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Abstract

In the present paper we report the synthesis of a new ligand
[H4L] [(2-§1 -[(2-hydroxy- benzyliden e)-hydrﬂzann]-ethy-[ } benzene-
|,3,5-triol and its complexes with (Mn''", Fetth) Cd"" and Hg””-)

The ligand was prepared in two steps . In the first step a solution of
salicylaldehyed in  methanol  reacted under reflux  with
hydrazinemonohvdrate to give an iniermediate compound which

reacted in the second step with 2,4.6-trihydroxidemonohydraie giving
the mentioned ligand . The complexes were synthesis by direct

reaction of the corresponding metal chloride with ligand . The ligand
and the complexes have been characterized by spectroscopic methods
['H NMR, IR, U.V-Vis, , atomic abserption], HPLC microanalysis
along with conductivity measurements. From the above data the
proposed molecular structures for complexes [Mn(HL) | . [Fe(HaL)],
Cd(H;L)] , and [Hg(HoL)) .Were found to be an tetrahedral structure
about metal ions.

Introduction

Schiff bases and their coordination compounds played a
greal importance in medicine | industry and biochemistry(1) .Schiff
bases are characterized by the -N=CH- (imine) group which is very
important in elucidating the tnechanism of transmination
rasemination reaction in biological (2,3) .During the past two decades
. considerable attention has been paid 1o the chemistry of metal
complexes of Schiff bases containing nitrogen and other donor atoms
(4) .This may be attributed o thejr stability, biological activity (3) and
potential application in many fields such as oxidation catalysis (6),
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and elecirochemistry (7). In 2003 Hankare and co- workers(§)
prepared a Schiff base ligand kind (N 202) 2-[2-hydroxysalicylidene-
5 - 2" -thiazolyazo)|phenol, and its transition metal complexes with
cu™ NJ'IH,C:DU'],Zh‘ ! .and Mn'™"

This papeér reports. the synthesis and characterization of a new
ligand  [(2-{1-[(2-hydroxy- b&nzyliden&i)—hy-draz no]-ethy!} benzene-
1.3,5-triol and its complexes with Mn™ Fe®™ g™ ;nd Hg' . To
prepare the ligand , the solution of salicylaldehyed in méthanol was
mixed with hydrazinemonoehydrate (1:1 ) then the resultant of the
reaction  (intermediate) compound was added 1o 2.4,6-
trihydroxidemonohydrate to give the mentioned ligand

Experimental

Reagents were purchased from Fluka and Rediel- Dehenge
Chemical Co. IR specira were recorded as (KBr) disce using a
Shimadzu 8400 s FTIR spectrophotometer in the range (4000<450)
em™, Electronic spectra of the prepared compounds were measured in
the region (200-1100) nm far1 0°M solution in (MeOH) at 25 °C using
a Shimadzu, 160 spectrophotometer with F000+0.001 cm’! matched
quartz cell, The chloride content for complexes were determined by
using potentiometric titration method; on (686 titro processor- 665
dosimat-Metrohm Swiss), Elemental microanalyses were preformed
on a (C H.N) analyzer, model 1106 (Carlo-Erba), while metal contents
of the complexes were determined by atomic absorption (A.A)
technique using a Shimadzu A.A 680G atomic absorption
spectrophotometer.
Electrical conductivity measurements of the complexes were
recorded at 25 °C for 107 M solutions of the samples in (MeOH),
using a (Wissenschaftlich ~Technique Workstation. D1820 Weilheim
LF 42). Nuclear magnetic resonance spectra 'H NMR . for the ligand
(Hsl) was recorded in  DMSO-d® using a Burcker 400 MHz
mstirument with a tetrrnethyl silane (TMS) as internal standard The
sample was recorded at Queen Mary JUniversity of London JEngland .
The HPLC chromatograms of the complexes were obtained by using
HPLC wype Shimadzu LC-6H (Koyoto-Japan) In this technique, the
complexes were injected into a column of the type (ODS-Cig) using
(?0:30} methanol: water, isocratic system with flow rate (lm! /min)
and wave length (254 nm) at 25 °C.
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Preparation
Synthesis of the ligand [H,L)|
The ligand was prepared by two steps
Step (1)

Preparation of the intermediate 2- Hydrazonomethyl phenol, by
treating salicyladehyde with hydrazinemonchydrate as follows:
A solution of salicyladehyde (4 g, 32.754 mmole) (3.5 ml) in
methanol (10ml) was added to hydrazine monchydrate (1.64 g, 32.754
mole) (2 ml) disselvied in methanol (Sml), then (2-4) drops of
CH3;COOH were added slowly to the reaction mixture. The mixture
stirred for (3 hours). and allowed to dry at room temperature.A
Yellow solid was obtained by evaporation of methanol during (24
hours). Yield (69%), (3.09) g, m.p (72 C).
Step (2)

Preparation  of the ligand [Hil] [(2-{1-[(2¥hydrnxy-

benzylidene)-hydiazono}-ethyl} benzene-1. 3, S-triol |.

