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THERMAL BEHAVIOR OF SOME NEW ISATIN COMPLEXES"

C. Parnau, Rodica OZar**, Mihaela Badea and A. Kriza

University of Bucharest, Faculty of Chemistry, Department of Inorganic Chemistry, 90-92 Panduri Str., 050663 Sector 5,
Bucharest, Romania

The complexes of the type SnCly(HL)-EtOH and SnCl,L, (HLI: the Schiff base resulted in 1:1 condensation of isatin and aniline;
HL?: the Schiff base resulted in 1:1 condensation of isatin and p-toluidine) have been synthesized and characterized. The thermal
analysis of the new ligands and complexes has evidenced the thermal intervals of stability and also the thermal effects that accom-
pany them. The Schiff bases thermal transformations consist in phase transitions, C,n—N bond cleavage and thermolysis processes.
The different nature of the complexes generates their different thermal behaviour. The complexes lead in three steps to SnO, and in
all cases the Schiff bases degradation generates a pyrrolidone-coordinated derivative. As for the SnCl,(HL)-EtOH complexes, the
SnCl, formed during the last step is involved in two competitive processes, one consists in their volatilisation while the other one

leads to SnO,. As result the SnO, residue is smaller than the theoretically expected.
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Introduction

It is well known that the isatins have as well biological
as coordinative properties [1]. Isatin (1H-indol-2,3-
dione) is a synthetically versatile substrate, that can be
used for synthesis of a large variety of heterocyclic com-
pounds, such as indoles and quinolines, and as raw ma-
terial for drug synthesis. Isatin has also been found in
mammalian tissues [2]. There has been considerable in-
terest showed in the coordination chemistry of transition
metallic ions and isatin derivatives [3—7], but less atten-
tion has been accorded to complexation of main group
of the metallic ions. Our interest in this category of lig-
ands arises from their already proved medical and bio-
logical implications. Schiff bases derived from isatin
showed anticonvulsant [1], tuberculostatic, antibacterial
as well as antifungal activities [8, 9]. Moreover, com-
plexes of some isatin derivatives with transition metals
behave as antibacterial [7], antitubercular [10] and also
antitumoral compounds [11]. Regarding the thermal be-
haviour of this kind of complexes there are a rather few
information [12]. Schiff bases derived from isatin and
aniline/p-toluidine/m-nitro aniline were obtained re-
cently by direct condensation of organic derivatives. Us-
ing this ligand were also synthesised and characterised
tin(IV) complexes that were formulated as mononuclear
species of type SnCl,(HL)-EtOH and SnCl,L, [12].

In this paper we report the thermal behaviour of
these derivatives in order to evidence the thermal in-
tervals of their stability and also the thermodynamics
effects that accompany them. The thermogravimetric

analysis has shown that these compounds are stable
up to 200-290°C. The thermal transformations are
complex processes according to TG and DTG curves
including phase transitions, C,,n,—N bond cleavage
(leading to the gaseous benzene, toluene or nitro-
benzene formation) and then thermolysis processes.
The products of the decomposition are nanometer-
sized particles of tin(IV) oxide.

Experimental

The new ligands and complexes were synthesised and
previously characterized by chemical analysis, IR,
NMR, UV-vis spectroscopy as well as molar conduc-
tance measurements [13]. The chemical analysis and
IR spectral data were used in order to confirm the na-
ture of some intermediates and also the final products.

IR spectra were recorded in KBr pellets with a
FTIR-BIORAD 135 instrument.

The heating curves (TG, DTA and DTG) were re-
corded in a static air atmosphere using a MOM Hungary
derivatograph, type Paulik—Paulik—Erdey, with a sam-
ple mass between 34.8-50 mg over the temperature
range of 20—1000°C, using a heating rate of 10°C min ™.

