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Abstract

Two series of N3 Schiff base complexes [M L' Cl] and 22-membered
hexaazamacrocyclic complexes [ML?] (M=Co?*, Ni**, and Cu®") have been synthesised
via the condensation reaction of para-nitobenzaldehyde with diethelyenetriammine to
obtain  [HLY  where [HLY=  N-[(4-nitrophenyl)methylene]-N'-(2-{[(4-
nitrophenyl)methylene]lamino}ethyl)ethane-1,2-diamine and diethylene triammine
with 2,5hexane dione to from [HL? where [HL?Y = 8,11,19,22-Tetramethyl-
1,4,7,12,15,18hexaaza-cyclodocosa-7,11,18,22-tetraene, in the presence of
acetic acid as a catalyst in ethanol. The prepared compounds were  haracterized by
FT- IR, *H-NMR, and electronic spectral studies, conductivity, elemental microanalysis
and magnetic moment measurements The mode of bonding and overall geometry of the
complexes have been inferred through IR, and electronic spectral studies, conductivity,
and magnetic moment measurements.[ Co Cl LY is distorted tetrahedral, [Ni Cl5 LY is
octahedral, and [Cu Cl L] is square planar, An octahedral geometry is proposed for
[Co L% and [Ni L? complexes and square planar for [Cu L.
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[HLY] where [HLY= N-[(4-nitrophenyl)methylene]-N'-(2-{[(4-
nitrophenyl)methylene] amino}ethyl)ethane-1,2-diamine
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[HL?] where [HL?] =
7,11,18,22-tetraene
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Introduction
The interest in the study of

macrocyclic complexes continued to

expand because of their catalytic
properties ! which has led to industrial
applications in addition to ther
involvement in  many important
biological processes such as
photosynthesis and dinitrogen
transport”?.  Recent  studies  on
macrocyclic  complexes  containing

mixed nitrogen, sulfur, and/or oxygen
donor atoms *® show that it remains an
active area of research. Elegant studies
on ligand design and metal ion
recognition of macrocyclic complexes
have been reported by Lindoy ™ and
co-workers. Evidently, transition metals
can act as templates > for the
synthesis  of

many  macrocyclic

complexes. A wide \variety of
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macrocyclic complexes were reported by
Martell ¥ where he added a note on
the catalytic activity of Cu complexes

(19 Nasman and co-workers, they are

reported (2024

a variety of macrocyclic
complexes.

Certain natural macrocycles
are very important, among them are the

macrocycles included in chlorophyll,

blood heme, and vitamin B12.
However, synthetic macrocyclic
compounds are of much greater

importance for chemical analysis. In
general, they have been known for many
decades but active research began in the
|ate 19608

A macrocyclic compound can be
formed by linking;
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Two heteroatoms A

€Y (b)
heteroatom and a carbon atom, and (c)
Two — carbon atoms.

Method (a) is of rather limited use®®®.
Preparation of macrocyclic disulfide
from termina dithiols is about the only
instance of its application . Uses of
method (c) is also infrequent in spite of
the great experience gained in organic
chemistry in creating extremely
complicated carbon skeletens and the
abundance of methods for

carbon — carbon bonds %,

making

Nearly al of the syntheses of
macrocycles are based on method (b),

that is, on the formation of a heteroatom

O 5 Sualall slaall 2009-6 LSl 43 ylasl) dlsal)
— carbon bonds. Moreover, al the
macrocycles synthesised to date are the
heteroatom ( oxygen, nitrogen, and
sulfur, etc) behaves as a nucleophilic
moiety in this reaction , whereas a
carbon atom is an electrophilic centre
[29].
Most of the macrocyclic Schiff bases
contain nitrogen atoms, and at least two
of these form (C=N) bonds ! .

The transition metal complexes of the
macrocyclic Schiff bases with four
(C=N) bonds have been thoroughly
investigated (especially Cu®" and Ni**
chelates ). but very few macrocycles
have been isolated in afree state®.

/\/Y /\\AK
NH O Cu+2 NH N
Experimental and 25 hexanedione (Ubichem),
The commercially available pure paranitrobenzaldehyde  (Fluka), 2.4-

samples, CoCl,.6H,0, NiCl,.6H,0, and
CuCl».2H,0, (Merk), were used as

received. Diethelyene triammine (diene)
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pentanedione were used as supplied.
IR spectra were recorded as KBr

discs using a Shimadzu 8300 FTIR
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spectrophotometer in range (4000-400)
cm’. Electronic spectra of the prepared
compounds were measured in the region
(200-800) nm for 10° M solution in
DMF a 25 °C using Shimadzu 160
spectrophotometer, with 1.000 + 0.001
cm matched quartz cell.. *H-NMR were
acquired with BRUKER-400
spectrometer in DMSO-d°. Elemental
microanalysis were performed on a
(C.H.N) anayser from heraeus (Vario
EL). The

complexes were determined by using

chloride contents for
potentiometer titration method on (686-
Swiss). Electrical
measurements of the complexes were
recorded at 25°C for 10> M solution of
the sample in DMF using a PW9526

digital conductivity meter. The magnetic

conductivity

susceptibility of complexes were

recorded in Guay balance.

