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characterized on the basis of elemental analysis,  x-oors (|3H3
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Some new hexa-coordinated organotin com- | |
plexes [BuSn(NN)] (where NN is the anion of [ l
various Schiff bases) have been synthesized and X

multinuclear magnetic resonance {H, **C and AN e ’l“l/ %I—
119Sn) spectral studies. A few representative *° T % .—c. _cH. —C_ _N. —C_ _C—H
complexes have also been screened for their N s ° N
antibacterial and antifungal activity and found a b c d

to be quite active in this respect. Copyright©
1999 John Wiley & Sons, Ltd.
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Figure 1 The Schiff bases used in this study.

EXPERIMENTAL

Chemicals and solvents were dried and purified by
standard methods and moisture was excluded from
the glass apparatus using Ca@tying tubes.
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INTRODUCTION Synthesis of the ligands

The Schiff bases were synthesized by the con-
Schiff bases continue to occupy an importantdensation of 2-acetylfuran (2-AcF) and 2-acetyl-
position as ligands in metal coordination chemistry,thiophene  (2-AcT) with  sulphaguanidine,
even almost a century since their discovery. Sulphaulphathiazole, sulphisoxazole and sulphadiazine
drugs have also been reported to be active againsh a 1:1 molar ratio using ethanol as the reaction
different type of bacteria and viruseand have medium. The solutions were refluxed on a water
been used as drugs for diseases such as Caawgr bath for 4-5h and then allowed to cool at room
tuberculosis’ The condensation products of sulphatemperature. The products so obtained were
drugs with aldehydes and ketones are activaecrystallized from acetone (Table 1).
biologically and they also have good complexing
ability.*® It was, therefore, considered worthwhile
to synthesize and characterize some dibutyltin(IV)
complexes of Schiff bases derived from hetero-
cyclic ketones and various sulpha drugs (Fig. 1),
viz. sulphaguanidine (a), sulphathiazole (b), sul-Dibutyltin(IV) oxide and the ligand in 1:2 molar
phisoxazole (c) and sulphadiazine (d). ratio were refluxed in dry benzene and the water

liberated in the reaction was removed azeotropi-

cally on completion of the reaction; the resulting
* Correspondence to: A. K. Varshney, Department of Chemistry, Products were rendered free from the solvent and
University of Rajasthan, Jaipur-302004, India. then washed repeatedly with dry cyclohexane. The

Synthesis of organotin(lV)
complexes
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Table 1 Physicalpropertiesandcharacteristico®f monofunctionabidentateSchiff bases

Elementalanalysis(%6)

Mol.wt

C Found H Found N Found SFound Found

Ligand Colour M.p. (°C) (Calcd) (Calcd) (Calcd) (Calcd) (Calcd)

A 2-AcF-sulphaguanidine Cream 132-134 50.67 4.56 18.00 10.28 313.08
C1aH14N405S (50.97) (4.61) (18.29) (10.47) (306.34)

B 2-AcF-sulphathiazole  Light yellow 129-130 51.39 3.70 11.90 18.25 360.12
C15H13N305S; 51.86) (3.77) (12.10) (18.46) (347.42)

C 2-AcF-sulphisoxazole Brown 158-160 56.70 4.69 11.28 8.72 366.22
C17H17/N304S 56.81) (4.77) (11.69) (8.92) (359.41)

D 2-AcF-sulphadiazine  Light brown 158(d)* 56.00 4.00 16.07 9.13 355.44
C16H14N405S (56.13) (4.12) (16.37) (9.36) (342.37)

E 2-AcT-sulphaguanidine Creamishwhite 108 48.11 4.30 17.03 19.62 330.26
C13H14aN40,S; (48.43) (4.38) (17.40) (19.89) (322.40)

F 2-AcT-sulphathiazole  Light brown 132 49.20 3.53 11.29 26.20 371.45
C15H13N30,S; 49.57) (3.60) (11.56) (26.46) (363.48)

G 2-AcT-sulphisoxazole Brown 160(d) 54.18 4.47 11.00 17.00 365.52
C17H17N30sS; 5452) (4.57) (11.22) (17.12) (374.50)

H 2-AcT-sulphadiazine  Light brown 165(d) 53.34 3.90 15.50 17.72  362.89
C16H14aN40,S; (53.62) (3.94) (15.63) (17.89) (358.43)

2d, decomposed.

productsso formed were finally dried in vacuoat
50°C for 5h.

