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ABSTRACT

A series of twelve metal complexes with 2-hydroxy-N'-3-(hydroxyimino)butan-2-ylidene) benzohydrazide ligand
was synthesized and characterized using elemental analyses, IR, NMR, Mass, and UV-Visible spectra. The ligand behaves
either as neutral bidentate, monobasic tridentate, monobasic dibasic tetradentate ligand bonded covalenacy via
deprotonated oxamato and enolic carbonyl groups as well as coordinated via the azomethine and oxime nitrogen atoms.
The synthesized complexes possess a square-pyramidal geometry as in complexes (2-5) and (13) or octahedral as in
complex (7-12), while complex (6) has a tetrahedral geometry. The copper(ll) complexes (2-5) ESR spectra confirmed that
they have a square pyramidal geometry with a dx2-y2 ground state. The synthesized complexes demonstrate a high
cytotoxicity against A. niger and the best one was [Zn(H2L)2] (11) with 84% in compare with Nystatin as a positive control,
a moderate activity against E. coli and B. subtilis with 77 and 88% respectively for [Ni(H2L)2] (7) as a best result compare
with the positive control Amoxicillin.
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INTRODUCTION

Schiff bases possess an outstanding importance in inorganic, analytical and medicinal chemistry
because of their versatility to form a large variety of stable complexes upon coordination with different
transition metal ions [1-3]. Hydrazone ligands represent a class of Schiff base with extra function group
characterized by a nitrogen-nitrogen covalent bond that enhances their capability to form more stable metal
complexes via reaction with most of transition metal ions [4-5]. Both hydrazide and hydrazone compounds
have drawn much concern in order to investigate their structures as well as their enormous biomedical
activities as: antioxidant [6], anti-inflammatory, antimalarial [7], anti-trypanosomal, antibacterial [4], analgesic
[8], antiplatelet [9], anticonvulsant [10], antitumor [11], and antiviral activities [12]. The presence of active
azomethine NHN=CH- protons in these compounds imparts them a major importance as good candidates for
the development of new drugs [13-14] . Also, the C=N double bond in hydrazones are of major concern, as
they act as a pivotal group for synthesis of organic compounds, metal complexes and organo-catalysis [15].
The carbon atom in the hydrazone moiety possess both nucleophilic and electrophilic character, while both
nitrogen atoms are nucleophilic [13, 16]. For these behavior, hydrazones are widely used in organic synthesis
as well as designing of new drugs. In parallel to the growing biochemical applications of hydrazide compounds,
oxime-containing ligand derivatives represent another esteemed category with high biological implications.
Oximes are recognized by presence oxygen atom attached directly to a nitrogen atom containing a pair of free
electrons. The recognized biological activity of oxime derivatives is evidently related to the N-OH groups which
enhance their ability to chelate metal ions. The -N-OH moiety appears to be flexible to be oxidized, reduced,
and conjugated with inorganic and organic moieties. The a-adjacent atom has free electrons imparts oxime
character of being involved in nucleophilic displacements reactions via the anionic form N-O. The oximes
ligands remarkable ability of forming stable metal complexes with a large number of metal ions, along with the
N-OH group affinity to produce a nitroxide radical, defines to a great extent, but not exclusively, the biological
as well as the toxicological activity of oximes. For these characteristic, oxime containing compounds
demonstrated effective activities in several biomedical applications as: antimicrobial, antimalarial, and
anticancer drugs [17-18]. Based on the unique characteristics of oxime, there is a growing interest related to
synthesize as well as structural investigating of oximes derivatives in order to develop novel therapeutic
medications. Costanzo et al. reported that oximes can inhibit the activity of arginase enzyme. He related that
to the ability of the N=OH groups of the oxime to bind the active centers Mn?* in the enzyme structure [19]. In
another study, new binary and ternary Cu(l) complexes derived from Benzyl-thiourea ligand have been
synthesized and their antibacterial activity on Gram-negative and Gram-positive strains has been evaluated.
The prepared metal complexes demonstrated a profound cytotoxicity against both types of bacteria [20]. It
was reported that the combination of both oxime and amide groups in the same molecule leads to the
formation of more stable chelator by coordination to the metal ions [21]. In the light of these consideration,
we reported herein synthesis of new binary metal complexes derived from 2-hydroxy-N'-3-
(hydroxyimino)butan-2-ylidene) benzohydrazide.

RESULTS AND DISCUSSION

The obtained metal complexes are colored, air-stable and insoluble in water, ethanol and non-polar
solvents. They demonstrated a good solubility character in polar solvents i.e. DMF and DMSO. All prepared
metal complexes showed a non-electrolytes nature. The proposed configuration structures [Figure 2-4] goes in
consistent with the elemental, thermal and spectral analyses [experimental part and Tables 1-3]. We have not
managed to grow diffractable single crystals till now. Complexes (2) and (7-8) were formed in 1L:1M molar
ratio, complexes (3-4) and (12) formed in molar ratio [2M:2L] while complexes (5), (6) and (9-12) were adopt
MLz formulae.
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Figure 2: Suggested structures of Cu(ll), Co(ll) and Ni(ll) complexes 2-4, 6, 8 and 13.
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Figure 3: Suggested structures of Cu(ll), Ni(ll), Co(ll), Mn(ll), Zn(ll) and UO(Il) complexes 5, 7 and 9-12.

/

)
AN \C{l/N\

o\ A I/\C b

RN AR /

\\c1 //

C—c

/ \ [CuZC(l?f;H L),]

Figure 4: Suggested structures of Cu(ll) complex 3.

CONDUCTIVITY MEASUREMENTS

The values of molar conductance for 0.001 M of the metal complexes (2-13) at 25 °C in DMSO are
depicted in experimental part. The 3.9-29.7 Qlcm?mollvalues referred to a non-electrolytic nature of these
complexes [22]. The high value of some complexes could be related the partial solvolysis of it by solvent

molecules.

