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ABSTRACT

Two novel aroylhydrazonemonoxime ligands and their metal (II) complexes of
[COH,NiH,CuI[,ZnH,CdH] were synthesized. These ligands are Diacetylmonoxime-4-
nitrobenzoylhydrazone (L;H,), Diacetylmonoxime-4-hydroxybenzoylhydrazone (L,H,).
The synthesized 4-hydroxybenzoyl hydrazide and 4-nitrobenzoylhydrazide were reacted
with diacetyl monoxime to obtain the (L;H,, L,H,) ligands. Mononuclear complexes of
these ligands of the type [M(L,H),] where (M- = Co" Ni".cu",zn",cd"; n =1,2) with
metal:ligand molar ratio of (1:2) were prepared in the presence of Et;N . The metal ions
complexes [M(L,H),] are proposed to be six-coordinated with a N4O, donor environment.
Each ligand is coordinated through the oxime nitrogen, the imine nitrogen and the enolic
oxygen atoms while the phenolic hydroxyl and oxime hydroxyl groups of
aroylhydrazonemonoxime moiety do not participate in coordination. The structures of the
complexes were suggested on the basis of 'H-NMR, “C-NMR, FT-IR, elemental analysis
(CHN), magnetic susceptibility measurements and U.V.—visible spectroscopy.

Keywords: Aroylhydrazoneoxime, Schiff base, diacetyl monooxime, hydrazide
compounds, metal complexes.
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INTRODUCTION

The coordination chemistry of aroyl hydrazones are quite interesting as it presents a
combination of donor sites such as protonated / deprotonated amide oxygen, an imine
nitrogen of hydrazone moiety and additional donor site (usually N or O) provided from the
aldehyde or ketone forming the Schiff base. (Uppadine et al., 2004 ; Uppadine and Lehn,
2004 ; Ruben and Vaughan, 2003).

The vast literature on structural studies of oxime complexes reveals some interesting
features of its coordination behavior (Angelusiua et al., 2010; Iskander et al., 2004;
Armstrong et al., 2003). It may coordinate to one metal ion through the nitrogen atom and
another metal ion through the oxygen atom. Thus it can form oximato-bridged extended
network (Ross et al., 2004 ; Sreerama and Pal, 2002). The hydrogen atom of the oxime -OH
group can form potentially strong intra or intermolecular hydrogen bonds (Singha and
Kumar, 2006; Kukuskin et al., 1997) with other donor atoms or groups. Thus metal
complexes bearing nondeprotonated oximes may be considered as supramolecular synthons,
capable of forming extended supramolecular networks via intermolecular hydrogen bonds
(Bendre et al., 2005). The orientation of the oxime group in these molecules plays a major
role in determining the dimensionality of the extended network.

Due to biological activities, the coordination chemistry of tridentate aroylhydrazones
derived from orthohydroxy aromatic aldehydes (Ainscough et al., 1999 ; Ainscough et al.,
1998 ; Koh et al., 1998) and 2-N-heterocyclic aldehydes (Chaston and Richardson, 2003)
have been extensively studied (Bernhardt et al., 2001 ; Sangeetha and Pal, 2000).

In the present work, we have synthesized two Schiff bases of diacetyl monoxime with
4-hydroxy benzoylhydrazide, and 4-nitro benzoylhydrazide, to study the supramolecule
forming abilities of these Schiff bases. Keeping this in mind, we report the synthesis,
characterization and spectroscopic studies of some metal(Il) complexes of the type
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[M(L,H),] when [M= Co",Ni",Cu",Zn" and Cd"; n= 1, 2] obtained from the reaction of
substituted aroylhydrazone oximes with metal(II) ions.

EXPERIMENTAL

Materials and Physical measurements

All chemicals were purchased from Fluka Chemical Co. (Switzerland), Aldrich-Sigma
Chemical Co. (Milwaukee, WI, USA), and used without further purification. 'H-NMR and
BC-NMR spectra were recorded on a Bruker 400MHz spectrometer in DMSO-ds with TMS
as the internal standard. FT-IR spectra were recorded using Bruker-ALPHA Infrared
Spectrophotometer Fourier Transform FTIR-4100. CHN analyzer were measured on Euro-
vetor-CA-3000(Italy). Magnetic susceptibility measurements were performed at room
temperature (25C°) by Faraday method (Brucker B.M6). UV-visible spectra were measured
on Jasco Japanese companies V-350 Spectrophotometer in the regions (50000-9090cm™) .

