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SYNTH. REACT. INORG. MEI'.-ORG. CHEM., 30(8), 1601-1616 (2000) 

SYNTHESIS, CHARACTERIZATION AND THERMAL STUDIES OF 

THIOSEMICAKBAZONES OF N-METHYL- AND 

N-ETHY LACETOACETANILIDE 

K. P. Deepa and K. K. Aravindakshan* 

Department of Chemistry, 

Calicut University, Kerala 673 635, India 

,ABSTRACT 

Fourteen new complexes of several typical transition metal ions with two 

multidentate ligands. thiosernicarbazones of N-methyl- and N-ethylacetoacetanilide, 

have been synthesized. These cornplexes have the general formulae [MX,], [MY?], 

[MY], [MZ(H20)>], [MZ(OH)(H20)]2 or [MZ(H2O)], where M = Mn(ll), Fe(lll), 

Co(ll), Ni(ll), Cu(ll), Zn(ll), Cd(ll), Hg(l1) or Ag(1) and X = bidentate monoanion, Y = 

tridentate monoanion and Z = tridentate dianion of  the ligands. They have been 

characterized by elemental analyses, molar conductance and magnetic susceptibility 

nieasurements as well as electronic, infrared and 'H NMR spectral studies and 

thermogravinietric studies. 

DUCI'ION I .  

Detailed investigations of the coordination chemistry of  amides and anilides are 

fascinating in view of their siniilarity to peptides and proteins. which are essential 
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1602 DEEPA AND ARAVINDAKSHAN 

constituents of life. A s  ligands, P-diketoanilides have not received the kind of attention 

that they really deserve. Detailed investigation on synthetic, structural and biological 

aspects of metal complexes of thiosemicarbazone derived from P-diketones and related 

compounds are rare'-3. Our earlier investigations on acetoacetanilide 

thiosernicarbazones and their metal complexes show that they posses antitumour 

activity4. Hence, in a programme to investigate the donor properties of Schiff bases of 

substituted acetoacetanilides. the synthesis and characterization of thiosemicarbazones 

of N-methyl- and N-ethylacetoacetanilide, L'H2 and L2H2, respectively, (Fig. I )  and 

their complexes with several typical transition metal ions are presented here. 

RESULTS A ND DISC_VSSIO N 

All the complexes are colourcd, non-hygroscopic, air- and photostable. 

Generally, they are soluble in ethanol, methanol and DMSO. The electrical 

conductance measured in DMSO and the calculated molar conductance values indicate 

that they are non-electrolytes. The analytical data of the L'H2 complexes (Table I) 

indicate the following stoichiometrics, [ML'(H20)3], where M = Mn(II), Co(l1) or 

Ni(l1): [ML'(H20)], where M = Cu(Il), Zn(ll), Cd(II) or Hg(l1); [FeL1(OH)(H20)]2 and 

[Ag(L'Il)]. where L'= tridentate dianion and L'H = tridentate monoanion of the ligand 

L'H2 The analytical data (Table I )  of the L2Hz complexes correspond to the formulae 

[Fe(L2H)3]; [Co(L2H)2]; [ML2(H20)3j, where M = Ni(1l) or Cu(l1) and [Zn L2(H20)], 

where L2H= bidentate- or tridentate monoanion and L2= tridentate dianion of the ligand 

L'tl2. The formation of the complexes may be represented by the following equations: 

M(CH~C00)2nH20 + LH2 + [ML(H20)] + 2CH3COOH + (n-I)HzO 

L = L'(tridentate dianion of L'H?). M = Cu(ll), Zn(ll), Cd(1l) or tig(1l); 

L = L2(tridentate dianion of LZH2), M = Zn(1l) 

M(CHJCOO)~ nH2O + LH2 + [ML(H20)3] + 2CHjCOOH + (n-3)&0 

L = L', M = Mn(ll), Co(ll), or Ni(1l); 

L = L2, M = Ni(l1) or Cu(l1) 

2FeCI3 + 4H20 + 2L'Hz -+ [FeL'(OH)(H20)]2 + 6HCI 
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THIOSEMICARBAZONES 1603 