Preparation of [HL'] N-[(4-
nitrophenyl)methylene]-N'-(2-{[(4-
nitrophenyl) methylene]
amino}ethyl)ethane-1,2-diamine

A solution of

(2.00g, 19.38
mmole) in ethanol (20 mL) was added
dowly to two equivaent of para
nitrobenzal dehyde(5.8629,38.76mmol e)
(15 mL). The
mixture was alowed to reflux for two

diethylenetriammine

dissolved in ethanol
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and half hours under nitrogen blanket,
then cooled to room temperature. A
yellow solid was collected by filtration,
recrystallised from methanol/ H,O, dried
under vacuum to give [HLY] as a pale
yellow solid. Yield 5.60g (75.16%) m.p.
(274-276°C).

Prepar ation of [H,L ]
8,11,19,22-Tetramethyl-
1,4,7,12,15,18hexaaza-
cyclodocosa-7,11,18,22-tetraene

The preparation of [HoL?]
carried out under template reaction since
two equivalents of diethylenetriammine
(4.00 g, 38.78mmole) in ( 20 mL)
ethanol was added to solution of 2,5
hexanedione ( 8.85g, 38.78 mmole) in
(20 mL) ethanol the mixture alowed to
stirred under nitrogen atmosphere about
20 minutes through this time the mixture
became thick, the result mixture was
refluxed under nitrogen for four hours
the pale orange precipitate was obtained,
cooled a room temperature. A deep
orange solid was collected by section
filtration, recrystaalised from toluene.
Dried under vacuum to give the titled
ligand 5.8g (45.6%) mp (198-200°C)
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Preparation of [HL'] complexes

A solution of [HL'] (0.20g, 5.19
X 10™* mmole) in methanol (15 mL) was
placed in a round-bottomed flask three
neck 250 mL in size. A solution of
cobalt (I1) chloride hexahydrate (0.12g,
5.19 X 10* mmole) in (15 mL) methanol
was added drop-wise with stirring, then
one equivalent from trimethylammine
was added to deprotenation the proton.
The resulting mixture was heated under

reflux for two hrs, during which time the

OO 5 Gualall alaall 2009- ¢ Lasll 4y il Aladl)

solution became brown in colour. The

by
room

concentrated
at

solution was

evaporating  methanol
temperature. A deep brown solid was
formed, which collected by filtration,
washed with diethylether (5 mL) and
dried under vacuum to give0.210g (88%)
yield, (267-269°C). Table(1)
Summarised the stated of quantities,

m.p.

reaction condition and some physical
properties of the prepared complexes of
nickel(11) and copper (I1).

Table (1) Some physical properties of the prepared complexes

Empirical m.p. °C Colour | Wt .of metal ion | Wt.of | Yield%
formula =519X 10* | product
mmole
[Ni Cl3 (LN]? 256-258 Yellow 0.123g 0.198g 83
[CuCI (LY)] 297-299 Deep 1.346¢ 0.201g 83
pink

Preparation of [H, L% complexes

A solution of [H,L?] (0.10g, 2.75
X 10 mmole) in methanol (15 mL) was
placed in a round-bottomed flask. A
cobat (I)
hexahydrate (0.065g, 2.75 X 10*
mmole) in (15 mL) methanol was added
then two

solution  of chloride

drop-wise with stirring,

equivaent from trimethylammine was

493

added to deprotenation the protons. The
resulting mixture was heated under
reflux for three hrs, during which time
the solution became deep red in colour.
The solution was concentrated by
evaporating  methanol a  room
temperature. A deep brown solid was
formed, which collected by filtration,

washed with diethylether (5 mL) and
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dried under vacuum to give 0.099g (78%) reaction condition and some physica
yield, (205-207°C). Table(2)

Summarised the stated of quantities,

m.p. properties of the prepared complexes of

nickel(11) and copper (I1)..

