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Preparation and Characterisation of Tin(II) and Tin(IV)
Complexes with Some Morpholine-N-Thiocarbazones
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Complexes of Sn(Il) and Sn(IV) with benzaldehyde morpholine-N-
thiocarbazone (Benzmtcz-H), cinnamaldehyde morpholine-N-thiocarba-
zone (Cinmtcz-H), Cyclohexanone morpholine-N-thio-carbazone
(Cyclmtcz-H), isatine morpholine-N-thiocarbazone (Istmtcz-H), Salicyl-
aldehyde morpholine-N-thiocarbazone (Salmtcz-H;) and o-hydroxy-
acetophenone morpholine-N-thiocarbazone (Ohacetpmcz-H;) of compo-
sition {Sn(II)(LH),Cl;}; (LH=Benzmtcz-H, Cinmtcz-H, Istmtcz-H,
Cycimtcz-H), [Sn(II}LH);]}; (LH;=Salmtcz-H; or Ohacetpmtcz-H,),
[Sn(IV)L;] and [Sn(IV)LI;] (LH; = Salmtcz-H; or Ohacetpmtcz-H;) and
[Sn(IV)L;Iz); (LH = Benzmtcz-H, Cinmtcz H or Cyclmtcz H) have been
prepared and characterised by elemental analysis, electrical conductance,
IR and NMR spectral studies.

Key Words: Tin(Il and IV), Complexes, Morpholine-N-thiocarba-
zones.

INTRODUCTION

The complexes of tin and its compounds have aroused considerable interest due
to their application in agriculture and their uses as marine antifouling agent, wood
preservatives, stabilizers for PVC and antihelmintics and studied extensively.'™ In
spite of various positive uses it has been found that some tin compounds enter the
food chain, that cause harmful effects like headache, nausea, abdominal pain,
dehydration and photophobia.' 1° The com ?lcxes of Sn(IT) and Sn(IV) with various
ligands have been reported in detail’™>. In pursuance of our interest in tin
complexes, we here report the preparation and characterisation of Sn(II) and Sn(IV)
complexes with Schiff bases of morpholine-N-thiocarbazone derived from benzal-
dehyde (Benzmtcz-H), cinnamaldehyde (Cinmtcz-H), cyclohexanone (Cyclmtcz-
H), isatine (Istmtcz-H), salicylaldehyde (Salmtcz-H,) and o-hydroxyacetophenone
(Ohacetpmtcz-H,).

EXPERIMENTAL

The hgands were prepared!® by refluxing aqueous ethanolic solution of morpho-
line-N-thiohydrazone with appropriate aldehyde or ketone in presence of 2-3 mL
acetic acid. The ligands were recrystallised from hot ethanol and dried. The
analytlcal results for Benzmtcz-H,N: found 16.77, required 16.85%; Cinmtcz-H,N:
found 15.19, required 15.26%; Cyclmtcz-H,N: found 17.38, required 17.41%;
Istmtcz-H,N: found 15.19, required 15.26%; Cyclmtcz-H,N: found 17.38, required
17.41%; Istmtcz-H,N: found 19.25, required 19.30%; Salmtcz-H,,N: found 15.86,
required 15.84%; Ohacetpmtcz-H,,N: found 15.09, required 15.04%.
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Tin(II) chloride used was E. Merck, extra pure quality and Tin(IV) iodide was
prepared by reported method.!”

Preparation of Complexes

About 1 mmol of appropriate Sn(II) and Sn(IV) salt was dissolved in ethanol and
treated with slight excess of requisite proportion(M : L =1 : 1 or 1 : 2) of ethanolic
solution of ligand and refluxed for 1-2 h, when the desired product separated either
on standing or concentrating the refluxate to a small volume. For obtaining
deprotonaled ligand complexes, the pH of refluxate was reduced by adding a few
drops of morpholine. The complex was collected on a filter, washed with cold
ethanol and purity of samples was checked by TLC. The composition and analytical
results of complexes are shown in Table-1. Iodine was estimated as Agl. The
complex was fused with AR Na,COs, and Nal formed extracted and Agl was
precipitated by adding AgNO; solution and acidifying the extract with dil. HNO,.
Sulphur was estimated as BaSOj,.

TABLE-1
ANALYTICAL AND PHYSICAL DATA OF TIN COMPLEX

% Analysis: Found (Calcd.)