Fig. I .  Structures of the Ligaiids 

AgNO3 + L’H2 -+ [AgL’H] + HNO3 

FeC13 + 3L2H2 -+ [Fe(L2H)3] + 3HCI 

Co(CIi,C00)24H20 + 2L2H2 + [C0(L2H)2] + 2CH3COOH + 4Hz0 

Magnetic Behaviour 

Thc magnetic nioments (Table I )  of the Mn(ll), Co(1l) and Ni(ll) complexes are 

found in the range as expected for octahedral complexes. Both Fe(ll1) complexes 

register magnetic moment values which are lower than the spin-only value expected 

for a high-spin d’ state. The appreciably low value (3.86 B.M.) in the case of 

[FeL‘(OH)(H20)]2 may be due to its binuclear configuration facilitating 

antiferromagnetic exchange interaction’. However, the slightly lower value (4.87 

B.M.) of [Fe(L’H),] may be due to its distorted-octahedral geometry. The Cu(1I) 

complexes, [CUL’H~OJ and [CuL2(H20)3], register magnetic moments of 1.73 and 2.12 

B.M., respectively. This is diagonostic of a d9 system with one unpaired electron and 

without any anti ferromagnetic exchange interaction‘. 

Electronic SDec tra 

The electronic spectral bands of the complexes and their probable assignments 

are given in the Table 11. The Fe(ll1) complexes register bands at -28.700 and -20,000 

cm.’. These may be assigned, respectively, to ‘AI,-+~T~,(D) and 6Alg-+4T2e(G) 

transitions of a high-spin d5 Fe(ll1) complex’. The Co(l1) complexes register an intense 
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THIOSEMICARBAZONES 1605 

TABLE I 1  

Electronic Spectral Data of Complexes and Assignments' 

SI. No I - Complex 1 Bandscm-' I Assignment I Geometry 

(3) [FeL1(OH)(H20)]2 28653 6,41,+4T2 g(D) Distorted- 
20000 ~ A ~ , + ~ T ~  g ( ~ )  octahedral 

(4) [CoL1(H20)3] 24875 ,( F)-+4T I ,( P) Distorted- 
16000 br 4TI,(F)+4A2g(F) octahedral 
9615 w 4T I g(F)+4Tzg( F) 

(5) [NiL'(H20)3] 25316 3 A2& F)+:T P) Distorted- 
15873 br 3 ~ 2 g ( F ) - +  T~,(F) octahedral 
9775 w 'A2JF)+'T2g(F) 

(6) [CuL1(H20)] 23980 'B1g+~B2g Square-planar 
17482 br 2 ~ 1 , - + 2 ~ 1 ,  

(12) [Fe(L'Hh] 28735 6A~g-+4T2g(D) Distorted- 
19723 br 6AI,+4Tzg(G) octahedral 

(13) [Co(L'H)z] 20202 4TI g(F)+4Tlg(P) Octahedral 
17094 br 4TI,(F)+4A2g(F) 
9708 w 4 T ~  g(F)+4Tzg(F) 

(14) [NiL2(H20)3] 24390 'A2,(F)+? P) Distorted- 
15625 br 'A2@)+ T~,(F) octahedral 
9689 w 3A2g(F)-+3T2g(F) 

(15) [CUL'(H~O)~] 24330 'BI, -+'E, Distorted- 
15220 br 2BI, +'Al, octahedral 

a br = broad, w = weak. 

band at -24,000-20.000, a broad one at -17,100 - 16,000 and a weak one at -9,700 

ciii-l. These may be assigned. respeciively, to 4T~,(F)+4T~,(P), ?le(F)+4Azs(F) and 

4T~,(F)+4T2g( F) transitions of an octahedral Co(ll) complex. The Ni(l1) complexes 

register a band at -25,000, a broad one at -15,700 and a weak one at -9,700 cm-'. 

These may be assigned, respectively, to 3Alg(F)-+3Tlg(P), 3A2g(F)+3T,,(F) and 

3A2,(F)+3T2y(F) transitions of a 6-coordinated octahedral Ni(l1) ion. The Cu(l1) 

complexes investigated here register bands at -24,000 and - 1  7,000-1 5,000 cm-'. These 
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1606 DEEPA AND ARAVINDAKSHAN 

may be assigned, respectively, to 2B~,-+2B2g or 2B~,+2E,  and 'BI, +'A', transitions of 

a square-planar or distorted-octahedral Cu(ll) complex. 

bfrared Saectra - 

The important inkared spectral bands of the ligands and their complexes are 

given in the Tables I l l  and 1V. The bands observed at -3300 cm-' may be assigned to 

N H  and NH2 stretching. In the spectra of the ligands, the absence of bands at 2500 

cm-' indicate their thio-keto nature in the solid state'. v(C=O) (anilide) is 

observed at I700 cm.' in the spectrum of L'H2 and at I650 cm.' in the L2H2 spectrum. 

