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ABSTRACT

The present paper is a report on the synthesis of some new coordination
compounds by the reactions of triisopropoxyborane with sulfur containing
ligands. Ligands used in these reactions are benzothiazolines prepared by
the reaction of p-tolualdehyde, 4-acetylbiphenyl, 9-anthraldehyde, 4-
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fluoroacetophenone and 2-acetylfluorene with o-aminothiophenol which on
reaction with metal ion rearrange to Schiff bases. Characterization and struc-
ture elucidation of the complexes are achieved by elemental analysis, elec-
tronic, infrared, H spectral studies. The potency of the synthesized com-
pounds have been assessed by growth inhibiting potential of the complexes

against variety of fungal and bacterial strains.
© 2010 Trade Sciencelnc. - INDIA

INTRODUCTION

The condensation of o-aminothiophenol with the
carbonyl compounds should form the Schiff base, but
we get the benzothiazoline. These benzothiazolines
when react with metal saltsrearrangeinto Schiff base
with theformation of their coordination compounds.
Duatti et al.™™ reported that even in the absence of
metalion the condensation product of aldehyde and
ketone with o-aminothiophenol forms amixture of
benzothiazolineandthe Schiff baseand equilibriummay
exist between thetwo as shown below.

Severa workers have shown that in presence of
metal ion, the cyclic structure of the thiazoline or
benzothiazolinerearrangesto givethe Schiff base meta
complex quantitatively. Tandon et a havea so studied
thereactionsof theseligandswith transition meta sand
thegeometry of metal complexeshasbeen deduced on
the basisof various spectral studies.Metal complexes
of suchligandsand particularly of sulfur containing
ligandsare drawing enormous attention mainly dueto
their practica utility!?®. They areactive against tuber-
culos's, cancer, viruses, maaria, smalpox and certain
kindsof tumor.
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TABLE 1: Elemental analysisand physical propertiesof benzothiazolines

i ; Analysis: Found (Calcd.) (%) Molecular
NS(') Ligands Colour & State Meltl(?g)pomt weight:
' C H N S Found (Calcd.)
CxH1sNS (LTH)
1 2-acetyl fluorine Green crystalline solid 80° (ggg% (g'g% (g'jg) (igf’é) égggg)
benzothiazoline ’ ’ ’ ' ’
2
2 4-f(I:Jg|;|éza’\(|:§tli)(lr_1e|:c)>ne Light brown crystalline 85° 73.09 499 471 10.90 283.40
’ Stop solid (73.69) (5.15) (4.77) (10.92) (293.38)
benzothiazol é ne
CigH1sNS(L°H)
. o 73.09 499 471 10.90 283.40
3. 9-anthraldehyde Brown powdered solid 45 (7369) (5.15) (4.77) (10.92) (293.38)
benzothiazoline ’ ’ ) ' '
CuHuNS (L*H)
. . 7390 575 6.15 14.08 207.33
4. p-tolualdehyde Light cream powdered solid 135° (73.93) (5.76) (6.16) (14.10) (227.32)
benzothiazoline ’ ’ ’ ' ’
CaoHuNS (L°H)
- . 7899 509 460 10.50 298.43
5. 4-acetylbiphenyl Y ellow powdered solid 65° (79.17) (5.64) (461) (10.56) (303.42)

benzothiazoline

TABLE 2: Synthesisnew coor dination compoundsof triisopropoxybor anewith benzothioazolines.

Reactant _ Molar Mol.wt. % Analysis found (Calcd.)

metal Ligand ratio Product Colour and State M.P.C° found "NFound SFound B Found

(Caled.) (Calcd.) (Caled.) (Calcd.)
B(OPr); CpHisNS(LH) 1.1 [(PrO),B(CisHNOS)]  Yellow solid 215 423357..801 (g:gg) (;g% (g:gg)
B(OP)s CuHuNS(L'H) 12 [(PIO)B(CisH1NOS);]  Orangesolid 250 (s%cgéol) (g:g% &2;28) (%:?8)
BOP'); CuHiNS(L'H) 13  [B(CisHuNOS); Yelow solid - (ggg:g% (j:gg) (ﬁ:gg) (igg)
B(OPr)s CuHuNSE(L3H) 11  [(PrO)B(CiHiNOS)]  Orangesolid 260 (j%gg) é;gg) (g?g) (%8)
B(OPr)s CuHuNSE(LH) 12  [(PrO)B(CisHuNOS);]  Brown solid (gﬁ:gg) (2:22) (ﬁ:gg) (318(2))
B(OP')s CuHiNS(LH) 11  [(PrO),B(CiHuNS)]  Brownsemi solid 290 (jgg:gg) (33?'397) (;gg) (3128)
BOP); CuHiNS(LH) 12  [(PPO)B(CuHNS)]  Brownsolid . (gg:gi) (g:gg) (gég) éég)

Therole of metal chelatesin all aspectsof biologi-
ca studieshasgained cons derableimportance asthese
provideval uable approachesto the metabolic studies,
oxidative phosphorylation, transmethylation and prin-
ciplesof chemothergpy. Recently, muchinterest hasbeen
showninthesynthesisof meta chelatesof sulfur con-
taining ligandsandit iswithin this particular areathat
rather significant advances have been made®®l. It was,
therefore, cong dered worthwhileto synthesizesuch type
of complexes by thereactions of triisopropoxyborane
with benzothiazolines.