A solution of 2- Hydrazonomethy| phenol (intermediate) (1 g, 7.344
mmole) in  methanol  (Sml)  was  added to 2,4.6-
trinydroxyacetophenone (1.37 g, 7.344 mmole). The reaction mixture
was refluxed for (4 hours) with stirring, filtered and the filtrate was
allowed to dry at room temperature. A deep violet solid was obtained
after evaporation of methanol during (48 hours). Yield (80%), (0.25)g
, m.p (340 C dec).

Synthesis of (HyL) complexes with metal ions
Synthesis of [Mn (H,L)] (1) complex

A solution of (Hyl) (0.2g, 0.698mmeole) in methanol (5ml) was
added to a stired solution of Mn' chloride dihydrate (0.13g,
0.802mmole) in methanol (Sml). The resulted mixture was heated
under reflux for (3 hrs),the precipitate was filtered off and washed
with an excess of methanol and dried at room temperature during (24
hours). A brown solid was obtained, Yield (79%), (0.19g), 340°¢ dec.

Synthesis of [Fe (H;L)] (2), [Cd (H:;L)] (3), [Hg (H;L)] (4)
complexes

The method used to prepare these complexes was similar to that
mentioned in the preparation of [Mn(H:L)] complex .Table (1) siates
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the weights of starting materials, vields, reactions conditions and some
physical properties of the prepared complexes,

Result and Discussion

The new ligand (H4L) was prepared in two steps according to the
general method for preparation of Schiff base ligand Shown in scheme

(1):

0
H "“'--...C""".r-"":'
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3

{OH
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OH j "r'
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methanol
5 o H

2-4 [-H..'-!-IIydmx}--h_r:na}rlidene‘r-lrydramna]-erhyl I -herdzens- COH
1.5, 5-trinl

Scheme (1)} The synthesis route of the ligand ( HyL)

The (LR) spectrum of the ligand (H,L) (Fig (2) and table (2)
displays two bands at (1679) cm™ and (1608) em™, due to v (CH;-
C=N) and v (H-C=N) stretching vibrations respectively (9). The band
at (3745) cm™ is due to the v (O-H) stretching vibration (10), the band
at (1120) em™' is due to the v (C-O) vibration (11). The band at (950)
cm” was assigned to the v (N-N) (12).The band at (3500) em™ was
assigned to v hydrogen bonding (HO-H) (13).

(U.V-Vis] spectrum of the ligand (Hal), (Fig (3) and table (3))
exhibits a high intense absorption peak at (280) nm and an intense
peak at (320) nm ', which assigned to
(r — 7 ) and (n —n’) Transition respectively.

The' HNMR spectrum of the ligand (HsL), in DMSO-d®
Fig (4) shows that the proton of (Q-H) group which belongs to
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(ph-OH) of the ligand appearing as a singlet signal af (8.544) ppm.
The proton of (C-H) imine gToup -appears as 4 gsinglet signal .of
(8-2198) ppm. The multiple signals at (7:3416).(7 2051).(7.0348)and
(6.7042) ppm are due to aromatic hydrogen of carbon (C5), (Cy3).
(Ciz.14) and (C3,C5.)TESPEEﬁE’-El§’€14},t&blﬂ_(4}
The reaction of [HiL] with [MCly.H;0] [where M= (Mn" |, Fe' cd"
and I-I'g")] which was carried out in methanol under retlux resulted 1n
the synthesis of the complexes.

Theses complexes are stable in solution and were non ¢lectrolytes
(table- 3). The obtaimed analvtical and physical data (table 5)
maddition to spectral data (table 2, 3) are compatible with the |
Suggested structures. The (LR) spectra of the complexes are presented
inn {table 2). In general the (LR) data of the complexes show a broad
band at (3493).(3491),(3494) and (3492) em™ are due to 1 hydrogen
bonding (HO+-H) for compounds (11(2).(3).(8) respectively(13).