NMR SPECTRA

The measured ligand (1) *H NMR spectrum (Table 1) at °K utilizing DMSO-d6 as a solvent demonstrated
oxime proton at 6 = 11.31 ppm while the phenolic OH proton appeared at § = 11.70 ppm. The amide proton
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present at 6 = 11.61 ppm, aromatic protons appeared as doublet signal at 7.98 ppm, triplet at 7.42 ppm and
multiplet at 7.45-6.96 ppm range and two singlet peaks at 2.14 ppm and 2.05 ppm belong to two methyl
groups. The H NMR spectrum of complex (11) shows phenolic protons shifted to low field at & = 13.59 ppm,
which could be due to intramolecular hydrogen bonding with the carbonyl group, since the carbonyl group is
chelated with the metal ion. On the other hand oxime protons are disappeared which clarified that the metal
ion is bonded to the oxamato nitrogen atom. The NH proton peak is appeared at 6 = 11.64 ppm which support
the suggested structure for complex (11). Aromatic protons appeared in the 6 = 6.73-7.89 ppm range and two
singlet peaks for methyl groups at 6 = 2.23 ppm and 2.05 ppm.

Table 1. 'H-NMR data for the ligand HsL and Zn(ll) complex

Signals (ppm)

Groups
Ligand (HsL) [Zn(H,L);] (11)
11.70 (s, 1H),
3(OH) 11‘31((55 1H)) 13.59 (s, 2H),
6 (NH) 11.61 (s, 1H) 11.64 (s, 2H)

7.98 (d, 1H), 7.89-7.72 (m, 2H),
0 (H-C aromatic) 7.42 (t, 1H), 7.31-7.21 (m, 2H),
7.45-6.96 (m, 2H)  6.81-6.73 (m, 4H)

2.14 (s, 3H), 2.23 (s, 6H),
8 (CHs) 2.05 (s, 3H) 2.05 (s, 6H)
INFRARED SPECTRA

The ligand IR spectrum showed a broad peaks at 3560 and 3287 cm™ responsible for OH and NH
groups respectively [23-24]. The strong peaks at 1652 cm™ assign to the carbonyl group [23] while 1614 and
1550 cm™ ascribed to v(C=N) of azomethine and oxime groups [25] respectively. Whilst the two medium peaks
appeared at 1078 and 983 cm™ assign to v(N-O) [26] and v(N-N) [23-24] respectively . Based on variation
complexes IR data in comparison to that of the ligand, it could be presumed that the ligand performed either:
a neutral tridentate, monobasic tridentate, dibasic tetradentate or monobasic tetradentate.

The comparison of complexes (2) and (6-12) spectra revealed that the ligand in these complexes
acted as monobasic tridentate fashion bonded covalency via nitrogen atom of deprotonated oxamato group
and coordinated through the azomethine and ketonic carbonyl groups. This bonding behavior are supported
by the next evidences. i) Complete absence of the v(OH) of oxime moiety which is confirmed from Zn(ll)
complex 'H NMR which showed the disappearance of the oxime hydroxyl proton. ii) a negative shift in the
intensity and position of azomethine group (17-50 cm) iii) a negative shift in the intensity and position of the
carbonyl group by (12-52 cm™®) and in the same the appearance of NH bands in the range (3139-3264 cmiv) a
negative shift in the intensity and position of oxamato group (C=N) by (10-33 cm™) with a substantial change is
also appeared in the N—O stretching which appears in the 1134-1185 cm™, indicating an increase in the double
bond character of the NO bond due to the loss of the hydroxyl hydrogen [25, 27]. v) The new bands which
appeared in the 544-592, 517-540 and 459-499 cm! ranges related to v(M<«0) and v(M<«N) respectively [28-
29]. The spectra of the bimetallic complexes (4) and (13) suggested the ligand chelated to the metal ions in a
dibasic tetradentate mode bonding two metal ions through the two nitrogen atoms of imine and oxamato
groups, enolic carbonyl oxygen and deprotonated oxamato oxygen. This mode is supported by the following
evidences: i) The absence of oxime hydroxyl proton that is confirmed from *H-NMR of Zn(ll) complex which
showed the absence of the oxime hydroxyl proton signal ii) a negative shift in the intensity and position of
oxamato group (C=N) which appear at 1541 and 1431 cm™ with an essential change is also observed in the N—
O stretching that manifests at 1135, 1130 cm™, referring an increment in the double bond character of the NO
bond owing to the hydroxyl hydrogen losing [25, 27]. iii) complete disappearance of the bands of carbonyl
group and amino hydrogen (NH) of the hydrazide moiety [23] iv) the appearance of an extra peak at 1522,
1530 cm? respectively ascribed to the emerging of a new C=N group which is reinforced by the appearance of
new bands at 1216, 1245 cm™ corresponding to v(C-O) of hydrazide moiety [30-31]. v) The occurrence of new
peaks in the 592,577; 544, 534; 521, 509 and 467, 470 cm related to v(M-0O), v(M-0), v(M-N) and v(M<-N)
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respectively [28-29]. The spectrum of copper complex (3) [Cu(H2L)Cl]2 show similar patterns except the still
presence of the bands characteristic to the carbonyl and NH group of the hydrazide moiety. Although this band
was subjected to shifting by a (40 cm) inductive that the ligand preformed as monobasic tetradente fashion
(Fig. 2). The IR spectral findings of these complexes go consistent with the elemental analyses results
suggesting that this group of metal complexes adopts M.L formulae Fig. 1. The copper complex
[Cu(HsL)S04].H20 (5) spectrum revealed that t the still presence of the bands characteristic to the carbonyl and
NH group of the hydrazide moiety. Although the band of carbonyl group was subjected to shifting by a (50 cm”
1) as well as the azomethine band was subjected to shifting by a (54 cm™) indicating that the ligand acted as
neutral bidentate fashion coordinated to the Cu(ll) via the ketonic carbonyl and azomethine groups. Two
medium new peaks at 963 and 929 cm™* were detected in spectrum of uranyl complex (12) could be related to
Vsym and vasym V(O=U=0) respectively [32-34] while the new peak observed in spectrum of vanadyl complex (13)
at 947 may be assigned to V=0 [29]. The two bands observed in the spectra of acetate complexes (2), (7) and
(8) at 1555, 1337 (A=218), 1545, 1363(A=182), 1555, 1353(A=202) cm™ were assigned to vasym.(COO’) and
veym.(COO") of the acetate groups [35-36]. The observed separation value (A) (182-218) cm? between
asymmetric and symmetric (COO’) groups indicates that the acetate acts as a mono-dentate in these
complexes [35-36]. IR spectra of the sulfato complex (4), revealed new bands at 1160, 1070 assigned to vs,
942, 540 assigned to vs4, and 673, 587 assigned to viand vz [36-37].

