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Abstract

[2+2] Condensation of thiosemicarbazide with 2,5-hexanedione in a 1:1 molar ratio in aqueous solution at room
temperature resulted in the formation of a novel Schiff base tetraimine macrocyclic ligand, (L): 5,8, 13, 16 — tetramethyl
— dione -3, 10 — dithia — 1, 2, 4, 9, 11, 12-hexaaza cyclohexadeca-1,4,9,12-tetraene (fig.1) or may be 5, 8 , 13, 16 —
tetramethyl — dione -2, 10 — dithia — 1, 3, 4, 9, 11, 12-hexaaza cyclohexadeca-1,4,9,12-tetraene(fig.2). Macrocyclic
complexes of the type, [MLCI,] [M=Co(ll) , Ni(Il), Cu(ll) , Zn(1l) or Cd(I1)] have been prepared by reacting metal (I1)
chlorides with the ligand (L) in 1:1 molar ratio in ethanol. The prepared complexes were characterized by metal content
analyses, IR , electronic spectroscopy, magnetic susceptibility and conductivity measurements. IR spectra confirm
coordination of imine nitrogens to the central metal ion. An octahedral geometry has been suggested for all the
complexes. The molar conductance values of the complexes show that they are non-electrolytes.

Introduction

Macrocyclic complexes have attracted interests of both
inorganic and bioinorganic chemists in recent years [1-
4], because they offer a wide variety of donor atoms,
ionic charges, coordination numbers, and geometry of the
resultant complexes [5-7]. Understanding of metal ion
chemistry of macrocyclic ligands has important
implications for a range of chemical and biochemical
applications[8-10]. Hexaazamacrocycle has long been an
extremely useful and versatile macrocyclic ligand in
coordination, bioinorganic chemistry[11-12]. Because of
the wide range of medicinal applications of
thiosemicarbazide and its ability to coordinate with metal
ions[13], therefore it is highly desirable to synthesize and
characterize macrocyclic complexes with
thiosemicarbazide. Here we report, the synthesis and
characterization of hexaazamacrocyclic complexes
[MLCI;] obtained from the reaction of the macrocyclic
ligand (L) with the metals chlorides (Fig.1) or (Fig.2).
Experimental

Materials :

All chemicals used in the present work such as
thiosemicarbazide, 2,5-hexanedione and metals chlorides
were of Analytical Reagent (A.R) grade (B.D.H and
Fluka).

a-Synthesis of the macrocyclic ligand (L) :

Aqueous solution of thiosemicarbazide (0.02 mol.) in
distilled water (100 mL) and 2,5-hexanedione (0.02 mol.)
were mixed in 1:1 molar ratio with constant stirring for 2
hours. The mixture was cooled down to 5°C and kept
undisturbed for 24 hours. A creamish white solid was
precipitated out, which was filtered, washed with
distilled water and dried in air.

b-Synthesis of the macrocyclic complexes:

These complexes were synthesized by the same general
method as follows :

A warm ethanolic suspension (50 mL) of the ligand (0.01
mol.), and hot ethanolic solution (50mL), of the
corresponding metal salts (0.01mol.) were mixed
together with constant stirring. The mixture was refluxed
for 6 hours. The products were precipitated which were
filtered , washed with ethanol and then dried in air.
Analysis and physical measurements

Metal contents were determined according to the
standard procedure [14]. Melting points were determined
by using Electrothermal 9300 digital melting points
apparatus. Molar conductivities of the complexes have
been measured using an electrolytic conductivity
measuring set LF-42 on 0.001M dimethylformamide
(DMF) solutions at room temperature, IR spectra were
recorded on a Brauker (tensor 27) spectrophotometer in
the 4000-400 cm™ range using KBr disc. Electronic
spectra were recorded on a Shimadzu 1601
spectrophotometer in DMF solvent at 25°C for 0.001M
solution of the compounds using a lcm quartz cell.
Magnetic susceptibility measurements of the complexes
in the solid state were determined using Fraday's method
at room temperature using a Bruker BM6 apparatus.
Results and discussion

The prepared complexes are coloured solids , stable in air
at room temperature. The analytical data of the
synthesized complexes are listed in Tablel. Molar
conductances of the complexes in DMF are in the range
(5-31)

ohm™*cm?mol™® (Table 1) indicating a non-electrolytic
nature of these complexes[15].