Table (2) Some physical properties of the prepared complexes

Empirical m.p. °C Colour | Wt .of metal ion | Wt.of | Yield%
_ -4
formula =275X 10 product
mmole
[Ni (L%)] 213-215 White- 0.065¢g 0.110g 95
yellow
[Cu (L?)] 239-241 Wine 0.322g 0.100g 86

Resultsand Discussion
Synthesis and char acterisation of
[HL'] and [H,L7]

The condensation reaction of one
equivalent of diethylene triammine with
from

two equivalent

nitrobenzaldehyde formed the ligand

para-

[HLY according to the general method
was summarised in Scheme (1). The
prepared ligand was characterised by
FT-IR, UV-Vis, HNMR spectroscopies.
As well as the physica methods. The
[HoL? ] was prepared in the similar
methods since the condensation reaction
of two equivalent of diethylene
triammine with two equivalent of hexane
dione resulted in the ligand preparation

according to the general method were

494

Summarised in Scheme (2), the IR, UV-
Vis, and HNMR spectroscopies was
used

ligand.

to characterised the prepared

Synthesis and char acterisation of

the complexes
All complexes were prepared by a

similar method, shown in Scheme(3)
and Scheme(4) . The complexes were
prepared from the reaction of the ligand
with metal chloride salt at reflux in
ethanol, triethyl ammine was used as a
base to deprotenation of protons. The
complexes are stable in solution and in
solid state. The molar conductance of the
prepared complexes in (DMF) liesin the
range (15-37) (S cm® mole™) range,
indicating al complexes are non

electrolytes. Except [Ni Cls LY #
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complex gave (135 S cm® mole® )
indicating the complex is electrolyte
with 1:2 ratio.Table (4) The magnetic
susceptibility  of
determined by Faraday’s method the
results was listed in Table ( 4 ). The

microanalysis of elements and metal

complexes were

analysis were in good agreements with
expected values. Table (5)
IR Spectra

The IR spectrum for [HLY] , Fig.
(1) appears the bands at ( 3180, 3035,
2920 cm™) ascribed to v(N-H) , aromatic
v(C-H) and aliphatic v(C-H) stretching
respectively. The intense strong band at
(1635 to  v(C=N)
stretching, the NO, group displays bands
at ( 1602 cm™). The other bands were
listed in Table (3).
The IR spectra of complexes[ Co CI LY.
[Ni Cls LY1? and [ Cu CI LY Figs.
(2,3,4) exhibited the disappear of band
a (3180 cm™) which that attributed to
v(N-H) in free ligand, indicating of the

cm?)  assigned

deprotenation of NH proton and bonded
to metal ion , the spectra shows the
shifting of band which that due to C=N
a (1635 cm™) that shifting to higher
frequencies at ( 1685, 1690, and 1675
cm?) of [ Co Cl LY. [Ni ClsLY?and [

Cu Cl LY complexes respectively®!,
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The new bands of v(M-N) stretching
were shows between ( 415- 435 cm™) of
these  complexes. Indicating to
coordination between the ligand and
metal was occur.

While the IR spectrum for [H,L?] ,
Fig. (5) appears the bands at ( 3313,
3095cm™) ascribed to v(N-H) , and the
bands a ( 2931, 2910, 2889 cm™)
assigned to aliphatic v(C-H) stretching
these values refer to the two groups exist
in two different environments. The band
a (1662 cm™) assigned to v(C=N)
stretching. The other bands were listed
in Table (3).
The IR spectra of complexes [ Co L?.
[Ni L} and [ Cu L? Figs. (6,7,8)
exhibited the disappear of band at (3313
cm™) which that attributed to v(N-H) in
indicating the
deprotenation of NH proton and bonded

free  ligand, of
to metal ion , the spectra shows the
shifting of band which that due to C=N
a (1662 cm™) that shifting to lower
frequencies at ( 1625, 1620, and 1635
cm®) of [ CoCl LY. [Ni Cl L] and[ Cu
Cl LY complexes respectively This
shifting can be attributed the
delocalisation of the electron density of

to

the metal ion into the m-system of the
ligand (HOMO — LUMO) [ where
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HOMO= Highest Occupied Molecular
Orbital; LUMO= Lowest Unoccupied
Molecular Orbital] [32]. The new bands
of  v(M-N) stretching were shows
between ( 405- 430 cm™) of these
complexes. Indicating to coordination
between the ligand and metal was occur.
The other bands were listed in Table (3).