EXPERIMENTAL
All thereactionswere carried out in gtrictly anhy-

drous condition using quick fit apparatus. All reagents
were obtained commercially asanalytical grade and

were used without further purification.
Analytical methodsand physical measurements

Boron was estimated gravimetricaly astriisopro-
poxyborane. Nitrogen and sul phur were estimated by
Kjeldahl’s method and Messenger’s method, respec-
tively®2, The IR spectra were recorded on FT IR
spectrophotometer usingamodd A-8400 S, Shimadzu
inKBr pellets. *H spectrawererecorded on JEOL AL -
300 spectrometer. Molecul ar weight determinations
were carried out by the Rast Camphor Method. Molar
conductance measurements were made in anhydrous
dimethyl formamide at 36+1°C using a model 305
systronics conductivity bridge. The purity of the com-
poundswere checked by thin layer chromatography.

Synthesisof ligands
Theligandswere synthesized by the condensation of
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TABLE 3: Selected infrared vibrations (in cm™) of ligands
and their corresponding bor on complexes.

S

N(;. Compounds vC=N VNHNOH VvB? N vB-O
1 L'H 1600 3260 - -
2  B.3(L'H) 1580 - 1525w 1360w
3 LH 1600 3220 - -
4  B.3(L*H) 1540 - 1530w 1370w
5 L°H 1608 3240 - -
6 B.3(L°H) 1588 1550w 1340w

aldehydes/ ketonesviz. 9-anthra dehyde, 4-acetyl- bi-
phenyl, 4-fluoroacetophenoneand p-tolua dehydewith
o-aminothiophenol in1:1 molar ratio using absol uted-
cohol asthereaction medium. Themixturewasheated
onawater bath for about haf an hour and then allowed
to cool at room temperature. Thecrystasthat separated
out wererecrydtdlizedfromthesamesolvent. Thephyscd
propertiesand andyticd dataarerecordedin TABLE 1.

Synthesisof Boron (111) complexes

A weighed amount of triisopropoxyborane was
added to the cal culated amount of benzothioazolinein
amolar ratios 1:1,1:2 & 1:3in dry benzene and re-
fluxed under afractionating column. Theisopropanol
liberated during the reaction by deprotonation of the
ligand wasremoved azotropically with benzene. After
the complextion of the reaction theproductsweredried
under reduced pressureand anaysed. Thepurity of the
compoundswaschecked by TLCusingsilicagel-G as
an adsorbent. The physical propertiesand analytical
dataarerecorded inTABLE 2.

Biological activity

Theantimicrobia activity of ligandsand their cor-
responding boron(l11) complexes are tested agai nst
fungi and bacteria (R.phaseoli, F. oxysporum, S,
aureus, E. coli, P.fluorescensetc.). Theresultsalso
show that the resulting productsarelipophilicin na-
ture. The complexes arefound to possess higher ac-
tivity than ligands. The results of these studies show
that the metal complexes are more active than the
ligands. Thefungi toxicity of thecompoundsincrease
withincreasein concentration.

RESULTSAND DISCUSSION

The reactions of triisopropoxyborane with

—= Fyll Poper

TABLE 4: Nuclear magnetic resonancedatafor the Schiff
basesand thecor responding bor on complexesin é ppm.

Compound H-C=N NH, Aromatic protons
LiH 5.80 7.90-6.80
(C1aH1sN S)]3B 9.26 7.95-6.79
L2H 5.90 7.72-7.15
(CaoHrN S)]sB 9.60 7.75-7.10
L3 5.80 7.80-7.20
(CaH1sN )]s B 9.25 7.90-7.15
L*H 5.75 7.80-7.25
(CuH2N SF)]sB 8.86 7.90-7.15

benzothiazolinesinl:1,1:2& 1:3molar ratioproceedin
followingmanner:

1. B(OPr Hr\f\s tl M i i
. +
(OPr), Sooo > (N S)3B(OPr)z+ PrioH
. M L2 M _ _
2. B(OPr)3 + HN S — > (N S);B(OPr))+2 Pr'OH
Benzene
. M 13 M .
3. B(OPr'); +HN S——— (N S);B+3 Pr'OH
Benzene
where ,C\S representsthe donor setsof ligands.

