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Synthesis, characterization, and biological activity of metal
complexes of azohydrazone ligand

ABDOU S. EL-TABL*f, FARAG A. ALY{, MOHAMAD M.E. SHAKDOFA}
and ADEL M.E. SHAKDOFAfT

tFaculty of Science, Department of Chemistry, El-Menoufia University,
Shebin El-Kom, Egypt
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A new azohydrazone, 2-hydroxy-N’-2-hydroxy-5-(phenyldiazenyl)benzohydrazide (H;L) and
its copper(Il), nickel(II), cobalt(Il), manganese(Il), zinc(Il), cadmium(Il), mercury(Il),
vanadyl(IT), uranyl(IT), iron(IIT), and ruthenium(III) complexes have been prepared and
characterized by elemental and thermal analyses as well as spectroscopic techniques ('H-NMR,
IR, UV-Vis, ESR), magnetic, and conductivity measurements. Spectral data showed a neutral
bidentate, monobasic bidentate, monobasic tridentate, and dibasic tridentate bonding to metal
ions via the carbonyl oxygen in ketonic or enolic form, azomethine nitrogen, and/or
deprotonated phenolic hydroxyl oxygen. ESR spectra of solid vanadyl(Il) complex (2),
copper(Il) complexes (3-5), and (7) and manganese(Il) complex (10) at room temperature show
isotropic spectra, while copper(Il) complex (6) shows axial symmetry with covalent character.
Biological results show that the ligand is biologically inactive but the complexes exhibit mild
effect on Gram positive bacteria (Bacillus subtilis), some octahedral complexes exhibit moderate
effect on Gram negative bacteria (Escherichia coli), and VO(II), Cd(I1I), UO(II), and Hg(II)
complexes show higher effect on Fungus (Aspergillus niger). When compared to previous
results, metal complexes of this hydrazone have a mild effect on microorganisms due to the
presence of the azo group.

Keywords: Metal complexes; Syntheses; Spectral; Azohydrazone; Magnetism; Biological
activities

1. Introduction

Hydrazones are a special group of compounds in the Schiff base family characterized
by the presence of >C=N-N=C<. The presence of two interlinked nitrogens separate
them from imines, oximes, etc. Compared to simple hydrazone Schiff bases, acyl, aroyl,
and hetero-aroyl Schiff bases have additional donor sites like >C=0, making them
more flexible and versatile. This versatility has made hydrazones good polydentate
chelating agents that can form a variety of complexes with various transition and inner
transition metals. A number of hydrazone derivatives have interesting bioactivity such
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as antibacterial, antifungal [1], anticonvulsant [2], anti-inflammatory [3], antimalarial
[4, 5], analgesic [5], antiplatelets, [6] antituberculosis [7], and anticancer activities [§].
Moreover, the copper(Il) complex of salicylaldehyde benzoylhydrazone was shown to
be a potent inhibitor of DNA synthesis and cell growth [9]. Some hydrazone analogues
have been investigated as potential oral iron chelating drugs for the treatment of genetic
disorders such as thalassemia [10] and have also been suggested as possible metal
chelating agents for treating neurodegenerative disorders such as Alzheimer disease [11].
Hydrazones also act as herbicides, insecticides, nematocides, rodenticides, and plant
growth regulators, and are used as plasticizers and stabilizers for polymers, polymer-
ization initiators, antioxidants, etc. Hydrazone derivatives are used in analytical
chemistry as selective metal extracting agents as well as in the spectroscopic
determination of certain transition metals [12]. In the present work a new azohydrazone
ligand and its copper(Il), nickel(IT), cobalt(Il), manganese(Il), zinc(II), cadmium(II),
mercury(Il), vanadyl(IT), uranyl(II), iron(III), and ruthenium(IIT) complexes have been
prepared and characterized.