MASS SPECTRUM OF LIGAND (HslL)

The ligand MS confirms the suggested structure of the ligand (scheme 1). It manifests molecular ion
peak m/z at 220 which is compatible with the ligand molecular weight. Furthermore, the ligand splits to
various fragments which possessed ion peaks equal to m/z= 203, 175, 162, 124, 114, 106, 98, 86 and 79 which
corresponding to CioH11N4O, CsH7N4O, CsHsN3O, CsHsN3O, CsHsN3O, CsHaNO, CsHaN3O, CsHsNs, and CsHsN
respectively (Fig. 5).
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Fig. 5. The fragmentation pattern of the ligand
ELECTRONIC SPECTRA OF LIGAND AND ITS COMPLEXES

The ligand and complexes electronic absorption spectra were done in DMF at 300 °K and reported in
Table 2. The ligand electronic absorption spectrum comprises five bands at 264, 280, 288, 308, 375 nm. The
two band appeared at 264 nm could be related to the =—=* transition in the benzoniod moiety [38-39] which
do not nearly changed on chelation. Whereas the second peak at 280 nm could be ascribed to hydrogen
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bonding [40]. The beaks observed at 288, 308 and 375 nm could be ascribed to n—>n* of the azomethine,
iminoxime and carbonyl groups respectively [41]. The shifting of these bands in complexes spectrum referring
to the involvement of these groups in chelation process. In some complexes, new bands were observed in the
396-430 nm ranges could be related to charge transfer transitions. The Copper(ll) complexes (2-5) electronic
spectra showed three bands in the 1063-1080, 580-619 and 490-545 nm ranges assignable to
(v1)?B1g—>?A1g(dx2-y2—>d22), (v2)?B1g—>2B2g(dxa-y2—>dxy) and (v3)?B1g—>2Eg(dxa-y2—>dxz,dyz) transitions supposing that
these complexes could be considered to have five-coordinate geometry [Fig. 2][42-44]. The basic
arrangements with five coordinated geometry, are square pyramidal (SP) and trigonal bipyramidal (TBP). The
two arrangements SP and TBP are recognized by the ground state dx-y2 and dz2 respectively. It is impossible
distinguish to between these structures based on the electronic spectra only. Hence it is differentiate based on
ESR spectra. Ni(ll) complexes are capable to form coordination compounds of different stereochemistry viz.
square planar, tetrahedral or octahedral. In an octahedral field, the 3F Russel-Saunders term split into three
components 3Azg, 3T2g, and 3Ty in order of increasing energy. 1D splits into *Eg and T2, 3P changes into 3Tig, T2
thus spin allowed transitions are possible. The Ni(ll) complex (6) UV. Vis is compatible with an octahedral
stereochemistry around the nickel(ll) ion, showing three transitions at 1057, 865, 445 nm. These transitions
are assignable to the transitions 3Axg(F)—>3Tag(F), 3A2(F)—3T1g(F), 3A2g(F)—>T1g(P) respectively [43-46). The va/v1
ratio of this complex is 1.22 which is lower than the usual range 1.50-1.75, inductive to distorted octahedral
stereochemistry nickel(ll) complexes [47]. The nickel(ll) complex (7) UV. Vis spectrum shows transitions at
1061 and 613 nm corresponding to the 3Ax(F)&3T1(F) and 3T1(P)<3Ty(F) transitions, respectively, which are
similar to those substantive for tetrahedral coordinated Ni(ll) complexes in the literature [44, 48-50]. Cobalt(ll)
complexes (8) and (9) electronic spectra show electronic spectral peaks 1070, 1062; 694, 624 and 499, 510 nm
corresponding to the transitions *T1g(F)>4T28(F), 4T1¢(F)>*A2(F) and *T1(F)>*T1¢(P) respectively supposing that
these complexes have a six coordinated geometry. The ratio of v2/vi are 1.54 and 1.70 which are lower than
usual range for an octahedral cobalt(ll) (1.95-2.48), inductive to distorted octahedral stereochemistry
cobalt(ll) complexes. This is compatible with very broad nature of the band which could be ascribed to the
envelope of the transitions from *Eg(*T1g) to the components *B2g and “Eg of #Tog characteristic of tetragonally-
distorted octahedral environment [44, 46, 51-53]. Electronic absorption spectra of Mn(ll) octahedral complex
are expected to show the following four spin allowed (v1)®A1g—>*T15(*G) (v2)°Alg—>*Eg(*G), (v3)PA1.—>*Eg(*D) and
(va)®A1g—>*T14(*p) transitions. The Mn(ll) complex (10) has exhibited four week absorption bands at 631, 589,
508, and 469 cm™, which corresponds to vi, v2, vs and va transitions respectively, suggesting octahedral
geometry for the Mn(ll) complex. These transitions are characteristic of a Mn(ll) ion in an octahedral
environment [44, 54-55]. Zinc(ll), uranyl(ll) complexes (11-12) showed diamagnetic character as expected for
d® configuration. They do not show d-d transitions, and the observed bands are only intra-ligand transitions
[56-57]. The oxovanadium(IV) complex (13) electronic spectrum shows bands at 918, 700 and 490 nm. These
bands are attributed to 2B2—>2%E, 2B2->2B1, and 2B2->?A; transitions which are similar to those of other 5-
coordinate oxovanadium(IV) complexes.[58-59] These spectral bands are explicated according to an energy
level scheme given by Tsuchimoto et al [60]. The uranium(VI) complex (12) electronic spectrum showed two
bands at 515 and 426 nm which could be attributed to charge transfer from uranyl oxygen to f-orbital of the
uranium(VI) ion. The broadening of this peak referees to the unequal energies of the O—U charge transfer in
the two oxo-cations and charger transfer transition from ligand to the uranium(VI1) ion [61].

