.2/127.1 129.1/127.1 127.2/127.2
Ca/Cx Cs/Cy Css/Css C37/Css Cso/Cyo
129.1/128.0 154.0/18.0 129.7/128.2 125.1/129.1 129.1/132.4
Cu/Cys Cu/Cus
35.2/16.4 35.1/16.2

3 14
, 5 4 , CHs
1 |13 H 16
8 Tolt —Ns
17

C 18 20
9 12
20 18 17 5
S 16
19 14 | 43 |
H3C_CI13 CH2
Ligand 9 12 ha
10 1 | CHj;
4 2
6 3
Complex
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tion of growth was dependent on the concentration of
the compounds?. Theresultsshowsthat zirconium (1V)
complexeswereactiveaganst gram positiveand gram
negative bacterid? and complexeswerefound to be
more active than Schiff bases which indicates that
metalationincreasestheactivity.

CONCLUSION

Octahedra geometry have been proposed for zir-
conium (IV) complexes(Figure 2) onthebasisof vari-
ous spectral studies(electronic, IR, *H NMR and *C
NMR).

RZ
(lt—Rl
et |
@is\z'r/ :@
I
I OEt
R—C
2

Figure2: Proposed structureof the1:2 complexes
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