2. Experimental

The starting chemicals were of analytical grade from Merck. 2-Hydroxy-N'-2-
hydroxy-5-(phenyldiazenyl)benzohydrazide was prepared by a published method [13].
Elemental analyses were determined by the Analytical Unit of Cairo University, Egypt.
Standard analytical methods were used to determine the metal ion content [14]. All
metal complexes were dried in vacuum over anhydrous CaCl,. IR spectra were
measured using a JASCO FT/IR 6100 spectrophotometer (400-4000cm ™). Electronic
spectra in DMF were recorded on a Perkin-Elmer 550 spectrophotometer. The molar
conductances of 107> M solution of the complexes in DMSO were measured at 25°C
with a Bibby conductometer-type MCI. The resistance was measured in ohms and the
molar conductivities were calculated according to the equation: A =V x K x Mw/g x €,
where A =molar conductivity (ohm™' cm?mol™"), = volume of the complex solution,
K =cell constant 0.92cm ™", Mw =molecular weight of the complex, g = weight of the
complex, and € =resistance measured in ohms. "H-NMR spectra of the ligand and
its zinc(Il) and uranyl(Il) complexes in de-DMSO were recorded using a JEOL
EX-270 MHz FT-NMR spectrometer. Thermal analysis (TG) was carried out in
nitrogen on a Shimadzu DT-30 thermal analyzer from room temperature to 800°C at a
heating rate of 10°C min~'. Magnetic moments were measured using the Gouy method
(Merr=2.84( x5 X 7)) [15]. ESR measurements of solid complexes at room temper-
ature were made using a Varian E-109 spectrophotometer with DPPH as a standard
material. TLC was used to confirm the purity of the compounds.

2.1. Preparation of ligand [H;L]

The azohydrazone ligand was prepared (figure 1) by adding equimolar amounts
of 2-hydroxy benzohydrazide (1.52g, 1.0mmol in 20mL of absolute ethanol) to
2-hydroxy-N’-2-hydroxy-5-(phenyldiazenyl)benzohydrazide) (2.26 g, 1.0 mmol in 20 mL
of absolute ethanol). The mixture was refluxed while stirring for 1 h. The formed solid
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Figure 1. Preparation of ligand H;L.

product was filtered off, washed with cold ethanol several times, followed by
crystallization from ethanol and finally dried under vacuum over anhydrous CaCl,.

2.2. Preparation of metal complexes 2—-16

Metal complexes were prepared by mixing a hot ethanolic solution of the metal acetate,
M(CH;COO),-nH,O — where M = Cu(Il), Ni(Il), Co(II), Mn(II), Zn(II), Cd(II),
Hg(II), or UO,(IT), metal chloride — CuCl, - 2H,»0, FeCls - 6H,0, RuCl; - 2H,0 or metal
sulphate — CuSOy, - 5H,0, VOSOy, - H,0, or Cu(NO3), - 2.5H,0 with a suitable amount
of a hot ethanolic solution of the ligand to form 1:1 or 1:2M/L (metal/ligand)
complexes in the presence of triethylamine (TEA). The reaction mixture was then
refluxed for a time depending on the metal salt used. The precipitates formed were
filtered off, washed with ethanol, then with diethyl ether, and dried under vacuum over
anhydrous CaCl,.

2.3. In-vitro antibacterial and antifungal activities

The biological activities of the hydrazone and its metal complexes were carried out in
the Faculty of Science, Botany Department, Laboratory of Microbiology, El-Menoufia
University, Egypt, by disc diffusion method [16, 17]. The antibacterial activities were
done using the following organisms: Escherichia coli, Bacillus subtilis and Aspergillus
niger for antifungal activity at 10mgmL™" concentrations in solvent DMSO, with
DMSO as a negative control. The bacteria were subcultured in nutrient agar medium
prepared using peptone, beef extract, NaCl, agar agar, and distilled water. The Petri
dishes were incubated for 48 h at 37°C. Standard antibacterial drug (tetracycline) was
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also screened under similar conditions for comparison. The fungus was subcultured in
Dox’s medium, prepared using yeast extract, sucrose, NaNO;, agar agar, KCI,
KH,PO,4, MgSO,-7H,0, distilled water, and a trace of FeCl;-6H,0. Standard
antifungal drug (amphotricene B) was used for comparison. The Petri dishes were
incubated for 48h at 28°C. The zone of inhibition was measured in millimeters. All
determinations were made in duplicate for each compound.

