Synthesis and Studies of Mixed-Ligand Complexes of Some
Transition Elements

Saedia M.Al-Hashimi * Mohean E.Al-Joboori **

Shayma A.S. Al-Azawi ***

Date of acceptance 6/4/2006

Abstract:-
This work presents the synthesis and identification of some mixed, ligand

complexes with some transition elementals. These complexes containing from two to
four different ligands. No report have been found on this work according to the
internet informations up to 2003. The prepared complexes were characterized on the
bases of their elemental analyses (C, H, N), metal percentage determination, IR and
UV-Vis spectroscopy, conductivity measurements as well as their magnetic moments.
The complexes have been classified into five groups with the general formulae as
follows.

1. [M(CA)Y2)

2. [M(TP),Y.l.

3. [M(CA)R(Ad)X,].

4. [M(TP)x(Ad)X].

5. [M(CA)(TPRXY].
Where M = VO™, Co™?, Ni*?, Cu™

CA = Caffeine ”ac’N‘)ﬁj’[iﬂ)
OJ:‘\ 2 4 gN/
H
TP= Thebphylline Hac“N’)AES:QB
O’JI\ ol ?\]/
ety
NH, H
Ny ey
Ad= Adenine |:/.I .
K;,/ 7~f>

X= Thiocyanateion (SCN")
Y= Cyanate ion (OCN")
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Introduction:

Caffeine (1,3,7-trimethyl xanthine) is-

one of the purine alkaloids it belongs
to the xanthine chemical groups. It has
very  interesting pharmacological
properties which is very important
from abiological point of view",
Caffeine probably the most popular
drug in the world, we consume
caffeine in coffee, tea and some soft
drinks. In massive doses caffeine
lethal”. Einar and Sletten®® have
carried out extensive synthetic work on
transition metal complexes of purine
derivatives they concluded that the
chelating sites of copper (II) adenine
complexes are probably the nitrogen
atoms N(3) and N(9). The anion
derived from theophylline has often be
used as model ligand in studying the
interaction with metal ions®, In this
work we presented the synthesis and
identification of some metal element
complexes  containing caffeine,
theophylline and adenine as mixed
ligand complexes. The prepeared
complexes containing from two to four
different ligands have been find to be
quite stable.

Experimental:

Materials and measurements:
All chemicals were obtained
from commercial sources and were
used without further purifications
(VOSO,4. H,0, CoCl,.6H,0, NiCly. 6H,0,
CuCl,. 2H,0) (KSCN, KOCN) from
(Riedeal —Dehaenage & Fluka). {Caffeine,
adenine, theophylline) from (BDH).
The LR. Spectra in the range (4000-
400)Cm™ were recorded as potassium
bromid disc on shimadzu FTIR-8300
fourier transform infrared
spectrophotometer. UV-Visible spectra
were measured in (DMSO) using
shimadzu UV-Visible recorder
spectrophotometer UV-160. Elemental
analysis (C.H.N) were performed by
the micro analytical unit on berkin-
Elemer B-240 Flemental Analyzer in

518

chemistry department. College
Science, University of Mousel.
Determination of metals were carric.
out using Laboratory method.
Conductivity — measurements  were
carried out at (25)C° in (DMSO) usin,
Philips Pw-9526 digital conductivin
meter. Melting were determined b
using Stuart-Melting Point Apparatu-
and Finally the magnetic susceptibilit
measurements were obtained usin-

Balance  Magnetic Susceptibili::
Model MsB-MK: in Chemistr
Department  College of  Scien..

University of Nahrayeen,
General Procedure for Synthesis:
Preparation of [M(CA),Y;): To a-
aqueous solution of the metal sali.
(12)ml of ethanolic solution of caffein.
(CA) containing (1.25-2.84)gm ..
added followed by addition of (St
aqueous solutions of KOCN (0.2¢-
0.59gm at (25C° with copstan:
stirring (using the approperate amoun:-
of materials needed as decided. by the
molar ratio (1: 4: 2) (M: CA: Y). Tiw
resulting precipitates were filtered oft
washed several time with (I: 1) water:
ethanol and recrystalized from ethano!.
Then dried in an oven (50-70) °C,

Similar method was followed
to prepare the other complexes in
groups 2, 3,4 and 5.
Results and Discussion:

