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ABSTRACT

A series of five and six coordinated diorganotin(tdmplexes of the type$h(L), Ch., [R =
butyl and phenyl, n = 1 or 2, HL = Schiff base ded from the condensation of methyl/ethyl
pyruvate with substituted acid hydrazides [saligdiazide, p-toluic acid hydrazide and
napthoic acid hydrazide] have been synthesized.nidde of bonding in the complexes has been
suggested on the basis of analytical and spectmisdechniques (IR*H, *C and***Sn NMR)
spectra, where the ligands are coordinating to rh#teough oxygen and nitrogen of carbonyl
and azomethine group respectively. The ligandsthenl organotin complexes have been tested
for antimicrobial activity against phytopathogerfingi Candida albicans, Aspergillus niger at
25+1°C and bacteria Bacillus subtilis, Escherichsali and Staphylococcus aureus at 37+1°C
compared with Tetracycline, Chloramphenicol, Kanamy Cefazolin Sodium, Cefotaxime as
reference drugs. The activity of the ligands isarged on complexation.

Keywords: Organotin(lV); Schiff base; Antimicrobial activityjydrazone.

INTRODUCTION

A large chemistry of organotin(lV) complexes of Bclbases have been synthesized and
extensively studied because they have some chasticte properties like manifestations of
novel structures, thermal stability, relevant bgit@l properties, high synthesis flexibility and
medicinal utility [1]. Schiff bases have been ugethe preparation of many potential drugs and
possess a broad spectrum of biological activitieh sas antiviral [2] antifungal [3] antibacterial
[4] antiparasitic [5] anti-inflammatory [6] antituon [7] antiHIV [8] and anticancer [9] activities.
Moreover, some research groups also have beentedpthiat the schiff base metal complexes
derived from the salicylaldehyde can specially wéethe DNA [10]. In addition to their special
antitumor activities, organotin(IV) compound witkHif bases present an interesting variety of
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structural possibilities, so that a remarkable diitg in structure may be observed even when
only a small change in the chemistry occurs. Hyainas possessing an azomethine —-NHN=CH-
proton constitute an important class of compoudéw drug development. Metal complexes
of Schiff base derived from aromatic carbonyl coomis have been widely studied in
connection with metalloprotein models and asymroeatalysis, due to versatility of their steric
and electronic properties[11]. Keeping these deuaknts in mind, we report here the
synthesized a series of 1-24 new organotin(lvV) demgs of methyl/ethyl pyruvate
salicylhnydrazone, p-tolyl hydrazone and napthoydragone. The detail of structural and
spectroscopic characterization of complexes reddréze in.

MATERIALSAND METHODS

All the syntheses were carried out in dry nitrogémosphere on vacuum lines using Schlenk
tubes technique. Dialkyltindichloride and diphemdichloride (Aldrich) were used as received.
Various hydrazides were prepared according to ntethported in literature. Tin and chloride
were estimated gravimetrically. All solvents werged prior to their use. IR spectra were
expressed in the range 4000-400"cwas recorded on Perkin-Elmer spectrum RX-1 insémm

'H NMR, °C and'*®Sn NMR were obtained on Bruker Avance |l 400 MHEcmeter in
DMSO-ds as solvent, using TMS as internal reference aranatal shift §) are expressed in
ppm. Elements C, H and N analysis of samples wertoppned on a Perkin-Elmer 2400 CHN
analyzer. Synthetic pathway is presented in schdmeAnalytical and spectral data for
synthesized compound are given in tables I, Il Bhdlhe antimicrobial activity of the tested
compounds is given in the table V. Molar conduceameasurements were carried out using a
Model-306 Systronics conductivity bridge in DMSQvamt.

2.2. Synthesis of ligands

The Schiff bases were prepared by the condensatioretyl/ethyl substituted pyruvate (0.40 g,
3.50 mmol) and salicylhydrazide (0.53 g, 3.50 mniwolminimum amount of ethanol (30mL).
The solution was refluxed for 2-3 h. A yellow soficbduct so obtained was purified by repeated
washing with petroleum ether (bp 40-60 °C) to eegbe purity of the product and finally dried
under vacuum. The analytical data of all ligandsewested in Table I.