3. Results and discussion

The ligand 2-hydroxy-N’-2-hydroxy-5-(phenyldiazenyl)benzohydrazide (HsL) and its
metal complexes 1-16 are stable at room temperature, non-hygroscopic, insoluble in
common organic solvents such as ethanol, methanol, chloroform, and acetone but
completely soluble in DMF and DMSO. Elemental analyses showed that all complexes
were composed of ligand and metal ions with a molar ratio of 2: 1 except 7, 15, and 16
with molar ratio of 1:1.

3.1. IR spectra

The most important bands of the ligand and its metal complexes are presented in
table 1. The spectrum of the ligand (H;L) showed a strong band at 1662cm ™" assigned
to carbonyl of the hydrazide, and a medium band at 3190cm ™' assigned to v(NH)
[18, 19], indicating that the ligand is present in the ketonic form in the solid state
[20-22]. The spectrum showed two broad bands at 32003550 and 2500-3100 cm ™'
assigned to the stretching vibration of the phenolic hydroxyl groups with intra- and
intermolecular hydrogen bonding [19, 20]. Relatively strong and medium bands at 1618,
1454, and 921 cm ™' may be assigned to azomethine [19, 23], azo [24], and v(N-N) [19],
respectively. Bands at 1277 and 1302cm ™' may be assigned to the v(C—-OH) of the
phenolic moieties [22, 25]. A comparison of the spectra of the complexes shows the
bonding between the ligand and the metal ions. For spectra of 3, 7-10, and 13-15,
disappearance of bands characteristic to v(C=0) and v(NH) indicate that bonding in
enol is formed through the enolic carbonyl oxygen. This mode of bonding is supported
by the appearance of new bands in the 14911521 and 1236-1254 cm ™' ranges, assigned
to v(N=C-0) and u(C-0O), respectively [26]. For 2, 4-6, 11, 12, and 16 the band
characteristic of v(NH) is still present and the band of the carbonyl shifts to lower
frequency by 4-55cm ™', indicating coordination in its ketonic form via the carbonyl.
In all complexes the band characteristic of azomethine shifted to lower frequency
(1541-1605cm™"). In 3, 7-10, and 13-15 there is an additional band at 1560—1624 cm ™"
assigned to v(N=C-C=N) [26]; the band characteristic to v(N-N) shifted to higher
frequency. Increasing the frequency of uv(N-N) is a clear indication of increasing
double bond character and coordination via the azomethine group [23]. New bands in
the 601-690, 530-587, and 461-529 cm ™' ranges for 2-16 may be assigned to v(M—O),
v(M <« 0), and v(M <« N), respectively [26].

3.1.1. Anions. The IR spectrum of the nitrate complex (5) showed bands at vs(1446),
v1(1308), and v,(1023) indicating that they were nitrate coordinated. The difference



A.S. El-Tabl et al.