Tin was estimated gravimetrically as SnO;;
nitrogenandsulphurwere estimatedoy Igjeldahl’s
andMessenger’snethodsrespectively’™

InfraredspectravererecordebnaPerkin-Elmer
577 instrumentin the region 4000-20&cm *. A
Perkin-Elmemodel RB-12 spectrometewasused
for protonmagnetiacesonancspectran deuterated
dimethyl sulphoxide or deuterated chloroform
dimethylformcmideandtetramethylsilanasinter-
nal standard.Molar conductancemeasurements
weremadein anhydrougDMF) at36+ 1 °C using
a Systronics conductivity bridge model 305.
Molecularweight determinationsvere carried out
by theRastcamphomethod.Theelectronicspectra
wererecordedn methanolon a Toshniwalspectro-
photometer.**C and **°Sn NMR spectrawere
recordedon a 90 MHz JEOL spectrometein dry
dimethyl sulphoxide(DMSO) with tetramethylsi-
lane (TMS) and tetramethyltin(TMT) as internal
and external standareds at 22.59MHz and
22.7MHz, respectively.

RESULTS AND DISCUSSION
The reactionsof Bu,SnOwith the Schiff basesn

Copyright© 1999JohnWiley & Sons,Ltd.

benzenén al:2 molarratiotakeplaceaccordingo
Eqgn[1]. All thesenewly synthesizedomplexesare
off-white solids and are solublein DMSO, DMF
andcommonorganicsolvents(Table 2).

= =
Bu,SNO+ 2NN'H — BuSn(NN), + H,0 [1]

The molecularweightsof the complexesdeter-
mined by the Rastcamphormethodcorrespondo
theformulaweight,indicatingamonomericature.
The stoichiometry of the complexeswere con-
firmedby theelementahnalysesThelow valuesof
their molar conductancesn DMF indicate their
non-electrolyticnature.

Electronic spectra

Electronicspectraof the Schiff basesexhibit three
bandsaround240, 280 and 360nm. Bandsat 240

and 280nm are possibly due to n—=* transitions
within the benzeneing andthe (> C=N) bandof

the azomethine group, respectively. The band
around360nm may be dueto n—* transitionsof

the non-bondingelectronspresenton the nitrogen
of the azomethinegroup. The first two bands
remainunchangedh thecorrespondingomplexes,
whereasthe third one undergoesa hypsochromic
shift dueto coordinationof nitrogento the central
metalatom.

Appl. OrganometalChem.13, 637-641(1999)
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Table 2 Synthesisandcharacteristic®f diorganotin(lV)complexes

Reactants

Elementalanalysis(%)

Mol.wt

Molar Yield M.p. SnFoundN Found SFound Found

Tin Ligand ratio Product (%) (°C)  (calcd) (calcd) (calcd) (calcd)
Bu,SnO CisH14N4O3S 1:2  Bu,Sn(GsHi3N4OsS), 78 172 1391 13.00 7.44  828.89
(14.07) (13.28) (7.59) (843.50)

BuzSNO CisHi3N30sS,  1:2 BuoSn(GsHioN30sS), 81 241(df  12.66 8.86 13.72  910.92
(12.82) (9.07) (13.85) (925.66)

Bu,SnO C;/H1/N304S  1:2  BuSn(GH1eN3O04S)y 79 158 12.40 8.58 6.66  938.08
(12.50) (8.85) (6.75) (949.64)

Bu,SNnO CieH1aN4O3S  1:2  BupSn(GeHiaN4O3S) 75 155 12.83 12.01 6.87  901.79
(12.96) (12.23) (7.00) (915.56)

