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Abstract:

Some complexes were prepared by conventional and microwave methods using
primary ligand 2-amino acetic acid-6- chloro benzothiazole (L) was prepared as a
chelating ligand, which was treated with the Rh(III), Pd(II), Cd(II), Pt(IV) and Au(III)
in ethanolic medium in order to prepare series of new metal complexes in presence co-
ligand 1,10-phenanthroline (L"). The compounds were characterized by some
techniques : FT-IR, UV-Visible, flame atomic absorption technique as well as
clemental analysis, conductivity measurementsand Uesr. Spectral done indicated
thatthere was an octahedral geometry for all prepared complexes. A theoretical
treatment of these compounds in gas phase was studied using Hyper Chem-8 program,
Semi-empirical method was performed to evaluate heat of formation AH sand binding
energy AEp for ligands and complexes, also the vibration frequencies and electronic
transitions were calculated for the ligands. Electrostatic potential, HOMO and LUMO
energies for ligands were estimeted to determine the reactive positions for these ligands.
Keywords: Heterocyclics, mixed ligand, computational chemistry,transition metals

Introduction:

Many heterocyclic compounds and their derivatives are made to synthesize by
largce number of efforts are found to possess different antibiotics activities
(antimicrobial, anticonvulsant and anthelmintic)[1].as well as benzothaizole group is
very small but it possess many of biological activities and some of 2-
aminobenzothiazoles have been studiedas central muscle relaxants|1,2]. Coordination
chemistry of mixed different ligands complexes areconsideredimportant field because
they can provide new materials with favorite properties such as magnetic exchange,
photoluminescence, electricity, nonlinear optical properties and antibiotic activity[3],
in addition to this,stabilities of mixed ligandshave great importance inbiological
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systems where the metabolic and toxicological functions relies upon this stability[4].
Computational chemistry, sometimes called (theoretical chemistry) or (molecular
modeling); can be defined as the science or art in which studying the molecular structure
and function of atoms and molecules through computation and model
building[5],computational chemistry helps to characterize and predict the structure of
chemical systems and their stability, alsodeterminesdifference in energy, explain

reaction routs and mechanisms at the atomic level[6].

Experimental

Instrumentation:

The metal complexes were prepared by using Microwave Oven, MH6548FRR, Max.
2200W, LG Electronics Inc.Products were analyzed by some techniqus; the FT-IR
spectra in range (4000-200 cm™') were recorded as Csl disc on IR-Prestige-21, Single
beam path Laser, Shimadzu Fourier Transform infrared Spectrophotometer, UV-
Visible spectra were measured using UV-1650PC Shimadzu, in the range (200-1100
nm).Atomic absorption measurements of the prepared complexes were obtained using
Shimadzu Atomic Absorption 680 Flame Spectrophotometer.Elemental C.H.N.S
analysis were carried out on a EM-017.mth instrument.The conductivity values of the
prepared complexes were measured using 10° M DMF as a solvent, (WTW)
Conductometer. The magnatic susceptibility values of the prepared complexes were
obtained at room temperature using Magnatic Suscceptibility Balance of Johanson

matter catalytic system division.

Material and methods:
All materials were used without purification.
Preparation of 2-amino-6-chloro benzothiazole (S)[7a] and 2-amino acetic acid-6-

chloro benzothiazole (L).
This ligand was prepared accordring to the literature [7b]:

N
KSCN / Br
CI NHE £ h"‘ \>—NHE lllllllllll
glacial acetic acid =

i Cl

N N
CICH,COOH
/G[ P—NH; . g ﬁ D—NHCH,COOH  +evnnee 2
Cl S t:N, Benzene S

Preperation of the complexes

a. Conventional Method

An ethanolic solution of (0.252 g) 2-amino acetic acid-6- chloro benzothiazole (L) as a
primary ligand and mixed with (0.198 g) (1,10- Phenanthroline) (L") as a co-ligand
which was added slowly, into warm ethanolic solution of heavy metal
salts[RhCl13.H20(0.227 g) , PdCl2 (0.170 g), Cd(NO3)2.4H>0 (0.300 g) , H2PtCls.6H20
(0.518 g) and HAuCls.H20 (0.339 g)] with gently stirring. The resulting solution was
refluxed for about (2-4) hrs on water bath. The colored precipitated was filtered, washed
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several times with ethanol and dried under vacuum. Some physio-chemical properties
are shown 1n Table (1).

b. Microwave Method

The primary ligand 2-amino acetic acid-6-chloro benzothiazole(L)(0.252 g) and the
secondary ligand (1,10- Phenanthroline) (L") (0.198 g)and the heavy metal salts
[RhC13.H>0(0.227 g) , PdCl> (0.170 g), Cd(NOs)2.4H>0O (0.300 g) , H2PtCls.6H,O
(0.518 g) and HAuCl4.H>O (0.339 g)]were mixed in 1:1:1 ( M: L: L") ratio in a grinder.
The reaction mixture was then irradiated in the microwave oven using (5) drops of
ethanol. The reaction was finished in a few minutes (2-3) min. The products was then
recrystallized with ethanol and ether and finally dried under vacuum. Some
analyticaland physicalproperties are shown in Table (1).

