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Abstract

Ethylenediamine was reacted in the first step with 2,5 — hexandion to produce the
precursor [A] , then [A] was reacted with diethylmalonate to give the new tetradentate
macrocy clic Ligand [H2L].This Ligand was reacted with some metal ions in ethanol to give a
series of new metal complexes of the §eneral formula [M(HnL)X]™ ( where : M= cr'',
=0, X=CI2,m=-1; M=Mn",Fe" ,Ni" ,Cu", n=1,X=CI2,m=-1; M=Co" ,n
=0, X=Cl,m=-1;M=Pd",n=0,X=0,m=0;M=Cd",n=2,X=0, m=+

All compounds were characterized by spectroscopic methods [I.R, U.V-Vis , HPLC ,
Atomic Absorption] , microanalysis of elements (C.H.N) along with conductivity
measurements . From the above date the proposed molecular structure for cr'! , Mn" , Fe' ,
Ni" and Cu" complexes is octahedral, While Co" , Pd", and Cd" form trigonal bipyramid ,
square planar and tetrahedral geometries respectively .

Introduction
The macrocyclic compounds types N4 are considered to be good coordinated ligands

because they involve hard nitrogen atoms as well as the high selectivity of these compounds
to extract some metal ions such as Co" , Cu" , and AgI , [1,2] . Moreover there is a great
importance of tetradentate ligands type N4 with Varietl?/ substituents on the molecule and their
complexes with some transition metals , Mg and Ca" in the metallic enzyme , blood protein
[3], vitamin B12 which contains cobalt ion and in the chlorophyll which contains M gH [4].

Recently, complexes containing macrocyclic ligand type N4 donor atoms play a very
important role in the biological systems such as Ca" , Fe'" and Pd" comPIexes [5] and high
stable complexes of this type ligand with T , Re'™ |, Re'™ are used for
radiop harmaceuticals applications [ 6,7 ] and in magnetic resonance imaging [8] , also with
Ni"  which are used as catalyst for division DNA molecules [9] and Fe' complex with
porphyrin as a model for biological proteins such as hemoglobin in blood [4,10] .

This paper reports the synthesis and characterization of new macrocyclic ligand derived
from the reaction of ethylenediamin with 2,5-hexandion to produce precursore [A] which
reacted with diethylmalonate , then the new macrocyclic ligand complexes with Cr' , Mn' |

Fe'" , Co" ,NiH , cu" , Pd" and Cd" were prepared .

Experimental
a- Materials and physical measurement :

All chemicals are from fluka and Redial-Dehenge chemical Co. Elemental
microanalysis were carried out by C.H.N analyzer ,model 1106 (Carlo-Erba) ( at the



IBN AL- HAITHAM J. FORPURE & APPL. SCI VOL.22 (4) 2009

laboratories of Chemistry Department, Collage of Science , Al-Mustansiriya University ) .
Metal contents of the complexes were determined by shimadzu—-A.A-680G Atomic
Absorption spectrophotometer ( at laboratories of Ibn Ceena Co.) . IR spectra were recorded
as KBr discs by using shimadzu 8300 FTIR sp ectrophotometer in the range (4000-400) cm’!
(spectra were recorded at Collage of Science , Al-Mustansiriya University ). Electronic
spectra of the prepared compounds were measured in the range (200-900) nm for 10° M
solution in DM SO at 25°C by using shimadzu , 160 sp ectrophotometer with 1.000+ 0.001 cm
matched quartz cell ( at Collage of Science Baghdad University ) . Electrical molar
conductivity measurements of the complexes were recorded at 25°C for 10° M solution of
samples in DM SO by using PW , 526digital conductivity meter. High Performance Liquid
Chromatography (HPLC) was used in order to record the chromatogram of the complexes by
using (HPLC) shimadzu LC-6A and column (ODS-C18) at 250 nm by using CH2CI2 as
mobile phase and by Isocratic Elutions (ODS=Octadecylsilance) ( at laboratories of Ibn
Ceena Co.) . Meltingpoints were recorded by using sturat melting point apparatus.

