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Abstract 

The complexes of a new tetra dentate acyclic  ligand derived from 1,2-diamino propane and 

3-acetyl-4-hydroxy-6-methyl-pyrane-2-one ,with vanadium(IV), Cr(III), F(II), Fe(III), Mn(II), 

Co(II), Ni(II), and Cu(II) have been synthesized and characterized on the bases of their 

elemental analysis, conductivity, magnetic moments in addition to spectral data of H1 NMR 

,I.R. and U.V.-Visible. Spectra. Metal to ligand ratio in all complexes has been found to be 

1:1.The Schiff base behaves as neutral tetra dentate legend with N2O2 system. Cr(III), Fe(III), 

Mn(II), Co(II), and Cu(II) complexes have been assigned octahedral stereo chemistry, Ni(II) 

complex has been suggested as square planer geometry, while V(IV) complex was square 

pyramid. The thermodynamic parameters such as ∆G*,∆H* and ∆S* are calculated from the 

curve of logKs verse temperature. It is found that Ni(Π) and Cu(II) are the most stable 

complexes, from the data of formation constant and  Gibbs free energy. 

    

Key words: kinetic study, metal complexes, acyclic legends, thermodynamic stability and 

stability constants.                                              
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  2O2Nتشخیص ودراسة حركیة لمعقدات فلزیة مع لیكاند جدید شبھ حلقي نوع   تحضیر,

 
 وائل محمد حمود

  قسم الكیمیاء - الجامعة المستنصریة,كلیة العلوم

  

  الخلاصة

ن   ة الس ام المفتوح رباعی ن ذات النظ دد الس د متع م تحضیر لیكان وع  ت ة ذات ن ن  ذرات واھب ب  2O2N م الواھ

د  1,2-مع  (I)أون -2-بایران-مثیل-6-ھیدروكسي-4-استیل-3بواسطة التفاعل ألتكثیفي لمركب  ان كلیكان ثنائي امینو بروب

دة  دات جدی ق معق ي  تخلی اس استخدم ف ل, والنح ت , النیك ة, المنغنیز , ,الكوبل د الثلاثی اعي و الكروم والحدی ادیوم الرب للفن

عة تحت الحمراء المعززة بتحویلات  ا بواسطة طیف الأش ھا طیفی م تشخیص ا وث الثنائیة مع اللیكاند الرباعي السن وعزلھ

ووي رنین الن ة,وطیف ال عة المرئی جیة والأش وق البنفس عة ف ف الأش وریر,  طی ي( ف ات NMR1Hالمغناطیس افة لإثب ) إض

, قیاس الحساسیة المغناطیسیة للمعقدات  (%M)والنسبة المئویة للفلز  C.H.Nالصیغة التركیبیة المقترحة بواسطة تحالیل 

ول  ي محل ولاري ف یل الم لبة,  التوص ة الص اب  .DMFبالحال د ,وحس ز : لیكان ة للفل بة المولی د النس ن تحدی لا ع , وفض

في جمیع المعقدات, واثبت 1:1معقدات في المحلول من خلال حساب ثابت تكوین المعقدات طیفیا وبنسب مولیة استقراریة ال

  یسلك سلوك رباعي السن مكونا معقدات كلیتیة مستقرة حركیا وثرمودینامیكیا. 2O2Nأن المشتق الجدید

, الكوبلت, والنحاس الثنائیة فیما تم اقتراح الشكل  تم تعیین الشكل ثماني السطوح لمعقدات الكروم والحدید الثلاثیة,المنغنیز,

ع  ة  –المرب دوال الثرمودینامیكی اب ال اعي.تم حس ادیوم الرب د الفن ي لمعق رم المربع كل الھ ل والش د النیك توي لمعق مس

∆G*و∆H* و ∆S* اس ومن خلالھا تم استخراج ثابت تكوین المعقدات الموصلة الكترولیتیا ووجد ان معقدي النیكل والنح

  الثنائیة ھي الاكثر استقرارا.