704

16V 6£S°L89 656 - ISTI06TI  L9¥I - 6851 SS91  9LIE (19)¢epe [S(0*H)(VO)(T*H)3H] 91
c6v  L8S°€89  T96  LVTI 16T1°0TEl  L9¥I 1251 TLST 9091 - - (19)1ZH€ O - [(TH)(F0N)] ST
867  €9S°T8Y 656  ISTI S8TICIET  #9¥I SIST 09S1°S191 - - (19)0st€ O%H¢ - [((T°*H)PD] vl
90S  €LS°T89 096 6¥CI TBTITTEL  L9¥I LIST LLST $T91 - - (19)ppe O%H¢ - [{(T*H)uz] €1
197 €9S°109 696 —  6STIEOET  SS¥l - 6¥S1 9191  +0T¢€ (19)zepe O%HY - ID[E(TeH)Y] 71
6TS  L9SLS9 096 —  0STITOST  LSHI - I¥ST L09T  60T€ (19)81¥¢  HOHD - OYHT - ID[A(T*H)?A] I
10S  L9S°689 656  #STI 06TI ‘6IET  +9¥1 0181 €LST 8681 - - (19)¢te O%H¢  [((T*H)uN] 01
S0S  TLS069 9S6  8¥TI 98TI‘0TEl  SOFI €IST 89ST ‘€091 - - (19)L6€€ O%HY - [((T°H)0D] 6
LOS 695689 €56  SHTI  L6TISIET  LOpI 0161 9LST 0091 - - (19)p6e€ O%HE¢ - [((T*H)N] 8
LOS  8LS°T8Y  0S6  THTI 06TIOIET  0SPI 1671 Y091 (19)¢zHe [(O*H)(TH)ND] L
Wy 6SS LS6 —  ELTICLOST  LbbI - S6S1 LT91  061€ (19)gepe OHt - [(FOS)X(TtH)ND] 9
LLY  €FS 876 - I8TI80ET 9t - 6651 1291 S0I€ (19)¢epe [FEONDH(TEFH)IND] S
6CS €9 796 - OLTILOST  SSI - 0681 L19T IST€°80TE  (1Q)LTHe A1t H)ND] 4
86F  €SS°GT9  9S6  9€TI  PLTI00ET  Libl 6161 S6ST 1291 - - (19)0st€ HOH®D - [((O*H)*(T*H)nD] €
01S  0¢S €96 - S9TI06T1 St - S091 9691 9LI¢ (19)zepe (*0S) - [(O*H)Y(T*H)OA] 4
001€-00SCT
- - 126 —  LLTITOST  #SPI - 8191 7991 061€ 0SS€-00T€ (T*H)FOPN'HYD I
N-W O W NN OO HOD N=N O0D=N DO=N-N=I/N=D 0=D HN O°H/HO soxa[dwoo/puesry ‘ou punodwoy)

1102 AJtenuer €2 8€:L0

"soxo[dwon [ejowr pue YH 10 syuowuFisse ([ _wo) [enoads Y[ oYL | 9[qEL

1Y papeo juwod



07:38 23 January 2011

Downl oaded At:

Metal azohydrazone complexes 705

between the two high bands (vs—v;) is 138 cm ™", indicating a unidentate nitrate [27, 28].
For sulfate complexes (2 and (6) there are new bands at 1146, 1008 and 655, and 1239,
1121, 1025, and 918 cm™! for the two complexes, respectively. The bands of 2 confirm
ionic sulfate [27, 29], further confirmed by conductance; bands of 6 indicate that sulfate
is chelating bidentate [27, 30]. The v,(CO?*7) and v(CO*") of free acetate are ca 1560
and 1416cm™', respectively. In unidentate acetate complexes, v(C=0) is higher than
v(CO*7) and v(C-0) is lower than v,(CO?>"). As a result the separation between the
two v(CO) is much larger in unidentate than in free ion but bidentate has less separation
than in the free ion, while for bridging bidentate the two v(CO) are close to the free ion
[27]. In 16 there are two new bands at 1547 and 1358 cm ™" attributed to symmetric and
asymmetric stretching of acetate. The difference of 189 cm ™' indicates that the acetate is
unidentate [26, 31]. Infrared spectra of the vanadyl and uranyl complexes (2 and 15)
reveal medium bands at 914 and 913 cm ™! attributed to v(V=0) [32] and v(O=U=0)
[26], respectively.

