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Abstract

A tridentate ligand (FAC), 2-(caproic-6-yliminomethyl) furan, derived from 2-
furaldehyde and 6-aminocaproic acid and its cobalt(ll), nickel(1l) and copper(Il)
complexes have been synthesized by the template condensation of the 2-furaldehyde
with 6-aminocaproic acid in the presence of cobalt(ll), nickel(Il) or copper(ll)
salts in molar ratio of M:L (1:2) which forms the metal complexes of type [M(L),]
(where M = Co(ll), Ni(1l) or Cu(ll)), and of M:L (1:1) of type [M(L)(H20)3]CI (where
M = Co(ll), Ni(ll) or Cu(ll)). The prepared complexes were characterized by metal
content analyses, IR, electronic spectroscopy, magnetic susceptibility and
conductivity measurements. IR spectra confirm coordination of imine nitrogen, the
negative oxygen atom of the carboxyl group and oxygen of the furan ring to the
central metal ion. The magnetic moment data suggested for all complexes to have an
octahedral geometry around the central metal ion. The electronic spectral data also
agree with their proposed structures.
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Introduction

Schiff base (imine) ligands have
been wused in the construction of
sophisticated  metallosupramolecular
compounds such as double and triple
helicates, grids and coordination
polymers, as well as in the preparation
of innumerable simple mononuclear
complexes™™. Many complexes of
Schiff base ligands with metal ions
have been investigated as models for
active sites of enzymes"®, including
DNA-cleavage systems®® —and as
antibacterial***® and anticancer®
drugs. They also provide useful
magnetic materials®*® and have a wide
range of catalytic applications, such as
in  polymerization® and  olefin
oxidation®. Tridentate Schiff bases
ligands containing nitrogen and oxygen
donor atoms sets are well known to
coordinate with various metal ions, and
this has attracted the interest of many
authors®®®_ Various  heterocyclic
Schiff bases and their complexes
having nitrogen and also oxygen donor
atoms, have been reported by several
scientists®*?. The furan ring, as a part
in ligand, has been studied and has
attracted great attention for long time
and significant progress has been made
in understanding the structure of its
complexes®@*2"28),

Finally, metal template synthesis
(one pot synthesis) was found to be an
effective method to synthesize Schiff
bases complexes®®. Here we report, the
synthesis and characterization of
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heterocyclic Schiff base complexes
obtained from the template
condensation reaction of 2-furaldehyde
with  6-aminocaproic acid in the
presence of Co(ll), Ni(Il) or Cu(ll) ions
in molar ratios 1:2 and 1:1 (Figures 1
and 2).

Experimental
Materials :

All chemicals used in this work
were either Analar or Reagent grade
used without purification such as
CoCl;.6H,0 (98%), NiCl,.6H,0 (99%),
CuCl,.2H,0 (99%) and 6-aminocaproic
acid (97%) except for 2-furaldehyde
which was purified according to a given
procedure®”.

a. Preparation of the ligand (FAC):

An ethanolic solution of 2-
furaldehyde (0.01 mol.) was added to
aqueous solution of 6-aminocaproic
acid (0.01 mol.) and refluxed for 4
hours followed by concentration of the
solution. The precipitate was separated
by filtration, washed with ether and
then dried in air.

b. Preparation of the complexes :

All the complexes were prepared
by the same general method using the
template synthesis (one pot synthesis)
as following :

Metal(1l) chloride was added to a
mixture of 2-furaldehyde (in 100 mL
ethanol) and aqueous solution of 6-
aminocaproic acid (in 100 mL dis.
H,0) having a required molar ratio of
M:L (1:2 and 1:1). The mixture was
refluxed for 6 hours. The solid thus
obtained was filtered, washed with
diethyl ether and finally dried in air.
Analytical and physical measurements
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Cobalt, nickel and copper contents
have been determined by applying
precipitation  methods®Y.  Melting
points were determined by using
Electrothermal 9300 digital apparatus.
Molar conductivities of the complexes
have been measured in an electrolytic
conductivity measuring set LF-42 using
0.001 M dimethylformamide (DMF)
solutions at room temperature. IR
spectra were recorded on a Bruker
(Tensor 27) spectrophotometer in the
4000-400 cm™ range using KBr disc.
Electronic spectra were recorded on a
Shimadzu 1601 spectrophotometer in
DMF at 25°C for 0.001 M solution of
the compounds using a 1 cm quartz cell.
Magnetic susceptibility measurements
of the complexes in the solid state were
determined by the Faraday's method at
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room temperature using a Bruker BM6
apparatus.

Results and discussion :

All  metal(ll) complexes were
prepared by using the respective metal
salts as chloride with the ligand in two
different molar ratios of metal : ligand
as 1:2 and 1:1 (using one pot synthesis).
All these complexes are colored. They
are insoluble in common organic
solvents and soluble in DMF. Molar
conductance values of the complexes in
DMF indicated that complexes having
molar ratio of metal : ligand as 1:2 have
lower values (Table 1) indicating that
they are nonelectrolytic in nature.
However, complexes having molar ratio
of metal : ligand as 1:1 showed higher
values (Table 1) indicating them as
electrolytic®?.