Synthesis of acid hydrazides

4-hydroxy benzoylhydrazide, and 4-nitro benzoylhydrazide were prepared by refluxing
(1.66gm, 10mmol) of Ethyl-4-hydroxybenzoate or Ethyl-4-nitrobenzoate (1.95gm, 10mmol)
in 50ml methanol with an excess of hydrazine hydrate NH,NH,.H,O (1.5 ml, 25 mmol)
(80%, d=1.03) for 4 h (Salem et al., 2005 ; Bagrov and Vasil’eva, 2002). The compounds
precipitated on standing over night, filtered and washed with distilled water. The pure
hydrazides were obtained by recrystallization from ethanol.

Synthesis of Schiff base ligands

The two aroylhydrazoneoxime were prepared by known method (Salem et al., 2005;
Rodd, 1954). The two Schiff base ligands used in this study were prepared by refluxing an
equimolar amounts of diacetyl monooxime and the respective substituted benzoyl hydrazide
in methanolic medium. A typical synthesis is described below:

To a 30ml methanol solution of diacetyl monooxime (1.01 g, 10 mmol),
4-hydroxy benzoylhydrazide (1.52g, 10 mmole) or 4-nitro benzoylhydrazide
(1.81g, 10 mmole) in 50 ml methanol was added and the reaction mixture was stirred with
refluxing for 3 h. On reducing the volume to -.30 ml. The resultant solid was filtered and
thoroughly washed with ethanol (2 x 5 ml) followed by diethyl ether (2 x 5 ml). The solid

was recrystallised from ethanol, Scheme 1.
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Syntheses of the complexes

All the complexes were prepared following the same method by reacting a methanolic
solution of the metal salt, ligand and Et;N in a 1:2:2 molar ratio. Preparation of one of the
complexes is described below: (Ozcan et al., 2002).
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To a 50 ml methanolic solution of the L;H, (0.246g, 1mmol) or L,H, (0.235g, 1mmol),
Et;N (0.101 g, 1 mmol) was added with stirring. When the initially colorless solution turned
yellow. Addition (0.5 mmol) of CoCl,, NiCl,, CuCl,, ZnCl, and CdCl, (0.65g, 0.64g,
0.67g(anhydrous), 0.68g and 0.93g) respectively, to the yellow solution, the color of the
solution was changed immediately. After 5 h of stirring the volume of the solution was
reduced to ~.20 ml and filtered. The resultant solid obtained was washed with methanol
(3 x 3 ml), followed by diethyl ether (2 x 5 ml), Scheme 2. Results of the compositional and

spectroscopic data are shown in Tables 1-5.

Table 1: Characterization of the Schiff base Ligands and metal (II) Complexes.

+ 2EN + MCl,

Scheme 2

MeOH
Stirring (5h)

[M(L,H),] + 2Et;NHCI

M= Co™, NiD, cul®, Zn®™, cd™; L H,: Y=NO,;L,H,: Y=OH;n=1,2

Compound Formula M.Wt Color Ng.pa Hey Y(i,eld Calculated / (Found) %
s (calculated) O B.M (%) C H N

LiH (222.1?41 2;1;(33_1) Paleyellow | 158 | -1 80 (4518:(3)(2)) (iigg) é(l)ég)

Lo (2?51.12}511?;%1'1) White s R 82133) (22%) (i;:g?)
[Co(LH).] (géstszél\g?nfl?) Brogrr;fsr‘;clls 6 | soa | s (jiigl‘) (3133) (gég)
[Ni(LH)] (sc Szgkllzézggfolﬁ) Dark Brown | 2147 | 2.89 | 70 (3451%2) é:gg) (igiég)
[Cu(LH)] Céz;)zg;?jg; Bri%)hlti;/Leight 2727 | 208 | 76 (jjgg) éiﬁ% &313%
[Zn(L,H),] (%21}%;1\;83221‘}) Bright Yellow | 342° | dia. | 64 (332241‘) é:;g) (122491;)
[Cd(LiH).] (giéHééligﬁi?? y|  Orange 3107 | dia. | 77 (j(l):gg) (?TZ) (1 Z:gj)
[Co(L,H),] (%f_ljgl\g?nﬁﬁ?) Brown reddish | 281°* | 4.78 84 (451(9): ég) (j;g) (g :23)
[Ni(LH)] (sczzélilzgzégiﬁ) Brown 2897 | 2.83 | 90 (igiéé) (32?2) (12:2451)
[Cu(L,H),] (%sz_lf‘il\g?nﬁﬁ_‘%) Bright-Olive | 280° | 2.25 61 (33:22) (3282) (g :gg)
[Zn(L-H),] (23%1%;1\;6;)12211}) Yellow 2737 | dia. | 72 (jgig?) (jifﬁ) (122?11)
[CALH | (3085 gmor’y | Dark-Yellow | 264° | dia. | 86 | (43.59) | (19) | (140)

a = decomposition
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RESULTS AND DISCUSSION