The strong band in free ligand [Hal] at ( 1679) cm™ for the imine
group (CH3-C=N) was shified to lower frequency and appeared at
(1625),(1626),(1624) and (1624) ¢m™ for the compounds (1).(2).(3)
and (4) respectively(16).In the same way the shifting of ( H-C=N)
grollp was appeared at lower frequency (1566) , (1567) (1576) , and
(1574) cim™ mdicating areduce in bond order. These bands were
assigned to the v (€=N) stretching of reduced bond order. This can be
attributed to delocalization of metal electrons density at (132) in the n
system of the ligand (HOMO — LUMO) (17).

Where: HOMO = highest occuplied molecular orbital.
LUMO = lowest unoceupied molecular orbital

The w(N-N) band at (950) cm™' in the ligand (Hsl.) spectrum was
shifted to higher frequency, range (1006-1011) cm™" in the complexes
(1).(2),(3) and (4) which

The bands at (430),(478),(468) and (443) em™" were assigned 1o
u(M-0) for Eﬂnlp:ﬂund_ﬂ?{l),{:},(:ﬂ and (4), respectively indicating that
to the phenolic oxygen of the figand is involved in coordination with
metal ions (18).

The bands at (542),(558).(549) and (513) cm’’ were assigned to
v{M-N) for compounds (1),(2),(3) and (4) respectively, indicating that
the imine nitrogen is in addition to the oxygen involved in
coordination with metal ions (19). Figs (2a), (2b), (2¢) and (2d)
represented, The (LR) spectral of [Mn (HL]. [Fe (HzL)], [Cd (HiL)]
and [Hg (HoL)].
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The (U.V-Vis) spectra for the complexes (1), (2). (3) and (4) are
shown in fig (3a, 3b, 3¢) and (2d). The absorption data for complexes
are given in (tabie 3).

In general, the spectra show fwo intense peaks in the (U.V) region
al (255,287),(215,254),(257.327y and (223,276)nm for complexes
(1).(2).(3) and (4) respectively . These peaks were assigned to ligand
filed . Besides that the complexes showed other weak peaks as follows

Complex (1) exhibited two weak beaks ai (356) nm and (580) nm
They can be attributed to ( C.T) and (d-d)transition type (EA.I )
respectively . The observed weaks peaks in the spectrum of complex
(2) are at (324) nm and (620) nm were assigned to (C.T) and (d-d)
trangition (A 3—h4T1p} respectwely . The spectra of complexes (3). (4)
exhibited a one weak peak each at (384). (387) nm respectively. They
were attributed to (C.T) transition, The absence of (d-d) transition in
the complexes (3), (4) is due to d * structure for the metal ions . These
U V-Vis data suggest a tetrahedral configuration around the metal ion
for the four studied complexes F ig (6)(20).

The (HPLC) data of the complexes (2), (3) and (4) are
presented 1n (table 3) and their chramu togrom which are shown in
figs(5a) ,(5b) ,and (5¢) respectively | exhibited one band a ( Ri=4.06
min) , (Rt=3.34 min ) and (1x=4.04 min ) respectively .indicating that
the complexes are pure . and appear as a si ngle species in solution .

The molar conductance values were found in the range (16.8-17.7)
( S.em® mole™
(Table 3) ,which indicate that the complexes are non _electrolytes (21},
These were determined in (methanol) solution (10 M)
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Table (1) some of physical properties of the complexes and theijr
reactants quantities,

Weight of Weight of

compound CM.p Color metal product  Yield %
g mmole g |

[Fe (HoL)] | 340dec | Dark violer | 0.08 | 0,498 0.17 73

[Cd(H,L)] | 340dec | Darkgreen | 0.15 | 0.68a 0.19 67

[He (H,L)] | 340 dec Brown | 0.14 | 0.454 0.28 82

dec = decomposition | M.p = meting point, g = gram

Table: (2) Infrared Spectral data (wave number 0) em™ for the
ligand (H4L) and its complexes

v (CHs- u{OH-
| C=N) H) WC-
Compound u(0)- U B - i
5 v (Hy H) hydrog C H) o HE U e
o =C N '
C=N) en [ ) ATCm } L ) Al
A0,
bondin
g
H.L 1679 s7as | 3300 " |
s 3743 1550 | 3062 | 9s0 | 1139 N
. 1625 |

