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ABSTRACT

The reaction of 2,6- diformyl- 4- methyl phenolhajitystamine] (2- mercapto ethyl ammonium chlorigef1: 2)
mole ratio gave 2,6- di- [2- mercapto- ethyl- imjnanethyl] 4- methyl phenol pentadent ligand wit®$ donor
atoms is formed [ELY]. Also neutral complexes of this ligand with Cu),(ICo (II), Zr (Il) and La (lll) were
prepared. The ligands and complexes were charastdrby elemental microanalysis (C.H.N), FT-IR, U5, (
H, 3¢, 'TH-'H, '"H-*C ) NMR and mass spectroscopies a long with motexductivity measurements from the
above data. The proposed molecular structure for(lQuor Zr (1) with the ligand is square planarhile La (Ill)
and Co (Il) adopted octahedral structure.

Keywords: NOS donor, ligand, Cu (l), Zr (Il), La (ll1), C@l), polydentate, synthesis.

INTRODUCTION

Schiff bases have a chelating structure and amemand because they are straight forward to pregadeare

moderate electron donors with easily-tunable edeitr and steric effects thus being versatite. There is a

considerable interest in the design and synthddigands consisting of both soft and hard donora¢commodate
metal ions for fine- tuning their properties. Acdimg, unsymmetrical polydentate ligands with aagen, oxygen

and sulfur donor atoms [referred to as NSO ligahask received much attention recently, due taltstnct trans-

effect of these donord? Furthermore, hetero-tridentate NSO ligands reduftem the combination of NOS
displaying unique feature in manipulating the gatalactivity on polymerizatiorf?!

The great interest in synthetic macrocycles and tteresponding metal complexes is related toféoe they can
mimic naturally- occurring macrocyclic molecules iheir structural features. The formation of maguadic
complexes depends significantly on the dimensiothefinternal cavity, on the rigidity of macrocycten the nature
of its donor atoms and on the complexing propediethe counterion. The syntheses of the macrocyigands are
generally carried out in the presence of a suitaale!

EXPERIMENTAL SECTION

Chemicals all common laboratory chemicals and reagents viemm Aldrich and Fluka and have been used
without further purifications.

Measurements:

An electrothermal apparatus Stuart melting poingé wsed to measure the melting points. Infraredtsp&ere done
with Shimadzu FTIR Shimadzu, Japan and Ultravivisible spectra with 1601PC, Shimadzu, Japan. Coindty
measurements were recorded at CDM 83 conductivigter (25°C) for (18-10% M solutions of the samples in
DMSO or DMF.
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Mass spectra for ligands and some complexes wetaneld by (+) Laser adsorption technique using BEBK
DALTONICS. All isotopes distribution was comparexda computer generated distribution pattern. Tieetsa were
recorded at Queen Mary, London University / Unikédgdom.

'H-, B C-,'H-'H, and*H - C correlated NMR spectra for the ligands andesaomplexes were recorded in
DMSO-d; , D,O wusing a Brucker 400 MH, Ex 400 MH and a Jeol 270 MH instruments with a
tetramethylsilane (TMS) as an internal standardhe Bamples were recorded at Queen Mary/ University
London/United Kingdom. Elemental microanalyses weggformed on a (C.H.N) analyzer, from Herause i(V&t)

at Free Berlin University/ Germany.

Synthesis of ligands and precursar

- Synthesis of the precursor [2, 6- diformyl — 4- ntayl phenol]:™

To a solution of p-cresol (10 mmole) in (50 ml) tcacid, hexamethylene tetraamine (20 mmole) a0 (nmole)

of paraformaldehyde were added. The mixture waswelll to stirred continuously until the light browiscous
solution was obtained then heated to (70- 90°C)2fdirs. The solution was cooled to room temperaamé
concentration 5O, (10 ml) carefully added. The resulting solutionswefluxed for 30 min. and then on treatment
with distilled water (400 ml) a light yellow predigte was formed which was stored overnight at@0The yellow
product was isolated by filtration and washed irakm mount of cold methanol more pure product wltsined by
means a recrystallization from toluene, yielded435m. p(132- 134°C). Elemental microanalysis fos precursor
was C% 65.85 (65.66), H% 4.91 (4.87).

