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Mono-, di- and tri-nuclear metal complexes of new pentadentate schiff bases

Kamal A R Salib*, Salah B EI-Maraghy & Saied M EI-Sayed

Department of Chemistry, Faculty of Education, Ain Shams University, Roxy, Cairo, Egyp~)

Received 4 June 1990;revised and accepted 19 March 1991

~ew pentadentate schiff bases containing N203 coordination sites have been prepared in two steps. In the
first step, the ligand half-unit is obtained by condensing 1-(o-hydroxyphenyl)butane-l,3-dione and
1,2-diaminoethane, which is condensed in the second step with a bidentate aromatic aldehyde or ketone such
as o-hydroxyacetophenone, salicylaldehyde, or 2-hydroxy-I-naphthaldehyde to obtain the schiff bases.

These ligands react with transition metals to yield mono-, bi- and tri-nuclear complexes. 1

Much interest has been evinced in the last few years in
the study of symmetrical and unsymmetrical
multidentate schiff bases as ligands and preparation
of transition metal complexes incorporating two
similar or different metal ions 1- 3 The interest in
these complexes arises from their similarity to the
systems found in the living organisms, e.g., enzymes
and proteins which develop their activity in the
presence of two or more metal ions4 - 6

Acyclic and cyclic Iigands containing six
coordination sites have been synthesized which
usually coordinate to two similar or different cations.
Mainly ligands of this type have N104 sitesl•2
(structure I). Later on, these ligand systems were
further extended to systems containing seven
coordination sites (XN104) (structure II). The
interest in the latter type of ligands arose from the
need of the uranyl cation to coordinate with five
donating atoms to complete its seven-coordination
sphere.

In this work some pentadentate schiff bases have
been prepared by reacting the condensation product
of 1-(o-hydroxyphenyl)butane-I,3-dione and
1,2-diaminoethane, with a bidentate aromatic
aldehyde or ketone such as o-hydroxyacetophenone,
salicylaldehyde, or 2-hydroxy-l-naphthaldehyde.
The resulting Iigands have five coordination sites,
N103, which are capable of coordinating to two
adjacent metal ions. These Iigands also coordinate
with one metal ion to form mononuclear complexes.

The interest in these ligands arises from the fact that
they would offer more space to accommodate two
adjacent cations without severe distortion. Previous
studies on hexadentate ligands (I) showed distortion
of both Cu(II) and Ni(II) symmetries if
dioxouranium (VI) is attached to the outer
compartment 7.8

Materials and Methods
o-Hydroxyacetophenone, ethyl acetate, sali­
cylaldehyde, 2-hydroxy-l-naphthaldehyde and
ethylenediamine were either Merck or BDH
reagents of AR grade. Ethylenediamine was distilled
over NaOH pellets. Copper acetate monohydrate,
nickel acetate tetrahydrate, uranyl acetate dihydrate,
thorium .nitrate tetrahydrate, copper chloride
dihydrate and nickel chloride hexahydrate were
BDH reagents. Organic solvents were reagent grade
chemicals.

Preparation of ligands
o-Acetoacetylphenol was prepared by the method

of Wittig9• The preparation was carried out by
condensing o-hydroxyacetophenone with
ethylacetate in the presence of sodium metal under
reflux. The resulting sodium phenolate was stirred
with glacial acetic acid and the product was extracted
with acetone and crystallized from benzene, yield
15%, m.p. 90.5-91.5 0C. Reaction of the
~-ketophenol with a solution of ethylenediamine in
CHCh yielded the corresponding half-unit 10, yield
84%, m.p. 75°C. The preparation of the new schiff
bases was carried out by condensing under reflux the
half-unit, dissolved in CHCl~, with either
o-hydroxyacetophenone, salicylaldehyde or
2-hydroxy-I-naphthaldehyde dissolved in ethanol;
yields ranged between 60 and 95%, m.p. 's: I67"C,
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94°C ahd 135°C changed colour to dark I brown),
vely.

Prepar tion of mononuclear complexes
The metal acetate [Ni(II) or Cu(II)] r nitrate

[Th(IV ] was dissolved in hot ethanol a d added
gradua ly to a stirred hot solution of the shiff base
ligand issolved inbot chloroform (molar r tio I: 1).
The res Iting solution was refluxed for 3-4 h urs. The
monon clear complex either pre ipitated
immed ately or after reducing the volu e of the
solutio . The solution was then cooled, filt red, the
produc washed with small amounts of ch oroform
and et anol and then air-dried. Yields we e about
70%.