IMAITL L) o 3747 | 3403 1566 | 3050 | 1010 | 1151 | 43 542
(Fe(I1,L)] 1626 149 ,

o 3746 | 3491 1567 | 3069 | 1007 | 1153 | 49g $3R

_ 1624 3494 '

[Cd(H,)] S 3746 13761 3051 | 1006 | 1140 | a4g3 540
[He(H,L)] 1624 ) 5

i 3757 | 349 (574 | 3082 | 1011 | 1153 | 443 513

l l
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'_Tahleﬁ Electronic spectral data,

VOL.21 (3} 2008

HPLC and cur;ducta-nce measurement for
the ligand (HyL) and its metal complexes in methanol

Fimas
Compound Anm (Lol Assignmenty (HPLC) &M ratio
v -
 —_— Min. (S.cm”,
i, N Maole™)
280 946 K—a
1LL ) e e neutral
24 411 n—m
255 508 Ligand field
287 323 Ligand field
[Mn{HaL)] 4.06 17.776 neutral
336 291 {1
3HO a6 "A—T,
215 47! Ligand ficld
Fe(H,L 254 263 Ligand field
[F(HL)] g,an‘ 3.34 16.320 neultral
324 |10 cT
620 [9 E— Ty
257 162 l.igand field
[Cd(I L)) 327 44 Ligand field 4.04 14 D40 neutral
384 21 C.T
223 419 Ligand fielgd
[He(H;L)] F |
276 141 Ligand field 1 6. 864 neittral
387 24 C.T
'El'l'll‘l
Compound A nm (L.mpl Assiznments {HPLC) At ratio
e Min. (S.cm’.
em™) Moale™)
280 046 T—m
HiL ; m—mmn R neutral
320 411 n=— 7
255 S08 | Lisand field
287 323 Ligand lield
IMn(H:L)] . 4.06 17 776 neutral
356 29| C.T
53{} "-l[? i'.i""u—'dTJ
215 471 Ligand field
(FetH:L)] 234 263 Ligand field
3.34 16.32(0) neutral
324 110 T
620 19 E—"T,
237 [62 Ligand field
[Cd(H;L)] 327 40 Ligand fieid 1.04 19540 neutral
384 21 T
223 419 Ligand field
[He(H;1.1] N
276 141 Lipand field 16,864 neutral
387 29 CT
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Table (4) 'H NMR data for the ligand

VOL.21 (3) 2008

(H4L) measured in (DMSO-d% and
chemical shift in (8 ppm)

Compound Functional Group 0 ppm
—-0OH 8.5440 (s)

Co—H 8.2198

Cis—H 7.3416

Ci—H 7.2051

=l Ci-H.,Cy—H 7.0348

Cs-H, C5-H 6.7042

DMSO 2.5018

Ce—H; 1.7005

5= singlet

Table (5) Element analysis resulis

(H;L) and its metal complexes

and some physical properties of the ligand

F(Iﬁmpﬂund 1% B Clpur Yield% “CM.p found (Cale.y2%
5 "C Il N Cl] Metal
ILLT 28628 | Decp- 80 30 dec | (6293) | @93 [ @79 | _
vitylet 6081 377 8.33
! 339 20 Briwn 74 340 dec (53.11) (3.37) (&.26) il (1620}
[Minn(I,LY)]
A7 2.26 6,37 1713
[Fe(Hs '].] 340,17 [oep- 13 340 dec (51.52) {3--14."1_} {(&.01} Ml {(18.70))
Y violet 49 23 31 6.52 17.03
. | 39688 | dark- 67 HMldec | (4542) 1 3.05) | (7.06) | Wil (28.34)
[Ca(IL;LY |
green 46.09 208 7.1 25.11
| 4%4.86 | Brown 87 30dec | (37.16) | 2.49) | (3.9%) | Nii (41.37)
Ha(H,L")] -
36,80 .16 4 44 10 84

dec, = decomposition, Calc, = caiculated, () = theoretical
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Fig .(2d) Infrared spectrum of the complex [Hg (H,L)]
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Fig. (3¢) Electronic spectrum of the [Cd (H;L)]
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Fig. (S5a) The (H.P.L.C) of the complex [Mn(H;L)]
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Fig .(;5) the proposed molecular structure of IM (H;L)]
M= Mn, Fe, Cd, Zn and Hg
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