In the spectra of the complexes, except those of [Ag(L'H)], [Fe(L2H),] and 

[Co(L2H )*I, the v(C=O) bands disappear and at the same time new bands are 

observed at - I  180 cm-'. This may be due to the enolization of -CHz-C=O to - 
-CH=C-OH and subsequent coordination through a deprotonated oxygen. In the 

spectra of the Ag(l) and Co(l1) complcxcs mentioned above, a shift of this band to 

lower frequency region by 70 cni.' and 50 cn1-i respectively, are observed, indicating the 

coordination of this carbonyl oxygen without enoliiation. In the spectrum of 

[Fe(L2H)3], the v(C=O) band has no change, indicating the non-participation of this 

carbonyl oxygen in coordinalion. 

The 

The v(C=N) bands arc observed at 1590 and 1610 cm-' in the spectra of LlH2 

and L2t12, respectively. In the spectra of all the complexes, a shift of this band to lower 

frequency by -5 - 50 cm.' is observed. This indicates the participation of the 

azoniethine nitrogen atom in coordination. The v(C=S) bands are observed as strong 

absorptions at 1095 and 1082 cm" in the spectra of L1H2 and L'H2.respectively. These 

bands undcrgo considerable change during complex formation. In the spectra of all the 

complexes, this band disappears and a new band appears at 700-820 cm-I. This may be 

assigned to v(C-S) [with a little contribution from v(C=N)] which arises as a result of 

enolization of the -NH-C=S group in the ligand to -N=C-SH in the presence of metal 

ions. Subsequent coordination of the metal ion through the deprotonated sulphur may 

take place. The presence of coordinated water molecules in some of the complexes is 
indicated by the presence of new bands around 900 and 650 cm-'. Newly formed bands 

at - 550 and -430 cm-' in the spectra of the complexes may be assigned' to v(M-N) and 

v(M-0), respectively. 
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THIOSEMICARBAZONES 1609 

TABLE V 

Significant ' H  NMR Spectral Assignments' of L'H2, L2H2 and their 
Zn(l1) Complexes 

7.46 ('11, nl) Aromatic 
7.18 ('H, s) NH2 

3.05 ('H, s) a-CH2 
L ' H ?  3.27 (3H, s) N-CH3 

I .86 (3H, s) 0-CH3 

7.30 ('H, in) Aromatic 
6.61 ( ' I { ,  d. J = 15 Hz) 

3.32 ('11, s) N-CH3 

I .95 ('H, s) W-CH3 

NH2 
[Lnl.'(H20)1 5.12 ( '11 ,  s) a-CH 

2.65 ('H, s) Coordinated water 

L'H? 

8.54 ( ' H ,  s) NH 
7.42 (5H, m) Aromatic 
7 .16 (211 ,d , J=6 .59H~)  NH2 
3.77 ('H, q, J = 7 112) 
3.07 ('H, s) a-CH2 

1.12 ( 3 C I ,  t, J = 7 Hz) 

N-ethyl CH2 

I .90 (3H, s) 0-CH3 
N-ethyl CH, 

7.40 (5H, rn) 
4.49 ( ' H ,  s) a-CH 

2.80 ('H, s) Coordinated water 

Aromatic & NH2 

[ZnL'(tizO)] 3.66 (2H. q, J = 7 Hz) N-ethyl CH2 

1.91 ( 3 1 ~ , s )  0-CH3 
1 .14 ( 'H , t , J=7Hz)  N-ethyl CH3 

as = singlet, m = rnultiplet, d = doublet, q = quartet and t = triplet. 

The ' H  NMR spectra of L'H2 and its Zn(ll) complex were recorded in DMSO. 