UV-Vis spectra
The electronic spectrum of [HL]

Fig. (9), exhibits the peaks at ( 301 nm)
( 33222 cm™) (emac= 1841 molar‘cm™)
and ( 328 nm) (30487 cm™) (ema= 1890

molar*cm™) assigned to (n—n') and  (

nom) transitions respectively[33],
Table (4).
The (U.V-Vis) gspectra for

complexes [ Co CI LY]. [Ni Cl5 L*]? and
[ Cu Cl LY are shown in Figs (10, 11,
12) respectively. The absorption data for
the complexes are given in Table (4) .In
general the spectra showed an intense
peak in the (U.V) region a (266nm)
(37593cm ™) (emac=542
1),(260nm) (38461cm™) (emx=1503) and
(274 (36496cm™)  (emax=1305

molar™em™)  for complexes

molarcm™

nm)
these
respectively, due to the ligand field and
charge transfer .

Additional peaks were observed at
(395nm) (25316cM) (emax=85 molar”
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em™)  and
Y(emac=110

complexes Co" and Ni" respectively,

(375nm)

molar—‘cm™)

(26666CM°
for the
attributed to charge transfer transitions.
For complex Cu" the charge transfer
peak may overlapped with the (d-d)
transition.

In the [ Co CI LY] spectrum the two
peaks at (608nm) (16447cm™) (emax =44
molar*cm™) and at (664nm) (15060 cm™
Y (emax=48 molar*cm™) which can be
assigned (‘AP
(‘A P—*T,®) d-d transition suggesting
an tetrahedral structure around the cobalt
(1) ion.

In the (UV-Vis) spectrum of
complex [Ni(LY) Clg]?
weak peaks in the visible region at
(750nm) (13333cm™) (ema=8 molar-
lem™®) and(810 nm) (12345 cm™)
(ema=11 molar™cm™) were assigned to
(3A29(F) —>3T19(F)) and (3A29(F) —>3T19(P))
d-d transition confirming octahedral
In the
[Cu'(LY) CI] spectrum the peak at
(465nm) (21505 cm™) (ema=200 molar-

lem™) which can assigned to(*B.g

to and

displays two

structure around nickel (11) ion.

—?B,g) confirming a square planer

structure around the copper (11) ion.
while the spectrum of [H.L? Fig. (13)

displays the broad peak at ( 358 nm) (
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27929 cm™) (emac= 3311 molar’cm™)
atributed to (n—n) and ( n—om)
transitions respectively! 1), Table (4).
And the UV-Vis spectraof [ Co L?]. [Ni
L% and [ Cu L% complexes Figs.
(14,15,16) showed an intense peaks in
the (U.V) region at (265nm) (37735 cm™
1 (emax=300 molar*cm™) for cobalt(ll),
(264nm)  (37879cm™) (emsx=2033
molarem™) (320 nm) (31250 cm})
(ema=125molar*cm™) for nickel(l1) and
a (262nm) (38168cm ™) (emax=2750
molar™ cm™) for copper (11) complexes.
These peaks were assigned to ligand

field and charge transfer transitions.

the pesks (590nm)  (16949cm™)

(emax=300molarcm™) (657nm)
(15221cm™) (emax=490molar—cm™) for
cobat(ll) , the peak at (555nm)
(18018cm™) (emax= 8 molarem™) for
nickel(Il) and the peak a (530nm)
(18868cm™)  (ema=50molarcm™) for
copper(ll) complexes are assigned to d-d
type (‘Tig®  —*Tog®)
(‘Tig® —"T1g"),(A2—°Tig) and (*Bzg
Ni¥ and Cu*

complexes respectively, suggesting an

transitions

2 11
—“B;g) for Co’,
octahedral, octahedral and square planer

structure around Co®, Ni%*, and Cu*

ions respectively [33].
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'H NMR spectra

The 'H NMR spectrum of the
[HLY] Fig. (17), in DMSO-d°
displays. The resonance at (6= 8.38 ppm,
2H) is attributed to (N=C-H) protons.

ligand

These protons are equivaent and
appears as asinglet, (N-H) proton appear
a chemica shift (6= 8.20 ppm, 1H)
[34]. The signa sat (6= 8.15, 7.60
ppm,8H) assigned to aromatic ring
vibration protons. The ethyl groups
protons resonance appears at (6= 3.35,
2.20 ppm, 8H), while the signal at (6=
2.5 ppm) due to DMSO-d°

The 'H NMR spectrum of the
ligand [H. L? Fig. (18), in DMSO-ds
appears the chemica shifts at (6= 3.90
ppm, 8H, 6= 3.20 ppm, 8H, 6= 2.20
ppm, 8H, 6= 2.05 ppm, 12H ) attributed
to (NH-C-H), ( C-H,.C-H,), (C=N-C-Hy)
and (C-Hs) respectively, while the N-H
groups displays the resonance at (6=
8.30 ppm, 2H) [35].