Electronic spectra

The electronic spectraof theligands exhibit two
bands near 250 nm and 315 nm consistent with the
typica spectrum of abenzothiazoline(cydicform) moi-
ety™>%1, These bands may be attributed to the ¢-¢*
and t—n* benzenoid transitions. In the correspond-
ing boron (111) complexes, an additional band around
410nm duetot—r* trangtion of theazomethinegroup
isalso observed. Theformation of thisnew band may
beduetotheisomerization of benzothiozolineinto Schiff
bases.

Infrared spectra

Inthe solid state IR spectraof benzothiazolinethe
presence of astrong and broad band dueto VINH group
intheregion 3300-3100 cm! and absence of vSH at
~2500-2600 cm! isindicative of the benzothiazoline
rather than the Schiff-base structure .A new band at
1605 cm! is observed in the spectra of metal com-
plexesdueto the presence of v(C=N) vibrations. The
appearance of thisband suggeststhat the complexes
aremetd Schiff basederivativesasthe benzothiazoline
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TABLES5.1: Antifungal activity of theligandsand their boron (111) complexes.

L2H B.3L2H L3H B.3L°H L°H B.3L°H

Microorganisms 100 200 100 200 100 200 100 200 100 200 100 200
ppm _ ppm  ppm _ ppm ppm _ppm _ppm _ppm _ppm _ppm _ ppm _ ppm

A flavus 1Z (A 26 38 18 24 22 20 20 18 28 16 24
(0.81) (0.79) (0.69) (120) (053) (1.10) (0.76) (1.00) (0.56) (0.58) (0.62) (1.20)

F.oxysporum 12 (A 24 38 18 18 20 16 18 22 38 16 20
(0.80) (0.90) (0.82) (0.43) (0.54) (1.25) (0.72) (0.69) (0.73) (0.90) (0.73) (1.25)

R phaseoli 1Z (Al) 22 34 18 20 34 26 36 24 42 18 24
(1.00) (154) (0.82) (0.91) (1.00) (154) (1.18) (1.63) (1.09) (1.90) (0.82) (1.09)

1Z = Inhibition zone (diameter in mm); Al = Activity index (Inhibition zone of test compounds/I nhibition zone of standard). L2H

=CH_N,S; L®*H =C H . N.O; L*H = CH, N, OF

16 13 '3 15 15 '3 9 10 '3

TABLES5.2: Antibacterial activity of theligandsand their boron(l11) complexes.

L2H B.3L2H

L3H

B.3L°H L°H B.3L°H

Microorganisms

100 ppm 200 ppm 100 ppm 200 ppm 100 ppm 200 ppm 100 ppm ppm

200 100 ppm 200 ppm 100 ppm 200 ppm

S auress 12 (A)) 38 38 18 24 10 22 16 26 20 36 20 20
(088 (111) (L00) (0.70) (0.55) (0.64) (0.88) (0.76) (1.11) (1.05) (111) (0.58)

Eooli 1z 2 38 2 24 12 20 18 20 18 42 18 24
: (1.00) (100) (L10) (0.63) (165 (0.52) (0.47) (0.52) (0.90) (1.10) (0.90) (0.63)

1Z = Inhibition zone (diameter in mm); Al = Activity index (Inhibition zone of test compounds/I nhibition zone of standard). L2H

=CMH_N,S; L®*H =C H . N.O; L*H = CH, N.OF

16 13 '3 15 15 '3 9 10 '3

ring rearrangesto givethe Schiff-basederivativesinthe
presence of metal ion. Dataaregivenin TABLE 3.

'H NMR spectra

The proton magnetic resonance spectra of
benzothiazolines show the N-H proton signals at 6 5.8
ppm which disappear on complexation, indicating that
therearrangement of benzothiazolineform to the Schiff
baseform hasoccurred. Theligand shows acomplex
multipletintheregion é 7.40-6.40 ppmfor the benzene
protonsand theseremainsat dmost thesamepositionin
thespectraof complexes. Dataaregivenin TABLE 4.

BIOLOGICAL ACTIVITY

Invitro antifunga and antibacterial activity of the
ligandsand the complexesweretested using the paper
disc diffusion method at a concentration of 1 mg/
disc.Micostatin and Streptomycin wereused asrefer-
encecompoundsfor antifungal and antibacterid activi-
ties, respectively. Thedatahavebeenrecorded in TABLE
5.1and5.2. Theantifunga activity of someligandsand
their corresponding lead complexesarescreenedinvitro
against Aspergillusflavus, Fusarium oxysporumetc.
For antifungal activity, radia growth method wasused.
All the complexes showed high activity against some
pathogenic fungi even at lower concentrationsand the

inhibition of fungal growth wasfound to be dependent
on the concentration of the compoundg¢2,

All boron(111) coordination compoundsweretested
against gram positive (Saphylococcus aureus) and
gram negative (Escherichia coli) bacteriaand it was
found that the metal complexesare much moreactive
thantheligands. Although, al thecomplexeswerefound
to befairly active against gram positive bacteria, some
of them couldinhibit the growth of gram negative bac-
terid?,
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