 
 دراسات حركیة ,معقدات فلزیة,لیكاندات شبھ حلقیة,استقراریة ثرمودینامیكیة وثوابت الاستقرار. :الكلمات المفتاحیة
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Introduction 

 The coordination complexes of the Schiff bases have been widely investigated due to 

their manifestation of novel structural features, unusual magnetic properties and relevance to 

biological properties(1-3) . The coordination compounds tetra dentate Schiff bases have been 

reported to act as inhibitors for enzymes(4). Considerable interest has been shown in the 

synthesis of transition metal complexes of tetra dentate Schiff bases(5-6). Pyran-2-one 

derivatives containing hydroxyl, acetyl and phenyl azo substitutes have been employed as 

complexion agents(7-10). Literatures survey reveals that very little work has, however, been 

reported on Schiff bases of pyran-2-one. Keeping this in view, we report here the synthesis 

and characterization of a new tetra dentate Schiff base (L) derived from 3-acetyl 4-hydroxy-6-

methyl –2– one (I) and ethylene diamine and its complexes with vanadium(IV), Cr(III), 

Fe(III), Mn(II), Co(II), Ni(II) and Cu(II). 

 

Experimental 

Physical measurements and analysis 

Melting points were recorded on Gallen Kamp melting point apparatus and were uncorrected. 

The FTIR spectra were recorded using FTIR – 8300 Shimadzo in the range (4000-400)cm-

1and ?Samples of metal complexes were measured as CsI – disc,while the free ligand was 

done in KBr–disk The U.V.- visible spectra of compounds were recorded on–Shimadzu 

model  spectrophotometer. Magnetic susceptibility Xg of the sold complexes were done at 

room temperature using magnetic balance–model MS-Bmkl at AL-Nahrain University by 

Gouy method using Co[Hg(SCN)4] as calibrate. Metal estimations were carried out 

spectrophotometrically using atomic absorption Shimadzo AA-670 spectrophotometer. The 

proton NMR spectra of the prepared compounds were done on Varian 300 MHz in Jordan 

university using Si(CH3)4 as internal reference. 

Molar conductance of the solutions of the complexes in DMF(10-3M) were measured on 

PW9526 digital conductivity meter. The elemental analysis data of the ligand and complexes 

were obtained on a Carlo Erba Model EA 1108 (C.H.N.) Elemental analyzer.The presents of 
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metals in complexes (C1- C6) were estimated in Ibn-Cina center via Shimdzu AA680 G 

atomic absorption spectrophotometer. 

 

Materials and preparations 

Dehydroacetic acid(I) starting material for synthesis of N2O2 ligand (L) was prepared by the 

reported procedure(9). All the other chemicals used were of AR grade. The metal salt solutions 

were normalized by the recommended procedure (11). Dilute solutions of the metal ions and 

tetra dentate ligand (N2O2) under study of 2.5 * 10-6M, 1 * 10-6M, 2.5 * 10-5M, 1 * 10-5M and 

1 * 10-4M were prepared with accurate dilution. 

 Synthesis of the Schiff base (L): 

An ethanolic solution (I) (1.56gm, 0.01 mol in 25ml) was added to an ethanolic solution of 

1,2-diamino propane (0.43, 0.005mol in 10ml), the mixture was refluxed on a water-bath for 

2hr. The excess of solvent was partially evaporated under vacuum, and the separated yellow 

precipitate was filtered under reduced pressure, washed with ethanol and crystallized from 

ethanol. The compound was dried in vacuum at room temperature over silica gel as described 

in scheme(1). The physical properties of ligand shown in table (1). 

 

 Preparation of the complexes: 

The metal complexes were prepared by refluxing hot ethanolic solutions of metal chloride 

(0.01 mol) [except in case of Fe(II) and vanadium(IV) complexes where aqueous ethanolic 

solutions were used] and the ligand (0.01mol) for 3hr, on a water bath. The complexes 

separated on adjusting the PH to 7.5 . were filtered, washed with ethanol,chloroform and then 

left overnight to afford 0.67g(79% yield)of deep yellow crystals of polydentate ligand.  

 

 Study of complex formation in solution : 

                    The complexes of the ligand (L) with the selected metal ions [ Cr(III), 

Fe(III),V(IV),Mn(II), Co(II),Ni(II) and Cu(II) ], were studied in solution using ethanol as 

solvent, in order to determine (M:L) ratio in the prepared complexes, following molar ratio 
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method(10) . Aseries of solutions were prepared having a constant concentration (C)10-3M of 

the hydrated metal chlorides or vandyl sulfate VOSO4.5H2O, and the ligand (L). 