3.2. '"H-NMR spectra

The '"H-NMR spectral data of the ligand and its uranyl(II) and uranyl complexes
confirm the suggested binding of the ligand with the metal ions. H;LL shows no signal of
the amino group (—NH,) characteristic to the starting material (hydrazide). The
spectrum shows singlets at 12.13 (s, 1H), 11.78 (s, 1H), and 11.76 (s, 1H) ppm which
may be assigned to the hydroxyl proton (OH) and (NH) protons, respectively [18-21]; a
singlet at 8.81 (s, 1H) ppm assigned to azomethine proton (H-C=N) [19, 21]; and
multiplets in the 6.98-8.26 (m, 12H) ppm range attributed to aromatic protons [33]. The
ligand exhibits the keto form only with no evidence for the enol form [20]. '"H NMR
spectra of the zinc complex (13) and uranyl complex (15) show no signal characteristic
to NH; singlets at 13.58 (s, 2H) and 13.58 (s, 1H) for the two complexes, respectively,
may be assigned to the hydroxyl (OH) protons [18-21], singlets at 8.73 and 9.53 (s, 1H)
ppm assigned to azomethine proton (H-C=N) [19, 21]; and multiplets in the 7.06-8.41
(m, 12H) ppm range attributed to aromatic protons [33]. Comparison of spectra of 13
and 15 with the free ligand indicate enolic form in 13, but the absence of signal of (NH)
and one (OH) indicates a dibasic ligand via the enolic carbonyl and deprotonated
hydroxyl in 15.

The infrared spectra, "H-NMR, and elemental analyses reveal that ligand bonded in
four modes, neutral bidentate coordinated via oxygen of carbonyl in the ketonic form
and nitrogen of the azomethine (2 and 4-6), monobasic bidentate via carbonyl oxygen
in the enolic form and nitrogen of the azomethine (3, 8-10, 13 and 14), monobasic
tridentate via carbonyl in the ketonic form, nitrogen of azomethine and deprotonated
hydroxyl oxygen of azo moiety (11, 12 and 16), and dibasic tridentate via the carbonyl
in enolic form, deprotonated hydroxyl, and azomethine nitrogen (7 and 15).

3.3. Mass spectrum of the ligand

The mass spectrum of H;L revealed molecular ion peak at m/z 361, consistent with the
formula weight (360.37), confirming the identity. The ligand splits to several fragments
which possess ion peaks at m/z=240, 224, 163, 148, 135, 121, 105, 93, and 77,
Corresponding to C14H|2N202, C14H12N20, C8H7N202, CgHgNzO, C7H7N20_,
C;H;NO, C;Hs0™, C¢H;N, and C7Hj5, respectively.
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Table 2. The electronic absorption spectra (extinction coefficients) and magnetic moments for H;L and its
complexes.

Compound no. Bands in DMSO (€ mol 'em™") Herr (BM)
1 240(448), 270(479), 326(4280), 346(5658), 400(7961), 465(1932) -
2 245(1294), 265(984), 325(3589), 360(4933), 400(4041), 470(5402), 1.66
490(2616), 520(723), 680(53)
3 240(1955), 255(2777), 270(1187), 340(1296), 380(1590), 405(6726), 640(268) 1.71
4 245(1412), 265(1213), 340(2082), 380(1710), 400(1581), 485(160), 655(221) 1.68
5 235(1650), 270(1722), 335(302), 360(339), 405(379), 460(411), 675(113) 1.66
6 240(374), 270(354), 340(982), 365(2045), 400(2677), 480(330), 640(343) 1.70
7 240(1445), 266(880), 326(716), 344(735), 398(1445), 475(961), 668(344), 764(92) 1.81
8 240(396), 265(5545), 350(2647), 380(2537), 415(3776), 465(2097), 520(861), 2.89
650(75), 960(28)
9 235(1925), 270(2605), 330(1207), 365(1006), 410(1622), 455(1026), 500(1376), 4.11
650(311), 980(22)
10 240(1173), 280(5952), 355(970), 385(880), 410(1331), 465(971), 500(751), 4.82
560(75), 610(29)
11 255(1351), 285(2947), 330(2721), 390(3202), 430(1754), 455(854), 580(4578), 5.12
667(2661)
12 255(494), 270(1100), 320(1725), 380(1376), 435(553), 465(431), 575(3919), 1.68
650(2548)
13 235(1626), 285(2568), 335(1539), 370(1585), 420(2568), 460(1619) Diamagnetic
14 250(2087), 285(2789), 340(1587), 385(1395), 425(1991), 470(1508) Diamagnetic
15 245(1348), 285(2000), 330(654), 3875(903), 415(699), 475(886), 530(1155) Diamagnetic
16 245(1291), 270(1357), 330(597), 370(460), 405(293), 485(134) Diamagnetic

€ is molar extinction coefficient (mol~' cm™").