Table (1) : The physical and analytical properties of the complexes

Compound Colour Yield | m.p % Metal AM
% | C° | (Found) | Calculated | ohm™ cm?mol™
L Creamish white | 61 242 | | o | .
[Co(L)CI,] Dark Brown 65 258 11.98 12.59 31
[Ni(L)CI,] Olive 62 | 255 | 12.04 12.55 8
[Cu(L)CI,] Beige 78 | 260 | 12.69 13.44 25
[Zn(L)CI;] | Milky Yellow 57 247 | 14.09 13.78 5
[Cd(L)C,] Yellow 77 | 250 | 21.32 12.55 12
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IR spectra :

The characteristic infrared frequencies of the complexes
are summarized in Table 2. The absence of an absorption
at 3300 cm™ in the IR spectrum of the ligand shows that
the amino groups of thiosemicarbazide are absent, and
the absence of a strong band at 1713 cm™ shows the
absence of ketonic groups of 2,5-hexanedione. It
confirms the elimination of water molecules and, as a
result, cyclization takes places the formation of a
macrocyclic ligand (tetraiminemacrocycle). A band
observed at 3195 cm™ assigned to v (N-H) of secondary
amino group in the ligand. New bands appeared in the
spectrum of the free ligand within the regions 1586,1419,
1255 and 792 cm™ assignable to thioamide I [0 (N-H)+
v (C-N)], thioamide Il [v (C=S) + v (C=N)+ v (C-N)],
thioamide 111 [v (C-N) + O (N-H)] and thioamide 1V
[v(C=S)] bands, [16-17] respectively.
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It provides a strong evidence for the presence of a closed
cyclic product. In the complexes spectra , the bands
appear in the regions (1570-1513), (1438-1415), (1279-
1212) and (790-685) cm™ assignable to thioamide I, I,
111, and 1V, respectively . In the IR spectrum of the free
ligand, a band appears at 1650 cm™, corresponding the v
(C=N) group . The IR spectra of these complexes show
an absorption in the (1607-1591) cm™ range attributed to
the imine , v (C=N). This absorption band is showing a
shift to the lower side in the complexes, suggesting
coordination through the nitrogen of the v (C=N) group
[18-19]. Further proof of the coordination to the nitrogen
atom is provided by the appearance of the bands (M-N)
in the 466-434 cm™ region in the IR spectra of the
complexes. The M-Cl bands do not appear due to
instrument limitation.

Table (2) : Important IR spectral bands (cm™)

Compound | v (N-H) | v (C=N) | Thioamide | Thio amide | Thio amide | Thio amide | v (M-N)
| I i v

L 3195 1650 1586 1419 1255 792 | -
[Co(L)Cl;] | 3179 1598 1513 1431 1250 685 466
[Ni(L)Cl,] [ 3050 [ 1606 1570 1438 1235 790 434
[Cu(L)CI,] | 1369 1607 1532 1432 1279 769 434
[Zn(L)CI,] | 3204 1591 1531 1415 1212 783 463
[Cd(L)CI,] | 3179 1602 1568 1438 1245 774 458

Electronic spectra and the magnetic moments :

The electronic spectrum of the macrocyclic ligand (L)
and its complexes were recorded in DMF (Table 3). A
band was observed at 32894 cm™ in the spectrum of the
ligand, which is attributed to n—0O* transition in the
C=N chromophore [20]. This band shows a blue shift in
the spectra of the complexes (Table 3) due to the
polarization in the C=N bond caused by the metal-ligand
electron interaction during bond formation, indicating the
involvement of (C=N) group in metal complexation.
However, the absorption maxima of the metal complexes
bear close resemblance with that of the free ligand,
which indicates that no structural alteration of the ligand
occured during complexation. The electronic spectrum of
the Co(ll) complex exhibits absorptions in the regions
10183, 15015 , 16447 and 35211 cm™. These bands may
be assigned to *T;g(F)—>*T,g(F)(vy), “T:g =*A,g(v,) and
*T19(F) > T19(P)(vs) transitions, respectively. The forth
band is attributed to n—0* transition (blue shift). The
positions of these bands suggest an octahedral
environment around the Co(ll) ion [21-22]. The magnetic
moment value for the Co(ll) complex at room
temperature was found to be at 4.9 B.M, indicating six-
coordinated complex [23]. The electronic spectrum of the
Ni(Il) complex is consistent with the formation of an
octahedral geometry with the appearance of three bands