Stereo electronic nature of the ligands

The aroylhydrazonemonoxime ligands may undergo deprotonation of the enolised
amide carbonyl oxygen as well as the oxime oxygen and may be the phenolic oxygen for
(L,H;). When these ligands are reacted with metal (II) ions in the presence of Et3N in
(2:1:2) molar ratio, the ligands deprotonated from the hydrazone amide moiety and the
metal (II) neutral complexes were formed, Figure 1. (Uppadine et al., 2004; Uppadine and
Lehn, 2004)
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Fig. I: Tautomric forms of the ligands

Syntheses

The Schiff base ligands (L;H, and L,H,) ligands were prepared according to the method
described above. The ligands were obtained in good yield and high purity, as confirmed by
the elemental analyses (CHN) and spectroscopic data (‘H-NMR, “C-NMR, IR and UV-
visible spectra). All the complexes were obtained easily by stirring the metal salt, ligand and
Et;N in a 1:2:2 molar ratio at room temperature in methanol.

The elemental analyses (CHN) suggest that the complexes possess 1:2 stoichiometry
with compositions of [M(L,H);]; n= 1,2 as shown in Fig. IV.

'"H-NMR and "*C-NMR spectra in DMSO-d, in & (ppm)

The 'H-NMR spectrum of the ligands (Fig. 1 and 2) showed peaks corresponding to
(NH) proton appear as a singlet at & 10.20 (s, 1H) ppm for L;H, and 6 10.13 (s, 1H) ppm
for L,H,. The characteristic oxime OH proton is observed at 6 11.04 ppm (s, 1H) for L H,
and & 11.52 ppm (s, 1H) for L,H,. These chemical shifts are characteristic value for
hydrazones and oximes (Gup and Kirkan, 2005 ; Gup, 2006).

The other obtained values for '"H-NMR chemical shifts of hydrazone compound: As
expected, the aromatic protons of compounds appear at 6 8.43 (d, 2H)-7.93 (d, 2H) ppm for
L,H, and 6 7.76 (d, 2H)-6.79 (d, 2H) ppm for L,H,, as 2 different doublets (Gup and Beduk,
2002). In the '"H-NMR spectrum, 2 peaks are present for the CH; protons neighboring on
oxime group (CH3;-C=NOH) and imine group (CH;-C=N-NH) appears as a singlet at 6 2.04,
2.19 (s, 3H) ppm for L H, and 6 2.00, 2.16 (s, 3H) ppm for L,H, respectively (Abraham
et al., 1985). Additionally, OH (phenolic) for L,H, ligand appear at 6 10.46 (s, 1H) ppm.
These data are in agreement with previously reported for similar compounds (Gup and
Kirkan, 2005 ; Koh et al., 1998), (Table 2).
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In the C-NMR spectrum of ligands (Fig. 3 and 4) different signals, which were
observed at 6 14938 ppm for LH,, & 150.30 ppm for L,H, (-C=N-NH),
0 155.27 ppm for LH,, and 6 155.34 ppm for L,H, (-C=N-NOH), show asymmetrically
substituted for hydrazones and oximes (Kaminsky et al., 2002). The signals of the
Caromaticcarbon were observed at 6 124.02, 129.99 ppm for L1H, and 6 115.28, 130.29 ppm
for L,H,, corresponding to C-(8,10); C-(7,11) respectively, and 6 139.47, 151.51 for L H,
and 6 124.72, 161.04 for L,H, corresponding to C-(6,9) respectively. Spectra of (-C=0)
appear at 6 164.37 ppm for L;H, and & 166.45 ppm for L,H,, as expected (Ram et al.,
2007). The signals of CH; were shown at 6 9.78, 12.67 ppm for L{H, and 4 9.78, 12.12 ppm
for L,H,. “C-NMR spectra at 2 different frequencies in each case indicates that
corresponding to C-(1,4) respectively show asymmetrically substituted for hydrazones and
oximes (Gup and Kirkan, 2005; Kaminsky et al., 2002). The detailed BC-NMR spectral data
are given in Table 2.
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Table 2: "H-NMR / *C-NMR spectra of the ligands in DMSO-dg in 6(ppm)