The [M:L] ratio was determined from the relationship between the absorption of the absorbed 

light and the mole ratio of [M:L]. the result of complexes formation in solution were listed in 

table (2) . 

 

 Stability constant of the complexes (Ks): 

       The stability constant of the (1:1) [M:L] complex, was evaluated using the following 

equation(10) : 

Ks = 1-α/α2c     ----(1) 

          Where α is the degree of the dissociation of ionization of (C1-C7) were determined by 

the equation (2):                            

                                                             α=(As-Am )/Am  ----(2) 

  or conduct metrically by the equation (3): 

                              

                                                      α= Λm/ Λ°      ----(3)  

Λm:molar conductance of the complex solution in 10-3M (DMF). 

 

Λ° : molar conductance in infinite dilution(12).     

 

and c is the concentration of the complex.. 

The absorbance of the solutions were measured at (λmax) of the maximum absorption, 

furthermore the molar absorptivity (Єmax ) for the complexes were calculated from equation(4) 

:- 

       Am = Єmax . b.C    ----(4) 

          Where Am is the average of three measurements of the absorption containing the same 

amount of metal ion and five fold excess of ligand, and b is the depth of the quartz cell, 

usually equal to 1cm . 
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Λm= molar conductance were measured in units of ohm-1.cm2.mol-1 . 

SD = standard deviation which is estimated after carrying out three data of experiments.  

    An evident in table (4) that stability constant Ks for Ni(Π) complex in (2.3*106) , compared 

with Cr(ΠI) complex in ( 4*105)L.mol-1 which investigates the presence of d8 configuration 

and agrees with Iraving Willimson(13) . 

 

a=molar absorptivity have been measured in L-1.mole-1.cm 

b=formation constant of complexes were determined by spectroscopic method 

  

The stability constant(Ks) was evaluated using the following equations:  

                                                  Ks=(1-α)/α2c        ----(5) 

                                                  Α= Am- As/ Am      ----(6)(α) is the degree of the dissociation (c) 

is the concentration of the complex in (mole/L) units, (As and Am) are the absorbance values 

of the solution were measured at (λmax) of the maximum absorption. The molar absorptivity 

(Єmax) (eq.7) has been calculated using equation : 

                                                   A = Єmax . b.C     ----(7)     

(A)Is the average of three measurements of the absorption containing the same amount of 

metalion and three fold excess of ligand, (b) is the depth of the quartz cell usually equal 

1cm(10). 

 

Results and Discussion: 

The free tetra dentate ligand (L) has been prepared by condensation reaction of two moles of 

dehydroacetic acid and one mole of 1,2-diamino propane scheme (1). The ligand was stable in 

atmosphere , and insoluble in common organic solvents except  DMF and DMS. 
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Elemental analysis 

The physical and analytical data of the tetra dentate legend (L), and its metal complexes are 

given in table(1), which are in a satisfactory agreement with the calculated values. The 

suggested molecular formulas are supported by the subsequent spectral, and molar ratio , as 

well as magnetic moment and molar conductivity in 10-3M solution of DMF . The Values of 

Λm (table 2) show that C1 and C2 complexes are electrolytes in ratio 1:1 , whereas C6 complex 

is conductive in 2:1(14). 

 

Table (1): physical and analytical data for the ligand  and their complexes. 

Compound Symbol Color Yield (%) M.P. Co 
Elemental analysis Calc.(found) 

C% H% 
N% 

 
%M* 

Ligand L Yellow  78 120– 122 60.83(59.99) 6.02(5.77) 7.43(6.66) - 
[ VO (L) ]SO4 C1 Olive  88 203 – 205 56.93(55.1) 4.26(3.66) 4.97(5.00) 11.33(10.00) 
[Cr(L) Cl2]Cl 2C Pale green   79 250d 51.02(51.53) 5.06(56.71) 5.68(6.71) 12.01(13.87) 
[Mn(L) Cl2] 3C pink   70 245 – 247 53.92(52.36) 54. (3.66)  5 .11(7.00) 10.43(11.31) 
[Fe(L) Cl2] 4C Dark brown 79 258 – 260 54.83(55.33) 3. (3.00) 4.10(6.50) 12.20(11.79) 
[Co(L) Cl2] 5C Dirty green 93 245 – 247 58.73(56.09) 4.4 (3.99) 6.08(7.51) 15.39(14.66) 