MAGNETIC MOMENTS

The magnetic moment data of polycrystalline metal(ll) complexes at 298 °K are shown in Table (2).
The data showed that Cu(ll), Ni(ll), Co(ll), Mn(ll) and VO(Il) are paramagnetic but Zn(ll) and UO(ll) are
diamagnetic. The pefr values for monomeric copper(ll) complexes (2) and (5) are 1.81 and 2.28 BM respectively
corresponding to one unpaired electron system (1.73 BM) [62]. The value of complex (5) is a little larger than
that of a square pyramidal 3d°® ion, which should be associated with some orbital contribution [63]. While
magnetic-moment value for dimeric copper(ll) and vanadyl complexes (3), (4) and (13) are found to be 1.26,
1.05 and 1.56 BM that is less than the spin only value (1.73 BM) referring to the existence of antiferromagnetic
interaction between the two M(lI) ions [64]. Nickel(ll) complexes (6) and (7) show Lifr values 3.39 and 3.48 BM,
confirmed electronic configuration with two unpaired electrons in an octahedral or tetrahedral nickel(ll)
complexes [65]. The pefr values of solid state cobalt(ll) complexes (8), and (9) are 4.54 and 5.89 BM, confirmed
electronic configuration with three unpaired electrons in an octahedral cobalt(ll) complexes. The subnormal
values of these complexes may be explained by weak antiferromagnetic intermolecular interaction between
complex molecules [66]. Manganese(ll) complexes (10) shows values 6.12 BM attributing to a high spin
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octahedral Manganese(ll) ion [23]. The complexes of Zn(ll) and UO(ll) are diamagnetic as expected and
according to these complexes empirical formulae octahedral geometry is proposed for Zn(ll) and UO2(ll)
complexes.

Table 2.The UV-Vis spectra and magnetic moments for the ligand and its complexes

No. n—n* , n—nt* and CT bands d—d bands Transitions Geometry  s(BM)
1 264,280,288, 308, 375 - -
2 270,320,390, 425 493, 595, 1070 1.81
e e e S
3 268,380,425 490, 580, 1080 (V1)*B1g>?Asg(dray2dx2) Square 1.15
(VZ)ZBlg_)ZBZg(dXZ-VZ_)de) d I .............................................
4 269,380, 426, 545, 619, 1076 (V2B ?Es(chrsn 5 ) pyramida 1.05
OEldayodady) 2
5 266,300,326, 382, 428 525, 600, 1080 2.28
3Asg(F)—>3T2g(F)3Azg(F)—>3Tog(F
6 263,350,365, 388, 405 445, 865, 1057 2(F) ; 2(F) jg( el ctahedral  3.39
Azg(F)—>3T1g(P)
7 260, 349, 362, 387, 400 613, 1061 3A2(F)€3T1(F)3T1(P)<-3T4(F) Tetrahedra 3.48
8 264,277,321, 372, 420 510, 694, 1070 “T1g(F)>*T2%(F) 4.54
4T1g(F)94A2g(F) octahedral .............................................
9 263,281,320, 380, 437 499, 624, 1062 4T1g(F)>*Tog(P) 5.89
631,589,508, (V1)°A1g>T15(*G),(v2)°A1g—>*Ee(*G)
10 263, 304, 354, 430 469 (V3)6A1g—>4Eg("D),(V4)5A1g—>4T1g(4p) octahedral 6.12
11 263,380, 382, 423 - Dia
12 261,276, 289, 305, 364, 426, - Dia
2B,-52E,2B,->2B,,
13 264,279, 288, 306,380,396 503, 821, 919 A square 1.26
By>?%A; pyramidal

COPPER(II) COMPLEXES ELECTRON SPIN RESONANCE

Copper complexes ESR spectra give more information about the bonding site and geometry of copper
complexes. It was measured in polycrystalline state at 298 °k on Varian E-109 spectrophotometer in 3-mm
Pyrex tubes at frequency 9.8 GHz and their data listed in Table 3. The copper complexes (2-5) are penta-
coordinated, there are two basic arrangements with five coordinated geometry, i.e. SP and TBP. The two
arrangements SP and TBP are recognized by the ground state dx2-y2 and dz, respectively. Complexes (2-5) ESR
spectra supply a well base for characterizing between the two ground states dx-y2 and d». For a system with
g|>g. the geometry is SP but if gj<g. the geometry is TBP [67-69]. However the copper (II) complexes (2-5) ESR
spectra revealed that the complexes exhibited anisotropic signals with g, g. and giso values are in the 2.203-
2.235, 2.051-2.060 and 2.104-2.119 ranges respectively. These values are typical for a species d° configuration
with an axial symmetry type of dx2y2 ground state. g and g.ivalues are close to 2.00 and gj>g.>ge(2.0023),
stating that all complexes have a square-pyramidal geometry [70]. The gj>g., trend confirmed that the
unpaired electron is centralized in dxzy2 orbital and the geometry of these complexes are SP rules out the
possibility of a TBP structure that could be predicted to have gj<g. [69, 71]. With respect to Hathaway
expression which stated that G= (g|-2)/(g.-2), the exchange coupling interaction between copper(ll) ions is
negligible if G>4 whereas a significant interaction is present if G<4 [72-73]. The G values of complexes (2) and
(5) are 4.27 and 4.24, inductive to the absence of interaction between copper(ll) ions [72]. While complexes (3)
and (4) have values 3.54 and 3.89 respectively indicating that there is interaction between two copper(ll) ions
[72]. Kivelson and Neiman show that the copper(ll) complexes gj-values could be utilized as a measure of
covalent feature of the bond between the ligand and metal ion. If the gjvalue is more than 2.3, the
environment is basically ionic but if less than 2.3 referrer to a covalent environment [74]. The gj.values of
complexes (2-5) are in the 2.203-2.235 range, referring that a significant covalent character is present in
complexes (2-5) [75]. The g-values could be related to the parallel (ki) and perpendicular (k1) components of
the orbital reduction factor (k) as next equations [76-77].