Ura yl complexes were· prepared by dding a
metha olic solution of uranyl acetate drop ise to a
stirred olution of the ligand in chloroform at room
temper ture. An orange precipitate appear d after a
short ti e and its quantity increased with ti e (6 hr)
during hich' period stirring was con tin ed. The
solutio was concentrated in vacuo and the p ecipitate
obtaine was filtered and washed with small mounts
of chlo oform and methanol.

Preparation of binuclear and trinuclear complexes
A hot methanolic solution of LiOH was added

gradually to a stirred solution of the mononuclear
Cu(II) or Ni(II) complex dissolved in hot chloroform
(molar ratio I: I): After 15 min, a hot methanolic
solution of the hydrated metal chloride was added
gradually to the previous solution, in the molar ratio
1:1. The resulting solution was refluxed for 15-20 ht
when bi- or tri-nuc\ear complexes precipitated. After
~educing the volume, products were separated by
filtration, washed with small amounts of methanol
and chloroform and finally air-dired. Yields were
60-80%.

In the case of dioxouranium (VI) products,
trinuclear complexes containing one U01 + cation
and either two Cu2 + or two Ni2 + cations were
obtained; these precipitated after refluxing for a
shorter time and without reducing the volume of the
solutions.

The pentadentate ligand derived from
o-hydroxyacetophenone yielded a trinuclear
complex containing three Cu2 + cations instead of the
usual binuclear products. However, the binuclear
complex which contains only two Cu2 + cations was

Compound Table I-Elemental tnalYSeS of the ligands and their complexesColour Found (Calc.) %

CHN
H3La

Yellow I70.6
6.68.3

(71.0)
(6.6)(8.3)

(Cu(HLa)]
Brown I60.04.76.8

(60.1)
(5.0)(7.0)

[Ni(HUr .0.5HzO
Glolden I59.05.26.8

(59.4)
(5.2)(6.9)

[U02(HLa)(OH2h]
Orange ~ed37.33.64.2

(37.3)
(3.7)(4.4)

Th(HLa)(NO)h.5.5H2O
Yellow30.44.07.1

(30.3)
(4.0)(7.1 )

[Ni(CuLa)C1].0.5H2O
Red47.74.056

(47.8)
(4.0)(56)

[Ni2LaCI].0.5H2O
Red48.34.05.6

(48.3)
(4.0)(5.6)

[Cu2LaCI].2.5H20]
Green44.24.55.1

(44.2)
(4.5)(52)

[Cu)LaCl.,].5H2O
Greenish Ibrown33.34.13.9

(33.3)
(4.1)(39)

[(Ni La)2 U02(OH2)].5H2O
Brownishl yellow40.93.94.7

(41.2)
(4.3)(4.8)

[(CuLah U02(OH2)].H2O
Brick redl43.5

3.85.0

(43.5)
(3.8)(51 )

H,Lh
Yellow70.66.08.6

(70.6)
(5.9)(87)

I 696

Cl M

15.9

(15.9)i14.5 ,(I!4.5)
i•~K.

\'.

7.1

(7.1 )7.0

13.5

(71 )
(23.6)

6.2
23.4

(6.5)

(23.4)
14.4

26.4 •~
~'( 14.7) (26.4)

~
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Tahle I--Elemental analyses of the ligands and their complexes -Contd
Compound

ColourFound (Calc.) %

C

HNClM
[Cu(HLb)]

Brown59.14.77.3-16.4

(59.1)

(4.7)(7.3) (16.5)

[Ni(HLb)]

Brownish yellow59.54.87.4-15.5

(59.9)

(4.8)(7.4) (15.4)

[U02(HLb)(OH2h]

Orange36.33.54.4

(36.3)

(3.5)(4.5)

[Ni(CuLb)CI].0.5H2O

Red46.63.75.67.2

(46.8)

(3.7)(5.7)(7.3)

[Cu2LbCI].0.5H20

Brown46.33.75.77.225.3

(46.3)

(3.7)(5.7)(7.2)(25.8)

[(NiLb)2 U02(OH2)]. 7H2O

Red38.44.04.7

(38.9)

(4.3)(4.8)

[(Cu4h U02(OH2)]·6.5H2O

Brick red38.94.04.6

(38.9)

(4.2)(4.8)

H3Lc
Greenish yellow73.55.67.4

(73.8)

(5.9)(7.5)

[Cu(HLc)]

Dark brown62.94.66.2-14.6

(63.4)

(4.6)(6.4) (14.6)

[Ni(HLc)].H2O

Dark brownish yellow61.54.96.2-13.1

(61.5)

(4.9)(6.2) (13.4)