Bu,SNnO Ci3HiN4O,S,  1:2 BunSn(GsHisN40.S;), 76 161 13.42 1260 1451 867.50
(13.55) (12.79) (14.64) (875.62)

Bu,SNO CisH1aN30,S3  1:2 Buo,Sn(GisHioN30.S3), 76 128 12.11 8.69 19.98 945.26
(12.39) (8.77) (20.08) (957.78)

Bu,SnO C;H1/N30sS,  1:2  Bu,Sn(GHi1eN30sSy). 82 153 11.90 8.40 12.89 960.70
12.11) (8.57) (13.09) (979.82)

Bu,SnO CigH14N4O,S,  1:2 BuSn(GeHi1sN40,.Sp)., 80  210(d) 1241 11.68 13.38 932.01
(12.52) (11.82) (13.53) (947.68)

2 d, decomposed.

Infrared spectra

The IR spectraof thesederivativesdo not show
bandsin the region 3400-315@&m* which could
be assignedto v(NH) vibrations. This indicates
deprotonationof the functional groups of the
ligands as a result of complexationwith the tin
atom.

A sharpandstrongbandat ca 1635cm * in all
these complexes, compared with one at ca
1620cm ™! in the ligands, may be attributed to
v (C=N).**** The upfield shift of this band is

probablycausedy anincreasen the > C=N bond
orderdueto coordinationof nitrogento the metal
atom.

Medium to sharpmtensny bandsare observed
at 595 and 525cm * which may be assignedto
the asymmetricand symmetric modes of Sn—-C
stretchmgwbratlons Also, two bandsobservedat
ca 420cm ' and ca 420cm ! are probably due
to v(Sn—N) and v(Sn——N) bonds, respectively,
which arenot observedn the spectraof the Schiff
bases?

Table 3 *C NMR dataof ligandsandtheir organotin(IV)complexes

Chemicalshift 6(ppm)
Compound c2 C3 C4 C5 C6 C7 C8 C9 C-10 C-11 C-12 Sn-Bu
2-AcT-STH 141.2 126.4126.68127.8 170.4 121.6 121.2115.25115.35168.4 12.6

Bu,Sn(2-AcT-ST) 138.9 126.6 126.2 127.3 163.0 120.6 121.3 115.3 115.3 160.7 14.10 25.9,27.6,
27.1,13.8
2-AcF-SGH

Bu,Sn(2-AcF-SG)

144.3 124.2 121.1 135.4 172.3 122.5 121.6 116.1 116.2 168.2 12.8
142.2 123.9 121.4 135.2 162.8 121.8 121.8 116.2 116.4 155.6 15.2 28.2,27.1,
26.00,13.0

\z
"2-ACT-STH= "4~ @%o ! c B

CHs

iz
P 2-AcF-SGH=* & _@so NH“C/

Copyright© 1999JohnWiley & Sons,Ltd. Appl. OrganometalChem.13, 637-641(1999)
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Figure 2 Structureassignedo thedibutyltin(IV)- Schiff base
complexes.

TH NMR spectra

The'H NMR spectreof theligandsalsoexhibit NH
proton signals at 6=10.00+ 0.05ppm which
disappeaiin the complexesshowingthe involve-
mentof adjacentnitrogenin bondingwith the tin
atom. A protonsignalat 6 = 1.85ppm is observed
due to —C(CHz)=N—; this moves downfield
(6 =1.95ppm) in the complexesfrom its original
position in the ligands, due to coordination of
>C=N to the metal atom. The ligands show

complexmultipletsin theregioné = 7.90-6.8(pm
for thearomaticprotonsandit remainsatalmostthe
sameposition in the spectraof the organotin(lV)
complexes.The complexes,however,show addi-
tional signalsat 6 =0.65—-2.0(ppm (M) owing to
the protonof the butyl group.

