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Complexes of La(lll) ,Ce(Ill), Pr(111) ,Nd(I11 ),Sm(l11),
Eu(l11), Gd(I11), Dy(l11), Yb(l11) and Lu(l11) with 2-(N-
indol e-2-one)amino-3-carboxyethyl-4,5,6,7-tetrahydrobenzo
[b]thiophene (ISAT) formed by the condensation of isatin
and 2-amino-3-carboxyethyl-4,5,6,7-tetrahydrobenzo[ b]
thiophene, were synthesized and characterized on the basis
of elemental analysis, molar conductance measurements,
magnetic susceptibility data, UV-vis, IR and NMR spectral
studies. The spectral data reveal that the ligand acted as
neutral tridentate coordinating to the metal ion through the
azomethine nitrogen, ester carbonyl and carbonyl oxygen of
the isatin moiety. A coordination number of six has been
proposed for the complexes. Thelanthanum(I11) complex was
subjected to X-ray diffraction studies. The ligand and the
complexes were screened for their antibacterial activity and
it has been observed that the complexes are more potent
bactericides than the ligand.
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INTRODUCTION

The prominent place held in coordination chemistry by metal
complexes of schiff base ligands has been withessed over many years by
the large number of publications and by the comprehensive reviews"3.
The reasons for this sustained interest in these compounds are undoubt-
edly many, but important among them must be their general ease of prepa-
ration, diverse property and use as biological models*®. Although several
lanthanide complexes of Schiff bases have been reported, those derived
from hetrocy-clic ring systems, particularly those containing thiophenering
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system have received comparatively less attention®. Schiff bases derived
from thiophene derivatives show considerable antibacteria activity’. The
chemical versdtility of isatin derivativesled their extensiveuse assynthones
for the preparation of many biologically active compounds®. Antibacterial
and antifungal activities of Schiff bases show significant increase on coor-
dination with metal ion, but are invariably dependant on the structure and
orientation of various moieties of the chelates. Because of such significant
biological activities, it isworthwhile to incorporate the chemistry of isatin
with 2-amino-3-carboxyethyl-4,5,6,7-tetrahydrobenzo[ b]thiophene and to
prepare novel ligand and its lanthanide complexes. In this communication
the synthesis, characterization, thermal stability and antibacterial activity
of somelanthanide (I11) chloride complexes with thetitleligand have been
described.

EXPERIMENTAL

Solvents used were of analytical grade. All lanthanides were used as
chlorides derived from their oxides by a reported method®. 2-Amino-3-
carboxyethyl-4,5,6,7-tetrahydrobenzo[ b]thiophene was prepared by a re-
ported method™.

Prepar ation of the ligand

Toahot solution of the amine (0.01 mol) in ethanol (30 mL), add
isatin (0.01 mol) solution in ethanol (20 mL). The resulting mixture was
refluxed on a water-bath for 5 h. The deeply coloured solution obtained
was concentrated to about half of itsinitial volume. Orange red crystals
obtained on cooling were filtered and dried. It was further purified by
recrystallization from ethanol. Yield: 90%, melting point: 102°C.

Preparation of the complexes

Lanthanide(ll1) complexes were prepared by the following general
method. Ethanolic solution of the lanthanide(l11) chloride (0.005 mol)
was added to a hot solution of the ligand (0.005 mol) in ethanol (30 mL)
and refluxed on awater-bath for about 10 h and pH was adjusted to 6.5-7.0
and again refluxed for about 6 h. The resulting solution was concentrated
and kept overnight. The complex separated was filtered, washed succes-
sively with ethanol and ether and dried in vacuum.

The complexeswere analyzed for their metal content by oxalate-oxide
method™. The chloride content of the complexes was determined gravi-
metrically by Volhard's method™. Molecular masses of the complexeswere
determined by camphor method™. The ligand and metal complexes have
been screened for their antibacterial activity by agar diffusion method™.
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RESULTSAND DISCUSSION

The formation of the complexes can be represented by the following
general equation.

LnCls + ISAT - [Ln(ISAT)Cl4]

Attemptsto prepare 1:2 complex were not successful presumably due
to steric factors. The complexes obtained are listed in Table-1. The
complexes are deeply coloured, soluble in DMSO, DMF and nitroben-
zene, fairly stable at room temperature and possess good keeping qualities.
Formulation of these complexes has been made on the basis of their
molecular weight, elemental analytical data, molar conductance and
magnetic susceptibility measurements. Molar conductance values in
DMSO, DMF and nitrobenzene adequately confirm the non-electrolytic
nature of the complexes (Table-2). Molecular mass values obtained have
been close to monomeric nature of the compounds.

TABLE-1
ANALYTICAL DATA OF THE Ln(I11)Cl3 CHELATES OF ISAT

Elementd analysis (%) Found (Calcd.)