[NiL]Cl2 6C Orange   73 233 – 235 52.1(53.1) 6.2(5.8) 6.5(7.1) 13.91(13.99) 
[Cu(L) Cl2] 7C Pale blue  77 266d  41.15(39.99) 5.00(5.31) 36.00(6.11) 13.61(12.89) 

Where :  d =  decomposed   
 *=analysis of metal content via flame atomic absorption 
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Infra- red spectra 

Table (2) lists the most useful infrared assignments for those bands most diagnostic of the 

mode of coordination of ligand(L). The infrared spectra of all metal complexes a decrease in 

the frequency by (15-20)cm-1 on complication for υ(C=N) and υ(c=o) and are constant with 

coordination carbonyl oxygen and azomethine nitrogen atoms, moreover the presence of 

bands at range. 415 – 610 and 395 – 415cm-1 are assigned to υ(M-N) (15-16)  and υ(M-O) 

respectively. The infrared spectra of chloro complexes show one new band at 295 – 350cm-1 

as assigned to υ(M-Cl) of trans - isomer (17). A strong band in the vanadium(IV) complex was 

observed at 790cm-1 which is assigned to υ(V=O)(18).figures (1,2 and 3).  

 
Table (2): U.V.- visible , I.R. spectra and other physical properties of the prepared 

compounds. 

Compound Electronic absorption 
bands 

Assignment IR frequency 
peaks(cm-1) 

Assignment (stretching) µe ff 
(BM) 

Λm 
Ohm-1.cm2.mol-1 

(DMF) 

L 293 
Π           Π*  1705 

3400 
1615 

C = O 
OH 

C = N 
- - 

Cr(III) 

220 
285 
541 
392 
388 

Π           Π*  
n          Π* 

A2g4          T2g4 
A2g4          T1g4 

A2g4          T1g4(p) 

1677 
1578 
350 
415 
515 

C = O 
C = N 

Cr – Cl 
 

Cr – N 
Cr–O 

3.04 75 

VO 

276 
606 
720 

 
Π           Π*  
B2          E2 

B2g2          B1g2 

1660 
1588 

400-600 
797 

               C=O 
                C=N 
                V–N 
                V=O 

1.5 82.0 

Mn(II) 

265 
362 
415 

n          Π* 
Π           Π*  

A1g6          Eg4  

1685 
1585 

,400,470 

C = O 
C = N 

Mn-Cl,Mn-N,Mn-O 
4.4 15 

Fe(III) 
426 
417 

n           Π* 
A2g6          T2g4 

1644,1600 
340, ,415 

C = O ,C = N 
Fe-Cl,Fe-N,Fe-O 2.35 10 

Co(II) 
475 
500 

T1g4          T2g4(F) 

T1g4          T1g4(p) 
 

1710,1600 
295,415,480 

C = O,C=N 
Co-Cl,Co-O 

Co-N 

 
4.2 

55 

Ni(II) 
306 
540 

L          M.CT 
A1g1          B1g1 

1660,1564 
450,543 

C = O ,C = N 
Ni – O , Ni – N 0.33 160 

Cu(II) 
250 
525 

Π           Π*  
Eg2          T2g2  

1675,1580 
323 , 400,490 

 

C = O ,C = N 
Cu-Cl ,Cu-O ,Cu-N 1.35 22 
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H1NMR Spectra 

A review of the literature revealed that NMR spectroscopy has been proven to be useful in 

establishing that nature and structure of acyclic tetra dentate N2O2  as well as their complex in 

solutions. The NMR spectra of ligand and Ni(II) complex were recorded in d6-DMSO. solvent 

using Si(CH3)4 as internal standard up on examination the figures (4 and 5) table(3), it is 

found –OH signal at δ 14.0 ppm that appeared in the spectrum of free ligand has subjected to 

download due to complication through – OH and C=O of pyran ring as well as the signal in 

the range 6-8.0 ppm revealed the presence of C=C-H of pyran-2-one ring. Moreover the 

signal observed at 3.35ppm and 4.5 ppm indicates the propyl group of(CH2) 3 and 2CH3 

methyl groups on pyran ring(19). The signals δppm of Ni(II) complex revealed the diamagnetic 

properties of d8- complex and suggests the square planner symmetry around Ni(II) ion(20).  