3.4. Molar conductivity

The molar conductivity of 1 x 107> M solution of 3-10 and 13-16 in DMSO at room
temperature are in the 9.1:28 Q2 'cm?mol™' range, indicating nonelectrolytes.
Complexes 2, 11, and 12 have values 90, 74.5, and 81.5 Q 'em?mol ™!, respectively,
indicating the electrolytic nature of these complexes [26, 34].

3.5. Magnetic moments

The magnetic moments of 2-12 at room temperature (table 2) show that all these
complexes are paramagnetic. The vanadyl complex (2) shows 1.66 BM corresponding to
one unpaired electron [26]. Copper(Il) complexes (3-7) show values from 1.66 to
1.81 BM, consistent with one unpaired electron in octahedral or square planar structure
[20]. Complex 8 shows 2.89 BM consistent with two unpaired electrons, indicating
octahedral nickel(IT) [20]. Cobalt(Il) complex 9 shows 4.11 BM, indicating high-spin
cobalt(I) [35]. The magnetic moment values of manganese(II) and iron(III) complexes
(10 and 11) are 4.82 and 5.12BM, respectively, compatible with high-spin
manganese(Il) and iron(III) complexes [35]. The magnetic moment of ruthenium(III)
complex 12 is 1.68 BM characteristic to d° low-spin ruthenium(III) [35].

3.6. Electronic spectra

Electronic absorption bands of the ligand and its metal complexes in DMSO from 200
to 1100 nm are reported in table 2. The ligand has three sets of bands in the UV and
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visible regions [36]. The first at 240 and 270 nm may be assigned to 7 — 7* transitions in
the aromatic and intra ligand 7 — 7* transition [20, 35]. The second set at 326 and
355 nm may be assigned to n — 7* of the azomethine and carbonyl group [20]. The third
set at 400 nm corresponds to 7 — 7* transition involving the 7 electron of the azo group
[36, 37]. A band located in the visible region at 465nm can be assigned to 7 — 7*
transition involving the whole electronic system with considerable charge transfer
character arising mainly from the phenolic moiety [36, 37]. The electronic spectrum of 2
in DMSO solution showed bands at 685, 520, and 490 nm which may be assigned to
’By(d,,) = E(d...d.,), *Bx(d,,) = *Bi(d,>_,2), and *Bs(d,,) — >4,(d.), indicating that
vanadyl(Il) has a distorted octahedral structure (figure 2) [38—40]. Spectra of copper(II)
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OH  HN__ / O/C N X
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Figure 2. Structural representation of the metal complexes.
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complexes (3-7) showed that 3—-6 were nearly identical with a broad band centered at
640-675nm. The position and the broadness of this band indicated that copper(Il) has
tetragonally distorted octahedral geometry (figure 2). This broad band consists of three
superimposed transitions *By, — *E,, >Bj, — A4, and *B), — >B,, [38, 41]. However,
the electronic spectrum of 7 shows a broad band at 668 with a shoulder at 764 nm,
similar to square planar copper(Il) complexes (figure 2) [38, 42]. The nickel(II) complex
(8) exhibits three bands at (v;) 960, (v,) 650, and (u3) 520 nm assigned to > Ay, — Ty,
Ay — Ty, and *Aa, — T)4(p), characteristic to octahedral nickel(IT) (figure 2) [38,
42, 43]. The vy/u; ratio is 1.48, less than the usual range 1.5-1.75, indicating distorted
nickel(IT) [37, 43, 44]. Cobalt(I) complex (9) showed three bands at 980, 650, and
500nm assigned to 4T1g(F) — 4ng(F) (vy), 4T1g—> 4A2g(v2), and 4T1g(F) — 4T1g(p)