Results and discussion

In this paper, we report the thermal behaviour of some
complexes of SnCl,(HL)-EtOH and SnCLL, type

* Presented at MEDICTA Conference 2005, Thessaloniki, peer reviewed paper.
** Author for correspondence: rodica_olar@yahoo.co.uk; olar.marioara@unibuc.ro

1388-6150/820.00
© 2006 Akadémiai Kiado, Budapest

Akadémiai Kiado, Budapest, Hungary
Springer, Dordrecht, The Netherlands



PARNAU et al.

(HL': the Schiff base resulted from 1:1 condensation of
isatin and aniline and respectively HL: the Schiff base
resulted from 1:1 condensation of isatin and
p-toluidine). The Schiff bases were synthesised by di-
rect condensation of isatin and aromatic amines as it is
shown in Scheme 1. The tin(IV) complexes with neu-
tral and respectively anionic Schiff bases derived from
isatin and aniline/p-toluidine/m-nitroaniline were char-
acterised as mononuclear species on the basis of the
chemical analysis as well as the physico-chemical data
that was previously reported (Scheme 1) [13].
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Scheme 1

It is worth mentioning that in neutral forms the
Schiff bases are coordinated through azomethinic ni-
trogen and carbonyl oxygen atoms respectively
through azomethinic nitrogen and oxygen atoms in
the enolic form of deprotonated ligands. The follow-
ing solid compounds have been studied from the point
of view of their thermal behaviour:

HL' or C4H,oN,O 1)

HL? or C;sH;5N,0 ()
[SnCl,(HL")]-EtOH or SnCsCL,H;sN,0,  (3)
[SnCl4(HL?)]-EtOH or SnC;;CLHsN,O,  (4)
[SnCLy(L"),] or SnC»sCLH;sN,O, (5)
[SnCly(L?),] or SnC30Cl,H,,N40, (6)

The results concerning the organic ligands and
their Sn(IV) complexes decomposition are compara-
tively discussed below.

Thermal behaviour of Schiff bases and of tin(1V)
complexes

Thermal decomposition of C1,H;(N,O (HL") (1) and
C15H,N,0 (HL?) (2)

The TG, T, DTG and DTA curves corresponding to
the organic compound (1) heating in the 20—1000°C
temperature range are presented in Fig. 1.
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Fig. 1 TG, DTG and DTA curves of (1)

According to the TG curve at progressive heat-
ing, before the two decomposition steps, there has
been evidenced at 225°C the melting of the Schiff
base. The first decomposition step occurred in the
temperature range 260-370°C (the maximum rate
corresponds to the 335°C temperature) and it has been
accompanied by a weak exothermic effect. This step
corresponds to the azomethinic bond cleavage, lead-
ing to the a-benzopyrrolidone as it is shown in the
Scheme 2. Regarding the gaseous residue, this could
be a mixture of benzene, nitrobenzene as well as CO,,
NO, and H,O (the exo effect indicates that the ther-
mal degradation of organic leaving fragments is ac-
companied by these derivatives volatilisation).

The chemical elemental analysis was used in order
to confirm the composition of the solid residue (found:
C, 72.14; N, 10.42; H, 5.27%; requires for CgH;NO: C,
72.18; N, 10.53; H, 5.26%). The absence in IR spectrum
of the reaction product (Fig. 2b), of the band corre-
sponding to the stretching vibration vc-y, that appears at
1654 cm ! in the spectrum of (1) (Fig. 2a), represents a
proof of the a.-benzopyrrolidone formation.

The second decomposition step (370-800°C) is
accompanied by a strong exothermal effect and it cor-
responds to the oxidative degradation of the previous
compound (HL"). During this transformation at least
two thermochemical processes occur according to
DTG and DTA curves.
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HL HL

Scheme 2
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Fig. 2 IR spectra of HL' (a) and the intermediate resulted from
thermal degradation at 370°C (b)

For the HL? (2), the melting point has been evi-
denced at 230°C. The decomposition occurs also in
two steps as it is shown in Fig. 3. First one, with a
mass loss 0f 43.82% (calculated 43.64%) corresponds
to the cleavage of azomethinic bond and a-benzo-
pyrrolidone formation (270—400°C). The thermo-
chemical degradation of this derivative (400-820°C)
occurs in the second step with a mass loss of 56.18%
(calculated 56.36%). The step occurs in several reac-
tions that are difficult to separate; all exhibit an
exothermal effect.