at 10162, 16556 and 34482 cm™. These bands refer to the
*A9(F)>°Tog(ve) and 3A,g(F)—°Tig(v,) transitions,
respectively [21]. The third band at 34482 cm™ is
assigned to n—0O* transition (blue shift). The
*A,g(F)>°T1g(P) (vs) transition may be overlapped by
the ligand absorption band, therefore it can not be
observed. The octahedral geometry of Ni(ll) ion in the
complex is confirmed by the measured magnetic moment
value , 2.92 B.M. [23]. Unfortunately, some of the
expected weak d-d transitions in the visible region for the
Cu(ll) complex cannot be detected even with
concentrated solution, may be due to their very low
intensity or lost in the low energy tail of the ligand
absorption band. The electronic spectrum of the Cu(ll)
complex displays a band at 34722 cm™ assigned to
n—[0* (blue shift). The Cu(Il) complex shows magnetic
moment at 1.99 B.M., corresponding to one unpaired
electron [23].The absorption spectra of Zn(1l) and Cd(l1)
complexes show no bands due to d-d transitions. This
phenomenon is natural as there is no possibility of
transition due to non availability of empty d-orbital. The
electronic spectra of these complexes, show bands at
34965 and 36495 cm™ , which attributed to n—O*
transition for the 2Zn(ll) and Cd(ll) complexes,
respectively.  Zn(ll) and Cd(ll) complexes are
diamagnetic as expected for d*° configuration.

Table (3) : Magnetic moments and electronic spectral data (cm™)

Compound | Ogt d-d transitions and n —»n*
B.M. bands (cm™)

[ 32894

[Co(L)Cl,] | 4.90 10183, 15015, 16447, 35211
[Ni(L)CI] | 2.92 10162 , 16556 , 34482
[Cu(L)CL,] | 1.99 34722

[Zn(L)CI,] | Diamagnetic | 34965

[Cd(L)CI,] | Diamagnetic | 36495

YooY
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Conclusions

The present study revealed an octahedral geometry
around Co(ll), Ni(ll), Cu(ll), Zn(ll) and Cd(lI)
complexes , in which the macrocyclic ligand acts as
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Fig.1: The Proposed Structure of
the Macrocyclic Complexes
[M(L)CI]

References

1.Zangrando E., Kulisic N., Ravalico F., Bratsos 1.,
Jedner S., Casanova M. and Alessio E., Inorg. Chim.
Acta, 362(3)(2009) 820-832.

2.Neal S.R.,, You J.,, Ellern A. and Sadow A.D.,
Polyhedron, In Press. (2009).

3.Bazzicalupi C., Bencini A., Bianchi A., Danesi A,
Faggi E., Giorgi C., Lodeiro C., Oliveira E., Pina F. and
Valtancoli B., Inorg. Chim. Acta., 361(12-13) (2008)
3410-34109.

4.Taylor M.K., Trotter K.D., Reglinski J., Berlouis
L.E.A., Kennedy A.R., Spickett C.M. and Sowden R.J.,
Inorg. Chim. Acta, 361 (9-10) (2008) 2851-2862.
5.Chandra S. and Gupta K., Synth. and React. in Inorg.,
Met.-Org., and Nano-Met. Chem., 31(4) (2004.) 661-
671.

6.Mostafa M.M. and Aicha Y.N., Synth. and React. in
Inorg., Met.-Org., and Nano-Met. Chem., 32(1) (2004.)
143-154.

7.Babosa L. , Lindoy L.F., Skelton B.W. and White
A.H., Polyhedron, 26(3) (2007) 653-658.

8.Akilan P., Thirumavalavan M. and Kandaswamy M.,
Polyhedron, 22(27) (2003) 3483-3492.

9.Chaudhary A. and Singh R. V., Phos., Sulf.,. and Sili.
And Related Elem., 178(3)(2004.) 615-626.

