
This article was downloaded by: [Michigan State University]
On: 24 March 2015, At: 01:51
Publisher: Taylor & Francis
Informa Ltd Registered in England and Wales Registered Number: 1072954
Registered office: Mortimer House, 37-41 Mortimer Street, London W1T 3JH,
UK

Synthesis and Reactivity in
Inorganic and Metal-Organic
Chemistry
Publication details, including instructions for
authors and subscription information:
http://www.tandfonline.com/loi/lsrt19

Divalent Transition Metal
Ternary Complexes of N-(2-
Acetamido)iminodiacetic Acid
and Thiosemicarbazide as Well
as Dithiocarbazate Derivatives
Iman T. Ahmed a
a Chemistry Department, Faculty of Science , Minia
University , El-Minia, Egypt
Published online: 15 Aug 2006.

To cite this article: Iman T. Ahmed (1996) Divalent Transition Metal Ternary
Complexes of N-(2-Acetamido)iminodiacetic Acid and Thiosemicarbazide as Well as
Dithiocarbazate Derivatives, Synthesis and Reactivity in Inorganic and Metal-Organic
Chemistry, 26:9, 1455-1465, DOI: 10.1080/00945719608005138

To link to this article:  http://dx.doi.org/10.1080/00945719608005138

PLEASE SCROLL DOWN FOR ARTICLE

Taylor & Francis makes every effort to ensure the accuracy of all the
information (the “Content”) contained in the publications on our platform.
However, Taylor & Francis, our agents, and our licensors make no
representations or warranties whatsoever as to the accuracy, completeness,
or suitability for any purpose of the Content. Any opinions and views
expressed in this publication are the opinions and views of the authors, and
are not the views of or endorsed by Taylor & Francis. The accuracy of the
Content should not be relied upon and should be independently verified with
primary sources of information. Taylor and Francis shall not be liable for any

http://www.tandfonline.com/loi/lsrt19
http://www.tandfonline.com/action/showCitFormats?doi=10.1080/00945719608005138
http://dx.doi.org/10.1080/00945719608005138


losses, actions, claims, proceedings, demands, costs, expenses, damages,
and other liabilities whatsoever or howsoever caused arising directly or
indirectly in connection with, in relation to or arising out of the use of the
Content.

This article may be used for research, teaching, and private study purposes.
Any substantial or systematic reproduction, redistribution, reselling, loan,
sub-licensing, systematic supply, or distribution in any form to anyone is
expressly forbidden. Terms & Conditions of access and use can be found at
http://www.tandfonline.com/page/terms-and-conditions

D
ow

nl
oa

de
d 

by
 [

M
ic

hi
ga

n 
St

at
e 

U
ni

ve
rs

ity
] 

at
 0

1:
51

 2
4 

M
ar

ch
 2

01
5 

http://www.tandfonline.com/page/terms-and-conditions


SYNTH. REACT. INORG. MET.-ORG. CHEM., 26(9), 1455-1465 (1996) 

DIVALENT TRANSITION METAL TERNARY 

COMPLEXES OF N-(2-ACETAMIDO)IMINODIACE?’IC 
ACID AND TZIIOSEMICARBAZIDE AS WELL AS 

DITIIIOCARBAZATE DERIVATIVES 

lman T. Mimed* 
Chemistry Department, Faculty o f  Science, Minia [Jniversity, El-Minia, Egypt 

ABSTRACT 

Ternary mixed ligand cornplexes of the type Na[M(ADA)L] (€1~0)~ where 

M - Co(IJ), Ni(I1) arid Cu(l1); ADA = divalent anion of N-(2-acetarnido)- 

iininodiacetic acid, L = S-methyl dithiocarbazate (L’) and benzalhydrazono 

methyl dithioformate (L’), thiosemicarbazide (L’) and benzalthiosemi- 

carbazone (1;) have been prepared and characterized by elemental and 

thermal analyses, IR as well as conductivity measurements. 