[U02(HL2)(OH2)2]

Orange40.73.64.1

(40.7)
(3.6)(4.1)

Th(HLc)(N03h·9.5H2O

Brown30.74.16.1

(30.7)

(4.4)(6.2)

[Ni(CuLc)CI].1.5H2O

Dark red49.34.05.06.2

(49.7)

(4.0)(5.0)(6.4)

[(CuLch U02(OH2)]· 7H2O

Brick red42.54.24.4

(43.0)

(4.2)(4.4)

obtained by the reaction of the ligand with
CuCh.2H20 in the presence of LiOH keeping the
molar ratio I: I :I.

lR spectra were recorded on a Perkin-Elmer 598
spectrophotometer using KBr discs. Electronic
spectra were recorded in dimethylformamide (10-3
M solutions) using a Perkin-Elmer 550
spectrophotometer. Either the solvent or ligand
solution, of the same concentration as that of the
complex, was used as a reference. 1H NMR spectra
were recorded in CDCl3 on a Varian EM -390 90 MHz
NMR spectrometer with Si(CH3)4 as an internal
standard. Magnetic susceptibilities were measured
by the Gouy method. Diamagnetic corrections were
calculated from Pascal's constants. Conductivities of
solutions of the complexes in dimethylformamide
00-3 M solutions) were measured using a
conductivity meter, Mod. LBR 40A (West
Germany).

Microanalyses for carbon, hydrogen nitrogen and

chlorine were carried out at the Fine Microanalyses
Centre, Giza, Egypt. Metal contents of complexes
were analyzed by dissolving the solid complexes in
hot conc. HCI, diluting with water and filtering to
remove the precipitated ligand. Aqueous solutions of
the metals were then titrated with EDT A. The
analytical data are given in Table I.

Results and Discussion

Schiff bases: Three pentadentate schiff bases were
prepared. The schiff bases derived from o-hydroxy­
acetophenone, salicylaldehyde and 2-hydroxy~
I-naphthaldehyde, are designated as La, Lb
and Lc respectively. Structure III shows the La schiff
base as a representative of this group of ligands.

These ligands were characterized on the basis of
chemical analyses (Table I), UV spectra (Table 2) and
IR spectra. The UV spectral peaks of the ligands are
characterized by their high extinction coefficients.
These bands could be assigned to n-n* transitions of
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the arotnatic rings overlapping with absorptions dueto cartionyl and imine groups.
The IR spectra showed a band at ""'1630 cm - 1

assigned to the v C = N mode and another band at
15I5 cm - I assigned to the vC = N mode originating
from the H-bonded inner ring due to conjugation.
The vC = 0 band appeared at low frequency
(I 590-1620 cm -]) due to its conjugation with the
vC~=c.The IH NMR spectra ofligands La and Lbare
shown in Table 3 together with th~:ir assignments.

Mononuclear metal complexes: The prepared schiff
bases have two dissimilar donor sets.,N202 and 020
(see structure III) available for metal coordination.
Previous studies have shown that Ni(II) prefers the
N202 set while U01+ tends to occupy the outer 020
set. Cu(II) can coordinate through either the inner
N202 set or the outer 020 set depending on the
reaction conditions]].

Compourid
Tab]e 2--E]ectronic, magnetic a~d conductance data of the ligands and their complexes

UV-Visible bands (nm) Magn1etic moments

H3La

[Cu(HLa)

[Ni(HLa) .. 5HzO

[U02(HL. (OH2)2]

Th(HL.)( 03h.5.5H20)

[Ni(CuLa 1].0.5H20

[Ni2LaCI] .. 5HzO

[Cu2LaCl] .5H20

[Cu3LaCI3 .5H20

[(NiLa)2U 2(OH2)].5H20

[(CuLahU 2(OHz)].H20

H3Lb

[Cu(HLb)]

[Ni(HLb)]

[UOz(HLbIOH2h]

[Ni(CuLb) 1].0.5H20

[Cu2LbCl]. .5H20

[(NiLb)2U 2(OH2)].7H20

[(CuLb)2U z(OHz)].6.5H20

H3Lc

[Cu(HLc)]

[Ni(HLc)). If20[U02(HLc)~OH2)2]

Th(HLcl(13h.9.5H20

[Ni(CuLc) ].I.5HzO

[(CuLch U 2(OH2)].7HZO

530

540

495sh

490

540

525

540

525

540

535

485

555

540

530

5]5

530

520

515

421

47

420

14fT'l!coml.t
(B.M.)