k| |2 = (g - 2.0023)AExy/8M\o

ki2 = (g1 - 2.0023)AEx/2Ao
k? = (ki %+ 2k1?)/3
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Where ) is the spin orbit coupling of the free copper(ll) ion (-828 cm™), AEx, and AEx are the
electronic transitions 2B1g~> 2B2g and 2B1g—~> 2Eg respectively. The calculated values of k|2, k.2 and k? are in the
0.49-0.606, 0.575-0.711 and 0. 547-0.678 ranges respectively Table 3, showed that, kj;?< k? which is a well
proof for the presumed 2B1 ground state for the complexes. Furthermore, for ionic environment, k = 1, and for
covalent environment k is less than 1. The lower values of k than the unity (0.74-0.822) are indicating of their
covalent nature, that is in agreeable with the result gained from the g|| values [76-77].

Table 3: - ESR parameters of copper(ll) complexes (2-5)

Complex No. 2 3 4 5
gl 2.231 2.235 2.203 2.217
gL 2.054 2.060 2.054 2.051
8iso 2.113 2.119 2.104 2.107

A (em?l)  177x10%  146x104 154x104  140x10%*
Al(cm?) 29x10* 34x10* 19x104 34x10*
Aiso (cm'?) 76x104 69x104 62x104 67x10*4
gi/A) (em?)  126x10*+ 153x10“ 143x10* 159x10*
G 4.27 3.54 3.89 4.24
BE.y(cm-?) 16806 17241 16155 16666
BEy, (cm™1) 19801 20300 18348 19048

Kj2 0.581 0.607 0.49 0.541
K.2 0.621 0.711 0.575 0.563
d 0.608 0.678 0.547 0.555
K 0.7796  0.822 0.74 0.745
&P 0.747 0.638 0.677

The orbital reduction parameters o was calculated from the next equation
. 3 4
a’ = (g, —2.0023) + - (g, —2.0023) - (F] +0.04

where P is the free ion dipolar term equals 0.036, A is the parallel coupling constant expressed in cm-
L. The o values of the complexes (2-5) lie in the 0.638-0.747 range, indicating to a significant degree of
covalency in o-plane [74, 78-79].

THERMAL ANALYSES
Complexes (2-5), (8), (10) and (12) Thermogravimetric (TG) analysis were recorded in temperature
range 25-800 °C to study their thermal behavior. The results tabulated in Table 3. The thermal data revealed
that the weight loss of the calculated and the suggested formulae are agreeable. The Thermogravimetric
analyses data refer that the (2-5), (8), (10) and (12) are mostly degraded in two, three or four stages that can
be interpreted as nest:

1. Dehydration of complexes (5), (10) and (10) occur in the 65-105 °C with losing in weight 2.52, 9.66
and 4.90 % corresponding to removal of H20 (5), 3H20 (10). 2H20 (12).

2. The second step of complexes (2), (4) and (8) which occurs in the 110-180 °C with losing in weight
4.02, 5.99 and 7.07 that corresponds to the losing of 1, 2 or 1.5 molecules of coordinated water.
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Table 4. The thermal analysis (TG) of complexes (2-5), (8), (10) and (12)

