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The o-mercapto-2-amino phenylacetohydroxamic acid (MAPA-
H) and its coordination compounds with Co(Il), Ni(Ill), Cu(lI),
Zn(Il) and Cd(II) ions have been synthesized and characterized on
the basis of elemental analyses, magnetic and conductance mea-
surements, IR and electronic spectral studies. The shifts of carbonyl
v(C==0), thioalcoholic V(C—S), alcoholic v(O—H) and amino
V(N—H) stretches in complexes indicated the monobasic tetradent-
ate (NOQS donor) nature of the ligand (MAPA-H). The Co(II) and
Ni(Il) complexes were ‘paramagnetic and ‘possessed octahedral
geometry. The Cu(Il) complex was paramagnetic with distorted
octahedral geometry. The Zu(Il) and Cd(Il) complexes were dia-
magnetic and tetrahedral. =~ -
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tion metals, Magnetic moment.

INTRODUCTION

Hydroxamic acids are versatile reégents for organic and inorganic analyses.
Their denvatxves are biochemically highly active and find applications in
medicinal use’. The sulphur containing derivatives of hydroxamic acid have
aroused considerable interest over decades®. Despite the ligational potentiality
associated with sulphur derivatives of hydroxamic acid, the studies made on the
metal complexes of these ligands are limited®. The study of coordination
compounds of sulphur donor ligands is of biochemical interest due to their
carcinostatic, antibacterial’ and antifungal® activities. Sulphur donor compounds
are expected to be the most effective anticancer agents as they usually confer
lipid solubility on the metal complex. The sulphur donor ligands have also been
widely used as agro-chemicals and favourable environmental degradation.

We report the synthesis and strUcturéil characterization of a new ligand,
O-mercapto-2-amino phenylacetohydroj(amic acid (MAPA-H) (Fig. 1) and its
complexes with Co(II), Ni(I), Cu(Il), Zn(II) and Cd(II) ions.
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Fig. 1
EXPERIMENTAL

All the chemicals and rcagénts used were of AnalaR grade. These were from
Aldrich, E. Merck and BDH (AR) in the present investigation. All reactions and
experimental manipulations were carried out at 300 K in air.

Elemental analyses (C, H and N) of the ligand and complexes were carried
out in microanalytical laboratory on Carlo-Erba 1106 elemental analyzer. Metals,
chloride and sulphur in the species were estimated following standard proce-
dures’. ‘ L ‘

Molar conductarice measurements were carried out for the 10~ M solutions
of the complexes in DMF solvent at 300 K using a Systronics direct reading
digital conductivity bridge-304 with a dip type cell. The magnetic measurements
of the complexes at 300 K were made by Gouy magnetic balance using

Hg[Co(NCS),] as calibrant. : k

The IR spectra of ligand and the complexes in nujol-mull were recorded in
the region 4000-200 cm™ on a Perkin-Elmer 577 spectrophotometer. The
electronic UV-Vis spectra of complexes were recorded on Systronics UV-Vis
spectrophotometer type-119 PC based (wavelength 200~1000 nm with bandwidth
2 nm) using ethanol as the solvent.

Synthesis of Ligand (MAPA-H): To a mixture of alcoholic KOH and
hydroxylamine hydrochloride fsollution at 35-45°C temperature, 0.175 mol of
o-mercapto-2-amino phenyl acetate in methanol was added to get the potassium-
salt of acid. The free acid was obtained by treating the potassium-salt with acetic
acid. Yellow brown crystals of the ligand (MAPA-H) were obtained with melting
point 191-193°C (decomposition point).

'Synthe’sisof Complexes: 0.041 mol of metal(II) chloride was dissolved in
40 mL of distilled water and added to an aqueous ethanolic solution of the ligand
(0.040 mol in 35 mL ethanolic water) slowly with constant shaking. A coloured
heavy mass separated out. It was filtered and washed with distilled water until
free from chloride and dried at 110-115°C in vacuo.

RESULTS and DISCUSSION

All the synthesized complexes were nonhygrOCSOpic solids and were stable in
air. These were soluble in e,thanol, DMF and DMSO but insoluble in water.
The following chemical equations represent the formation of the ligand and
its metal complexes: ' L :
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Ph(NH,)CH(SH)COOEt + NH,0H-HCI

——— Ph(NH,)CH(SH)CONHOH + EtOH +HCI
(MAPA-H)

E{OH
CoCly6H,0 + MAPAH ——3 [Co(MAPA)CIH,O] + HC + SH,0
| EtOH ‘

NiCl,-6H,0 + MAPA-H — 3 [Ni(MAPA)CLH,0] + HCI + 5H,0
EtOH | -

CuCl,2H,0 + MAPA-H ——5 [Cu(MAPA)CIHL0] + HCl + H,0
BOH ‘

ZnCl,2H,0 + MAPA-H —— [Zn(MAPA)]CI + 2H,0

‘ EtOH ,
 CdCly2H,0 + MAPA-H ———[Cd(MAPA)]Cl + 2H;0

Elemental analyses data (Table-1) and molecular weight determination suggest
1:1 (metal: ligand) stoichiometry and monomeric nature of the complexes. The
molar conductance. values for Co(II), Ni(Il) and Cu(Il) complexes in DMF
(f0"3 M) showed their non- eleétrolytic nature'® but Zn(Il) and Cd(II) complexes
behaved as 1 : 1 electrolytes.