Complex
Sn N S Halogen
[Sn(IV) (Benzmtcz),l;] 13.31 9.31 7.31 28.91
(13.66) 9.67) (7.38) (29.20)
[Sn(IV) (Cinmtcz),l;] 13.01 8..92 7.01 27.37
(12.89) 9.12) (6.96) (27.55)
[Sn(IV) (Cyclmtcz),15] 13.59 9.71 732 29.61
(14.21) (10.06) (7.68) (29.20)
[Sn(IV) (Salmtcz);) 18.01 12.81 9.71 —
(18.39) (13.02) (9.99)
[Sn(IV) (Salmtcz)I,] 18.34 6.41 4.99 39.51
' (18.52) (6.59) (5.02) (39.87)
[Sn(IV) (Ohacetpmtcz),] 17.31 12.01 9.31 _
(17.58) (12.44) (9.50)
[Sn(IV) [(Ohacetpmtcz)l;)] 17.93 6.32 4.84 39.27
(18.13) (6.45) 4.92) (39.02)
[Sn(Il) (Benzmtcz-H),Cl,) 16,91 12.11 9.11 10.11
(17.22) (12.19) (9.30) (10.29)
[Sn(II) (Cinmtcz-H),Cl;] 15.97 11.21 8.51 9.35
(16.08) (11.38) (8.69) (9.60)
[Sn(II) (Cyclmtcz-H),Cl,] 17.59 12.41 9.31 10.32
17.71) (12.54) 9.57) (10.58)
[Sn(II) (Istimtcz-H),Cl;] 15.41 14.08 8.01 9.11
(15.45) (14.59) (8.35) 9.23)
[Sn(II) (Salmtcz-H),) 18.01 1291 <~ 9.63 —
(18.33) -~ (12.98) " (9.90)
[Sn(II) (Ohacetpmtcz-H),] 17.30 - 12.11 9.60 —_

(17.52) (12.40) (9.47)
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RESULTS AND DISCUSSION

The analytical results of complexes correspond to composition
[Sn(II)(LH),Cl;] (LH = Benzmtcz-H, Cyclmtcz-H, Cinmtcz-H or Istmtcz H) and
[Sn(IV)L,L]; (LH = Benzmtcz-H, Cyclmtcz-H or Cinmtcz-H) suggest that the
ligands Benzmtcz-H, Cinmtcz-H, Istmtcz-H and Cyclmtcz-H behave as neutral
bidentate chelating molecules in neutral medium ard monoanionic bidentate
ligands at pH higher than 6. The ligands salmtcz-H, and Ohacetpmtcz-H,
coordinate as monoanionic molecule and form complexes [Sn(II)(LH), in neutral
medium. In slightly basic medium Benzmtcz-H, Cinmtcz-H and Cyclmtcz-H form
[Sn(IV) L,I;] at reflux temperature. The neutral inner chelate [Sn(IV)L,]; and
[Sn(IV)LI,] (LH, = Salmtcz-H, or Ohacetpmtcz-H,) are formed in slightly basic
condition. The complexes of Sn(IV) are relatively more soluble in organic
solvents than those of Sn(II) complexes. The electrical conductance value of
complexes in DMF at room temperature (30-31°C) qualitatively display negligi-
ble electrical conductance value indicating non-ionic nature of complexes. The
anions are coordinated to Sn(I) as well as Sn(IV) atom in dihalo complexes. In
general, the complexes are quite stable in air but slowly decompose in aqueous
suspension. As expected, the complexes are diamagnetic. Their ethanolic solu-
tions do not display electronic absorption band in visible region, 400-850 nm.
The strong absorption of complexes below 400 nm can be attributed to ligand
absorption or charge transfer band.