No Temp. Loss in weight assignment Composition of
" range°C Found (calcd.) the residue
125-140 4.02 (4.81) Loss of one coordinated water molecule (H,0) [Cu(H,L)(CHsCOO)]
2 160-190 15.71(15.86) Loss of acetate ion (CH3COOH) [Cu(H,L)]
~~~~~~~~~~ 370-570  56.17(58.11) Complex decomposition forming CuO Cuo

3 265-305 10.67(10.64) Loss of two chloride ions (2HCI) [Cu (H2L)]2
420-550 62.99 (65.49) Complex decomposition forming CuO 2Cu0

a 110-165 5.99 (5.72) Loss of coordinated water molecule (2H,0) [Cu(HL)]2
400-585 65.04(69.01) Complex decomposition forming CuO 2Cu0

70-95 2.52(2.78) Dehydration process (1H,0) [Cu(H3L)(SO4)]

5 215-265 14.68 (14.81) Loss of one sulfate ion (H2S04) [Cu(HsL)]
370-590 69.19(70.13) Complex decomposition forming CuO CuO
115-185 7.07 (7.13) Loss of coordinated water molecule (1.5H,0)  [Co(H,L)(CHsCOO)]

8 220-285  15.55(15.67) Loss of acetate ion (CH3COOH) [Co(H,L)]
370-665  55.21(57.44) Complex decomposition forming NiO CoO

10 75105 9.66 (9.36) Dehydration process (3H-0) [Mn(HaL)2]
330-500 58.13(60.87) Complex decomposition forming MnO MnO

12 65-105 4,90 (4.65) Dehydration process (2H,0) [UO,(H,L),]
350-467  55.75(58.42) Complex decomposition forming UO3 UOs

3. 3.The elimination of coordinated anions acetate, chloride or sulfate from complex (2), (8), (3) and (5)
take place in the 160-285 °C which can be confirmed from the percentage weight loss (Table 4).

4. 4.The last stage is the complete degradation of (2-5), (8), (10) and (12) through disintegration of the
organic ligand in the 350-590 °C leaving the metal oxide which can be confirmed from the percentage
weight loss (Table 4).

ANTIMICROBIAL ACTIVITY:

The test was performed using Well Diffusion Method at 10 mg/mL concentration in DMSO [80-81]. The
inhibition zones caused by the different compounds on the microorganisms were tested. The screening results
are shown in Table 5. It showed that all the tested complexes were active against the three microorganisms.
From the data, it is clear that compounds Cu(H2L)(CHsCOO)(H20)] (2), [Ni(HzL)2] (6), [[Zn(H2L)2] (11),
[[UO2(HsL)2].2H20 (12) and [VO(HL)0.5H20)] (13) were the highest activity against A. niger with 84% for
complex 11 and 80% for the others compare with the antifungal Nystatin. Against E. coli. Compounds
[Ni(H2L)(CH3COO0)] (7), [Co(H2L)2] (9) and [[UO2(HsL)2].2H20 (12) showed the best results with 77, 71 and 74%
respectively compare with the Amoxicillin as antibacterial agent. On the other hand, [Cu(HsL)(SO4(H20)] (5),
[Ni(H2L)(CHsCOO)] (7) and [Mn(HsL)2(CH3COO0).].3H20 (10) were found to have the highest activity against the
strains B. subtilis with 73, 88 and 78% compared with Amoxicillin as antibacterial agent. The ligand HsL (1) was
active against only E. coli with 31% compare with the Amoxicillin.

Table 5. Biological activities of the ligand and its metal complexes against bacteria and

fungus
No. A. niger I:;:i:i(toz) E. coli- I:;:i:i(t;) B. subtilis+ I:;:i:i(toz)
DMSO 0 0% 0 0% 0 0
Nystatin 25 100% -- - - -
Amoxicillin -- -- 35 100% 40 100%
1 0 0% 11 31% 0 0%
2 20 80% 17 49% 23 58%
3 18 72% 22 63% 28 70%
4 16 64% 23 66% 25 63%
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5 17 68% 24 69% 29 73%
6 20 80% 19 54% 24 60%
7 19 76% 27 77% 35 88%
8 15 60% 20 57% 29 73%
9 15 60% 25 71% 25 63%
10 19 76% 21 60% 31 78%
11 21 84% 22 63% 23 58%
12 20 80% 26 74% 19 48%
13 0 0% 30 86% 16 40%

2. EXPERIMENTAL
Materials

All chemicals used to in this work were of the analytical grade available and used without further
purification. 2,3-Butanedione monooxime (assay = 98%), Methyl 2-hydroxybezoate, hydrazine monohydrate
were provided from Sigma-Aldrich company; DMSO (assay 99.7%); absolute ethanol (assay > 99.8%). Metal
salts; Cu(CH3C0O0)2.H20, CuCl2.2H20, Cu(NO3)2.2.5H20, Cu(S0a4).5H20, Ni(CH3COO0)2.4H20, Co(CH3COO0)2.4H20,
Mn(CH3C0O)2.4H20, Zn(CH3C0O0)2.2H20 triethylamine (TEA) were provided from SIGMA-ALDRICH company
with purity from 98 to 99.99%. UO2(CH3CO0)..2H20 and VOSOs (assay = 99.9 %), were provided from
American-Elements. 2-hydroxybenzohydrazide was synthesized according to a published procedures [82]. TLC
was utilized to assert the purity of obtained compounds.

Instrumentation and measurement

The C, H and N content in the obtained compounds was analyzed at the Microanalytical Laboratory,
Cairo University, Egypt. Metal ion content was determined using Standard analytical methods [83-85]. Jasco
FT/IR 300E Fourier transform infrared spectrophotometer covering the range 400-4000 cm™ was used to
record FT-IR spectra of the ligand and its metal complexes using KBr discs. Electronic absorption spectra were
recorded on a Shimadzu UV-2600 spectrophotometer using 1-cm quartz cells taking DMSO as solvent covering
the range 190-1100 nm. The thermal analysis (TG) was recorded on a Shimadzu DT-30 thermal analyzer in the
temperature range from (room temperature to 800 2C) at a heating rate of 10 2C/min. The magnetic