Results and Discussion:
The elemental analysis and atomic absorption show 1:1 (metal:ligand) stoichiometry
for the prepared complexes. The analytical data together with some physical properties
of the complexes are shown in Table (1). The isolated complexes are stable at room
temperature and insoluble in most organic solvents, but soluble in dimethyl formamide
and dimethyl sulfoxide. The conductance values of the compounds indicating that all
-complexes are ionic except Pd complex, Table (3). The formation and their geometry
were further confirmed by IR, UV-Vis and magnetic studies.

Table (1): The different results of thermall and microwave methods, analytical
data of primary ligand (L), co-ligand (L") and their metal complexes.

Reaction ;
Comasunis ki Yield% | M.P.°C | 5y we Elemental analysis / Found (Calc.) h;Btﬂ ;‘5
Colour T™ QMD) g.mol" %
br min | TM GMD | TM (MD) C H N g | w.
CH-N;0.8CI1 (L) _ ) : 4403 312 10.97 13.32
Pale yellow g 6 | DO-132 | 2425 | 453) | Q89 | (1159 | (1319) | —
CiaH: N2 H.O (L)
White Sy — 100-102 | 198.0 —_ |
[(RhLL" Cl]Cl H:0 40 §2 240d 3823 3.00 3.79 5.03 15.00
Light vellow (23) (%3) (233 d) 630.0 (38.76) (2.61) (8.61) 4.92) (13.83)
[PdL 1" Cl]2H:0 40 80 240d 41.87 2.88 10.15 433 17.27
Brownish gray (2.9) (83) (242 d) 994 | 4209 | GO0 | O3 | (B33 | U717
[Cd L L" H:0]NO;.3H,0 40 81 113d 36.92 2.94 9.98 411 17.05
Light beige 2.0) (90) (112d) | 66/ | (37.73) | (329) | (1048) | (479 | (1682
[PtL L"Cl]CL;.0.5EtOH 40 10 210d 35.03 293 698 441 25.77
Orangs (23) (%6) (08d) | M6l | (3539 | Q27 | (730) | (428) | (2619)
[Au L L" CIJCLEtOH 10 63 1134 3724 246 1) 497 26.09
Dark brown (23) (20) (115d) | 7355 | (G752 | @71) | (761) | (433) | (26.79)
Where: d = decomposition degree, TM = Thermal or Conventional Method, MI = Microwave Irradiation.
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FT-IR Spectra

Table (2) shows thetentative assignments of IR peaks for the ligand L together with
1,10-phenanthroline. The IR spectrum of L.Fig.(1), shows a typical broad band in the
range (2400-3500 cm™') with its maximum at (3286 cm™) that refers to stretching
frequency of v(OH) band of carboxylic acid[8]. Strong and sharp absorption band at
1635 cm™! is due to the stretching frequency of carbonyl band of carboxylic acid[8].
This band undergo a slight shift in (RhLL") complex that indicates incomplete
deprotonation of the ligand in this complex. Furthermore, the presence of bands in the
region about (910-937 c¢m™) in this complex more confirms the incomplete
deprotonation[8,9]. The spectrum also displays medium bands at (1712 and 1400 cm™)
due to asymmetric and symmetric stretching vibration of carboxylategroup, the
asymmetric band records a significant increased in all complexes except AuLL"
complex, while symmetric band exhibits a significant decrease in all complexes.The
difference of the values between asymmetric and symmetric stretching vibration of
COO' in complexes was compared according to the equation [Av =v(COO")asym- V(COO
)om] and the values displayed a greater than 200 cm™! for all complexes, indicating the
monodentate coordination of the carboxylate group[8-10],also band appeares at (1249
cm™") which assigns to v(C-O) and increases in all complexes. The sharp band at 1465
cm! can refere toS(N-H + C-N) changes in shape and location in all complexes about
8-11 cm’l; another absorption bands which shows at (810 and 775 ¢m™) related to
stretching frequencies of v(C-Cl) and v(C-S) bands respectively.Table (2), other bands
undergo a very slight shift in compounds which verify that these groups
areuncoordinating with metal ions. According to these results, the coordination mode
of this ligand with heavy metal ions as a tridentate through the carboxylate group and
two amino groups for the complexes, more evidence new bands in the range (424-
470cm™) and (516-567 cm™) due to the stretching frequency of (M-O) and (M-N) bonds
appeare. The Infrared spectrum of 1,10-phenanthroline, shows the main bands which
refer to the stretching vibrations of v(C=N)+(C=C) which appearat (1616-1423cm™)
and (1616-1419 cm™!) respectively[8,9]. All bands shift towards higher and other to
lower wave numbers in spectra of complexes compared to the spectrum of the free
ligands, thus indicating the coordination to metals through the two sp® hybridized
nitrogen atoms|[11]. Also new band appears in the range (260-274 cm™) and has been
appeared in all complexes indicating two N atomof co-ligands which coordinate with
metal ion[8]. Bands which appear almost at (1384, 1180 and 945) cm™'with some higher
or lower frequencies comparable with this range in most complexes aredue to nitrate
ionic group. Other bandsat in the range (3260-3460) cm™ in the spectra of metal
compounds, which are characterized to the v(OH) for water or ethanol molecules.Figure
(2) shows IR spectrum of Pd complex.
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Figure (2) : FTIR spectrum of Pd complex.
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Table (2): The most diagnostic FTIR of the ligand L, co-ligand L" and their
metalcomplexes in (em?).