Thermal decomposition of SnC ;sCl,HsN>O, (3) and
SnC7CiyH 13N>0; (4)

Complexes (3) and (4) have the same thermal behav-
iour and the general aspect of the DTG, DTA and TG
curves as it is shown for (3) (Fig. 4). The thermal de-
composition occurs in three steps.

The decomposition of the complexes starts at a
lower temperature with the ethanol loss in an endo-
thermic process that occurs with maximum rate at
80°C (Table 1).

The second step, a weak exothermic one, occurs
in the temperature range 200-370°C and corresponds
to the azomethinic bond cleavage as it was also ob-
served for the organic uncoordinated Schiff base. The
o.-benzopyrrolidone resulted after this process re-
mains coordinated to tin(IV). The last step is very
complex and it is an overlapping of the thermal de-
composition of complex leading to SnCly and the or-
ganic part, which simultaneously suffers an oxidative
degradation; a part from the resulted SnCl, is volati-
lised. In the same time the water developed from ther-
mal decomposition of the a-benzopyrrolidone leads
to the hydrolysis of the SnCl, remaining part. The fi-
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Fig. 3 TG, DTG and DTA curves of (2)
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Fig. 4 TG, DTG and DTA curves of (3)

nal product of the thermal decomposition is SnO, that
represent 47 and respectively 45% from the entire
quantity that should be obtained according to the
complex formula. Such behaviour was observed also
for other tin(IV) species with a high covalence degree
[14, 15]. The nature of the final product was estab-
lished by chemical elemental analysis and pow-
der-XRD determination.

Thermal decomposition of SnC,sCILH;sN,O, (5) and
SnCsyClH»>N40; (6)

The different nature of the ligand and the coordina-
tion mode generates the different thermal behaviour
for [SnL,Cl,] complexes (Fig. 5). Excepting this, the
two complexes have a similar behaviour. The two
complexes are very stable and the thermal decomposi-
tion begins at 200 and 210°C, respectively. The first
step corresponds to the chlorine loss and the
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Table 1 Thermal behaviour of the complexes (3) and (4)

Temperature 0 o intermediate/final
Complex Step  Thermal effect interval/°C Atexy/%o A % product nature
1 endothermic 50-140 8.53 8.70 [SnCL;(HLl',)]
. 2 exothermic 200-370 17.07 17.02 [SnCL(HL")]
[SnCLHLOIEOH () 3 exothermic 370-650 60.97 4577 Sn0,
residue (SnO,) 13.43 28.51
1 endothermic 50-140 8.63 8.47 [SnCL(HL)]
247, 2 exothermic 210-390 18.74 19.05 [SnCl4(HL")]
[SnCL(HLO) EIOH (4) 3 exothermic 390-660 62.47 44.59 SnO,
residue (SnO,) 10.16 27.89
Table 2 Thermal behaviour of the complexes (5) and (6)
Temperature 0 o intermediate/final
Complex Step Thermal effect interval/°C Ay %o A/ %o product nature
1 exothermic 200-280 8.62 8.70 [SnO(Lllv)z]
| 2 exothermic 280-550 44.93 44.03 [SnO(L"),]
[SnCLADI () 3 exothermic 550-775 23.00 23.41 SnO,
residue (SnO,) 23.45 23.86
1 exothermic 210-290 8.4 8.51 [SnO(L;)z]
2 2 exothermic 290-570 45.52 4524 [SnO(L?),]
[SnCLED1(6) 3 exothermic 570-780 22.64 2291 Sn0,
residue (SnO,) 23.40 23.34
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Fig. 5 TG, DTG and DTA curves of (5)

oxotin(Il) complex formation in an exothermic pro-
cess as it is shown in Scheme 3. After the chlorine at-
oms elimination the coordinative saturation of tin(I'V)
occurs through the oxygen bonding. The next step,
exothermic also, corresponds to the ligand
thermolysis with the a.-pyrrolidone generation that is
coordinated to the oxotin(Il) in the anionic form. The
oxidative degradation of the organic remaining part
leads to powder tin(I'V) oxide occurs as the final step.
The thermal behaviour data for these complexes are
shown in Table 2.