susceptibilities of the solid complexes were measured in a borosilicate tube with a Johnson Matthey Magnetic
susceptibility Balance at room temperature using the modified Gouy method using mercuric
tetrathiocyanatocobaltate(ll) as the magnetic susceptibility standard. Diamagnetic corrections were estimated
from Pascal’'s constant [86]. Values of magnetic moments were derived from the
equation: . The molar conductance of 10 M solution of the complexes in DMSO was measured

eff=284 [yii" 1

at 252C with a Bibby conductometer type MCI. The resistance measured in ohms and the molar conductivities
FeKeg

Mw a2
volume of the complex solution/ mL, K = cell constant (0.92/ cm™), Mw = molecular weight of the complex, g =
weight of the complex/g, Q = resistance/Q. *H NMR spectrum was obtained on JEOL ECA-500 MHz FT-NMR
spectrometer in de-DMSO as solvent. The solid ESR spectra of the complexes were recorded with Varian E-109
spectrophotometer in 3-mm Pyrex tubes at 298 °K. Diphenyl picrylhydrazide (DPPH) used as a g-marker for the
calibration of the spectra.

were calculated according to the equation: Ay = where: Am = molar conductivity /Qcm?mol?, V =

Synthesis of ligand 2-hydroxy-N'-3-(hydroxyimino)butan-2-ylidene)benzohydrazide

The 2-hydroxy-N'-3-(hydroxyimino)butan-2-ylidene)benzohydrazide was synthesized by mixing 0.001
mol (0.152 g) of 2-hydroxybenzohydrazide in round bottomed flask contains 30 ml ethanol and to 0.001 mol
(0.101 g) of 3-(hydroxyimino)butan-2-one in ethanol was added slowly under stirring. The mixture was
refluxed for about 3 h. Followed by cooling to room temperature. After cooling, the white solid precipitate was
filtered off and washed with hot ethanol and used for the next step. Yield 90%, m.p. 264 °C, color is white.
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Elemental microanalyses, Calcd. (%) for ligand (HsL)= Ci1H13N3Os (FW = 235.1): C, 56.16; H, 5.57; N, 17.86.
Found (%) C, 66.11; H, 5.54; N, 17.86. IR data, 3560, 3287, 1652, 1614, 1550, 1078, 983 cm™ assigned to
Vv(OH/H20, C=0, C=Nazom, C=Noxime, O<—N and N-N). *H NMR (DMSO-d6, 270 MHz). &= 11.70 (s, 1H, OHphenol),
11.31 (s, 1H, OHoxime), 11.61 (s, 1H, NH), 7.98 (d, 1H, CH aromatic), 7.42 (t, 1H, CH aromatic), 7.45-6.96 (m, 2H,
CH aromatic) 2.14 (s, 3H, CHs), 2.05 (s, 3H, CHs). The mass spectrum of the ligand (H:L) revealed molecular ion
peak at m/z 235.24.

OH 09 15 CH;
N CH, ||
e : c N e
u . EtOH,3h A T
—
I N L reflux, 90% ! H |‘2 |
2 / 10

” o \CH3 . s CH, OH
o) OH 16 Y7

. 3-(hydroxyimino)butan-2-one 6 7
2-hydroxybenzohydrazide 2-hydroxy-N'-3-(hydroxyimino)butan-2-

ylidene)benzohydrazide

Scheme 1: Synthesis of the 2-hydroxy-N'-3-(hydroxyimino)butan-2-ylidene)benzohydrazide (HsL)
Synthesis of metal complexes

Metal complexes (2-4), (6), (8) and (13) were synthesized by reaction of equimolar amount of the
following salts: Cu(CH3COO)2.H20, CuCl2.2H20, Cu(NO3)2.2.5H20, Ni(CH3C0O)2.4H20, Co(CH3C0O0)2.4H20,
VOSOs, respectively with a suitable amount of the ligand in ethanol solution, 5 drops of triethylamine (TEA)
was added to the reacting solution after two hours then the refluxing process continued for another one hour.
The formed precipitates were filtered off, washed with ethanol, then with diethyl ether and dehydrated under
vacuum over anhydrous CaClz. The same procedures were used to prepare complexes; (5), (7) and (9-12) using
the following metal salts Cu(SO04).5H20, Ni(CH3C00)2.4H,0, Co(CH3C00)2.4H20, Mn(CH3COO0).2.4H20,
Zn(CH3C00)2.2H20, UO2(CH3CO0)2.2H20 respectively but in 2 metal: 1 ligand molar ratio.

Complex (2): Yield: 77 %; m.p. > 300 °C; color: Dark green; molar conductivity (Bm): 14.1 ohm™ cm? mol?
Elemental Anal. Calcd. for [Cu(H2L)(CH3COO)(H20)] (FW 374.84): C, 41.66; H, 4.57; N, 11.21; Cu, 16.95. Found:
C, 54.40; H, 5.41; N, 10.91; Cu, 16.39. IR (KBr, cm™), 3440 (br), 3230, 1612, 1578, 1530, 1555/1337 (A =218 cm’
1), 1163, 556, 533, 489 assigned to v(OH/H20, NH, C=0, C=Nazom, C=Noxime, VCH3COO, O<—N, N-N, Cu<—0, Cu-N).
Cu<«—N).

Complex (3): Yield: 67 %; m.p. 285 °C; color: Dark green; molar conductivity (Bm): 7.3 ohm™cm? mol ! Elemental
Anal. Calcd. for [Cu(H2L)Cl]2 (FW 666.46): C, 39.65; H, 3.63; N, 12.61; Cl, 10.64; Cu, 19.07. Found: C, 39.90; H,
3.74; N, 12.81; Cl, 10.11; Cu, 18.88. IR (KBr, cm™) 3405, 3191, 1612, 1588, 1540, 1170, 592, 544, 520/467
assigned to v(OH, NH, C=0, C=Nazom, C=Noxime, O<—N, N-N, Cu-O, Cu<—0, Cu<«—N).

Complex (4): Yield: 63 %; m.p. >300 °C; color: Dark green; molar conductivity (Bm): 5.9 ohm™ cm? mol*
Elemental Anal. Calcd. for [Cu(H2L)H20]2. (FW 629.56): C, 41.97; H, 4.61; N, 13.35; Cu, 20.19. Found: C, 41.60;
H, 4.25; N, 13.19; Cu, 20.01. IR (KBr, cm™), 3440, 1589, 1541, 1522/ 1216, 1135, 1023, 592/571, 521/468
assigned to v(OH/H20, NH, C=0, C=Nazom, C=Noxime, N=C-O, O<—N, N-N, Cu-O, Cu<—N).

Complex (5): Yield: 58 %; m.p. >300 °C; color: Dark green; molar conductivity (Bm): 25.9 ohm™ cm? mol*