51 6 Z- | 2
o | O ® o ({Ylo|g|&
Comp. | © Vv i, vC=N+C=C | ¢ x> E' EI ; Others
5 ;‘ z b e’
=]
L | — | — |1635 154014651400 | 1240 [ 1465 | — | — | — -
g 1616.1589.1558.
s - I SMMIMS T — 1] =1~ 1|—= -
1620.1535.1519, vOB=3406
RELL" | 1728 | 1346 | 382 | 1630 | 14961433, | 1280 | 1455 | 447 | 532 | 262 Rh.C1=308
1427, 1408
1624.1527.1492, vOH=3460
PALL" | 1725 | 1342 | 383 | — Lasoqd0s | 1276 | 1450 | 451 | 567 | 273 e
1620, 1598, vOH=3452
v 1473, 5 5
CdLL" | 1705 | 1388 | 317 | — o 1276 | 1473 | 462 | 528 | 274 s
1429 vNO3=1307,1180, 979
1620.1597.1518 vOB=3406
1620.1535.1508, visEsae
AlLL" | 1701 [ 1377 [ 324 | — | yus01aqy | 1276 | 1454 | 470 | 528 | 262 vAn (=324

Electronic spectral and magnatic moment studies.

The electronic spectrum of the primary ligand (L) shows absorption band in the
ultraviolet position, the two main bands at 236 nm (42372.8 cm™") and 269 nm (37174.7
cm)), are due to the (n — ©*) transition for the intra ligand aromatic system (C=C) and
(n — «*) transition for O atom of C=0 group or N atom of -N=C— group, respectively
[12].as shown in Fig(3).

Electronic spectrum of the co-ligand 1.10-phenanthroline (L"), shows a strong band in
the UV. region, the three main bands at 228 nm (43859.6 cm™), 263 nm (38022.8 cm
1y and 324 nm (30864 cm™). The first absorption is due to the (1 — ©*) transition for
the intra ligand aromatic system (C=C). The second and third absorption are due to the
(n — ©*) transition of imine group (C=N), respectively [9].

RhLL" complex: The main bands oflight yellowRhcomplex in the present work are
shown in Table (3) along with their assignable transitions. Low-spin Rhodium (III) has
the electronic configuration d°. The ground term for which in octahedral
stereochemistry is !A1g. Two bands are expected to appear in visible region due to the
transition' T1g and 'Tag levels.

These transitions correspond to the electronic promotion tg®—tygeg' with promoted
electron maintaining its spin unaltered. The orbital multiplicity of tag’eg' is 6 and
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corresponds to two orbital triplet term 'Tig and 'Tag[13]. In the spectrum of Rh(III)
complex, a weak band appears at (11627 cm™'),which refers to the spin-forbidden
'A1g—°T1g transition which may occur when the promoted electron changes its spin
and the two T terms be *Tig and °Tag. These transitions are indeed observed in some
cases in the region of (10000-14000 cm™')[14].Values of all ligand field parameters
Dg/B', B' and fare calculated using Tanabe-Sugano diagram for d° system by fitting
ratio of the frequencies (v2/ v1) of the observed spin-allowed bands, where it is found
(B =720 cm™',B' = 605cm™, 15B' =9075cm™,10Dg = 17400cm and'Dq/B' = 2.89).The
value of factor f which is (0.84) refers to ionic feature of bonding between the rhodium
and the donation atom of the ligands[13,14]. Rhodium (IIT) complex is diamagnetic
andconductivity measurement shows that the complex is an electrolyte,