b- Synthesis of Ligand [H2L] :
The ligand [H2L] was prepared in two steps :

In the first step, the solution of 2,5 — hexandion (1.0gm , 8.7mmole) was dissolved in (60)ml
ethanol and was added slowly to a mixture of ethylenediamine (1.05gm , 17.4 mmole)
dissolved in ethanol (10ml) and (0.3ml) of (48%) HBr in (100ml) round bottom flask with
stirring under inert atmosp here of N2 gas. The mixture was allowed to reflux for (4)hrs, then
the solvent was removed under reduced pressure , during this time, a red oily product was
obtained (precursore A) , yield (1.7)gm (89%) .

In the second step precursor [A] (0.6gm , 3mmol) was dissolved in ethanol (40ml) in (
100ml) round bottom flask , with Et3N (0.16ml, 1.2 mmole) as a base to complete the reaction
which is very sensitive to Et3N , then diethylmalonate (0.48gm,3 mmole) was dissolved in
(30ml) ethanol which was added to the above solution with stirring under inert atmosphere of
N2 gas. The reaction mixture was allowed to reflux for (2)hrs then cooled at room
temperature and filtered and let the unreacted starting materials and ethanol to be removed
under vacuum to give a dark red oily separate , yield (0.74)gm , (91%) (table-1) .

c-Synthesis of complexes :
All complexes were prepared as follows :
A mixture of [H2L] (0.072gm , 0.3mmole) in ethanol (10)ml and Et3N (0.16ml,1.2mmole)
was added drop wise to (100ml) round bottom flask which contains a solution of metal

chloride salt M CIn.XH20O (0.3mmole) dissolved in (5) ml ethanol, (where : M=Cr"', Mn",

Fe', Co", Ni', cu", Pd" and Cd" ; n = 3,222,222 and 2 ; X=6 , 4,4,6,6,2,0 and 2
respectively . The reaction mixture was allowed to reflux for (1.5)hrs, during this time the
coloury precipitate was formed which was filtered and dried at room temperature to give
the weight of product complex and yield % (table-1) .

Results and Discussion
a - The prepared precursor [A] :

The precursor [A] was prepared by using a high dilution method which contains the
reaction of 2,5-hexandion with ethylenediamine in ethanol solvent according to the general
method shown in scheme-1. The precursor [A] was dissolved in H20,DM SO,CH30OH and
C2H50H . Some physical properties and microanalysis C.H.N for [A] were listed in table-1
and table-2.

The LI.R spectrum for [A] (Fig.1) displayed two bands at (3450)cm’ and (3354) cm’”’
due to vasy.(N-H) and vsy.(N-H) respectively [11] , the band at (1630) cm’ is assigned to
v(C=N) for the imine group [12] with the disappearance of absorption band at (1750) cm’
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which was attributed to stretching frequency of ketonic carbonyl group v(C=0) for 2,5-
hexandion , other bands of [A] were listed in table-3 .

b - The prepared Ligand [H2L]

The pro-ligand [H2L] was prepared by the reaction of precursor [A] with
diethy Imalonate by using Et3N in ethanol solvent accordingto the general method shown in
scheme -1 . The ligand [H2L] was dissolved in DM SO , DMF , CH30H and C2H50H ,
some physical properties and microanalysis C.H.N for [H2L] were listed in table -2 .

The LR spectrum for [H2L] (Fig2) displayed two bands at (3382)cm’ and (3286) cm’
"is due to the vasy.(N-H) and vsy.(N-H) stretching frequency respectively [13], the band at
(1652) cm’ due to stretching frequency of amidic carbonyl group v(C=0) [14], also I.LR
spectrum displayed absorption band at (1600) cm” due to v(C=N) [12,15] which was
shifted to alower frequency when it compared with v(C=N) at (1630) cm’ in LR spectrum
for [A] . In addition to these bands ,a new double band at (1022) cm’ and (979) cm’ was
observed which was due to the formation of macrocycle [16,17] , other bands of [H2L]
were listed in table-3 .