Compound Chemical Shift plpm , 0 Chemical Shift l[;pm , 0
Groups H-NMR Groups C-NMR
CH;-C=NOH 2.04 (s, 3H) CH;-C=NOH 9.78
CH;-C=N-NH 2.19 (s, 3H) CH;-C=N-NH 12.67
Ar-H (7-11) 7.93-8.05 (d, 2H) | Ar-C (8, 10) 124.02
Ar-H (8,10) 8.30-8.43 (d,2H) | Ar-C (7,11) 129.99
LH; -NH 10.20 (s, 1H) Ar-C (6) 139.47
-NOH (oxime) 11.04 (s, 1H) -C=N-NH 149.38
Ar-C-NO,(9) 151.51
-C=N-NOH 155.27
Cc=0 164.37
Chemical Shift ppm, o Chemical Shift ppm , 6
Compound Groups "H-NMR Groups BC-NMR
CH;-C=NOH 2.00 (s, 3H) CH;-C=NOH 9.78
CH;-C=N-NH 2.16 (s, 3H) CH;-C=N-NH 12.12
Ar-H (8-10) 6.79-6.85 (d, 2H) | Ar-C (8, 10) 115.28
Ar-H (7,11) 7.69-7.76 (d, 2H) Ar-C (6) 124.72
L,H, -NH 10.13 (s, 1H) Ar-C (7, 11) 130.29
Ar-OH (phenolic) 10.46 (s, 1H) -C=N-NH 150.30
-NOH (oxime) 11.52 (s, 1H) -C=N-NOH 155.34
Ar-C-OH (9) 161.04
Cc=0 166.45
s-singlet; d-doublet; t-triplet; m-multiplet
Zinc and cadmium complexes (1-3) have Dbeen characterized

'H-NMR spectroscopy due to their diamagnetic character. The essential features of the 'H-
NMR spectra of the metal complexes (Fig. 5 and 6) are observed at chemical shift values
very near to those of the ligands, but the disappearance of the (NH) band in all spectra of the
complexes confirms that complexation of the (L;H,, L,H;) ligands with zinc(Il) and
cadmium(II) ions has indeed taken place with the enol forma through deprotonation of the
hydrazone amide moiety. Furthermore, The characteristic oxime OH proton and phenolic
OH proton were observed almost at the same frequencies as that of the free ligands (Tables
2,3) indicating their non-involvement on coordination. The other obtained values for 'H-
NMR chemical shifts of the complexes are given in Table 3. These data are in agreement

with previously reported for similar compounds (Koh et al., 1998).




11,35

hhhhhhhhhhhh
mmmmmmmmmm

mmmmmmmmmm

g //' S

DMSsO

8.37
B.34
B.29
8.23
Eoa
aaa
T7.99

L1H2+Zn+2 DMSO-d6

BH, 2H3C-C=NNH
6H, 2HaC-C=NOH

8H, Ar-H

I I

T T T T T T - - T T T T T
12 1 10 ] 8 7 6 5 a 3 2 1 0  ppm

H el e e

Fig. 5: "H-NMR spectrum of [Zn(L,H),] complexe in DMSO-d;

mmmmmmmmmmmmmmmmmmmm
mmmmmmmmmmmmmmmmmmmmm

mmmmmmmmmmmmmmmmmmmm

NV N\ NN\

—11.58
—=10.45

L2H2+Zn+2 DMSO-d6

DMSD

BH, HaC-C=NNH

BH, HaC-C=MNOH

AH, Ar-H
4H, Ar-H

2H, 2ZN-OH 2H, Ar-OH |! | | |
B\ A Q_JL_____H._ JUCN
14 13 12 1 10 ? 8 6 s 4 0 ppm

W e Wéf 2 F e 8 F*h

Fig. 6: '"H-NMR spectrum of [Zn(L,H),] complexe in DMSO-d;

59



60 Mohammed M. Al-Ne'aimi et al.

Table 3: '"H-NMR spectra of the Zn(IT) and Cd(II) complexes in DMSO-dg¢ in 6 (ppm).