The ligand spectrum shows singlets (Table V) at 8.62 and 7. I8 ppm. These peaks are 

assigned to NH and NH2 protons, respectively". The multiplet observed at 7.46 pprn 

are in the range expected for aromatic protons. The singlets observed at 3.27, 3.05 and 
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1610 DEEPA AND ARAVINDAKSHAN 

I .86 ppm may be assigned to N-ClI3, a-CH2 and o-CH3 protons, respectively. In the 

spectrum of the Zn(ll) complex the most important observation is the disappearance of 

the signal due to the NH proton, which is an indication of the enolization of 

=N-NH-C=S to =N-N=C-SH during complex formation. The resonances observed at 

7.30, 6.61, 3.32, 2.65 and 1.95 ppm may be assigned to aromatic, NH2, N-CH3, 

coordinated water and w-CH3 proton, respectively. The peak due to a-CH2 protons is 

not observed in the spectrum of the Zn(1l) complex. However, a new peak observed at 

5.12 ppm in the spectrum of the complex may be assigned to the a-CH proton formed 

by the enolization of -CH?-C=O to -CH=C-OH during coordination with the metal 

ion. 

The ' H  NMR spectrum of L2Hz shows a singlet (Table V) at 8.54 and a doublet 

at 7.16 ppm. These peaks may be assigned to N H  and NH2 protons, respectively. The 

symmetrical multiplct observed at 7.42 ppm are assigned to aromatic protons. A quartet 

observed at 3.77 and a triplet at 1.12 ppni may be assigned, respectively, to N-ethyl 

CIi2 and N-ethyl CHI protons. A singlet observed at 3.07 and 1.90 may be assigned, 

respectively, to a-CH2 and WCHJ protons. In the spectrum of the Zn(l1) complex, the 

peak due to the N H  proton disappears. This may be due to the enolization of 

=N-NH-C=S to =N-N=C-SH during coniplex formation. The multiplet observed at 

7.40 ppm may be due to aromatic protons. The peaks due to NH2 protons might have 

been merged in the aromatic region. The peaks observed at 3.66, 1.91 and 1.14 pprn 

may be due to N-ethyl CH2. w-CH] and N-ethyl CH3 protons, respectively. The new 

peaks observed at 4.49 and 2.80 ppm may be assigned to a-CH formed due to 

enolization of -CH-C=O to -CH=C-OH and the coordinated water, respectively. 

T h e m  al  DecomDosition Stud& . .  

The thermal analyses data of the Mn(l l ) ,  Co(ll), and Cu(l1) complexes of L'H2 

are summarized in Table VI. The composition of the intermediates and final products 

are fixed by the observed mass loss in the TG and independent pyrolysis experiments as 

well as by chemical analyses. The salient features of the thermal analyses of the 

complexes are as follows. 

The Mn(l1) complex follows a three-step decomposition pattern. In the first 

stage, the loss of three water molecules takes place at a temperature above 120" C, 
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1612 DEEPA AND ARAVMDAKSHAN 

indicating their coordinated nature. In the second stage, loss of half of the ligand 

molecule occurs. The third stage of decomposition leads to the formation of Mn02. 
The cobalt (11) complex follows a two-stage decomposition pattern. In the first step, 

toss of three water molecules occurs and the second step of decomposition leads to the 

formation of Co304. The Cu(l1) complex follows a three-stage decomposition. In the 

first stage, the loss of one molecule of water takes place. In the second stage three 

fourth of a ligand molecule is lost and the third step of decomposition leads to the 

formation of CuO. 

On the basis of the above observations the complexes of Mn(ll), Co(1I) and 

Ni(I1) are very likely 6-coordinate with octahedral or distorted-octahedral geometry. 

l h e  Cu(1l) complex of N-methylacetoacetanilide thiosemicarbazone (L’H2) is very 

likely 4-coordiante square-planar, whereas that of the N-ethyl derivative (L’H2) is 6- 

coordinate distorted-octahedral. All of the Zn(ll), Cd(l1) and Hg(l1) complexes 

synthesized here are 4-coordinate and, therefore, may be tetrahedral in geometry 

(Fig. 2). The Ag(1) complex is 3-coordinate likely with trigonat-planar geometry. The 

Fe(ll1) complex of N-methylacetoacetanilide thiosemicarbazone (L’H2) is proposed to 

be 6-coordinate dimeric with a hydroxo bridged structure. However, the attempts for 

molecular weight determination failed due to the lack of sufficient solubility of this 

complex in common solvents at low temperature and also due to its immiscibility with 

molten camphor, diphenyl, etc. Hence we do not have a simple means for ascertaining 

its dimeric structure. The Fe (111) complex of N-ethyl derivative (L’H2) is proposed to 

be 6-coordinate with a distorted-octahedral geometry (Fig. 3). 