The prepared complexes of ali
types 1, II, IIL, 1V and V were found 1o
be crystalline solids, insoluble in wates
but they are however soluble in somo
organic solvents like DMSO. The Jow
value observed of molar conductivitie:
in  (DMSO) indicated

the non-
elyctrolyte behavior of the
complexes™®.  Elemental  analyses

(C.H.N) and metal determination were
in good agreement with the general
formulae given for all types of
complexes. However the prepared
complexes have been found to be
relatively thermally stable since they
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decomposed between (214-284)°C
Table (1) gives the physical propertics
of the complexes,

Magnetic Susceptibility:

The magnetic moments for all
conplexes of vanadyl and cobalt ions
should be around (1.732) B.M, and
(3.872) B.M respectively while the
measured values of (p.m) have been
shown to be higher than the expected
values, this could be related to orbital-
spin coup!ingm. However the values of
(Hen) of all Ni*? and Cu™ complexes
have been found to be closer to that of
spinning only”,

_ All data are included in table (2).
Spectral Studies:
Electronic spectra:-

The electronic spectra for free
ligands (CA, TP, Ad, OCN and SCN’)
show absorption bands in the UV-
region expressed as m—n* and n—n*
transitions.

In addition the spectra of the prepared
complexes exhibited another bands in
the visible region attributed to (d-d)
transition which revealed v, v;, v3
absorptions characteristic for
complexes of octahedral geometry.
This absorptions gave the following
calculated ligand-field parameters i.e
ligand-field splitting energy (10Dq),
Racah - interelectronic  repulsion

parameter (B), the ratio (B:% )

which indicates the covalent nature of
metal-ligand bond in the complexes,
besides some absorptions suffered red
shifts or blue shifts, hyper or hypo
chromic effects These absorptions
have been fully assigned in table (3).
Infrared Spectra:

Further informations about the
coordination bchavior of the free
ligands with mewal ions were carried
out by the compaiison of the infrared
spectra of the free ligands and their

complexes. Bands between (3320- .

awom

3340) cm™ attributed to v (NH) in the
structures of adenine (Ad) and
theophylline (TP). These absorptions
were moved to lower frequencies by
(30-10)em™.

In the spectra of the complexes
containing these llgands, absorptions
appeared at (1658. 7)em” and /1668 3)
cm’! were caused by v (-N=C\_ ) bond
in the structures of (CA) and (TP)
respectively. In the spectra of their
complexes these absorptions have been
lowered by (58.7-8.7) and (68.3-18.3)
respectively which indicated the
coordination of (CA) and (TP) to the
metal ions through the mtrogen atom
(N9) in their structurest"*'%9. Similar
absorptions have been found in the
spectra  of complexes containing
adenine (Ad) ligand as the free llgand
exhibited absorption at (1365.5) cm’
attributed to v { ~C—N ) which have
been notlced in the region (1345-
1360)cm™ shifted to low frequencies
by (20.5-5.5) cm™ in the spectra of
complexes which supported the
coordination of (Ad) to the metal ions
through the two nitrogen atoms (N3)
and (N9)'",

The asym and sym vibrations i in
(OCN") were notnccd at (2165.9)cm
and (1207.4)cm™ respectively in the
spectra of the complexes containing
this ion the asym. Str. Vib. Was found
to be at higher Posmons in the region
(2240-2260)cm™. Also the absorptions
band in the case of sym. Str. Vib. was
moved to higher positions in the region
(1220-1250)cm™ which indicated the
coordination of cyanate mn through its
oxygen atom®2-?), Free' (SCN") gave
absorption band at (740.6)cm™ belongs
to v(CS). This band was noticed
between (640- 730}cm in the spectra
of the complex. The shifting of this
band to lower frequencies supported
the linkage of the thiocyanate ion to

the metal ion through its sulphur
(14-17)

[
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Ligand metal bands:

The spectra of the complexes
exhibited low frequency absorptions
bands in the range (560-590)cm™
which have been assigned as §(M-
OCN), and another between (500-
540)em™ are due to v(M-N) while the
bending. Vib §(M-SCN) have been
found (415-440)cm™,

Table (4) gives the diagnostic
absorptions and their assignments,

The hrnposed geometrical

structures:

From all above studies the
probable  structure  have  been
suggested:

a. Octahedral geometry for all of

the complexes of Co™, N;j*

and Cu"?,

b. Capped octahedral for all of the
vanadyl complexes,
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Table (1) The Physical properties of the free ligands and their com plexes

a2

Elemental Analysis cale® (Foand%) Molr penducahits | sbm’
Compound Colour M.P.C* | Dec* -__-_ﬁ'l: %l “N oy :-h:-r'}ﬂ‘l-lhmm
1 Caffeine CA Whate Fill 30 - - = - 125
2 KOCN White TN - : : 2678
[VO[CANY] W08 | 434 | e | 533
3 EI‘Z V0 g | 200 | 26 | o | caem (28.10) | ¢5.68) 17.64
o(CA)Y ] 4440l | 4379 | 27411 | 633
4 «© & Light Pink 138 240 {4544) | (a5 | @i ) 13.04
5 {Ni[c.l'l:h‘l"]! . Green- 24 =300 44412 4380 FETE 614 15
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01 r?h Nj | Light Bloe »% | wosy | gen | oz | o3 19.23
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R Green-Blue >0 | wien | e | prie) | o9 15.78
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= (CauH;aN04S8) } j | Oeeen-Blue 340 (38.72) 24) | 01.26) | (o) 19.73
17 [Cuf{CAJ{ Ad)X ;) Omy = =300 39,284 1580 29873 0o 743
i.'ICanJ'! 4 (40.38) | (2.71) | poss) | ¢ .
VOUTP R AN, 7070 ENIT 30.960 7.5
" | Colyhy 05 v0 | Dekgreen 26 | 082 | @20 | poew | oom 1L
[Co{TP)AdYX ) < 17.614 Lis I B.6H&
D | (CakyNy0.51Co P 201 | owes) | gan | piay | ose) 130
INICTP I Ad)X;) : 37627 | 3138 | 31040 | B73
i (CallaN 05N W ) B LW G| o Laen 1 1612 ]
[Cui TP jaf AdiX ) N EFELT kN EF] 36 94
- I{ E&W i - >3 | arae) | g5y | puan | o w
XY 41970 | 3958 | 27520 | 553
2 }gu?‘in..g&:xﬁ Datk green T2 | oy | wmm | osen | @iy i
o(CAMTPYX . 12MI | 193 | 2792 | sds
B | CulluNuOuSiCo Pink 0 1 wass | oamy | g1 | o 15.62
[NU{CAYTFXY) : ) 42351 | 399 | 2777 | %46
2] CottaNyoSiy | Lt amen 0 | wase | wrg | eeay | ) s
[CUCARTPRNY) N 129037 | 3973 [ 17632 | 666
a5 {0 N S H Gy groem £ il & 14) | 387 ) @79, | e ot =z




Um — Salama Science Journal

Vol.

3 (3) 2006

Table (2) The Magnetic susceptibilities for the complexes

Orbital
. a Eleetron Term Groand {B.M)
Complexes . configuration |  symbaol State Found Cale. 1 m::ﬂ;ﬁtnr:.in
1_| [VOICALY)] 1.863 732
2| [VO{TP) Y] 1.851 732
3 | [VO{CAWADIX.] | o Lg'eg” D H, 1.773 1.732 Yes
4 | [VO[TPR(Ad)X;] 1.754 1.732
5 | IVO{CARTPRX Y] 1834 1.732
& | [ColCALY:] 4.195 3472
11 [Co(TPLY;] 4.037 34872
8 | [ColCAR{Ad)IX d’ i .3 1 o 4.080 38 Yes
9| (Co(TPL(AIX;] ] e F * O 1872
10 [ColCAJATPRXY] 4258 3,872
11| [Ni(CANY,] 7798 2828
12 | [Ni(TP)Y 2.766 2,878
13 | [NHCARADIX;] d* Lgheg’ 'F Shap 2 898 2.828 No
14| [NKTP)(Ad)X;]| 2.864 2.878
15 1 [NKCA){TPLXY] | 2.801 2,878
16 | [Cu{CANY,] 1.692 L7
17 | [CulTPLY:] g 1.678 1,732
18| [CWCAMAdIN,] | o Lg'eg’ D € 1.707 1.732 No
19 | [Cu(TPR(Ad)X;) 1.723 1.732
20 [_CU{CA_HI&XY] |.683 1.732
Table (3) The electronic spectra of free ligands and their complexes
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Table (4) The characteristic infrared absorptions of free ligands and their complexes
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