13C NMR spectra

13C NMR data for a few representativesamples
havebeenrecordedandaregivenin Table 3. The

shifts in the position of carbonatomsattachedto

nitrogenare indicative of their coordinationto the

metalatoms.The carbonatomsof butyl groupsare
observedht positions(é = 26.7—13.6opm) compar-
ablewith othersimilar compounds.

119gn NMR spectra

11957 NMR spectraof the organotin complexes
show signals between § = —275 and —290ppm
which are in good agreementwith values for
hexacoordinationaround tin atoms. Values for
similar six-coordinatd Bu,Sn(lV) complexeshave
been reported®?* in the range of §=-210 to
—365ppm.

Thus, on the basisof the above evidence,the
structurein Fig.2 can be assignedto thesecom-
plexes.

Table 4 Antimicrobial activities of ligandsandtheir metalcomplexes

Compound
Organism A N B C lc E le F e
S.aureus 1z2 7.1 12 8 14 8 12.8 5 11 8.2 15
(A)®  (0.78) (1.33) (0.88) (1.55) (0.88) (1.42) (0.55) (1.22) (0.91) (1.66)
B. thuringiesis 1z 7.8 14 8.2 18 8 16 7 16 9 25
(A)  (0.6) (1.07) (0.63) (1.38) (0.62) (1.23) (0.54) (1.23) (0.69) (1.92)
E. coli 1z 5.6 8.8 6.4 10 6.8 13 4.2 10 6.1 10.6
(Al)  (0.62) (0.98) (0.71) (1.11) (0.75) (1.44) (0.46) (1.11) (0.67) (1.77)
P. mirabilis 1z 4.2 8 7.2 10 5.8 11 4.6 10 4.8 15
(A) (0.52) (1.0) (0.9) (1.25) (0.72) (1.37) (0.57) (1.25) (0.60) (1.87)
P. syringae V4 4.4 8.9 4.7 11 4.4 12 4.2 9 4.6 11
(Al)  (0.44) (0.89) (0.47) (1.10) (0.44) (1.20) (0.42) (0.90) (0.46) (1.10)
A. flavus 1Z 6.9 15.6 7 16 5.6 16 6.8 15 6.7 17.5
(Al) (0.86) (1.95) (0.87) (2.0) (0.70) (2.0) (0.85) (1.87) (0.84) (2.18)
A. niger 1z 8 12 6.2 14 6.7 13 6.9 16 7.0 12
(Al)  (0.80) (1.20) (0.62) (1.40) (0.67) (1.30) (0.69) (1.60) (0.70) (1.20)
R. phaseoli 1Z 7.8 12 8.2 15 6.6 13 7.6 15 7.8 10
(Al) (0.78) (1.20) (0.82) (1.50) 0.66 1.30 0.76 1.50 (0.78) (1.0)

21Z =inhibition zone(mm)

B Al = activity index= inhibition zoneof testcompounds/inhibitiorzoneof standard.
¢ SeeTable1 for identitiesof ligandsA—F. | o—I ¢ arethe correspondinglibutyltin(IlVV) complexes.

Copyright© 1999JohnWiley & Sons,Ltd.
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Antimicrobial activity results

The Antibacterialandantifungaltestswere carried
out using the disc-diffusion method®*" for their
activities at a concentrationof 100ppm. Strepto-
mycin and mycostatin were used as reference
compoundsfor antibacterialand antifungal activ-
ities, respectively Staphylococcusureus,Escher-
ichia coli, Proteusmirabilis, Bacillus thuringiesis
and Pseudomonasyringae(bacteria)or Aspergil-
lus flavus, Aspergillus niger and Rhizoctonia
phaseoli(fungi) were usedas the test organisms.
Resultshavebeernrecordedn theform of inhibition
zones(diametermm) andactivity indicesin Table
4,

Further,the tin complexesare more active than
the ligands, which indicates that metallation
increasesactivity. The abovestudiesindicate that
thetin complexesynthesizedh thepresenstudies

arehighly active againstall thesemicroorganisms.
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