10.Raman N., Kulandaisamy A. and Jeyasubramanian
K., Synth. and React. lin Inorg., Met.-Org., and Nano-
Met. Chem., 34(1) (2004) 17-43.

11.Niasari M.S. and Najafian H., Polyhedron, 22(18)
(2003) 2633-2638.

ISSN: 1813 - 1662

tetradentate donor coordinated through the nitrogen
atoms of v(C=N) groups.

Cl

HsC CHs

CHs

Cl

Fig.2: The Proposed Structure of
the Macrocyclic Complexes
[M(L)CI]

12.Nunez C., Bastida R., Macias A., Lodeiro C. and
Valencia L., Inorg. Chim. Acta, 362(10) (2009) 3454-
3460.

13.Al-Hazmi G.A., EI-Metwally N.M., EI-Gammal O.A.
and EI-Asmy A.A., Spectrochim. Acta A., 69, (2008) 56-
61.

14.Vogel A.l.,, "A Textbook of Quantitative Inorganic
Analysis". Longman Inc., 4" ed., New York. (1981).
15.Geary W.J., Coord. Chem. Rev., 7(1971) 81-122.
16.Singh N.K., Singh S.B., Shrivastav A. and Singh
S.M., Proc. Indian Acad. Sci. (Chem. Sci.), 113(4)
(2001) 257-273.

17.Amin O.H., Al-Hayaly L.J., Al-Jibori S.A. and Al-
Allaf T AK., J.J. Appl. Sci., 6(2) (2004) 108-117.
18.Panchai P.K., Pansuriya P.B. and Patel M.N., J. Enzy.
Inhib. Med. Chem. 21(4) (2006.) 453-458.
19.Abd-Elzaher M.M., J. Chin. Chem. Soc., 48 (2001)
153-158.

20.Williams D.H. and Fleming 1., "Spectroscopic
Methods in Organic Chemistry”. McGraw-Hill, 4™. Ed.,
London. (1989).

21.Lever A.B.P., "Inorganic Electronic Spectroscopyt",
Elsevier, Amsterdam.(1984).

22.Figgis B.N., "Introduction to ligand field theory",
Wiley, New York. (1978).

23.Duta R.L., and Syamal A., "Elements of Magneto-
Chemistry”. Elsevier, 2". Ed., New Delhi. (1992).



Tikrit Journal of Pure Science Vol. 16 No. (1) 2011 ISSN: 1813 - 1662

Ol dselyy (SJS 1 C)Aa..ljs.d) AElaY) Claleal)l Gaad (adlily judaad
Taana SN ae a8l U alda Ay
Gl ¢ Jasall ¢ oo pell drala ¢ SLall Lyt LS ¢ ¢ gl !
bl ¢ demgall ¢ easall dnsla ¢ il LS ¢ o Lol anid T
(Yo e [ &)XY dadl aylie Youd [V) /Yo s daW) &yl
gaalall
il syl dap die W Jolaall 3 (Vi) Ao daud) (05— AU GluSa=00 ¥ 5 2llSanm sl oy [Y4Y] il Jelall as
B LaSa= 1Y Me @ e fe Yo ) L S -V el Yoy S - el YT A o (L) cpa¥) el la i sacld i)
Ve e g L A ) v Yool AU —die el TN G A 0 s a8 o) (VUSE) o el I Y 4 O —lalSa IS
¢ b€ =M ¢ Cus] [MLCL] daladl Zapual) @ls dalal) clsiaal) Cipan L (YJSE) 0 ol — 1 Ve 4 Ve —S0La S 1) Lsa—) Yo
s3a Cuadiy Jol) & (V) Ay¥se Ao ) clagysl aa (L) alad) SlSll Jelis e [Aimse 2005 a5manlS 5l i ¢ Gulad ¢ (S8
el A Vsal) Ala gill alilis Apulalinall Ll ¢ 3g 5N Calall o lyeall cind Zad¥) Gillal Il 3al) Jilail)l DA e ltindl)
aluld Gl WS mohaudl Al JR5 Glataadl o3¢d (s Gpa¥) Cang i GhY YA e 2l ae S gl dals)) eheal) il 2aSY) Ll
Alase e Lgih Gilaaall 03] AL Sl Adua gl