Magnetic Susceptibility and molar
conductivity

The magnetic moments [Les
(B.M.) , Table 4, correspond to high-
spin d’ systems, consistent [36] with the
tetrahedral and octahedral environment
around cobalt(l1) for [Co Cl L] and

[CoL?] respectively. The electronic
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spectra of the cobalt complexes show
two bandsin the

16447, 15060 and 16949, 15221 cm™
regions corresponding [36] to “T1g® —
*Ao0®, and *T:gP—*T,gP transitions,
respectively. The band expected to
appear below 8,500 cm, corresponding
to the transition “T.g® — *T,g ©, could
not be recorded as it lies beyond the
range of the instrument. The observed
magnetic moments for the nickel(ll)
complexes, Table 4, aretypical for high-
spin  species establishing the triplet
ground state. Their electronic spectra
show two main bands in the 13333,
12345 and 18018 cm’ assignable to
A.0P °Tig® and  2A,g® . *Tig®
transitions, respectively, suggesting an
octahedral  geometry the
nickel(1) ions [33]. While the copper

around
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complexes shows magnetic moments

corresponding  with  one unpaired
electron, the proposed square planar
geometry around the cooper ion, they are
agree well with electronic spectra of
theses compl exes.

The molar conductivity of complexes ,
Table (4) illustrated the complexes are
no electrolytes excepts the [Ni Cls LY] is
electrolytes with 1:2 ratio.

Finally, it has not escaped us that the
procedure outlined for preparing the
macrocyclic complexes under study may
well have wider applicability. It should
prove useful for investigating the
complexes of a range of other ligand
types as well as for the study of metal-
containing—biological molecules such

as metallo-enzymes.
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Table (3) Infrared spectral data (wave number) cm™ of theligand [HLY], [H.L?] and

its complexes
Compound o(N-H) | v(C=N) | RO |y | a(uny | Additional bands
3035m v(C-H) arom.
[HL'] 3180m | 16355 | 1POORI07S) 1411m | 2020w v(C-H) aliph
2839w v(C-H) aiph
[Co (LY Cl] 1550m 3150w v(C-H) arom.
- 16855 | 1010m siss| 413W - 2950vw v(C—H) aliph
: 1418m  §(C-N)
(NH),[Ni (LY Clg] 3090w v(C-H) arom.
) 1560s, 1005s, ) 2850m v(C-H) aliph
1690s 810s 435m 1510m  5(C-N)
3250, 3330 m v(NH,)
[Cu (LY Cl] 3000wv(C-H) arom.
] 16755 | SIS g10n - | 2878w v(C-H) aliph
1480w §(C-N)
[H.L?] ] 2931w v(C—H) aliph
3313m | 1662m 430w 1365 | 1517m 5(C-N)
[Co (L?)] 2900w v(C—H) aliph
[Ni (L] 2890w v(C-H) aliph
[Cu (L) 2900w v(C_H) aliph
- 1635s - 415m - 1410m (C-N)

(s) strong, (M) medium, (w) wesk,

Table (4) Electronic spectral data, magnetic moments and molar conductance values
of theligands [HLY], [H.L?] and its complexes

off Molar d €max Suggested
Compound 'é Vi conducltivityl Ba_1tr! molar *cm’ Assignment geometry
. molar— cm™ position 1
1 301 1841 T -
[HL7] i i 328 1890 n—m
[Co (L) Cl] 456 . 608 44 A, O Distorted
' 664 48 A, O, tetrahedral
(NHa2Ni (L) Cls] | 545 135 750 8 AgT_Tg" Octahedral
' 810 11 3A,gP _3T,gP
1
[Cu (L) Cl] 171 31 465 200 28,9 —?Byg Square planar
P2 * -
[Hel] - - 358 3311 e
n—m
[Co (L] 462 - 590 300 T.g® _*T,g® Octahedral
' 657 490 “T.g®P _*T.g®
f 2
(NF(L] 3.19 28 555 8 ngP_2TigP Octahedrd)
2
[Cu L] 1.69 37 530 50 2B, —?B.g Square planar
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Table (5) Elemental analysis data and some physical properties of [HsL] and its

metal complexes
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Formula M.Wt Colour
C H N Cl Metal
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CaoHssCONs 41947 | Deepred =N 865 ) | (20.03) - (14.05)
. White 57.13 8.54 2012 - 13.87
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Fig (1) FT-IR spectrum of [ HLY]

500

Fig (2) FT-IR spectrum of [ Co CI L]
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Fig (8) FT-IR spectrum of [ Cu L?]
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Fig. (9) UV-Visspectrum of [HL]
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