O (@)
N
)L /

Ar NH X (|)

R

Structureof ligand
Ligands Ar R Yield

1 2-OHGH, CH, 77
2 2-OHGH, CoHs 79
3 4-CHyCeH, CH, 75
4 4-CH,CeH, CoHs 90
5 CygH; CHs 81
6 CyoH- CHg 84

306
www.scholarsresearchlibrary.com



Sonika et al Der Pharma Chemica, 2011, 3 (4):305-313

2.3. Synthesis of complexes

The schiff base ((2.52 g, 10.7mmol) and dibutyiichébride (1.62 g, 5.355 mmol) was added in
the solvent of tetrahydrofuran with triethylamineraom temperature. The mixture was stirred
for 4-6 hours and the precipitate of;#tHCI| so formed was filtered off. The solvent was
removed under vacuum and the solid product was edashith THF/Hexane mixture
subsequently to remove any excess of reactantsdaed over phosphorous(V) oxide under

vacuum.
)L /N
R,SNCh +  Ar NH X

—20

Dry THF, EgN
Room Temp, 4-6 h

1:1 mola 1:2 molar
ratio ratio
R
R R
\\\
\WE o |
0 Sn cl o)

}
Ar/K /N\ \ /N Ar

N N \(
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R’ X /N
Ar N X
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Scheme 1. Synthesis of organatin(l V) complexes.

Similar procedure was employed for the reactiodibbityl and diphenyltindichloride with other
hydrazones in 1:1 and 1:2 molar ratios. The physind analytical data of complexes are given
in Table-1
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Complexes| Molar ratig Ar R R Yield
7 11 2-OHGH, | CH; | C/Hg | 72
8 1.2 2-OHGH, CH; | C4Hg 78
9 11 2-OHGH, | CHs | C,Ho | 84
10 1:2 2-OHGH,; | C,Hs | CyHy | 88
11 1.1 4-CHCgH,4 CH; | C4Hg 87
12 1:2 4-CHCsH, | CH; | C4Hy | 76
13 11 4-CHCegH, | GHs | CiHg | 72
14 1.2 4-CHCgH4 | CHs | C4Hg 69
15 11 CoH, | CHs | CiHo | 79
16 1:2 CioH~ CH; | CiHy | 86
17 11 GioH7 C,Hs | C4Hg 78
18 12 GoH, | CHs | CiHe | 83
19 11 2-OHGH,; | CH; | CHs | 71
20 1:2 2-OHGH,; | CH; | CHs | 88
21 11 2-OHGH, | CHs | CoHs | 84
22 1:2 2-OHGH, | CHs | CgHs | 67
23 11 4-CHC¢H, | CHz | CeHs 77
24 12 | 4-CHCeH, | CHs | CHs | 81
25 11 4-CHCeH, | CGHs | CeHs 91
26 1.2 4-CHCgH4 | CHs | CsHs 79
27 11 CoH, | CHs | CoHs | 89
28 1:2 CiH~ CH; | CgHs 87
29 11 GoH7 C,Hs | CsHs 7
30 12 GoH, | CHs | CoHs | 70

RESULTSAND DISCUSSION

The alkyl pyruvate substituted aroyl hydrazone (ltel L-6) have been prepared by the
condensation of alkyl pyruvate with substitutedddoydrazides. The progress of the reaction was
constantly monitored by using conventional metha®€ TThe reactions of nChL (R= Bu, Ph)
with alkyl pyruvate aroylhydrazones in 1:1 and in@lar ratios in dry THF in the presence of
triethylamine at room temperature afforded the demgs which were characterized by
elemental analysisR, *H, *C, and"*°Sn NMR. All the complexes have been obtained d@dsol
soluble in common polar organic solvents, suchtlaan®l, chloroform, dimethylformamide and
dimethyl sulphoxide but insoluble in saturated logdrbons, such as hexane and petroleum
ether. The low values of molar conductivity (7.0a6hm* cn? mol™) of the complexes in dry
DMF indicate their non-electrolytic nature.

IR Spectra

The infrared spectra of the ligand consistent Wit stretching vibration was appeared as a
strong sharp band at 3219-3232cra medium intensity band at 1620-1623cfor azomethine
v(C=N) group. A strong band in the ligands at 1653@ cni* assigned to carbony(C=0) is
indicative of their ketonic nature in the solidtstaThe band at 992 ¢trwas due tov(N-N)
group which seems to have origin in the conjugasesn >C=N-N=C< [12]. In the ligand
medium intensity broad band was due W®H) in the region 2300-2700 ¢his due to
intramolecular hydrogen bonds. On comparison ofvibeational spectra of the ligand and its
diorganotin(lV) complexes was the disappearancéhef/(N-H) carbonylv(C=0) band along
with the appearance of four new bands at about,16686 1353 and 1238 chrarising from
v(C=N-N=C), v(NCO), andv(C-O) was consistent with enolization and coordoratof the
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ligand to tin after deprotonation [13]. Of the twitrogens of the azomethine group, coordination
through N(2) nitrogen of terminal substituted abitirazide was suggested as it gives rise to
stable five membered ring which would be formedcoordination through other nitrogen. The
band appeared at 1715 ¢ndue tov(C=0) of ester group remain unaltered suggested non
participation of this group in coordination (Table-The band between 540-584 ¢was due to

v (Sn-C) and the weak or medium intensity band enrégion 452-478 cthcan be assigned to
the v (Sn==N) stretching vibration [14]The explicit feature in the infrared spectra of all
complexes, a strong absorption at 652-671" erhich was absent in the free ligands, is assigned
to the Sn—-O stretching mode of vibratiorhe infra red spectra of compounds show strong
broad band at 3414-3486¢melated to phenolic hydrogen indicated that thenglic oxygen
atoms does not participate in coordination to tioena.