- Synthesis of ligand (2,6 —di-(2-mercapto-ethyl Azoethine) - 4 — methyl Phenol) [HLY]:

A solution of (2, 6- diformyl -4 methyl phenol] @ mole) in methanol (15 ml) was added graduallg smlution of
2- mercapto ethyl ammonium chloride (0.02 mmoleysdived in (15 ml) methanol. The reaction mixturasw
allowed to reflux for 3 hrs. A yellow precipitateaw observed after refluxing for one hour. The lieaanixture was
cooled to room temperature, then solvent was recthtight orange solid was obtained (259°C, 90%).

CHs CHs

AcOH, CH,0, Hexamethylenetetraamine
stirring 2hrs, (70-90Y°C

-
L

OHC CHO
OH OH
2
HCI
HS NH,
CHs
HC CH

SH HS

Scheme-1-: Synthesis of 2, 6- diformyl — 4- methphenol and 2,6 —di-(2-mercapto-ethyl Azomethine)4 — methyl Phenol

- Synthesis of the Ligand — Metal complexes:

(2.4 mmole) of metal ion Cu (llI), Co (1), Zr (IIpr La (111)] salt dissolved in (10 ml) of ethanwhs added dropwise
to a solution of the ligand j'] (0.7 mmole) dissolved in (15 ml) methanol. Thaation mixture was stirred, and
pH was adjusted toa. 9 by adding methanolic potassium hydroxide. Tteetion mixture was allowed to reflux for
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2 hrs. A precipitate was formed, which was filtkadf, washed several times with absolute ethandldried. Some
physical properties of the prepared complexes stiawéable (1).

RESULTS AND DISCUSSION

In general the ligand contained three labile prstiHl'] by removing these protons an anionic polydensgistem
is formed. Acyclic ligand was prepared to change phoperties of the ligands from hydrophilic toolghilic, to
change reduction-oxidation behavior of the prepamdplexes by imposing different substituents enlihckbone.

Synthesis and Characterization of [2,6-diformyl- 4methyl phenol]:

This compound was obtained in a moderate yield%3®s a yellow crystalline solid with m.p (132 -4)3C, and
was soluble in ethanol, methanol, and water. Alkis, compound was characterized by usiHgNMR and ™ C-
NMR spectra (Figure -1- and Figure -2-).

Synthesis and Characterization of the ligand [HL"]

The ligand which was synthesized from the reactidn [2,6-diformyl-4-methyl phenol ] with cystaming
2,mercaptoethyl ammonium chloride] in (1:2) madiac showed a good solubility in,®, DMSO, DMF, EtOH,
and MeOH but not CKCl, or CHCL. The elemental microanalysis of the producgl_[ﬂi (C1H1aNL0S)) (m.p 259°
C) showed a good agreement with theoretical caionldC% 55.08 (55.28), H% 6.42 (6.43), N% 9.709(9)]
(Table -2-). The electronic spectrum of the ligdHdL'] exhibits two high intense absorption bands of5(2865)
nm attributed tat— 1™ and n- T transitions respectively (table-3-).

The I.R spectrum for the ligand jH] (Table 4-) showed double bands are appeared Zx8(11570) cm
corresponding to asymmetric and symmetric stretclohthe (C=N) imine group. The two imine groups @&on-
equivalents due to intramolecular hydrogen bondjNg... H-O). The medium band at (1012) tiis assigned to
(C-S) stretching. These results are in agreemehtthat reported in literatur® While the band appeared at (1263)
cm? is assigned tw (C —O) stretching band. Also the IR spectrum @ ligand showed characteristic band at
(2374) cnt attributed to the (S- H) stretching. The band at (2939) tassigned tw (C —H) stretching (Table -4-

).
The NMR spectra of [fLY] (Figure -3- , Figure -4- , Figure -5- , Figure -6and Figure -7-) as all indicated the
presence of several species in the solution. Bl e@stablish that in solution the sulfur of thil thiolate group is

nucleophilic in the free ligand and to be isolateldere cyclic products from intramolecular sulfutaak on the
imine are obtained ™ As a result of that the (1, I, 1Il) form can bgist in the solution.