IR spectral studies: The IR spectral studies show that the ligand MAPA-H
acts as a uninegative tetradentate in all the synthesized complexes, bonding
through the carbonyl oxygen, alcoholic oxygen, thioalcoholic sulphur and amino
- nitrogen. The IR spectrum of the ligand showed a medium intensity band at 2570
em™ for v(S—H) . Absence of this band in all the metal complexes indicates the
destruction of the (S—H) bonding followed by complexation of S with metals
after deprotonation'’. This is further supported by a downward shift in v(C—S)
by 15-25 em™ in the complexes and the disappearance of a new low intensity
band at 295-275 cm™ due to (M—S) stretches.

The band at 3275 cm™ due to V(N—H) mode remains intact in complexes
indicating the non-participation of (N—H) of hydroxamic acid group in coordi-
nation. Further the IR spectra of the complexes showed the band attrnbuted to
v(NH,) of the coordinated amino group, which appeared at Av > 50 cm™ than in
the spectrum of MAPA-H (a medium intensity band around 1525-1535 cm™).
The v(C==0) stretch shifts to lower in the compﬂexes by 15-25 cm™?, suggesting
involvement of carbonyl oxygen in coordination'?. This is further supported by
the appearance of new low intensity bands around 500-450 cm™ in the spectral
complexes due to the v(M—O) stretch. The v(O—H) stretch shifts to lower
- frequency in the complexes by 30-20 cm” suggestmg coordination of hydroxa-
mic acid group through O—H group with metals'’. The appearance of a low
intensity band around 230-220 cm™! in CO(H) Ni(Il) and Cu(Ill) complexes
indicates the coordination of Cl with metals [v(M-C1)]. Further Co(II), Ni(IT) and
Cu(H) complexes exhibit charactenstlc bands ‘due to coordination of water
molecule'* around 850-800 cm™ Compamson with the IR spectrum of the ligand,
complexes showed new bands in the far IR regions 500-450, 400-350 and
295-275 cm™ assignable to (M—O0), (M—N) and (M—S) stretching vibrations
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respectively'> It was observed that v(M—O) frequency shifted downward with
increasing atomic mass of the metals!®.

TABLE-1
ANALYTICAL AND PHYSICAL DATA OF LIGAND AND COMPLEXES

Analysis (%), Found (Caled.) .
Species  Colour ; ' Vet M
M c H N S cl

MAPA-H  Brown  — 4850 504 1415 1615 - - -
(48.48) (5.05) (14.14) (16.16)

[CoLCIH,O] Brown  19.02 31.01 '3.5‘7‘ 9.08 1035 1150 5.1 18
(19.05) (31.03) (3.55) (9.05) (1034) (1148)

[NILCIH,O] Yellow 1895 31.08 ~ 3.58 9.02 1032 1150 3.18 32
(18.98) (31.05) (3.56) (9.05) (10.35) (11.48)

[CULCIH,0] Blue 2022 3055 353 840 1020 1130 192 38
(2023) (30.57) (3.50) (842) (10.19) (1131)

[ZnL]JC1  Cream 2198 3224 301 938 1070 1188 000 &4
(21.95) (32.23) (3.02) (9.40) (10.74) (11.92)

[CdL]C1 White — 32.55 22.86 2.6’0‘ 8.11 929 1028 000 82
(32.59) (22.83) (2.60) (8.12) (9.28) (10.28)

[Magnetic moment in B.M. and molar condhctancé in Q7 cm® mot™ x 10“3M]

The electronic spectrum of Co(II) complex exhibited three bands at 9990,
16120 and 22135 cm™, assigned to “T;(F) — “T,, “T;g(F) = *Ay(F) and
4T1g(F) - 4T1g(P) transitions respectively which predicted the high spin octahe-
dral geometry of the complex that was confirmed by the observed magnetic
moment value 5.09 B.M. This value of magnetic moment is higher than the
spin-only value (3.89 B.M.) for three unpaired electrons and may be ascribed to
substantial orbital contribution to the moment'. |

The electronic spectrum of Ni(Il) complex exhibited three weak bands
at 11105, 15890 and 23120 cm™ which are assigned to >A,,— Ty,
3A2g - 3T1g(F) and 3A2g —3 3T1g(P) transitions respectively which favoured octa-
hedral geometry of the complex. The observed magnetic moment value 3.15 B.M.
for the complex confirmed the presence of two unpaired electrons and octahedral
environment to it. o

The electronic spectrum of the Cu(Il) complex showed two bands at 17950
and 23210 cm™ due to the envelope of *B g = 2A2g, 2B2g and ZEg transitions
(d-d) and charge transfer respectively, suggesting a distorted octahedral
geometry™ with Dy, symumetry in terms of Jahn-Teller effect for the complex. The
observed magnetic moment value (at 300 K) of 1.92 B.M. also supported the
distorted octahedral geometry'” of the complex.

The Zn(D) and CddI) complexes were found to be diamagnetic as expected
for d'° system. These complexes were suggested to be four-coordinated having
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tetrahedral geometry based on anaiytical,k IR and conductance studies. On the
basis of the forgoing evidences, the proposed structures for the complexes are
presented in Figs. 2 and 3. '

| “H,0
A

S>M/ /NH

NH, ™~ OH

Ci

Fig. 2. Proposed octahedral structure of [MLCEHZO] (M = Co, Ni and Cu and L = MAPA)

Fig. 3. Proposed tetrahedral structure of the compleXes (ML]CI (I = MAPA, M = Zn and Cd)

Conclusions

The monobasic quadridentate ligand MAPA-H and its five metal-coordination
compounds have been synthesized. The magnetic, conductance and spectral
studies revealed that Co(II) and Ni(I) complexes were octahedral, but Cu(Il)
complex was distorted octahedral and all were paramagnetic and monomer. The
Zn and Cd complexes were tetrahedral, monomer and diamagnetic but (1 1)
electrolytes. The octahedral complexes were non-electrolytes.
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