Chemical Shift ppm , o
No. Compound Groups TH-.NMR
CH,-C=NOH 2.13 (s, 6H)
CH;-C=N-NH 2.24 (s, 6H)
8.12-8.23 (d, 4H)
! [Zn(LiH).] Ar-H 8.29-8.37 (d, 4H)
NH —
-OH (oxime) 11.35 (s, 2H)
CH,-C=NOH 1.87 (s, 6H)
CH;-C=N-NH 2.12 (s, 6H)
8.26-8.28 (d, 4H)
2 [Cd(LiH):] Ar-H 8.37-8.45 (d, 4H)
-NH —
-OH (oxime) 11.12 (s, 2H)
CH;-C=NOH 2.07 (s, 6H)
CH;-C=N-NH 2.15 (s, 6H)
6.79 (d, 4H)
3 [Zn(L,H)] Ar-H 7.98 (d, 4H)
-NH —
Ar-OH (phenolic) 10.45 (s, 2H)
-OH (oxime) 11.58 (s, 2H)

s-singlet; d-doublet; t-triplet; m-multiplet

IR spectra of the L{H, ,L,H; ligands and their complexes

In the IR spectra of the ligands (Fig. 7 and 8), the characteristic amide I [vC=O] band
appears at 1658-1666 cm™. The stretching vibration of the C=Nimine and C=Noxime are
observed at 1616, 1596 cm’ for L;H, and 1606, 1582 cm’ for L,H,, respectively. The broad
medium intensity band appearing at 3100-3400 cm ' is assigned to the characteristic
(oxime, phenolic) OH absorptions. The other bands observed in the IR spectra of the ligand
are given in Table 4. These values are in accord with the previously reported hydrazone and
oxime derivatives (Gup and Kirkan, 2005; Kaminsky et al., 2002 ; Mackawa et al., 1999;

Abraham et al., 1985; Butcher et al., 1979).
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The IR spectra of L;H, and L,H, exhibits a very broad medium intensity peak 3400-
2600 cm™' region, which are assigned to the intramolecular H-bonding vibration (O-H...N)
(Gup and Kirkan, 2005; Bagrov and Vasil’eva, 2002). Also the amide NH stretching band
of ligands was not observed in the IR spectra probably due to overlapping with the
intermolecular hydrogen-bonded OH stretching frequency, or may be buried under the
broad band of -OH.

Table 4: IR spectral data of the ligands and their metal complexes (cm™)

_ »(C=N)
Comp. v(OH) v(C=0) imine, oxime v(C-N) | v(C-0) | v(N-N) | v(N-O)

L,H, 3187,3306 br | 1666 1616, 1596 1315 -—-- 1039 1020
[Ni(L;H),] 3472 br — 1606, 1521 1338 1225 1056 1009
[Co(LH),] 3197 br — 1586, 1519 1339 1243 1057 1012
[Cu(L;H),] 3351 br ---- 1607, 1521 1340 1209 1068 1010
[Zn(LH),] 3339 br 1604, 1520 | 1339 | 1192 | 1059 1010
[Cd(LH),] 3234 br -——- 1596, 1523 1339 1178 1047 994

L,H, 3314,3195br | 1658 1606, 1582 1348 -—-- 1027 1015
[Ni(L,H),] 3251 br -—-- 1594, 1556 1350 1272 1057 1004
[Co(L,H),] 3365 br — 1602, 1587 1361 1265 1059 991
[Cu(L,H),] 3123 br — 1596, 1588 1356 1276 1032 1009
[Zn(L,H);] 3400 br — 1593 1370 1278 1058 1004
[Cd(L,H),] 3188 br — 1577, 1538 1357 1264 1052 1003
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In the 'TH-NMR spectra of ligands, two and three absorption bands, which are assigned
the OH groups, and amide NH protons, appear at lower field (Table2); according to IR and
'H-NMR data, isomer (Fig. II) are more suitable owing to the position of strong
intramolecular hydrogen bonding (O—H:-N); therefore, we attributed the peaks appearing at
6 11.04, 10.20 ppm for L;H, ligand due to due to oxime OH proton and amide NH proton,
respectively, and 6 11.52, 10.46 10.13 ppm for L,H, ligand due to due to phenolic OH
proton, oxime OH proton and amide NH proton, respectively. However, the shift of the
amide NH proton absorption to relatively lower field cannot be explained by the
intramolecular hydrogen bonding but may be explained by the intermolecular hydrogen
bonding since the amide and carbonyl groups of ligands can bond by intermolecular
hydrogen bonding to produce dimmer with an s-cis conformation (Fig. III), (Bagrov and
Vasil’eva, 2002 ; Shetti et al., 1993).