Pd L L" complex: The ground term for d® configuration in octahedral stereochemistry
is Ang state, consequently. The possible spin-allowed transition can be assigned as in
Table (3) with their respective values.The electronic spectrumof the showed complex,
weakly band is observed at (9823) cm™', which refers to the spin-forbidden (CAzg —
'Eg) transition[15]. In addition, the other three bands at (23255, 28011 and 29239 cm"
") are assignable to (PAxg—°Tag), (CA2g—>Tig) and (‘A2g—>Tigp) transitions,
respectively. The sites of these bands are in agreement with that reported for octahedral
configuration[15]. The Uesfor this complex was found to be (2.31 B.M.). The
conductance for this complex in DMF solvent at room temperature shows to be non-
electrolyte.Fig(4) shows the uv-vis. spectrum.

Cd L L" complex:The coordination number of cadmium may be 2, 4, 5 and 6. and the
most probable are 4 and 6 coordination number[13,14].The electronic spectrum of
thiscomplexexhibit three bands at (32258, 36900 and 41493 cm™) shows relative
change in the bands site compared to that of the alone ligands that is due to charge
transfer as listed in Table (3). Thus, the octahedral shape has been suggested for these
complexes came in accordance with the publisher data for octahedral shape[16]. The
prepared complexdiamagnetic and this is expected for d!” ion[17]. The conductance
isdone for this complex in dimethylformamide solvent at room temperature shows to
be ionic character.

Pt L L" complex: The platinum complex is zero bormagneton as expected[18], the
ground state proposed spin-paired octahedral geometry. The atomic ground state is °D.
The low spin ground state in an octahedral field is 'A1g referring to ®t2g configuration,
which gives rise to two principle spin allowed transitions whose band envelopes are
very sensitive towards certain types of distortion.Excitation of an electron to eg orbital
yields the configuration tag’eg' which spins *Tig+'Tig+ Tog+°Tag with the spin-triplet
state lying at lower energy than the singlet[19].Two principle spin-allow absorption
bands are to be expected belong to the transitions (‘A1g —'Tig and 'A1g —'Tag), also
two bands assignable to the spin forbidden singlet-triplet transition may be exhibitedat
lower energies than the spin-allowed transition[18].The electronic spectrum of prepared
orange (Pt L L'") compound, emerges three bands in the visible region which assignable
to the transitions (‘A1g—'Tig),(!A1g—'T2g) and (L—PtCT). These transitions come in
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accordance with the published data for octahedral geometry[19]., Table (3).The
conductivity measurement for the prepared complex in DMF solvent at room

temperature shows to be electrolyte.

Au L L" complex: Gold(IIT) complex is in high crystal filed effect due to the large size
of gold(IlI) ion, being in the third transition series in addition to the high oxidation state
of this ion [12]. The electronic spectrum of this complex exhibits three bands at (28248,
32573 and 39525 cm’!) which assigned to (PAg—°Tag), (PA2e—°>Tig) and third
transition L—AuCTwhich were in agreement with reported octahedral
environment|[15], The magnetic moment of this complex (2.81 B.M.), the conductance
measurement for this complex at room temperature shows to be electrolyte.

According to these data in addition to spectroscopic and analytical data, the following

structures can be suggested in Fig. (1).

|

1000.00 1100.00

Figure (3) : Electronic spectrum of 2-amino-6-chloro benzothiazole (L).
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Figure (4) : Electronic spectrum of Pd complex.

Table (3): Electronic spectral data, their assignment as well as conductance and
magnetic efffect for ligands and their complexes.

, : Proposal
1 -1
Comp. | Absorption Bands (cm*) Assionment BA. | psem RN
L 423728 ;371747 i—1*; n—n*
" | 43859.6:38022.8:30864.0 1—=1*n—=1* n—=1*
RILL" | 11627 13531:37777 e Tie: Aig~Tig Yig='Tg | dia | 1003 D‘ggfd
| 9823:23255: 28011 | 3Awg—'Eg 3Aw—~Tig: Awg—Tig: Distorted
2o 29239 Mg Tigy et gl
] | Distorted
CdLL" 32258: 36900 ; 41493 ILCT da | 66.1 Oh
| Distorted
PLL" | 21321:25773: 35773 Ag-'Tg; Wg—'Tg ICT | dia | 952 |
, L : Distorted
SLL" | 28248 :32573 139525 Mg~y g —Tg;ICT [ 281 M2 |

Where ILCT is Internal Ligand Charge Transter.
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Figure (5): Formula structure may be assigned for the prepared complexes.