NMR Spectra

The coordinating modes of the ligands was confirigccomparing'H, **C and**°sn NMR
spectra of the ligands and the complexes which wemrerded in CDGlcontaining small amount
of DMSO(d) using TMS as an internal standard and tetramgathgs external standard. The
relevant spectroscopic data were collected in @#bl A strong single resonance was appeared
in the region 11.24-11.43 ppm suggested that dugalioylic hydroxyl group remain unaltered
indicating non participation of the hydroxyl group coordination [15]. A broad singlet was
appeared at 11.28-13.45 ppm of —NH proton in thand which disappeared in the spectra of
complexes containing that the ligand was coordoh&betin in enolic form after deprotonation.
The phenyl group protons were appeared in compddterm in the range of 6.80-7.95 ppm. The
singlet of methyl proton attachment to azomethireug was observed at 2.21-2.39 ppm. The
methyl protons of methoxy group of methyl pyruvareyl hydrazones was appeared at 3.82-
3.91 ppm while ethyl protons of the ethoxy groughsf ethyl pyruvate aroyl hydrazone show a
quartet at 4.28-4.39 ppm and a triplet at 1.34-p@® respectively.

The coupling constant (J) for the ligand +ind HL, for Cs-H was 8.16 Hz while for &£H it
was 7.28 Hz for Hg. and HL, (J) value appeared fors& and G-H at 8.20 Hz. In case of HL
and HLg coupling constant (J) for£H at 8.16 Hz, GH at 11.2 Hz and &£H at 8.20 Hz [16].
The**C NMR spectra show a significant downfield shiftadif carbon resonances. The shift is a
consequence of an electron density transfer framligand to the acceptor. In the free ligand
methyl pyruvate aroyl hydrazone the vinyl methyrbma was appeared at 12.5 ppm and
methoxy carbon resonates at 46.6 ppm, while irctmeplexes it was appeared at 13.4 ppm and
at 52.4 ppm. The carbonyl carbon was appeared@® Jppm in the ligand it was appeared at
174.1 ppm suggested that ligand was coordinatéith @mom. Not much variation was observed
in complexation in the vinyl methyl carbon of etlpyiruvate aroyl hydrazone which was at 8.24
ppm while ethoxy carbon appeared at (:C18.0), (-CH 41.6) in the ligand and slightly
downfield shift was appeared at (-€#3.5), (-CH 46.0). The signal due to butyl groupss-
'CH,-*CH,-3CH,-*CHj) attached to tin atom appeared at 28.9,(85.9 (G), 26.0 (G), and 13.7
(C4) ppm respectively while the carbon of phenyl gratiached to tin atom appeared at 152.0,
133.7, 129.8, and 130.4 ppm.

In **%Sn NMR spectra single resonance was observed iratiye of -151 to -159 ppm and -331
to -359 ppm for 1:1 and 1:2 tin complexes of formuRSn(L),Cl,., where R= butyl and
phenyl. The appearance of chemical shift valughigiregion indicated pentacoordinated for 1:1
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and hexacoordinated for 1:2 environment [17]. Sitheechemical shift of°Sn was affected by
the nature of R group directly attached to theatom when R = phenyl, the localized system of
this group allows for p-dr interaction to dominate shielding of theSn values. The high field
chemical shifts for the phenyltin derivatives beagoncequence of anisotropic shielding effects
in addition with pi interactions.