 

Table (3): Absorption (chemical shifts) δppn for ligand and Ni(II) complex in d6-DMSO 

solvent 

Complex Δppm Assignment 

L 

13.10 

8.50 

(6-8) 

1.9 

(O-H)-position2 

(O-H)-position4 

(H-) of pyran.)and propyl group(6H) 

L– (Π)Ni 

14.05 

8.5 

7-7.5 

2-3 

O-H (2H,singlet)-2-position 

O-H (2H,singlet)4-position 

C-H (multiplet)-pyran-ring 

CH2-(triplet) 

 

Electronic spectra and magnetic moment studies 

  The UV-visible spectra of the ligand and their metal complexes were recorded for 

their solutions in ethanol and DMSO as solvents in the range (200 – 1000) nm Fig. (3and4). 

The vanadyl complex (C1) show a weak peak in the visible region 365, 560 and 750nm which 

are assigned to 2B2        2E ,  2B2        2B1  and  2B2        2A1  transitions 

respectively(17) which are consistent with octahedral environment of V(IV) complexes. The 
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magnetic moment of vanadium complex is consistent with presence of one unpaired 

electron(18). The ligand field spectra of Cr(III) complex exhibits two bands in the region 624 

and 455 nm which are assignable to 4A2g        4T2g (υ1) and 4A2g          4T1g (f)υ1 

transitions. The (υ2/υ1) ratio is 1.35 which is very close the value of 1.42 obtained for pure 

octahedral Cr(III) complexes(21). The Mn(II) complexes shows a slightly low value when 

compared to spin-only value (5.92BM). The low values may be due to the presence of Mn(III) 

species or spin – exchange in the solid phase(22). The electronic spectrum of copper(II) 

complex shows a broad band at 525nm, which is assigned to E2g        2T2g in distorted 

octahedral geometry(20). The observed magnetic value of Cu(II) complex exhibits μeH value 

well in the range to be expected for distorted octahedral geometry. In the case of other 

complexes, the assignments agree with the proposed stereo chemistry.The results shown in 

table(2), indicate that the molar ratio of(1:1) for complexes yielded  high stability. 

Furthermore the molar extinction coefficients for all complexes is rather high, this probably 

was investigated on the presence of tetra dentate ligand of N2O2 system which was stable 

kinectically from the formation of six-membered ring with the central metal ion(23). On the 

bases of magnetic data and spectral studies ,vanadium(IV), Cr(III), Mn(II), Co(III), and Cu(II) 

complexes According to previous data reported by Fengetal have been assigned octahedral 

geometries (structures I and IV) while square – planer geometry is proposed for the Ni(II) 

complex (structure III) (24). 

 

Table(4): Stability constants, and molar absorptivities of the complexes (C1-C7). 

Complex As Am Α maxλ Ks(L.mol-1) Єmax 
C1 0.33 0.30 0.212 381 4*105 5730 

C2 0.56 0.371 0.155 521 4.6*105 150 

C3 0.678 0.366 0.265 265 2.5*105 5990 

C4 0.345 0.379 0.143 298 3.9*105 6770 

C5 0.381 0.451 0.53 475 4.8*105 1500 

C6 0.234 0.521 0.166 474 2.3*106 380 

C7 0.451 0.461 0.123 600 5.3*106 250 
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Where As is the average of three measurements of the absorption of solution containing 

astoichiometric amount of ligand and metal ion. 

 

Molar Conductance of complex 

        By using the relation Λm =K/C the molar conductance of the complex (Am) can be 

calculated where is the molar concentration of 10-3molar of their solutions at 25±2C° were 

measured. it is calculated from the results that Cr(III) , V(IV), Ni(II) are electrolytes in 1:1 and 1:2 

ratio respectively(14).The thermodynamic of new metal complex have been measured 

conductometricaly that ∆G = -1150KJ/mole for V(IV) complex.In addition the stability 

constant of VO(IV) complex in DMF various temperature, was obtained from variation of 

molar conduction as a function of ligand/metal cation mole ratios using a Genplot computer 

program (25).Sufficiently, large value of  ∆ G* for VO(IV) complex showed that spontaneous 

formation of the complexes (26) . 