i I I N CHs
Oy d
v H\ //O

Figure I1. Intramolecular hydrogen bonding of ligands Y = NO,, OH

Figure I1I. Intramolecular hydrogen bonding
s-Cis Conformation of ligands

The infrared absorption bands of the complexes (Fig. 9 and 10) are given and
assigned in Table 4. The IR spectra of the complexes show significant differences from the
free ligand. The bands due to amide I, v(C=0) and amide v(NH) are absent in the IR spectra
of the complexes (Gup and Kirkan, 2005), but new band appear at 1278-1178 cm™ probably
due to C-O stretching, suggesting that the NH proton is likely lost via deprotonation and the
resulting enolic oxygen and the azomethine nitrogen take place in coordination (Sreekanth
et al., 2004 ; Sreeja et al., 2004 ; Dinda et al., 2002). Comparing these data with those of the
free ligands it is obviously seen that V(C=N)inine, V(C=N)oxime and v(N-O) bands shifted to
lower frequencies, whereas v(C-N) absorptions are moved to higher frequencies (Issa et al.,
2001). The shift of v(N-N) stretch of the complexes to higher energy by ~10-30 cm™
comparing to that of free ligand can be another evidence for the involvement of azomethine
nitrogen in coordination(Iskander et al., 2003).

Use of one equivalent of base for each equivalent of ligand left the
oxime-OH unaffected, therefore, the oxime OH absorption band in the IR spectra of the
complexes derived from L;H, ligand becomes narrow and shifts to higher frequency (Table
4) that indicating non-participation of oxime OH in coordinate with metal(Il) ions, also the
IR spectra of complexes derived from L,H, ligand shows a broad band around 3400-2600
cm’', which can be attributed to the free OH stretching mode indicating non-participation of
OH groups (phenolic and oxime) in coordination, since the oxime OH was buried under a
broad band of phenolic OH (Table 4), suggesting disappearance of intramolecular hydrogen



bonding in the metal complexes and non-involvement of this groups in coordination (Gup
and Krikan, 2005; Sreekanth et al., 2004; Dinda et al., 2002). According to IR data and
stoichiometry of these complexes, the ligands acts as monoanionic O,N,N-tridentate and
coordination takes place in the enol form through the oxime nitrogen, the imine nitrogen
and the enolate oxygen atoms with a N4O, donor environment forming six-coordination
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around the metal ion.
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Magnetic studies

The room temperature magnetic moments of the complexes (Table 1) show that
cobalt(Il), nickel(Il) and copper(Il) complexes are paramagnetic while zinc(Il) and
cadmium(Il) complexes are diamagnetic. The measured magnetic moment values for
cobalt(Il), nickel(Il) and copper(Il) complexes are found in the range of 4.78-5.04, 2.83-
2.89 and 2.08-2.25 B.M respectively, at room temperature, and these higher experimental
values than theoretical values of (3.87 B.M for one d’ cobalt ion and 1.73 B.M for one d’
copper ion) are evidence for octahedral geometry (Bailar et al., 1973 ; Figgis, 1960). Nickel
(IT) complexes, however, are mononuclear since their effective magnetic moments
correspond to the spin value for two unpaired electron (Singha et al., 2006 ; Ibrahim et al.,
1986), while these magnetic moment values of copper(Il) and cobalt(Il) complexes are
higher than that expected for mononuclear copper (II) and cobalt (II) complexes were may
be due to orbital contribution for complexes (Angelusiua et al., 2010 ; Singha et al., 20006).
However, all these data (Table 1) are in agreement with previously reported for similar
octahedral complexes.