CHs CH;y

S N
OH N N. 0
‘g I—l
s N
N 5 OH
HS SH

SH

The spectrum shows chemical shift &11.02 ppm, 1H,br) attributed to the proton ofipgroup adjacent to (&
(610.08 ppm, 1H,S) assigned to the azomethine (E3Nand 6 8.32ppm, 5H, S) can be attributed to the iminic
groups in forms I, II, the protons of iminic groirolved in hydrogen bonding (I, Il) (Figure -33he resonance at
(68.32 ppm, 5H) has been decreased and appearedwsitprotons ratio upon addition of,O to the solution
(Figure -4-). This experiment proved the assignsaitthe chemical shift, and the presence of mameciss in
solution. The chemical shift a (7.80 ppm, 2H)which is due to aromatic protons of {CCs-H), appeared as
expected as singlet. The signal at chemical shitt40 ppm, 3H) is assigned to methyl group prot{@sH), while

the signal aty 5.67ppm) assigned to the &) of cyclic form!***

The® C- NMR spectrum of 2, 6 -diformyl-4-methyl pheriolDMSO-d;solvent (Figure -2-) shows chemical shift
at (6 192.80 ppm) assigned to aldehydic carbon atorgsGg (H-C=0), ¢ 160.92 ppm) attributed to the phenolic
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carbon atom (g (C-O), while ¢ 137.89, 129.81, 121.11, ppraje assigned for carbon aromatic ring atomgs(C
C,, Cy6) respectively, and(20.10 ppm) assigned to methyl group carbon atogn (C

The laser adsorption (+) mass spectrum of the didaHsL"] (Figure -8-) shows the parent ion peak at ( M/Z )
(282.59), which corresponds to [Mother fragments and their relative abundance femgimentation sequence is
shown in the scheme below.

+

Ci13H1gN,0S;

M/Z= 282.59 (85%)

-34
SH, .
C13H1gN5OS
M/Z= 248.60 (60%)
-26
CyH,
+
C1iH14N,0S
M/Z= 222.58 (15%) ’
-15
NH
+
Ci1H3NOS
M/Z= 207.55 (100%)
34

SH,

+
C;1H1iNO

M/Z= 173.55 (12%)

-13
CH

CgHoNO
M/Z=147.53 (18%)

+
-15
N H
+
M/Z= 132.50(10%
+
j+

-45
C,Hs0

)
CsH;
M/Z= 78.44 (6%

-27
CoH3

)
Cs
M/Z= 60.44 (4%)

Scheme-3-:The Fragmentation Sequence of The Ligarid sL 7]

Synthesis and Characterization of [HL '] Complexes
The complexes (Table -1-) that prepared in a gaeldl ¥75-83) % showed the no solubility in® but not DMSO
or DMF. Microanalysis of the complexes along andahare in good agreement with the calculated wld@able

).
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The infrared spectra of the ligand and its metaléomplexes (Table -4-) had indicated presenceakwands at
the ranges (2920- 2960) €mhich are attributed to the stretching vibratidrugC-H) aromatic. The double bands
at (1570, 1718) cth corresponding to asymmetric and symmetric stratchi (C=N) in free ligand [HLY] are
shifted to lower frequency and appeared at (16534}, (1618, 1674), (1627, 1554) and (1637) for poamds [L
Cuw), [L Coy], [L Zr;] and [L La] respectively indicating the deportonation of {feH) of the phenol group:?