The IR spectra of ligands in KBr disc or Nujol mull display NH stretches in
the region 3180-3110 cm™ (Table-2). The NH stretches of ligands are not affected
appreciably in complexes with neutral ligands, but disappear in bis-ligated
complexes [Sn(IV)L,1;]; (LH = Benzmtcz-H, Cinmtcz-H or Cyclmtcz-H). The
ligand Salmtcz-H, displays phenolic (OH) stretch at 3280 cm™ and V(OH) of
Ohacetpmtcz-H, at 3370 cm™! which disappear in their complexes [Sn(II)(LH),],
[Sn(IV)L;] and [Sn(IV)LI,] indicating deprotonation of phenolic OH on com-
plexation. The Salmtcz-H, and Ohacetpmtcz-H, complexes [Sn(II)(LH),] and
[Sn(IV)L,] display NH stretches at 3120 and 3140 cm™ respectively, but these
disappear in [Sn(IV)L,] and [SnIH,]complexes indicating deprotonation of both
NH and OH protons in bis-complexes [Sn(IV)L,] and [Sn(IV)LI,]. The thioamide
bands'® !° (1, 11, III) of ligands (Table-2) are raised to higher wavenumber in their
complexes while the thioamide band (IV) shifts to lower frequency by 20-25
cm™ in complexes containing neutral Benzmtcz-H, Cinmtcz-H, Cyclmtcz-H and
Istmtcz-H and complexes [Sn(II)(LH),] (LH, = Salmtcz-H, or Ohacetpmtcz-H)
as well as in [Sn(IV)L,I,] suggesting the bonding of thioamide group in
complexeszo' 21 The thioamide IV, however, shift to lower frequency and observed
near 725-690 cm™' in [Sn(IV)L,] and [SnLl,] ([LH,=Salmtcz H, or
Ohacetpmtcz-H,) or (Sn(IV)L,I,); (LH = Benzmtcz-H, Cinmtcz-H or Cyclmtcz-
H). A large shift of thioamide band suggests coordination of ligand through
deprotonated thiol sulphur also®® 2. The ligands display azomethine (C=N)
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stretch near 1635-1590 cm™, which shifts to lower frequencies and observed near
1612-1585 cm™, suggesting that second donor sites of Benzmtcz-H, Cynmtcz-H
or Istmtcz-H is dzomethine nitrogen. The v(CO) of Istmtcz-H observed at 1690
cm™! is not affected appreciably in complexes suggesting that carbonyl oxygen
is not involved in coordination. The phenolic v(C—O) of ligand in Salmtcz-H,
and Ohacetpmtcz-H, is observed at 1160-1153 cm™ respectively which is raised
to higher frequency and observed at 1390, 1385 and 1360 cm™ indicating
coordination of phenolic oxygen on deprotonation. Thus Salmtcz-H, and
Ohacetpmtcz-H, are coordinated as tridentate mono or dianionic molecule in
Sn(II) and Sn(IV) complexes. In far IR region ligands as well as their complexes
display a number of IR bands between 535 and 300 cm™!; therefore definite M—L
band could not be suggested. Thus it is suggested that Sn(II) complexes
[Sn(II)(LH),Cl,]; (LH =Benzmtcz-H, Cinmtcz-H, Cyclmtcz-H or Istmtcz-H),
and [Sn(II)(LH),]; (LH, = Salmtcz-H, and Ohacetpmtcz-H,) are six-coordinated
complexes with sp°d* hybrid bonding in which lone pair of electrons of Sn(II)
occupy one hybrid orbital and complexes are distorted octahedral, Sn(IV)
complexes are all octahedral with sp°d®> hybrid bonding but [Sn(IV)LI,] are
five-coordinated with sp’d hybrid bonding.

NMR-study

The NMR spectrum of salicylaldehyde morpholine-N-thiocarbazone (H,-
Salmtcz) shows dianionic nature of ligand in SnLI, complex.

Iil /1 2\

=N—NH—C—N

o)
lsl\s 2/

Fig. (H,-Salmtcz)

The signals of the protons at C;, (2H) and C,, (4H) and Cj;, (2H) are observed
at 2.40, 3.42 and 3.82 ppm respectively. The phenyl ring signals for 4 protons are
observed between 6.70 and 7.38 ppm. The (HC==N) proton signal is located at
8.2 ppm. Thiocarbazone N; proton signal has been observed as sharp signal for
one proton at 10.8 ppm and phenolic OH proton signal at 11.3 ppm. The NH and
phenolic proton signals disappear in complex [Sn(Salmatcz)l;] and CH=N
proton singlet down shifted to 8.6 ppm. The morpholine ring proton signals are
observed between 2.75-3.75 ppm. The PMR spectral pattern clearly indicates
bonding of Sn(IV) through O, N and S atoms of ligand. A large downfield shift
of (HC==N) proton signal clearly indicates the coordination of aldimine nitrogen
with Sn(IV) atom, as shown in Fig. 1 (d).

OH
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