o N
(l?l/ \l \F oH T/O\X N\NH OH
M
OH N\N/T\O/C OH HN\N/N\<O/(|:
| 1,0 I 0
e
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M o e e @ WL CLat 0 mCy 0
M= Mn(ll), X= H,0, n=3 (10) "= Ye, n=2,m=
M= Zn(I), X= H,0, n=3 13) M=Ru, n=4, m=10 12)
M= Cd(Il), X= H,0, n=3 (14)
H\ /N=C\ H HN—C
C===Pi\\ 0 \x:=== / QS
R / R /
0/=U=O H,0—>Hg<e— H,0
O \ O/ OAc
H,0
[UO,(HL)(H,0)] [Hg(H,L)(OAc)(H,0),]
(15) (16)

Figure 2. Continued.
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(v3), respectively, suggesting octahedral geometry around cobalt(II) (figure 2) [38, 45,
46]. The ratio of v,/u;=1.51, lower than for an octahedral cobalt(Il) (1.95-2.48),
indicates distorted octahedral structure [45]. The manganese(Il) complex (10) displays
weak absorptions at 610, 560, 500, and 465nm assigned to 6A1g—>4T1g *G) (vy),
°41,—*E; (*G) (v2), °41,— *E, (*D) (v3), and °4,,— *T1, (*p) (v4), respectively,
characteristic to manganese(II) in octahedral geometry (figure 2) [47]. The iron(III)
complex (11) shows bands at 667 and 580nm assigned to 6A1g—> 4ng(G) and
°4,(G)— *Ty(G) transitions, characteristic of octahedral iron(III) (figure 2) [48].
Ruthenium(I1T) complex 12 displays bands at 650 and 575 nm assigned to *T5, — *T},
2T2g—> ‘T he transitions, characteristic of octahedral ruthenium(III) (figure 2) [49]. The
uranyl complex (15) exhibits one band at 530 nm assigned to ligand to uranium charge
transfer [50]. The zinc(Il), cadmium(Il), and mercury(Il) complexes (13-16) show
intraligand transitions (table 2).

3.7. Electron spin resonance

The electron spin resonance (ESR) spectrum of 2 (d', 3'V, I=7/2) is not resolved at
room temperature, showing an isotropic signal at 2.11 [51, 52]. ESR spectra of 3-5
and 7 at room temperature exhibit signals at high field, which are isotropic due to
tumbling with g;,, values of 2.06, 2.11, 2.07, and 2.07, respectively [32, 53]. The ESR
spectrum of polycrystalline 6 at room temperature is characteristic for d’ configuration
having an axial symmetry with d(,>_,») ground state [54, 55]. The g values g =2.29,
g1 =2.07 with g;,,=2.16 suggest elongated tetragonal octahedral structure [56].
The g;>g.1>gep.0023) confirm tetragonal distortion around copper(Il) [57-59]. The
g1/A value is diagnostic of the stereochemistry [58] with range 105-135 cm™! for square
planar and 150-250 cm ™" for tetragonally distorted complexes. The g;/4, for 6 is 178.5,
indicating a tetragonal distorted octahedral complex [58—60]. Exchange coupling
interaction between the copper(Il) ions with G =4.29 confirmed tetragonal octahedral
structure [61, 62]. The in plane o-covalencey parameter o’ was calculated [61-65].

o = —4;/0.036 + (g — 2.0023) + (g1 — 2.0023) + 0.04

If =1, the bond would be completely ionic and if &®=0.5, the bond would be
completely covalent; the o” value reported here is 0.72 suggesting considerable covalent
bonding character. ESR spectra of 8 and 9 at room temperature do not show ESR
spectral signals because the rapid spin lattice relaxation of the nickel(II) and cobalt(IT)
broadens the lines at higher temperature [35]. The ESR spectrum of solid 10 at room
temperature gives an isotropic signal centered at 2.06, broadened due to spin
relaxation [35].