Computional Study:

Semi-empirical calculation by Hyperchem-8 program is used to calculate heat of
formation (AH®)), binding energy (AEz) and dipole moment () for free ligands and the
prepared metal complexes by PM3, ZINDO/1 and AMBER methods in addition to IR,
UV spectra and molecular orbital energy (Enomo-Erumo) for free ligands.Table (4)
shows heat of formation (AH®)), binding energy (AEs) and dipole moment (x) for free
ligands and their metal complexes which were calculated by PM3, ZINDO/1 and
AMPER methods. The results show that the prepeared compounds are more stable than
the free ligands. PM3 was used for evaluating the vibration frequancies for the ligands
and compared with the experimental frequencies, Table (5) and (6). ZINDO/S method
is used to calculate electronic transitions for the ligands and compared with
experimental transition, Table (7). Fig. (2), electrostatic potential of ligand L shows that
the oxygen and nitrogen atoms are more reactive side than other atoms, while the result
of ligand L" shows the nitrogen atoms are more reactive than other. Also the studyarises
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Table (4): Energy conformation (in K.J.mol!) and dipole moment (in Debye) for
ligand (L), co-ligand (L") and their metal complexes.

PM3 ZINDO/1 AMBER
oy L, | am i AHo, AE; i | AHe~AE;
a 171.80 | -9975.88 2103 | -1912097 | -28925.05 | 3.675 R
L" 29832 | -1097126 | 2993 | 2217941 | -3344900 | 3937 | —
Rh LL" e R —_— —— _— S— 1089.32
Pd LL" e  — — e — 1082.62

cdLL" | 68231 | 209473 | 12.73 SR BN,
Pt LL"  — —— _— —_— e — — 1078.92
AuLLL" —— ———— ——— e _ R—— 1072.13

Table (5): Comparison of the main vibration frequencies in (cm™) for L between
experimental and theoretical data.

Comp. | (C=0) | W(C-0) | 8(Amidell) | v(C-S) | v(O-H) | v(COC)
1635 * 1249 * 1465 * 775 * 3286 *
L 1900.01 1233.01 1423.09 781.60 3851.78 —
(16.2) (-1.28) (-2.86) (0.85) (17.2)

Table (6): Comparison of main vibration frequencies in (cm™) for L' between
experimental and theoretical data.

Comp. v(C=N+C=C) v(C-H)arom. o(C-N)
161635 * 3059.10 * 141961 *

L 1760.40 3062.84 1394 58

(8.91) (0.12) (-1.76)

* . Experimental frequency
: Theoretical frequency
() : Error % due to main different in the experimental data and theoretical treatment of vibrational

frequency.
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Table (7): Comparison of electronic transition for ligands between experimental
and theoretical (ZINDQ/S calculation)data.

Comp. Transition Experimental Theoretical (ZINDO/S)
n—mu* 269.00 282.70
L T—* 236.00 210.50
| n— ¥ 324.00 309.70 ”
1" n—ua* 263.00 282.90
T—* 228.00 245.00
E.P (L) in 2D E.P (L) in 3D
AL e
HOMO & LUMO (L) in 2D "HOMO & LUMO (L) in 3D
.: | %‘,f‘ﬁ Y, -i ,% lr‘h ’%x‘;‘ :n
L3 & ,__:..53; _.‘.':::Faﬁ ” % “ =
EP(L")in2D E.P (L") in3D =5
&« - ¥ L:‘ — c.,_'.‘-___r ;‘._’1'
L e
HOMO & LUMO (L") in 2D

Figure (6): Highest occupied&lowest unoccupiedmolecular orbitals and
electrostatic potential intwo and three dimensions for Ligands.
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Conclusion:
The ligand 2-amino acetic acid-6- chloro benzothiazole complexesis successfully
synthesized by microwave and conventional reaction. The ligand behaves as tridenetate
ligand through (O, N, N) atoms. The FT-IR studyshowsthat all complexes have
complete deprotonation except Rhinvestigate.The UV-Visible studyshow all
complexes have Oh geometry. The conductivity results show that all prepared
complexes are ionic except Pd. The computitional calculation data of wave number for
the ligands aresimilar and support theinvestigat unambiguously the diagnognostic
bands. Theoretical electronic transition helped to identify type of transition and the
energy calculations that givesidea about the most stable conformation.
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