(8.M.)
355

260
345

2602.04
320

2602.81

395
415

320240-3.05
385

305255-312
395

340

2451.973.82
Diamagnetic345

2552.183.18
335

235
335

2451.92
300

240Diamagnetic
340

245
300

235 2.66
335

245I. 732.45
400 395

2.012.84
405sh

340240
285 340

1.94
290 295

Diamagnetic
340

240
2Qo395

4.25
410 2.283.22

*Jleffis the tagnetic moment of one cationic species i1 the complex.tJlcoml. is th total magnetic moment of alll';!:iolls in tibe complex.
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The reactions of the three schiff bases, prepared in
this work, with Ni(II), Cu(II) and dioxouranium
(VI) acetates yielded N202 type of products with the
first two metal ions (structure IVa) and an 020
product with dioxouranium (VI) (structure IVb). In
the latter complex, the U01+ cation is coordinated to
two water molecules also to complete its favoured
seven coordination sphere. Th(IV) reacts with La and
Lc to give complexes where the cation is coordinated.
to the N202 set. Earlier, some workers showed that
Th(IV) is coordinated to both nitrogen and oxygen
donor atoms in arsenoazo complexesl2.

f"'\f"\ r-\n
(, /0 ° C 0, /

M U02

N/ '0 N .c( I ~OH2
'----./ '----./ OH 2

((Va),M:Cu(l\)or Ni(U) ((Vb)

Conductance measurements of solutions of the

mononuclear complexes in dimethylformamide
show that they are non-conducting (AM = 0-45
ohm -lcm2mol-1) except for thorium complexes
with La (AM = 110)and L2 (AM = 180)ligands which
are 1:1 and 2: 1 electrolytes respectively indicating
that one of the nitrate anions is coordinated to the
thorium cation in the first complex.

IR spectra of the complexes indicate that Cu(II)
and Ni(Il) are coordinated to the inner N202
compartment. The vC == Nand vC - N vibrations,
which appear at "" l630.and 1515em - 1,respectively,
in the case of free ligands, are shifted to 1610-1620and
1485-1498 cm -1, respectively, in these complexes.
The vC=O, which is conjugated with vC=C and
which appears at 1620-1590 cm - 1in the free ligands,
is also shifted to lower frequencies in these complexes.
The presence of water of crystallization in some of
these complexes is confirmed by a broad band at
3390-3420 cm -1. In the case of dioxouranium (VI)
complexes no shift is observed in the imine vibrations
indicating that this group does not take part in
coordination and that the uranyl cation is linked to
the outer 020 compartment. The carbonyl
vibrations are shifted to lower frequencies which
agree with the suggested configuration. The V3 mode
of dioxouranium (VI) appears as a strong band at ""
890 cm - 1. The stretching vibrations of the
coordinated water molecules appear at "" 3400 and
3200 cm -1. Th(IV) complexes show decrease in both
frequencies of the imine and carbonyl groups
indicating that thorium cation is linked to N202
donating atoms.

The electronic spectra of the Cu(II) complexes
show a band at 515-540 nm which is ~milar to that of

Cu (acacen)13. These results coupled with the
magnetic moments of the COmplexeswhich are in the

Table 3-H1 NMR specrta (CDCI3, p.p.m.)

La Lb

2.05 [5, 3H, CH3(a)1 2.02 [5, 3H, CH3(a)]

2.31 [5, 3H, CH3(b)]

3.74 [multiplet, 4H, CHz (c/d)] 3.67 [multiplet, 4H, CHz (b,c)]

5.62 [5, 1H, CH(e)] 5.85 [5, 2H, CH(d;e)]

6.85 [multiplets, CH<$~~~~I )]6.85

7.24 7.20 [multiplets, CH<$~~~~I )]
7.52 7.49

11.11 [br, 1H, NH] 11.01 [br, 1H, NH]

13.34 [br, 2H, OH] 13.28 [br, 2H, OH]

range 1.92-2.04 B.M. (Table 2) indicate square planar
geometry around Cu(II) ions. Ni(II) complexes show
a band at ""540 nm similar to that of Ni(acacen)14.
The Ni(II) complexes of Lb and Lc are diamagnetic
and this fact agrees with square planar arrangement
of N202 around the Ni(II) ion. The Ni(II) complex
with La is paramagnetic and thus acquires octahedral
symmetry in the solid state through oligomerization.
Dioxouranium (VI) and Th(IV) complexes show an
absorption band at 420 and 395 nm, respectively,
which may be due to charge transfer transition. UV
bands due to ligands were shifted in the case of
complexes indicating the effect of the attached metal
on ligand transitions.