Elemental Anal. Calcd. for [Cu(HsL)2(S04)].H20. (FW 648.10): C, 40.77; H, 4.35; N, 12.97; Cu, 9.80. Found: C,
40.22; H, 4.53; N, 13.01; Cu, 10.01. IR (KBr, cm™), 3396, 3282/3218, 1602, 1560, 1545, 1080, 1023, 524, 469
assigned to v(H20/0H, NH, C=0, C=Nazom, C=Noxime, O-N, N-N, Cu<—0, Cu<—N).

Complex (6): Yield: 57 %; m.p. > 300 °C; color: Beige; molar conductivity (Bm): 4.4 ohm™ cm? mol? Elemental
Anal. Calcd. for [Ni(HzL)2] (FW 527.16): C, 50.13; H, 4.59; N, 15.94; Ni, 11.13. Found: C, 50.00; H, 4.45; N, 15.22;
Ni, 10.71. IR (KBr, cm™), 3450, 3213/3171, 1603, 1578, 1540, 1153, 1023, 574/539, 480 assigned to v(OH, N-H,
C=0, C=Nazom, C=Noxime, O-N, N-N, Ni-O, Ni-N, Ni<—N).

Complex (7): Yield: 66 %; m.p. > 300 °C; color: Light brown; molar conductivity (Bm): 12.6 ohm™ cm? mol?
Elemental Anal. Calcd. for [Ni(H2L)(CHsCOO)] (FW 351.97): C, 44.36; H, 4.30; N, 11.97; Cu, 16.68. Found: C,
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44.97; H, 4.44; N, 11.91; Ni, 16.11. IR (KBr, cm™), 3417(br), 3216, 1603, 1563, 1523, 1545/1363 (A = 182 cm™),
1156, 1029, 578, 540, 489 assigned to v(OH, N-H, C=0, C=Nazom, C=Noxime, CH3COO, O<—N, N-N, Ni<—O, Ni-N,
Ni<—N).

Complex (8): Yield: 63 %; m.p. > 300 °C; color: Brown; molar conductivity (Bm): 10.6 ohm™ cm? mol* Elemental
Anal. Calcd. for [Co(H2L)(CHsCOO).1.5H20] (FW 379.23): C, 41.17; H, 4.78; N, 11.08; Co, 15.54. Found: C, 41.45;
H, 4.67; N, 10.88; Co, 15.11. IR (KBr, cm™), 3435/3359(br), 3234(br), 1605, 1585, 1533, 1555/1353 (A = 200 cm"
1), 1152, 1025, 575, 531, 482 assigned to v(OH/H20, NH, C=0, C=Nazom, C=Noxime,CH3COO, O<-N, N-N, Co<-O,
Co-N, Co<N).

Complex (9): Yield: 60 %; m.p. 280 °C; color: Brown; molar conductivity (Bm): 9.1 ohm™ cm? mol?! Elemental
Anal. Calcd. for [Co(H2L)2] (FW 527.40): C, 50.10; H, 4.59; N, 15.94; Co, 11.17. Found: C, 49.63; H, 4.72; N,
15.51; Co, 10.67. IR (KBr, cm™), 3440, 3216, 1600, 1570, 1522, 1143, 1021, 561, 525, 499 assigned to v(OH, N-
H, C=0, C=Nazom, C=Noxime, 0<—N, N-N, Co<«-0, Co-N, Co<N).

Complex (10): Yield: 55 %; m.p. 289 °C; color: Light Brown; molar conductivity (Bm): 7.2 ohm™ cm? mol?
Elemental Anal. Calcd. for [Mn(HzL)2].3H20 (FW 577.45): C, 45.76; H, 5.24; N, 14.55; Mn, 9.51. Found: C, 45.16;
H, 5.55; N, 11.87; Co, 7.56. IR (KBr, cm™), 3435(br)/3359, 3264/3187, 1605, 1585, 1536, 1153, 1024, 572, 515,
479 assigned to v(OH/H20, NH, C=0, C=Nazom, C=Noxime, O<—N, N-N, Mn<-0, Mn-N, Mn<N).

Complex (11): Yield: 78 %; m.p. >300 °C; color: Yellow; molar conductivity (Em): 6.2 ohm™ cm? mol™* Elemental
Anal. Calcd. for [Zn(H2L)2] (FW 533.85): C, 49.50; H, 4.53; N, 15.74; Zn, 12.25. Found: C, 49.63; H, 4.72; N,
15.33; Zn, 11.78. IR (KBr, cm™), 3423(br), 3234/3169, 1604, 1565, 1531, 1156, 1022, 579, 535, 494 assigned to
v(OH, N-H, C=0, C=Nazom, C=Noxime, O-N, N-N, Zn<-0, Zn-N, Zn<-N). ); *H NMR (270 MHz, DMSO-ds): 6= 13.59
(s, 2H, OHphenol), 11.64 (s, 2H, NH), 7.89-7.72 (m, 2H, CH, aromatic), 7.31-7.21 (m, 2H, CH, aromatic), 6.81-6.73
(m, 4H, CH, aromatic), 2.23 (s, 6H, CHs), 2.05 (s, 6H, CH3) ppm.

Complex (12): Yield: 81 %; m.p. >300 °C; color: Dark Yellow; molar conductivity (Bm): 8.5 ohm™ cm? mol*
Elemental Anal. Calcd. for [UO2(H2L)2].2H20 (FW 774.53): C, 34.12; H, 3.64; N, 10.85; U, 30.73. Found: C, 34.25;
H, 4.54; N, 10.31; U, 29.11. IR (KBr, cm™), 3423, 3255/3139, 1640, 1597, 1517, 1045, 1017, 544/517, 459
assigned to v(OH/H20, NH, C=0, C=Nazom, C=Noxime, O-N, N-N, U<-0, U-N, U<N).

Complex (13): Yield: 77 %; m.p. 257 °C; color: Gray; molar conductivity (Bm): 3.9 ohm™ cm? mol? Elemental
Anal. Calcd. for [VO(HL)]2 (FW 600.34): C, 44.02; H, 3.69; N, 14.00; V, 16.97. Found: C, 43.60; H, 3.96; N, 13.59;
V, 16.89. IR (KBr, cm™), 1598, 1561, 1530, 1130, 1011, 550/509, 470 assigned to v(OH/H20, C=Nazom, C=Noxime,
N=C-O, O<-N, N-N, V-0, V<-N).

Biological activities

Evaluation of the antibacterial and antifungal activates of the synthetic ligand and its metal complexes
were carried out in the Lab. of microbiology, Botany Department, Faculty of Science, EI-Menoufia University
against Escherichia coli (E. coli), Bacillus subtitles (B. subtitles) and Aspergillus niger (A. niger) using Well
Diffusion Method at 10 mg/mL concentration in DMSO [80-81]. DMSO was used as a negative control, whereas
Nystatin and Amoxicillin were used as standard antifungal and antibacterial drugs respectively. The bacteria
and fungi were subcultured in a nutrient agar and Czapek Dox’s mediums respectively. The growth inhibition
zones around the holes were recorded in millimeters. All determination was made in duplicate for each
compound. An average of the two independent readings for each compound was record. The activity index for
the complexes was calculated by following formula (3) [87].

Diameter of inhibation zone by test compound
Activity index = - —— = 100
Diameter of inhibation zone by standard
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