Table (1) : Analytical and some physical properties of the compounds

Compound n&? Colour Y(i)/eol d C;ﬁ'l(\{l:gtar: d) AcmgoDr?{/lnFl)
mol
(FAC) 112114 | Black 70 | |
[Co(FAC) ;] 287 Turquoise 79 (ﬁgg) 11
[NI(FAC) ] 256 Yg'r';’r‘]"éijh 81 (iggg) 28
[CU(FAC) ] 261 '6:22; 82 (325451) 18
[CO(FAC)(H,0):JCI | 222 | DarkGray | 77 (ig:gg) 62
[NI(EAC)(H,0)s]C] 209 Orange | 85 (i%‘g) 67
[CUFAC)(H,0):]CI | 189 | DarkOlive | 84 &g:gg) 75

Calc. = Calculated

IR spectra

The IR spectra of the complexes
were compared with this of the free
ligand (FAC) in order to determine the
coordination sites that may be involved
in coordination. Upon comparison, it
was determined that the Vv(C=N)
stretching vibration from the
azomethine group is found in the Schiff
base at 1541 cm™. This band is shifted
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to lower (84-30) cm™ wave numbers in
the complexes (Table 2), indicating the
participation of azomethine nitrogen in
coordination®3¥. A band due to
v(C-O-C) stretching vibration of the
furan ring appeared at 1067 cm™ in the
Schiff base ligand®. This band also
shifted to (1120-987) cm™ in the metal
complexes, suggesting the involvement
of the oxygen atom from the furan cycle
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to the central metallic ion. In the ligand
(FAC), the asymmetric and symmetric
stretching vibration of the carboxyl
group, v as(COO) and v s(COO) appear
at 1635 and 1446 cm™, respectively. In
the complexes, these bands occur at
(1647-1605) and (1418-1389) cm™,
with difference A v (COO) of (229-193)
cm™ and indicate the unidenticity of the
carboxyl group®® (Table 2). Also the
band of the OH of COOH group at
2861 cm®' of the free ligand
disappeared on coordination with the
metal ion. These overall data suggest
that the azomethine-N and carboxyl
—O and furan —O atoms are involved in
coordination with the metal(ll) ion in
complexes. The appearance of new low
frequency bands in the range (566-501)
cm™, were assigned to metal-oxygen
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observable in the spectra of the metal
complexes and not in the spectrum of
its Schiff base which in turn confirmed
the participation of the negative oxygen
atom of the carboxyl group and also the
heteroatom (oxygen) in the coord-
ination. The other new bands in the
range (457-418) cm™ in the spectra of
the metal complexes were assigned to
v(M-N) stretching vibrations®*=3",

The presence of coordinated water
molecules in the [M(L)(H20)3]CI (when
M = Co(ll), Ni(ll) or Cu(ll) ion) is
determined by the appearance of bands
in the range (3451-3228) cm™. Also the
appearance of other bands at (918-873)
and (756-744) cm™, which could be
assigned to rocking and wagging
modes®, respectively, support the
presence of coordinated water.

v(M-0). These bands were only
Table (2) : Important IR spectral bands (cm™)
vas VS Av v Y
Compound (co0) | (coo) | (coo) | (c=N) | (c-0-C)
(FAC) 1635 1446 189 1541 1067
[Co(FAC) ] 1605 1389 216 Hidden 1120
[Ni(FAC) 5] 1606 1413 193 1510 1109
[Cu(FAC) ;] 1647 1418 229 1457 087
[Co(FAC)(H,0);]Cl 1624 Hidden N.A 1510 1101
[Ni(FAC)(H20)3]ClI 1609 1413 196 1511 1109
[Cu(FAC)(H.0);]ClI 1618 1403 215 1507 1095

N.A = Not Available
Electronic spectra and magnetic

moments

The electronic spectrum of the
ligand (FAC) and its complexes were
recorded in DMF (Table 3). A band was
observed at 36363 cm™ in the spectrum
of the ligand, which is attributed to
n—n*  transition in  the C=N
chromophore®. This band shows a red
shift in the spectra of the complexes
(Table 3) due to the polarization in the
C=N bond caused by the metal-ligand
electron interaction during bond
formation, indicating the involvement
of (C=N) group in metal complexation.
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The [Co(FAC);] complex exhibits
bands at 9852, 14792 and 16447 cm™
(Table 3), which are assigned to the
transitions  *Tig(F)>*Tog(F)  (va),
“Tig—>*Axg (v2) and “Tig(F)—*T1g(P)
(v3) respectively, belonging to the high
spin  octahedral geometry®?. The
magnetic susceptibility measurement
(4.31 B.M.) for the solid Co(ll)
complex is also indicative of three

unpaired electrons for Co(ll) ion,
suggesting  consistency  with  their
octahedral  environment®).  The

[Co(FAC)(H,0)3]CI complex exhibits
four bands were observed at 10245,
14858, 16447 and 32573 cm™, assigned
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to *Tig(F)=>*Tig(P) (v1), *Tig—*Axg
(v2), 4Tlg§F8—>4ng(F) (v3) and n—m*
transitions*?, respectively. The
magnetic  moment  obtained  for
[Co(FAC)(H,0)s]CI (Table 3) is in
favor to infer the presence of high spin
octahedral geometry around the central
cobalt(11)“Y.