 
Table (5): Thermodynamic parameters for VO(IV), Cr(III) and Ni(II) complexes in 

DMF solutions 

complex 
Λm 

Ohm-1.cm2.mol-1 
-∆ G*c± SD KJ/mole 

∆ H*c± SD 

KJ/mole 
∆ S *c± SD KJ/mole 

CrΠI -L 85 
15.85 ± 2.80 

(13.263) 
-83.5 ± 6.4 -195 ± 18.9 

VOIV-L 91 
18.95 ± 0.44 

(14.50) 
35.06 ± 8.00 148.5 ± 30.1 

L– ΠNi 135 
20.51 ± 0.56 

(25.3*103) 
49.71 ± 7.3 149.5 ± 2.500 

 

The thermodynamic parameters, free energy ∆ G* ,enthalpy change ∆ H* and entropy change ∆ 

S* were calculated by the following relationships(27) 

∆ G*=-RTlnKeq      ----(8) 

And from changing the values Keq  with 1/T  

 ( d log Keq /dt )=( ∆ H*/2.303RT2)  ----(9) 
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The value of ∆ H* were estimated.  

Finally ∆ S* value was calculated from Gibbs equation: 

∆ G*=∆ H*-T∆ S*  ----(10) 

 

Table (6): Parameters for evaluation of Ks of CrΠ, CoΠ, NiΠ and CuΠ complex 

 

Complex As Am Α Ks
b Єmax

a λmax nm 

CrΠI –L 0.93 0.85 0.039 45.9*10 4590 380 

CoII-L 0.93 0.98 0.05 44.3*10 1450 395 

L– ΠNi 1.05 0.95 0.070 46.1*10 3570 480 

L-IICu 0.85 0.95 0.049 59.1*10 520 600 

  
The vales of Keq of the electrolytic complexes VO(IV),Cr(ш) and Ni(Π), were determined by 

using Ostwald dilution equation(28),after estimation the infinite conductance 

 

 

Figure(1):F.T.I.R spectrum of ligand in KBr disk 
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Figure (2):F.T.I.R spectrum of Cr(ш) complex in CsI disk 

 

Figure (3):F.T.I.R spectrum of Cu(Π) complex in CsI disk 
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Figure(4):H1NMR spectrum of ligand in d6-DMSO solvent 

 

 
Figure(5):H1 NMR spectrum of Ni(Π) complex in d6-DMSO solvent 
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Figure (6):UV-Visibe of ligand in ethanol (10-3M) 

 

 
 

Figure (7):UV-Visible of Co(Π) complex in DMF solution(10-3M) 
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Figure (8):Visible of Cu(Π) complex in DMF solution(10-2M) 
 

 
 

Figure (9): Molar conductance  mole-ratio for VO(IV) complex in pure DMF at 

different temperature 
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General suggested stereo chemistry structures of complexes (C1 – C7) 
 

  According to the results obtained from the elemental and spectral analysis, the general 

structures of the above mentioned complexes can be illustrated as follow:  

 

 

 

 

 

  

 
Where M = Mn(II), Fe(III), Co(II) or Cu(II) 

 

 

                           Octahedral geometry of Mn, , Co, Cu(II) and Fe(III) complexes 

 

 

 

 

      

                                                                                                                             

 

 

 

 

 

 

 

 

 

Dichloro-1,2-(3-acetimino-4-hydroxy-6-methyl-pyran-2-one) propane- Metal(II) 

Oxo—1,2-(3-acetimino-4-hydroxy – 6- methyl- pyran-2-one) propane- Vanadium(IV) Sulfate. 
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Octahedral geometry of V(IV) complex. 

 

 

 

 

                                                                                        
Cl2 

 

 

 

 

square planer geometry of Nickel complex. 

 

 

  

                                                                                                                 
                                                                                                                               Cl                          

 

  
 

Octahedral geometry of Cr(III) complex. 
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