The disappearances of intramolecular bonding bedippearance of two bands in I.R spectra of thgptaxes [L
Cuy], [L Coy] and [L Zr] indicated that two iminic groups are non- equévas but [L La] complex showed the two
iminic group equivalent as a single band at (1637}. The shift of (C=N) to lower wave number can beitaited
to delocalization of metal electron density irmo bonding namely (C=C) of the free ligand at (1554)* and
lowering the wave number about (16-40) cfor complexes. These observations are agreeménttiwt reported
in literature!™

The medium band at (1263) ¢rassigned to the (C-O) stretching for the free ligand is shiftechigher frequency
and appeared at (1296) and (1388)*cfor complexes [L Lg and [L Cg] respectively and shifted to lower
frequency and appeared at (1238 and 1232)fom[L Cu,] and [L Zr,] complexes confirming the coordination of
the ligand through oxygen atom to the metal iorchSesults are supported by several reports [8-T. medium
u(C-S) stretching band in the free ligand at (10d#)} was shifted to higher frequency and appeared &3(10070,
1047 and 1151) cihfor complexes [L C3] [L Zr] [L La,] and [L Cg] respectively.

This is presumably due to the complex formatiorhwitetal ions through sulfur aton$? These results are in
agreement with that reported by Mandal and Co- exstk” The I.R spectra for complexes showed bands due to
(OH) and (O-H) at (3446, 3427, 3552, and 3527)'cfroad) and at (825, 869, 848, and 871)'cweak
respectively, suggesting the presences of cooelinagter.

The I.R spectra of [L ] complexes exhibited weak absorption band in #meges (450- 550) cmwhich are
attributed tov (M-N), v (M-O) andu (M-S) bands (M= metal ion). These bands suppatiedccoordination of the
ligand to the metal center through nitrogen, oxyged sulfur atoms. The bands attributed to the Imb#dide are
not detected attributed to the metal- halide bez#iusse bands are below 370 cHence the literature that (Cu-Cl)
band at 289 ci{{11], (Co-Cl) at 306 cm(Zr-Cl) at 298 crit and (La-Cl) at 270 cth

By comparison of the electronic spectrum (Tablé e3-the ligand with copper (II) complex electromipectrum, it
was observed that the spectrum of copper Il complowed three absorption bands, the more intensdsbat
(273,393) nm are assigned to ligand filed (chargesfer) and the weak band centered at (647) nntagpreted in
terms of square planar structure around the colpjear.

m

CH
3 CHj

| . KOH/MeOH
N OH N, + 2 M
Reflux \y/ y /
™ e N, atmospher /| /
[Hal]

M = Cu (Il), Zr (Il Y=0
M=Co (Il), La(ll) Y=H,O
X=Cl n=+3,+2: m=+1,-1

Scheme -2-: The Synthesis Route of the jH'] Complexes
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Table (1): Some physical properties of the preparedomplexes

Complexes Colour m.p, °C| Yield, %
[L Cuj Light Green 250 80
[LZrj] Yellow >270 83
[LLay] Orange 250 75
[L Cuy] Light brown >270 75

Table (2): Elemental Analysis Results of [5LY] and Its Metal Complexes

: : _
Empirical Formula M.Wt Mlcrc(:)analyss found, (Calf\i) d
55.08 6.22 9.70

CishisNo0S 282.09 55 26y | (6.43) | (9.90)
27.10 4.01 4.95

KICOCisHisN:0%: (H:O)CI | 582.80 [— 5~ ot —ry'eos
30.52 3.75 5.78

[CuCHNOSHOMC! | 510,58 [— g et ss
22.45 3.31 5.45

[ZnCiHNOS(HOMCI | 4865 [—oo et — e

Calc.: Calculated

Table (3): Electronic spectral data and molar condatance

Wave number . Aw
Compound am (cm’l) Assignments (Scn”FMol’l)

Hal & 285 | 35085 | n - 1*
265 | 27397 | n - T
273 | 36630

L' Cu 393 | 25445 ZCThargezéra”Sfe 3.8
647 | 15455 | '9~F9
266 | 37591 | Charge transfe

L' Co 408 | 24509 | ©T,g" . *T,g® 13.9
541 | 18484 | “T,g" - “Ag"
381 | 26246 | Charge transfe

L' Zr 408 | 24510 | Charge transfe 11.2
541 | 18484 2ng _.ZElg
264 | 37878 | Charge transfe
341 | 29325 | Charge transfe