Binuclear me tal complexes: These complexes were
prepared by the reaction of mononuclear (N202),
Ni(II) or Cu(II) complexes with hydrated metal
chloride in the presence ofLiOH as a deprotonating
agent. Either homo- or hetero-binuclear complexes
were obtained. Generally, Cu(II) mononuclear
complexes accept Ni(II) in its outer 020
compartment but the reverse reaction proved to be
not possible. Reaction of Ni(II) mononuclear
complexes with CuCh.2H20 yielded the unchanged
starting materials. The mono-nuclear Ni(II) complex
ofligand La accepted another Ni(II) cation in its outer
compartment. However, carrying out the same
reaction in the case of ligand Lb did not give pure
dinickel complex and a mixture of mononuclear and
binuclear complexes was always obtained.

The reaction of the mononuclear Cu(II) complex
of ligand La with CuCh.4H20 yielded a trinuclear
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The reactions of either mononuclear Cu(II) or
Ni(II) complexes with dioxouranium (VI) yielded a
trinuclear complex where the UOz + cation is linked
to two mononuclcar units by replacing the phenolic
protons (structure VI).

IR spectra of these complexes are similar to those of
the binuclear complexes and thus indicate the
occupancy by the metals of the inner and outer
compartments. Solutions of these complexes in DMF
are non-conducting and the visibk-UV spectra
(Table 2) are similar to those of mononuclear
complexes indicating the square planar geometry of
the Ni(II)and Cu(II) cations. Magnetic
measurements (Table 2) indicate that Cu(II)
complexes have somewhat higher magnetic moments
than normal which may be due to distortion of the
square planar symmetry by steric (~ffects of the
phenyl and naphthyf groups 15. The trinuclear
complex of La incorporating two Nil + and one U02 +
cations is diamagnetic.

The trinuclear Cu(II) complex of ligand La
conducts electricity to a certain extent which may be
due to H20-CI- exchange.
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M=Cu(lI) or Ni(Il)

comple (discussed latter); however, the bi uclear
Cu(II) mplex was prepared by reaction of the
hydrate copper (II) chloride with the ligan in the
presenc of LiOH. This reaction was carr'ed out

initially 0 investigate the possibility of prep ring an
020 iso er of the mononuclear Cu(II) comp ex. The
corresp ding reaction using hydrated nickel
chloride yielded again the N202 Ni(II) c mplex.
Thus, n isomeric mononuclear Cu(II) 0 Ni(II)
complex s could be prepared in this work. T metal
cation i the outer 020 compartment is urther
coordin ed to a chloride ion (structure V)

~~ ~ r----...

N 0 0 eN 0 0('/'/ '/'/
M M Cu M/'-./, / ,/,

N 0 CI N 0 CI
'-...../ '----./

(Va) (Vb),M=Cu(Jl)orNi(Il)
Ho binuclear cornpiexfs He.te.robinucle.ar complexes

IR Sp ctra of the complexes indicate t at the
second in orporated metal ion, which is attac ed to
the outer 20 compartment, does not alter th bands
of the tarting mononuclear complexes The
disappea ance of the band at '" 3400 cm - 1 ue to
phenolic - H group, which is present in the I gands
and mon nuclear complexes, is not clearly ob erved
in the bin clear complexes due to the presenc of the
stretchin vibrations of water molecules.

Condu tance measurements showed
complexe to be non-conducting. Electronic s ectra
and mag etic moments of the complexes a e also
shown i Table 2. The homobinuclear opper
complexe show a band at 540 or 555 nm sim lar to
that of t mononuclear complex which in icates
square pI ar geometry around copper (II) io . The
magnetic oment of Lb complex indicates slight
antiferro agnetic interaction between th two
copper ca ions. The homo binuclear nickel co plex
of La sho s bands at 490 and 395 nm. The ban s are
different f m those of the mononuclear compl x and
indicate t at the outer Ni(II) cation may have
six-coordi ation through oligomerization. The
magnetic data favour this suggestion. The
heterobin clear complexes, incorporating both
copper (J and nickel (II) cations show va iable
bands in t e range 460-520 nm and may also in icate
octahedral geometry of the outer Ni(II) cation. heir
magnetic oments, though vary, emphasiz this
conclusio .

Trinuc/p r metal complexes: The reaction f the
mononucl r Cu(II) complex of La with CuCI2. H20
(molar rati I: I) yielded a trinuclear Cu(II) co plex
rather tha a binuclear one. Two Cu(II) catio s are
linked to t e N20] donating atoms in both the nner
and outer ompartments and chloride ions lin the
outermost wo Cu(II) ions (structure VI).
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