The u.v-vis spectrum for [H2L] (Fig6) exhibits a high intense absorption peak at
208nm ( 48077cm” , emax = 2200m’, cm’’ )due to(m Ky ) ) electronic transition
while the two absorption peaks at 294nm ( 34013 em’, emax=281 m’.cm’ ) and 338nm
(29585 —¥cm’', emax = 274m’’ .cm']) are attributed to (n n ) electronic transition for
(n) electrons of O and N atoms in [H2L] [18].

¢ - The prepared complexes

Reaction of [H2L] with metal chloride salt M CIn.XH20O (experimental Part-C) was
carried out in ethanol under reflux in the presence of Et3N which was used in order to
remove the hydrogen from two amidic groups (NH). All complexes are stable in solution and
electrolytes (table-4) , the analytical and physical data (table-1,table-2) and spectral data
(table-3, table-4) are compatible with the suggested structures (Fig.10). All complexes
dissolve in methanol and DM SO solvents .

Molar Conductance

The molar conductance of the complexes in DM SO solvent in 10°M at 298°K
(table-2) indicated electrolytic nature with(1:1) ratio for [Et3NH][Cr(L)CI2] ,
[EtC3NH][Mn(HL)CI2] , [Et3NH][Fe(HL)CI2] , [Et3NH][Co(L)CI] , [E£3NH][Ni(HL)CI2] ,
[Et3ANH][Cu(HL)CI2] complexes and (2:1) ratio for [Cd(H2L)]CI2 complex while the molar
conductance value for [Pd(L)] complex indicate neutral nature [19,20] .

LR spectra
The I.R spectra for all complexes (table-3) gave different spectra in comparison with that
of free ligand [H2L] .

1- In general, the LR spectra for all complexes exhibit a shift in stretching frequency of
amidic carbonyl group v (C=0) when compared with that of free ligand[H2L] at (1652) cm’!
, in addition to overlap a band of v(C=0) in all complexes with a band of v(C=N) at range
(1614-1633)cm™ . This shifting can be related to the delocalization of metal ion electronic
density in m -Orbital of the ligand and formation of n -back bonding (dn-Pw) which indicates
the coordination between N atoms of C=N groups of the ligand [H2L] and metal ion [21,22].
2- The I.R spectra of Mn" , Fe" , Ni" (Fig.3), Cu" and Cd" (Fig.4) complexes revealed a
broad band at range (3413-3460) cm” due to the overlap of vasy. (N-H) and vsy.(N-H) which
were shifted to a higher frequency when compared with that of free ligand at (3382) em’ |
also 8(N-H) was shifted to a lower frequency and appeared at range (1512-1525)em™ , while
the bands of v(N-H) and & (N-H) disappeared in I.R spectra of cr' (Fig.S),CoII and Pd"
complexes , this indicates two protons of (N-H) groups in [H2L] which were removed and
anionic ligand (-2) was formed in ¢, Co" and Pd' complexes only. The shifting of v(N-H)
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and O(N-H) in LR spectra of some complexes and disappearance of it in other
complexes refer to the coordination between N atom of amidic group and metal ion
[23].

3- The band of v(C-N) at range (1157-1172) em” in LR spectra of all complexes was shifted to
a higher frequency in comparison with that of free ligand [H2L] at (1 147)em’ .

4- New bands appeared at range (440-536) cm’ in LR spectra of all complexes which haven’t
been present in the ligand spectrum , this may be attributed to v(M-N) [24,25] .

5- The LR spectra of cr' , Mn" , Fe'" , Co" , Ni' , and cu" comp lexes exhibit three bands at

(2744,2677,2489) cm’' assigned to the vibration frequencies of ammonium group [Et3NH]
[26].