INTRODUC’rION 

As a part of our program of the synthesis of several ternaiy complexes, we 

have recently reported the ternary complexes of divalent transition 

metal ions with the biologically active’ N-(2-acetamido)iminodiacetic acid 

1455 
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1456 AHMED 

(I12ADA)-amino acids2.3, heterocyclic diimines4 and aliphatic as well as 

aromatic acids' '. Further, S-methyl dithiocarbazate (L'), thiosemicarbazide 

(I>') and their derivatives, benzalhydrazono methyl dithioformate (L2) and 

benzalthiosemicarbazone (I?) are versatile compounds which are 

biologically active'.", and have been extensively used in the preparation of 

several complex systems' 2- ' - ' ,  However, a literature survey reveals that no 

attention has been paid to mixed ligand complexes of the two biologically 

important ligands; S-methyl dithiocarbazate or thiosemicarbazide 

deiivatives (L'-I?) and €i2ADA (Fig. I ) .  Accordingly, it is the aim of the 

present investigation to carry out a systematic study of ternary complexes of 

divalent transition tnetal ions with I 12ADA and S-methyl dithiocarbazate 

as well as thiosemicarbazide derivatives (L' -L4), The study involves the 

synthesis and characterization of these complexes. 

EXPERIMENTAL 

Materials 

The disodium salt of N-(2-acetamido)iminodiacetic acid (Na2ADA) and 

thiosemicarbazide were obtained from E. Merck and were used as supplied; 

S-methyl dithiocarbazate' ' and benzalhydrazono methyl dithioformate'6 as 

well as benzalthiose~nicarbazone~ were prepared according to the literature 

methods. Metal salts [COCO~.CO(OH)~.~II,O; NiCO~.2Ni(OH)2.4H,0; 

CuCO&u(OH)2] of A.R. grade (BDH products) were used. 
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DIVALENT TRANSITION METAL TERNARY COMPLEXES 1457 

Fig .  1 

Svnthesis of the Metal Ternary Complexes 

An EtOH solution (10 mL) containing 5 mrnol of each of the ligand (0.61 

g, 1.05 g, 0.45 g and 0.89 g for ligands L’, L2, 1; and L4, respectively) was 

added to EtOH solution (10 mi,) containing 5 mrnol of each of the 

metal salts [ C O C O ~ ~ C O ( O H ) ~ . ~ € I ~ O  (0.79 g); NiC03~2Ni(OH)2~4H~0 (0.57 

g): CUCO~.CU(OI-I)~ (0.55 g)]. To this mixture an EtOH solution (10 mL) 

containing 5 mmol (1.17 g) of NazADA was added slowly with stirring. in 

all cases the mixture was refluxed for 3 h, evaporated and cooled. The 

separated solids were filtered. washed with absolute EtOH, dried at 50”C, 

crushed to a powder and recrystallized frorn excess hot methanol and dried 

under vacuum. 

Physical Measurements 

Infrared spectra were recorded in the 4000-400 cm-’ range on a Shirnadzu 
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1458 AHMED 

470 spectrophotorneter. Elemental analyses were performed by the 

microanalytical u n i t  at Cairo University. All melting points are uncorrected. 

The molar conductance of DMSO solutions (10" rnol dm-3) of the 

complexes were measured at 25°C using a YSI conductivity bridge Model 

3 1 with a dip type cell (cell constant = 0. I ) .  Thermogravirnetry (TG) curves 

were recorded autoniatically using a Dupont 200 thermal analyser. The 

samples were heated from 50 to 600°C at a IO"C/min. rate in a dynamic air 

atmoshpere 

RESULTS AND DISCUSSION 

The analytical data of the complexes synthesized in this work (Table I) 

are consistent with the general formula Na[M(ADA) L](H20), where M = 

cobalt(II), nickel(I1) and copper(ll), ADA is the divalent anion of Na2ADA 

and 1, is the monovalent anion of !he secondary ligand (L'-L4). The 

formation of the complexes can be represented by the following equation: 
HzO 

M(II) t Na2ADA + L G:====* Na [M(ADA) L 1 (&Oh 

The molar conductance values of the complexes (in DMSO) are in the range 

45-100 olim-'cm2 mol-', which is in agreement with the suggested 1 : 1  

electrolytic nature of these chelates. 

Infrared Spectra 

The following characteristic IR frequencies are seen in the IR spectra of the 
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1460 AHMED 

various synthesized ternary complexes. The complexes display three sharp 

bands in the high frequency region. The first, at 3545-3300 cm", may be 

attributed to the OH stretching of hydrate water molecules. This is in 

harmony with the results of both chemical (Table J )  and thermal analyses of 

the complexes as explained below. The second band located in the range 

3400-3 I80 cin-' is assignable to the free NH2 group stretching vibration of 

the primary ligand (ADA) and of the secondary ligands (L3 and L4). The 

third band found in the 3195-3180 cm-' range is assignable to the 

coordinated N H  group of the primary and secondary ligands. It is worth- 

while to report that i n  the IR spectra of the complexes [Co-ADA-L2] and 

[CU-ADA-L', L2] the above described three bands overlap with each other 

and only one broad band is observed. 