3.8. Thermal analyses (DTA and TG)

The thermogravimetric analysis TG was measured in the temperature range 20-800°C
under nitrogen and the results are shown in “Supplementary material”’. The complexes
are generally decomposed in several steps. The first step is the elimination of the water
of hydration or solvent as in 3 which lost ethanol at 21-47°C, 9 lost water at 25-105°C
and iron(IIT) complex lost ethanol and water at 25-61°C. The second step is the
elimination of water of coordination, as in 2, 3, 7, and 9 in the temperature range of
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Table 3. Biological activities of the ligand and its metal complexes against bacteria

and fungi.
Inhibition zone in mm
Compounds A. niger E. coli B. subtilis
DMSO 0 0 0
Amphotricene B 16 - -
Tetracyclene - 35 40
1 0 0 0
2 13 0 14
3 0 10 12
4 0 0 14
5 0 0 16
6 0 0 12
7 0 0 11
8 0 20 18
9 0 17 17
10 0 11 12
11 0 0 0
12 0 0 16
13 0 10 15
14 16 20 18
15 17 10 16
16 34 17 21

110-370°C. The third step is the loss of anions (sulfate, nitrate, and chloride) (H,SOy,,
HCI, and HNO3) from 200°C to 380°C in 2, 4, 5, and 11. The fourth step is complete
decomposition of the complexes through degradation of the ligand at 300-570°C
leaving the metal oxide. Analysis of 3 indicates the following decomposition patterns:

[Cu(H,L),(H,0),] - C;HsOH e [Cu(H,L),(H,0),]

[Cu(H, L), (H20),] — 25 [Cu(H,L),)

390—430°C
[Cu(H,L),] —— CuO

3.9. Antibacterial and antifungal screening

The microbial results of the hydrazone and its metal complexes are provided in table 3.
The metal complexes exhibit inhibitory effects toward the activity of Gram-positive
bacterium (B. subtilis) while 3, 8-10, and 13-16 exhibit inhibitory effects toward
Gram-negative bacterium and 2 and 14-16 toward the fungus (A. niger); the ligand is
biologically inactive under the experimental conditions. Plots of the bioactivity are
provided in ‘“‘Supplementary material”. The most interesting point of biological
measurement is that the azohydrazone is biologically inactive while other types of
hydrazones such as phenylamino acetoacetylacetone hydrazone [66], 2-acetylpyridine
[N-(3-hydroxy-2-naphthoyl)] hydrazone [67], p-amino acetophenone isonicotinoyl
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hydrazone [68], and Schiff bases [69-72] are biologically strongly active. Also, their
metal complexes show enhanced biological activity over azohydrazone complexes.
The lower activity of azohydrazone and its complexes against both bacteria and fungi
may be attributed to the presence of the azo group.

4. Conclusion

Metal complexes of 2-hydroxy-N’-2-hydroxy-5-(phenyldiazenyl)benzohydrazide (H;L)
have been prepared and characterized by elemental and thermal analyses as well as
spectroscopic techniques. The complexes are form in the molar ratio of 2L : 1M except
7, 15, and 16. The ligand is neutral bidentate, monobasic bidentate, monobasic
tridentate, or dibasic tridentate, bonded via the oxygen of carbonyl, nitrogen of the
azomethine, or deprotonated hydroxyl oxygen of azo moiety. Electronic spectra reveal
distorted octahedral except 7 with square planar geometry. The ESR spectrum of 6
confirms tetragonally distorted octahedral geometry with covalent bond character. The
biological results show the ligand to be biologically inactive but the complexes exhibit
mild effect on B. subtilis and some octahedral complexes exhibit a moderate effect on E.
coli. Complexes of VO(II), Cd(II), UO(I), and Hg(II) show higher effect on A. niger.
Comparing to previous results, the metal complexes of this type of hydrazone have mild
effect on microorganisms studied due to the presence of the azo group.
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