Electronic spectra
1- The electronic spectral data of all complexes are summarized in (table—4) . The two peaks
(208) nm and (338) nm in the electronic spectrum of [H2L] were shifted to a higher frequency
but the peak at (294)nm was shifted to a lower frequency and these three peaks appeared in
the electronic spectra of all complexes at range (236-258) nm , (267-280) nm and (342-
358)nm , these shiftings in ligand field peaks indicate coordination|[H2L Jwith metal ion [18] .
2- New absorption peaks appeared at (479)nm and (454) nm in the electronic spectra of Fe',
Cu" comp lexes respectively attributed to charge
transfer electronic transition (M—yp L) [27].
3- The electronic spectra of cr'', Mn", Fe" (Fig7) , Ni" and Cu" complexes displayed new
absorption peaks assigned to (d-d) electronic transitions as follows :
cr'! complex 806 nm 6 A2g — » 4T2g) : Mn" complex 442nm
‘Alg —> ‘EgG), ‘AlgG)) ,494nm (Alg “T2g(G)), 538nm,
(4Alg—>4T 1gG)) ; Fe' complex 888nm (5T2g 5Eg) ,Ni" complex
622nm(3A2g — 3Tlg ) and cu" complex 800 nm ( Eg_,2T2g) , in fact these results are
in a good agreement with the previous works of cr'', Mn", Fe", Ni'" and Cu" complexes of
octahedral geometry [28-32) .

4- New peak appeared in the u.v-vis spectrum of Co" complex (Fig8) at (756)nm was
assigned to (d-d) electronic transition type (4A2(F) —>4E‘(F) ) suggesting a trigonal
bipyramidal geometry about Co'[33].

5- While the u.v-vis spectrum of Pd" complex shows a new absorption peak at (454)nmwhich
was assigned to (d-d) electronic transition type (lAlg—> 'Bl g) which is a good evidence
for a square planer geometry about pd" [31,32].

6- Finally , the u.v-vis spectrum of cd" complex shows no absorption 0peak at range (370-
1100) nm , that indicates no (d-d) electronic transition happened (d] -system) in visible
region , that is a good result for Cd" tetrahedral complexes [34].

Atomic Absorption
The atomic absorption measurements (table-2) for all complexes gave approximated
values for their theoretical.

High Performance Liquid Chromatol%raphy I I I

The HPLC chromatograms for Cr ~ , Mn , Fe  (Fig9a) and Co~ (Fig.9b) complexes
exhibited interfering signal at tR(3.29 , 3.73)min, (2.56 , 2.94) min (3.54,3.89)min and
(2.30,2.42)min respectively , indicating two isomers (Cis,trans) for cr' , Mn" , Fe'
complexes and (trigonal bipyramidal , square pyramidal) for Co" complex. While the
chromatograms for NiH(Fig.9c) and CuH(Fig.9d) complexes show one signal at tR(2.91)min
and (3.75)min respectively indicating the purity of the complexes.

Conclusion
Our investigation suggests that the ligand [H2L] behaves as tetradentate on complexation

with metal ions forming octahedral geometry about cr'', Mn", Fe", Ni" and Cu" trigonal
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bipyramidal geometry about Co", square planar coordinated about Pd", and finally
tetrahedral geometry about cd".
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Fig. (1): I.R. Spectrum of the precursor [A] .
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Fig. (3): I.R. Spectrum of the complex [EtsNH][Ni(HL)Clz]
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Fig. (6): Electronic S pectrum of the Ligand[H:L]
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Fig. (8): Electronic S pectrum of the Complex [EtsNH][Co(L)Cl]
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Fig.(9): Chromatogram of the complexes :
a. [ENH][Fe(HL)Cl2] . b. [ENH][Co(L)Cl]

c. [EGNH][Ni(HL)Clz2] . d. [ENH][Cu(HL)CI2]
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Table{l): some physical properties of the prepared compounds
and weight of metal chloride salts.