Regarding these species it can be mentioned that
the final residue contains the whole initial quantity of

220

A series of complexes of tin(IV) with Schiff bases de-
rived from isatin and aniline respectively p-toluidine
(both in neutral and anionic form, respectively) were
characterised as mononuclear species.

The Schiff bases are melting before decomposi-
tion process, which occurs in two steps.

The [SnCl4(HL)]-EtOH species suffer two exother-
mic processes after ethanol elimination. The final resi-
due, that is SnO, is in a smaller quantity in comparison
with the expected theoretic one. This behaviour could
arise from lower lattice energy and a higher covalence
degree for SnCl, that is formed as intermediate.

The complexes with the higher molecular mass
[SnCLL,] display a thermal behaviour more complex,
the steps of the degradation being not well delimited.

J. Therm. Anal. Cal., 86, 2006
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In these cases the final product is the SnO, which cor-
responds to the entire quantity of tin from the com-
plex compound; this is a consequence of the fact that
oxotin(I) species formed as intermediates have a
smaller covalence degree and are less volatile.

References

1 M. Verma, S. N. Pandeya, K. N. Singh and J. P. Stables,
Acta Pharm., 54 (2004) 49.

2 J.F. M. da Silva, S. J. Garden and A. C. Pinto,
J. Braz. Chem. Soc., 67 (2001) 273.

3 J. M. Law, W. Henderson and B. K. Nicholson,
J. Chem. Soc., Dalton Trans., (1997) 4587.

4 V. I Thapcov and N. M. Samucy, J. Obsch. Khim.,
66 (1996) 1692.

5 A. Lenz, K. Siinkel and W. Beck, Z. Naturforsch.,
51b (1996) 1639.

6 A. M. Hassaan, M. A. Khalifa and A. K. Shehata,
Bull. Soc. Chim. Belg., 104 (1995) 121.

7 R. M. El Bahnasawy, E. El Shereafy and T. I. Kashar,
Egypt. J. Chem., 37 (1994) 333.

J. Therm. Anal. Cal., 86, 2006

8

9

K. Anil, S. Gupta and A. G. Gupta., Eur. J. Med. Chem.,
18 (1983) 181.

Z. H. Chohan, H. Pervez, A. Rauf, K. M. Khan and

C. T. Supuran, J. Enz. Inhib. Med. Chem., 19 (2004) 417.

10 N. K. Singh, N. Agarwal and R. C. Agarwal, Ind. J. Chem.,

11

12

13
14

15

24A (1985) 617.

V. Y. Kukushkin, T. Nishioka, S. Nakamura, I. Kinoshita
and K. Isobe, Chem. Lett., (1977) 189.

A. Hudak and A. Kosturiak, J. Therm. Anal. Cal.,

58 (1999) 579.

A. Kriza and C. Parnau, Acta Chim. Slov., 48 (2001) 445.
C. A. Ribeiro, M. S. Crespi, L. S. Guinesi, C. T. R. Guerreiro
and H. E. Zorel, J. Therm. Anal. Cal., 64 (2001) 1209.

R. S. Barbieri, A. K. C. Dias, S. F. da Silva, V. R. Terra
and E. P. de Lima, J. Therm. Anal. Cal., 79 (2005) 255.

Received: August 1, 2005
Accepted: October 13, 2005
OnlineFirst: May 29, 2006

DOI: 10.1007/s10973-005-7178-6

221




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.3
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Perceptual
  /DetectBlends true
  /DetectCurves 0.1000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails true
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 524288
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts false
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile (Color Management Off)
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 150
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 150
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 600
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org?)
  /PDFXTrapped /False

  /SyntheticBoldness 1.000000
  /Description <<
    /DEU <>
    /ENU <>
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [2834.646 2834.646]
>> setpagedevice