'I'he distinct band appearing in the range 1720-1670 cm-' is 

attributable to the free CO group of the ADA moiety. The absence of any 

bands in the 1750-1700 cm-' range reveals the contribution of the two 

carboxylate groups of ADA in the coordination to the metal ion. 

Accordingly, the two bands located in the 1610-1570 and 1420-1385 cm-' 

ranges can likely be ascribed to asymmetric and symmetric stretching 

vibrations of the coordinated carboxylates". Further, there is the 

disappearance of the band due to the vibration of the C=S bondofthe 

secondaiy ligands which usually appears at 1190 cm-' and the simultaneous 
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DIVALENT TRANSITION METAL TERNARY COMPLEXES 1461 

appearance of a new band at 775-740 ctn-' assignable to vC+ This 

indicates the presence of the secondary ligatids (L'-L4) in their thiol form. 

In addition, the IR spectra of the mixed ligand complexes [M-ADA-L' or 

I?] exhibit two new bands around 1000 cm-' which may be due to the 

asymmetric and symmetric stretching modes of the S=C-S- group'*. On the 

other hand, the two bands at 1480-1470 cm'' and 1620-1600 cm-' are due 

to C=N and azomethine (-CH-N) groups, respectively. 

Thermogravimetric Analvses 

In order to confirm the number of water molecules existing in the various 

ternary complexes in Table I, thermogravimetric analyses of the synthesized 

complexes were carried out (Fig. 2). The recorded TG curves of [Co-ADA- 

L' or L3] display an initial weight loss amounting to 12.30 and 9.00%, over 

the temperature range 50- 1 50 and 70- 1 50°C, respectively. The weight loss 

could be ascribed to the removal of three and two water molecules from 

these complexes (Table I), the calculated weight loss is 12.13 and 9.0970, 

respectively 

The recorded TG curves for the Ni(I1) ternary complexes, [Ni- 

ADA-L', L3 or L4] display an initial weight loss amounting to 8.93, 9.98 

and 10.7670, over the temperature ranges 75-125, 75-115 and 50- 

150°C, respectively. This weight loss corresponds to the loss of two water 
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120 

h 

n 

LO 1 , 1 , 1 . 1 . 1 . 1 . "  
n w w0 1 so 700 250 no 350 1 

1ernperoIure I-C I 

Fig. 2. TG-Curves of the Co(lI), Ni(II)-ADA-L3 Ternary Complexes. 

a: Co(ADA) L' , b: Ni(ADA) L'. 
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DIVALENT TRANSITION METAL TERNARY COMPLEXES 1463 

Fig. 3. Suggested Structures of the Complexes. 

molecules in the former two complexes and three water molecules in the 

latter one (Table I ) .  The calculated weight loss is 8.43, 9.09 and 10.75%, 

respectively. 

TG curves of the synthesized Cu(I1) complexes, [Cu-ADA-L', L2, L3 

or L4], display a smooth weight loss over the temperature ranges 50-1 25, 

75- 150, 75- 125 and 5O-22O0C, respectively. The magnitude of the weight 

loss over these temperature ranges amounts to 4.20, 4.00, 4.50 and 3.40%, 

respectively This weight loss, which is in accordance with the loss of one 

water molecule, is calculated to be 4.35, 3.59, 4.70 and 3.82, respectively. 
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1464 AHMED 

At high temperature, all the recorded TG curves are characterized by 

successive weight loss steps. This is due to the rapid decomposition of the 

complexes where both organic ligands are removed. 

Conclusions 

( i )  The divalent anions of the priniary ligand N-(2-acetamido)imino-diacetic 

acid (ADA-2) are coordinated to the central metal ion as a tridentate 

N,O,O ligand, where two five-membered rings are formed. 

(ii) The monovalent anions of the secondary ligands (L’-L4) are coordinated 

to the central metal ion as bidentate N.S ligands forming a five- 

membered chelate ring. Based on these conclusions, the following 

structure i s  proposed for the various isolated ternary complexes 

(Fig. 3). 
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