: & I T Weisht |
| of metal
Compoumds? Colour m.p°c : lﬁ A ,M EH_EI chloride
%o Chloride
(@) =03
3 mmaole
[A] Pale Red HY -
[H:L] , Red |- o1 it
_[EsNH||Cr{L)CE] Brown | 1@ | 82 | CrCL6H=O | o8
[ELNH[[Mn{ITL}lz] | Deep hrown _ 17 Th Moz 520 LR
| [E6NH]|Fe(HL)Clz] |~ Brown 122 6l FeClz AHa0 (.06
IEGNH[CofL)Cl]  Deep biue 157 B CoCle. 6110 007 |

[EGNH][Ni(HL)Cla] | Palebrows | 131 | 71 NiCl.6Ha0 i1.0177
| [ECNH][Cu(HL)Clz] | Deep brown 179 (5 CuCl2Hz0 0.2

[Cd(H:L)CL Deepornnge | 132 T8 CdClz.2Hz20- 0477
[Pd(L)] L::Jf:f“ 175 | =9 | PdCE 0.053

* JA] = CoaHuNg , Hel = Ci31Nz02, HL = ChaHaiNa 02
L = CuzHaoW4Dz: |, FWH — CoHiels
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Table{2): Results of elemental analvsis and molar conductance
for prepared compounds.

Cotpounids |M.Wt ML * Micrnanalysis,fl'_"ajc]%;l’n-und“x:ﬁ
e C 1 8 'K | Mei]
Lo me TR DO e ae =

[HL Wl - [ S5 e -
EeNEICHLCuR | o | » | GET0 TR0 T30 A0S |
EoNmMacr | e | o | G T O 1088 [0S
| EonmireEmen | oe | o | G639 | 020 du i

EeNH][Co)cn | 4s8s | 3¢ | Goodd | GO0 G0 | e
ey o | s | G 150 [0 G
| ENHCaEycr) [ sms | o | 559 | O3 TR0 e
[Cd(H2L)|Cl2 o | 7 iﬂ:ﬂggﬁ {::g‘l}n -[Ejgﬁ r{'ﬁﬁ'
e e e R B e

2f s -1
* M.C = Molar Conductance . ohm™ .cm™.mol
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Tablef4): Electronic spectral data of the Ligand and
its complexes.

| Compound Ainm) A viemYl | B |,'M'] e H
208 | 2.9 | 48076 21 |
HiL 204 | 2% | sania | 28t |
B R L T S
L m 101 | 370 1016
i 04 | 35714 4l
[ELNHI[CHLICE] |5 d_ T o
| Bon | 0.003 | 12406 Rl
| 236 | 391 | 42372 3410
280 | 1.00 | 35714 bl
34 1z | 29239 P20
[EGNH| | Ma(HL)Ch] _44§ ! g.’é’z | 22624 an
494 | 0.0z | 20243 11
538 | 003 18387 30
238 | 400 | 33335 A
274 | 232 | 36496 2320
[EnNH][Fe(HL)CL:] [ 350 | @67 | 28571 670
479 | 02 | 20876 125
888 040 | 11312 E
235 391 | 42302 3910
e T e 1180
ECNB[Co@)Cl] 3 has | zs901 | 468
786 b3 | 13227 31
| 256 | 391 | 39062 - 391
. : 184 | 024 | 35111 242
[EaREIMOILICN ey 1 L | sea ne |
- 622 [ o2 | 16071 =
i 254 | 3BG 29370 3661
i 268 | 106 37313 168
[EGNHI[CufHL)Cl:] 364 .3 27472 T
454 | 022 | 22016 Y R
e | 800 | 0.2 | 12500 20 b
I 39062 3010
" [CA(RELBCE [ 267 LY | 37453 |
\ %) 98 | s 2300
250 388 | 40000 3880
o 270 | 23 | 3037 2300
[PALY 358 | 15 | 271933 BE
454 | D25 | 23026 234
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