Chdates
n  C H N s d
2308 37.97 363 461 528 17.89
[LUSATICl] (2318 (3803) (367) (467) (533 (17.76)
2320 3796 364 463 529  17.69
[CalSATICl] (2337 (3801) (366) (466) (539 (17.73)
Pasamoy 3% ¥ 361 463 528 1758

(2342) (3791) (366) (465) (532) (17.70)

2378 3766 359 458 525  17.63
(2384) (37.70) (364) (463) (529) (17.61)

2456 3721 358 454 521  17.39
(24.62) (37.32) (360) (458) (5.24) (17.43)

2471 3713 351 451 515 1744
(24.82) (37.22) (359) (457) (522) (17.39)

2542 3689 353 451 515 17.38
(2545) (3691) (356) (453) (5.18) (17.24)

2601 3655 349 446 511 1721
(2608) (3659 (353) (449 (5.14) (17.09)

2720 3597 343 440 501 1651
(27.30) (35.99) (347) (442) (5.05) (16.81)

2749 3586 343 438 502 1646
(2753) (35.88) (346) (441) (5.14) (16.76)

[NA(ISAT)CI3]
[SM(ISAT)CI4]
[Eu(ISAT)CI4]
[GA(ISAT)Cl4]
[Dy(ISAT)Cl]
[Yb(ISAT)CI3]

[LU(ISAT)Cl4]
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TABLE-2
MAGNETIC MOMENT AND MOLAR CONDUCTANCE
DATA OF THE LANTHANIDE(III) CHELATES OF ISAT

Molar conductancein

Complex Buﬁ/fl Ohm ™ cn? mol™
o DMSO DMF Nitrobenzene
[La(ISAT)Cly] Diamag. 65 125 36
[Ce(ISAT)Cl3] 243 6.1 133 238
[Pr(ISAT)Cl3] 354 5.7 135 2.4
[Nd(ISAT)Cl4] 3.60 6.8 113 29
[ST(ISAT)Cl4] 1.50 73 11.8 39
[Eu(ISAT)Cl4] 3.39 65 128 31
[GA(ISAT)Cl4] 7.82 6.1 131 27
[Dy(ISAT)Cl4] 10.50 6.3 11.4 30
[Yb(ISAT)Cl4] 435 7.4 132 29
[Lu(ISAT)Cl4] Diamag. 5.6 14.1 25

The electronic spectrum of the ligand in DM SO exhibited two absorp-
tion bands at 264 nm and 300 nm due to 11— Tt transition and to n— Tt
transition, respectively. The IR spectra of the ligand is characterized by
the presence of astrong band at 3170 cm™* which is assignable to v(NH) of
the indole ring of isatin moiety. Strong bands observed at 1730 and 1650
cm* correspond to v(C=0) of ester and v(C=0) of isatin moiety. A
medium intensity band at 1596 cm™ is dueto v(C=N) of azomethine group.
The proton NMR data of the ligand recorded in DM SO-d; reveal s peaksin
five regions. One of them between 1.3 and 1.8 nm characteristic of CHs
protons. The signals appearing between 2.4 and 2.6 ppm and ca. 3.4 ppm
are due to CH, protons and protons of cyclohexane moiety. The signal
observed between 6.9 and 7.5 ppm is of aromatic proton and the signal at
11 ppm is characteristic of NH proton®. Thus the proton NMR spectral
studies reinforce the conclusion drawn from the IR and UV spectra
data.The above spectral data adequately support the formation of theligand
asinFig. 1.

In the electronic spectra of the complexes the bands corresponding to
that observed in the ligand are identifiable but they are slightly red shifted
to ca. 272 nm and 305 nm, respectively. Thereisan additional band in the
spectra of the complexes ca. 430 nm dueto L — M charge transfer transi-
tion. There isaweak band in the spectra of the complexes ca. 536 nm due
to weak f - f transition™. IR spectraof the complexes exhibit astrong band
ca. 3170 cm™ indicating the non-coordination of NH of the isatin moiety.
Considerable negative shift is observed in v(C=0) of ester by ca. 70 cm™,
v(C=0) of isatin moiety by ca. 40 cm™* and v(C=N) of azomethine by ca.
25 cm? indicating the coordination of ester carbonyl group, carbonyl
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oxygen of isatin moiety and nitrogen of azomethine group, respectively™.
Far infrared spectra of the complexes gave added evidence to coordination
by nitrogen, oxygen and chlorine. The non-ligand bands of medium inten-
sity appearing ca. 430, 360 and 324 cm™* can be assigned tov(Ln-N), v(Ln-
0) and v(Ln-Cl) modes, respectively’ (Table-3). The proton NMR spec-
tral data of lanthanum (I11) chloride complex recorded in DM SO-ds further
substantiate the mode of coordination suggested by IR spectral studies. In
the complexes the signals have been shifted to down field about 0.1-0.2
ppm. This confirms non-coordination of NH and acting of the ligand in a
tridentate fashion. From the spectral datait is evident that the ligand acted
as neutral tridentate bonding to the lanthanide ion through the ester carbo-
nyl, carbonyl oxygen of the isatin moiety and nitrogen of the azomethine

group (Fig. 2).
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TABLE-3
IMPORTANT IR SPECTRAL DATA OF THE LIGAND
AND ITSLANTHANIDE(III) CHELATES

v(C=0) v(C=0)