Electronic absorption spectra

Electronic spectra of the metal(I) complexes was achieved in DMF solution (107)M
(Fig. 11,12). The appearance of three bands in the electronic spectra (Table 5) of cobalt(Il)
complexes in the regions 10905-11737, 13812-15600 and 18726-19685 cm™ may be
assigned to ‘Tig(F)—*T,g(F), *T\g(F)— *A,g(F) and *T,g(F)— *T,g(P) transitions,
respectively (Lever, 1984), arise from an octahedral geometry for Co(II) ions (Gup, 2006;
Singha et al., 2006; Martel, 1971). Also the nickel(I) complexes exhibit three electronic
spectral bands in the regions 9803-9823, 10976-11001 and 18939-18691 cm™ which may be
assigned to *A,g— T.g(F), *A,g—T,g(F) and *A,g— T g(P) transitions, respectively,
suggesting an octahedral geometry around the Ni(II) ions (Gup and Kirkan, 2005 ; Kashyae
et al., 1975). The copper(Il) complexes show a broad band on the low energy side at 16501-
16750 cm™ which may be ascribed to *B;g— “Eg, *B,g— *B,g and “B;g— “A,g transitions,
and attributed to a distorted octahedral geometry around the metal ion (Maekawa, 1999;
Lever, 1984).

Table 5: Electronic spectral data v(cm™) of the ligands and their metal complexes in
DMF (10%)M.

Compounds Electronic spectra data v(em™)

LH, 30487, 31645 , 34482

L,H, 30674 , 32467 , 34965
[Co(L;H),] | 11737, 13812, 18726, 29069 , 31250 , 34482
[Co(LoH),] | 10905, 15600, 19685 , 27700 , 34722 , 36496
[Ni(L,H),] | 9823, 10976, 18939, 25188 , 30581 , 34246
[Ni(L,H),] | 9803, 11001, 18691 , 26737 , 30395 , 34482
[Cu(L;H),] | 16501, 2392331847, 33557
[Cu(L,H),] | 16750, 22883, 25380 , 34843
[Zn(L,H),] | 23923, 27472, 33333
[Zn(L,H),] | 24630, 28735, 34013
[CA(LH),] | 25906, 32467 , 34482
[Cd(L,H),] | 2688131847, 34965
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All the spectra of metal(Il) complexes show a broad and very strong band in the UV-
visible region at 22883-29069 cm™ which are assigned to a ligand— metal (LMTC) charge
transfer excitation. Both of zinc(Il) and cadmium(Il) complexes show no bands in the
visible region as expected for d'° systems (Al-Mahrouqi, 2009 ; Aggarwal et al., 1985).
Additionally, a broad and sharp absorptions exhibit in the range 24000-35000 cm™ and
which may be due to the n—n~ and 1— =~ intreligand transitions. (Table 4).

Abs

260 400 600 800 900

Wavelength [nm] Wavelength [nm]

Fig.11: Electronic absorption spectra of Copper  Fig, 12: Electronic absorption spectra of Cobalt
complexes in DMF (10%)M: (a) and Nickel complexes in DMF (10%)M:
[Cu(L1H),] ;5 (b) [Cu(L:H)]. (¢) [Co(LiH)]; (d) [Co(LH):; (e)

[Ni(LiH)z]; (f) [Ni(L>H),]

CONCLUSION

This work include the synthesis and characterization of the mononuclear metal(II)
complexes using aroylhydrazonemonoxime ligands namely, diacetylmonoxime-4-
nitrobenzoylhydrazone (LH;); diacetylmonoxime-4-hydroxybenzoylhydrazone (L,H,). The
reaction of (L;H,), (L,H,) and molar equivalent of Et;N with anhydrous salt MCl, [M=
Co(II), Ni(I), Cu(Il), Zn(II), and Cd(II)] yields the complexes [M(L,H),] ; n = 1,2 where
the (L,H,) and (L,H;) act as a monobasic O,N,N- tridentate ligands and the coordination
takes place in the enol form, suggesting, to be six-coordination with a N4;O, donor
environment around the metal ions. Each ligands are coordinated through the oxime
nitrogen, the imine nitrogen and the enolate oxygen atoms. The phenolic hydroxyl and
oxime hydroxyl groups of aroylhydrazonemonoxime moiety are not involved in
coordination to the metal ion.

The 'H-NMR, “C-NMR, elemental analysis(CHN), FT-IR infrared spectra, Magnetic
susceptibility measurements and UV—vis. electronic absorption spectra of the metal(II)
complexes were recorded and investigated. The results propose the monomeric complexes
[M(L,H),] ; n =1,2 with an octahedral geometry around the metal(Il) ions, (Fig. IV).

250 400 600 800 1000
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H3C\H\ _OH v
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M= co", Ni', cu', zn", cd" ; Y =NO,, OH

Fig. IV: Suggested structure for the monomeric metal complexes [M(L,H),]; n =1,2
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