4. Antimicrobial Activity

In vitro evaluation of antimicrobial activity of the ligadand their corresponding
dichlorodiorganotin (IV) complexes were subjected in vitro antimicrobial studies.
Antibacterial activity was done by the serial dibmt method [18] on the following strains i.e.
Bacillus subtilisqtMTCC no. 2063Staphylococcuaureus(MTCC no. 2901) &scherichia coli
(MTCC no. 1652), under the standard conditions emperature 37°C+1°C and Relative
Humidity 40%+5% for 24 hours. The standards usedcfumparative study for antibacterial
studies are Tetracycline, Chloramphenicol, Kanamy€iefazolin Sodium, Cefotaxime, which
all are pharmacologically very much potent, bropelcsrum antibiotic agenis vitro as well as
in vivo. Media used to determine antibacterial activitgterile double strength nutrient broth I.P.
Antifungal activity was also done by the serialuddn method; on Aspergillus niger (MTCC
nol1344) under the temperature 25°C+1°C, Relativnidity 40%+5% for 7 days & ofandida
albicans (MTCC no0.183) under the standard conditions of 31°C, Relative Humidity
55%+5% for 36 hours. The standards used for argédliactivity are Fluconazole (a therapeutic
broad spectrum antifungal agent), Cycloheximidéu@aicide antibiotic forin vitro use only),
and Carbendazim Hydrochloride (a fungicide withitamior property). Media used to screen
antifungal activity is sterile Sabouraud dextrosatio|.P.

It may be concluded from the data (Table IV) ondah&microbial activity that:

i) toxophorically important —-CON= group is respofsifor the antifungal activity of the
ligands [19].

i) 1:1 complexes FBn(L)Cl are more potent than 1:23% (L), complexes against the tested
microorganism under identical experimental condgiandicate that active ‘Cl" moiety attached
to tin is responsible for the higher toxicity.

iii) In vitro biocidal studies indicate that the organotin(l\@plexes of alkyl pyruvate aroyl
hydrazone of type BnClLL,., where[ L= 1-napthyl and n= 0,1] are more toxiciagéthe tested
bacteria and fungi as compared to their ligandsme&of these compounds have toxicity close to
the conventional fungicides and bactericides argerpotent than their parent ligands against the
same microorganisms under identical experimentalitons. The lipophilic characteristic is
essential for deciding the activity of the compounlde increased activity of the complexes may
be due to the effect of central ion on the nornme&l process, which on chelation increases
lipophilic character of the central atom. This fax®its permeation through the lipid layer of the
membrane, there by resulting in interference withnmal cell process [20]. Due to their poor
water solubility,in vivo studies remain untouched.

iv) Among the complexes PBNClL,., are found to be most active, compared to,SBCHL ».

» Which may be due to the fact that the bulkinesR gfroup increases the lipophilicity, coupled
with the polarity of Sn-C bond whidboost to the bioactivity of these complexes.

v) It is evident from the data that the complexesracge toxic towards Gram (+) strains as
compared to Gram (-) strains which may be attridbutethe fact that the cell wall of Gram (-)
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strains have more antigenic properties due to tlesemce of an outer lipid membrane of
lipopolysaccharides.

vi) Conventionalfungicide and bactericide showed inhibition at camcation less than 3.12
ppm. No compounds show better inhibitory actionntithe conventional fungicide and
bactericide used. Some of the compounds have tgxi@ar to the conventional fungicide
against bacteriBacillus subtilisand fungiAspergillus nigemandCandida albicans

-155.31

N e

T
-160

1957 NM R of pentacoordinated complexesfor 1:1

Antibacterial assay

To prepare the stock solution of 100pug/mL for eeaimplex & ligands, the dichlorodiorganotin
(IV) complexes & the ligands were dissolved in DMS@parately. This stock solution was
serially diluted in tubes containing 1 mL of doubteength nutrient broth I.P. to get the required
concentrations (i.e. concentration of 50 pg/mLu2smL, 12.5 pg/mL, 6.25 pg/mL, 3.12 pg/mL
respectively) and then inoculated with 100 pL ofpnsion of respective organis®agillus
subtilis, Staphylococcus aureus & Escherichia)cwlisterile saline. The inoculated tubes were
incubated at 37°C+1°C and Relative Humidity 40%zf%024 hours and respective minimum
inhibitory concentrations (MIC) were determined.

Antifungal Activity

The antifungal activity of the ligands & their dlohodiorganotin(lV) complexes was determined
against the fungal species on Aspergillus niger Q@T nol344) under the temperature
25°C+1°C, Relative Humidity 40%+5% for 7 days & @andida albicangMTCC no.183)
under the standard conditions of 37°C+1°C, Relativenidity 55%+5% for 36 hours. Similar to
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antibacterial assay, the serial dilution method ¥edl®ewed, using sterile Sabouraud dextrose
broth IP medium for both fungal species.

=333.18

T T T T T 1
-100 -150 200 -250 -300 150 ppm

1951 NM R of Hexacoor dinated complexes for 1:2
CONCLUSION

The complexes of alkyl pyruvate aroyl hydrazonehwiiorganotin(lV)dichloride of type
R.SnCHL,., were designed, synthesized & characterized. Tham@nobial activity of the
ligands & corresponding complexes were evaluateinag different phytopathogenic fungi and
bacteria and it was found that the complexes ekBignificant antimicrobial activity than the
ligands.
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