. 301 | 33222 | Charge transfe

L'La 541 | 18484 | Ag®— Tig® 8.7
597 | 18281 | A,g® - T, g?
647 | 15455 | A T,

Table (4): Infrared spectral data of the ligands ad their complexes

Compound | (C-S) | (C-0)[ (C=C)] (C=N)] (5-H)] (C-H)| (OH) | O-H)
Hol® 1012 | 1263| 1570] 1718  237h 2039 3486
[LCul |loas | 1238 | 1554 | 1004 2022 | 3446| 825
(Lzr] | 1070 | 1232| 1544| 020 | 2370 | 2018| 3427 869
[Lla;] | 1047 | 1388| (1481) 1637 2360 2920 3582  8ds
[LCo] | (1151)| 1296| (1508 ig}g 2362 | 2060| (3527] 871

Table (5): Magnetic moment data jer=B.M.) of solid at 298K and the suggested stereoahéeal structure of complex.

Xgx107 Xux10® Xax107 Hett,
Complexes Gram Molar Atom “egXB'tM' B.M ilt'jr%%fjrtgd
Susceptibility Susceptibility Susceptibility pt. calc.
e T
l(<|E|C(g§ éL|2]) 17.59405 8237.01 8491.10 3.63 3.88 Octahedral
2V)4
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Figure-1-: *H NMR spectrum for [ 2,6-diformyl-4-methyl phend ] in DMSO-d¢
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Figure -3-: 'H NMR Spectrum of [HsL]in DMSO-d®
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Figure -4-: '"H NMR Spectrum of [HsL']in D,O
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Figure -5-: *H-"H, 2D Correlated NMR Spectrum of [HsL ']
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Figure -7-: '*H-"2C, 2D Correlated NMR Spectrum of [HL '] in DMSO-ds

Figure -8-: The Laser adsorption (+) mass spectrurof the ligand [HsL 1]
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Thompson and Bautista reported that the electrgméctra of the complexes of complexes of coppelnltride with
(BBTE) ligand are characterized by presence ofaadrabsorption band in the range (630- 660) nmrtiegea
distorted square planar structuf®. According to infrared spectral data, electroniectpum and molar conductance
(Table-4-) in DMSO, which suggested non- electmistructuré’® "1 it is suggested that the geometrical structure
of copper Il ion is square planar structure asategi

Electronic spectrum of [L'Gd complex (Table -3-) showed a band at 266nm istdueharge transfer, while (408,
541)nm are assigned f#,0” -*T.g ® and‘T.g” -“*A,g @ transitions respectively. These transitions sugges
octahedral structure of the complex. The brown wois reported for octahedral Co (II) complexes te bases of
infrared and electronic spectral data and molardaotance (13.9 Ms/cm) which suggested non- elegéol
complex, it is concluded that the structure of [bsJCcomplex is represented as an octahedral strueturend the
cobalt ion is depicted.

Magnetic moment (Table -5-) has been determinebersolid state by faraday's method. The magnetipgsties of
these complexes should provide a testing groundhfooxidation state of the complexes, therefomviges a way
of counting the number of unpaired electrons. Thisuld help in predicting the bonding model anccteteic
structure.

Electronic spectrum of [L Lhcomplex exhibits six absorption bands at (2641,,3W3, 541, 547, 647) nm. The first
three bands are attributed to charge transferlenéhtter three bands are assigned 4g"A- T.g @, A,g® - *T,g®

and Ag? - T,g @ transitions respectively indicate octahedral stmec On the bases of infrared and electronic
spectral data and molar conductance (8.7 Ms/cm}twhilggested non- electrolyte complex it is coretuthat the
structure of [L Lg] complex is represented as an octahedral struetvoeind the central ion (Table -3-).

The electronic spectrum [L grcomplex exhibits three absorption band (Tablg a3(381, 408, and 541) nm. The
first two bands are attributed to charge transfet the latter band at 541 nm is assigne&Btgy — T,g transition.
This result is in an agreement with previous stfmtyzirconium Il complex*¥ The structure of [L Z} complex is
suggested to be square planar structure arounzirtt@nium Il ion according to the facts that absteal from data
of infrared, electronic spectral data and molardumtance. The proposed square planar structutreeafomplex is
depicted.
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