The electronic spectral study of
the complex [Ni(FAC),] shows four
bands at 10384, 12330, 25188 and
31250 cm™, may be assigned to the
"AY(F) > Tog(F)(va), Ag(F)—>"Tig(F)
(v2), *Axg9(F)—>>T:g(P) (vs) and n—r*
transitions,  respectively and is
consistent with the formation of an
octahedral geometry®?. The octahedral
geometry of Ni(ll) ion in the complex is
confirmed by the measured
magnetic moment value , 3.08 B.M.“.
The electronic spectrum of
[Ni(FAC)(H,0)3]CI shows also four
bands at 9737, 11299, 24271 and 32679
cm™, which is attributed to the same
transitions of the [Ni(FAC),] (Table 3),
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suggesting the octahedral structure of
nickel complex*? . The magnetic
measurement (2.98 B.M.) showed two
unpaired electrons for Ni(ll) ion
supporting an octahedral geometry®?.
The electronic spectrum of [Cu(FAC),]
shows a low energy band at 13123 cm™,
typically is expected for an octahedral
configuration, corresponding to the
transition 2Eg—°T.g“? and a band at
33112 cm?' assigned to non*
transition. The magnetic moment value
(2.18 B.M.) for this complex showed
one unpaired electron for Cu(ll%
supporting an octahedral geometry™
(Table 3). The electronic spectrum of
[Cu(FAC)(H,0)3]CI shows also bands
at 13262 and 32225 cm™, is attributed
to the same transitions of the [Cu(
FAC),] complex (Table 3), suggesting
the octahedral geometry of copper
complex*?. Magnetic moment value of
2.05 B.M. supports the hexacoordinated
configuration of the copper complex?.

Table (3) : The electronic spectra and magnetic moments of the compounds

. Magnetic
Compound Band (nm) r’;\gbif)?{?xﬂ) Possible assignment moment
(B.M)

(FAC) 275 36363 non* | e
1015 9852 “T,9(F)> *T.g(P)

[Co(FAC)] 676 14792 Tig(F)—> *Ag 4.31
608 16447 “T,9(F)> “T,9(F)
963 10384 *Ag(F)— *T.g(F)

_ 811 12330 *A0(F)— °T1g(F)

[Ni(FAC) ] 397 25188 *Ag(F)— *Tig(P) 308
320 31250 N—m*
762 13123 ’Eg— °T,g

[Cu(FAC)] 302 33112 e 218
976 10245 “T,9(F)> *T.g(P)
673 14858 “T19(F)— “Ag

[Co(FAC)(H,0)]CI 608 16447 T,0(F)> "T,9(F) 447
307 32573 N—m*
1027 9737 *A0(F)— °T,g(F)

_ 885 11299 “Ag(F)— *Tig(F)

[Ni(FAC)(H.,0)s]Cl i S YoiE] A0 Ty0(P) 2.98
306 32679 n—om*
754 13262 ’Eg— “Tog

[Cu(FAC)(H,0)]Cl 310 32225 nom* 205
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Conclusion

Based on the reported results, it
may be concluded that the ligand acts as
a mononegative tridentate molecule and
the nitrogen of the azomethine group,
the negative oxygen atom of the
carboxyl group and oxygen of the furan
ring take part in coordination. All the
complexes are found to be
mononuclear. The coordination number
six is attained by coordination with the

2011-

two molecules of (FAC) for the
formulae [M(FAC);] (M Co(ll),
Ni(I1) or Cu(lIl)) while the same number
of coordination is attained for
[M(FAC)(H20);]CI by the one ligand
molecule and three coordination water
molecules (also M = Co(ll), Ni(ll) or
Cu(ll)). Based on the physicochemical
and the spectral studies ; the tentative
structures suggested for the complexes
are shown in figures 1 and 2.

7
/ 0
(7Hz)5
N B ife
/ \ / CtH
HC III M\ I/I
/II III
OO /N
0 (CH2)s

Figure (1): The proposed strCl)Jcture of the [M(FAC),] complexes
M = Co(l1) , Ni(l1) or Cu(ll)

&

H,O

@)

~

Cl

Figure (2): The proposed structure of the [M(FAC)(H20)3]CI complexes
M = Co(ll) , Ni(ll) or Cu(ll)
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