EXPERlMENTAL 

All chemicals used in the present investigation were of BDH AnalaR quality. 

The sodium derivatives of N-substituted acetoacetanilides were prepared by the 

reported methods”. 

Thiosemicarbazide in ethanol (0.05 mol, 150 mL) was added to sodium N- 

methyl or N-ethylacetoacetanilide (0.05 mol) in ethanol-water (2: 1 in the case of N- 
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THlOSEMlC ARBAZONES 1613 

I <  = CI.1,; M = Mn(l l ) ,  Co(ll)or Ni(l l )  
Ii-C,II,;M=Ni(ll)orCu(ll)  

I 
NI I ,  

N 

Fig. 2 .  Suggcstcd Structures of the Complexes 
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1614 DEEPA AND ARAVINDAKSHAN 

I 1‘11, 
N 1-12 

Fig. 3. Sugested Structures of the Fc( 111) Coniplexes. 

methyl derivative and 4: 1 in the case of N-ethyl derivative) and refluxed for 2 h on a 

water bath. The resulting solution was evaporated to reduce the volume to 30 mL and 

stirred for 2 h. The pale yellow solid which formed was filtered off, washed several 

times with water and finally with methanol and dried in a desiccator over anhydrous 

calcium chloride. The products were recrystallized from methanol. 
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'rlllOSEMlCARBAZONES 1615 

Preaaration of  the Complexes 

A methanolic (20 mL) solution of the metal acetate (0.005 mol) was added 

slowly to a magnetically stirred hot ethanolic (25 mL) solution of the respective ligand 

(0.005 mol). Ferric chloride was used for the preparation of the Fe(II1) complexes. 

The ligand to metal ratios of 1:3 and 1.2 provided better yields in the cases of the 

Fc(ll1) and Co(ll) complexes ofthe N-ethylderivative. The mixture was stirred for 2 h 

at room temperature. The solid complexes that separated out were filtered, washed 

thoroughly with water and finally with methanol. They were dried under reduced 

pressure over anhydrous calcium chloride. 

cal Methods 

The complexes were analysed for their metal content by standard methods'*. 

Carbon, hydrogen and nitrogen were determined by microanalysis using a Hitachi 

CHN-0 rapid analyser. The sulfur and chlorine contents were determined 

gravimetrically as barium sulfate and silver chloride, respectively. The molar 

conductances of thc complexes were determined using --lo-' M solutions in DMSO at 

28+2" C on a direct-reading Model 305 Systronic conductivity bridge and a dip type 

cell (cell constant =: I .OX3). The susceptibilities were determined at room temperature 

by the Gouy method using H~[CO(CNS)~] as calibrant and diamagnetic corrections 

were made using Pascal constants". The electronic spectra of the compounds were 

recorded on a UV-Vis-1601 Shimadzu spectrophotometer using the Nujol mull 

tcch~iique'~. The IR spectra were recorded on a FTlR 8101 Shimadzu 

spectrophotometer in the range 4000-400 cm-' by using KBr discs. The 'H NMR 

spectra were recorded on a Varian 300 NMR spectrometer using CDCI, or DMSO-d6 as 

solvents. Thin layer chromatographic analyses were carried out on silica gel plates 

using ethylacetate-acetone (I : I )  solvent. 

The authors thank Dr. T. D. Radhakrishnan Nair, Head of the Department of 

Chemistry, University of Calicut, Head, Regional Sophisticated Instrumentation Centre, 

Indian Instilutc of Technology, Mumbai, the Heads, Regional Sophisticated 
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1616 DEEPA AND ARAVINDAKSHAN 

Instrumentation Centre, Central Dug Research Institute, Lucknow and Panjab 

University, Chandigarh for facilities. Thanks are due to the University Grant 
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