Assignment

v(N-H)

v(C=N) v(Ln-N) N(Ln-O) v(Ln-Cl)

eder ring

ISAT 3170 1730 1650 1596 - - -

[La(ISAT)CI5] 3170 1659 1614 1571 430 361 324
[CISAT)Cl;] 3170 1660 1615 1570 430 360 324
[Pr(ISAT)Cl;] 3170 1658 1616 1570 429 360 324
[Nd(ISAT)CI;] 3170 1660 1615 1571 431 359 324
[SM(ISAT)Cl;] 3170 1659 1614 1571 431 361 323
[EUW(ISAT)CI;] 3170 1659 1616 1571 430 360 323
[GA(ISAT)CI;] 3170 1660 1614 1570 430 359 324
[DY(ISAT)Cl;] 3170 1660 1614 1570 430 360 324
[Yb(ISAT)CI;] 3170 1660 1614 1570 430 359 324
[LU(ISAT)Cl;] 3170 1659 1615 1571 429 360 324
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The lanthanum(l11) chloride complex was subjected to thermogravi-
metric analysis. The weight loss curve of the complex suggests that the
complex does not show the presence of water molecules either in or out of
the coordination sphere'®. The complex decomposed in three stages. The
complex was stable up to 140°C. At this temperature it started the first
stage of decomposition and the decomposition was completed at 220°C
with DTG peak at 194°C. The mass | oss corresponding to thiswas equiva-
lent to isatin moiety (mass loss found = 21.75%; calculated mass loss =
21.85%). The second stage of decomposition took place in the tempera
ture range 240-460°C with a DTG peak at 437°C and the mass |oss was
equivalent to the loss of remaining part of the ligand. (mass loss found =
47.46%; calculated mass |oss = 47.58%) The next stage of decomposition
occurred in the range 560-690°C corresponding to the loss of chlorine and
oxidation of lanthanum to its oxide. The final decomposition product was
analysed to be La0; and the DTG profile showed a peak at 628°C. The
mass loss agreed fairly well with the mass loss in independent pyrolysis
experiments (Table-4).

TABLE-4
THERMAL DECOMPOSITION DATA OF [La(ISAT)Cl3]

Temp. Pesk  Mass

range  Temp. loss Probable assignment

Q) Q)

I 140-220 194  21.75 Lossof isatin moiety

I 240-460 437  47.46 Lossof benzothiophene moiety
" 560-690 628 32.67 Lossof chlorine and oxidation to
LaO3

Decomp.
Stage

The molecular structure of the lanthanum(l11) chloride complex was
studied by X-ray diffraction method. The X-ray diffraction pattern of the
complex indicates amorphous nature. The diffractogram recorded only one
reflection having 28 = 27.0448° and d spacing = 3.2942 A with relative
intensity 100%.

The ligand and the metal complexes have been screened for their
antibacterial activity against Bacillus megaterium, Vibiro cholerae and
Salmonellatyphi. It isobserved that all thelanthanide(l11) complexesare more
potent bactericides than the ligand (Table-5). This enhancement in the activity
on chelation may be rationalized on the basis of chelation theory. Chelation
reduces the polarity of the metal ion mainly because of the partial sharing of
its positive charge with the donor groups within the chelate ring system so
formed during coordination. This process, in turn, increases the lipophilic
nature of the central metal atom, which favours its permeation more
efficiently through the lipoid layer of the microorganism thus destroying them
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more aggressively”?.Apart from this ligands with nitrogen and oxygen donor
systemsinhibit enzyme activity since the enzymeswhich reguire these groups
for their activity appear to be especialy more susceptible to deactivation by
the metal ions on coordination.

TABLE-5
ANTIBACTERIAL ACTIVITY OF THE LIGAND
AND ITSMETAL COMPLEXES

Inhibition zone (mm)

Complex Vibrio Salmonella Bacillus
cholerae typhi megaterium
ISAT 7 8 7
[La(ISAT)Cl4] 12 14 13
[Ce(ISAT)Cl4] 13 15 14
[Pr(ISAT)Cl4] 14 14 13
[NA(ISAT)Cl] 15 16 14
[SM(ISAT)Cl4] 14 15 13
[Eu(ISAT)CI3] 16 18 15
[GA(ISAT)Cl4] 15 16 14
[Dy(ISAT)Cl4] 16 17 15
[Yb(ISAT)Cl4] 16 17 14
[LU(ISAT)Cl3] 15 16 13
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