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Abstract

Mono sodium 2,4,6-trioxotetrahydropyrimidine-1(2H)-carbodithioate (L) was prepared from
barbituric acid with carbon disulfide (CS2) in the presence of sodium hydroxide, then reacted
with some chloride metals to synthesis a complexes of the types [M (L) Cl (H20)3], [M
(L)2(H20) 2] and [M(L)2] {M= Co(lI), Ni(ll), Cu(ID}, and [Pd (L)(H20)2]Cl and[Pd (L)2] .
These compounds were characterized using infra-red spectra FTIR, electronic spectra UV-
VIS, proton nuclear magnetic resonance *H-NMR spectroscopy, Micro Elemental Analysis,
and Magnetic Measurements.These measurements indicate that the prepared complexes have
octahedral, square planer or tetrahedral geometry. Molar Conductance measurements shows
all the prepared complexes are non-electrolytic except the palladium complex of the type
[Pd(L)(H20)2]ClI.

Keywords: Barbituric acid, carbon disulfide, carbodithioate.
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Introduction

Organic chemistry of dithiocarbamates have attracted a wonderful deal of importance because
of their exciting chemistry and huge effectiveness. Dithiocarbamates, are chelating agents
with various applications, cytotoxic properties, chelating agent for the extraction of trace
metals, have been used in against metal poisoning [l and different various applications in
agriculture, medicinal drug, industry, analytical and organic chemistry 2. Its complexes
show improved antibacterial, antimalarial, and fungicidal activities as compared to free
ligands because of recede in polarity of metals after complexation 451,

Dithiocarbamate ligands can coordinate to all the transition elements in order to stabilize low-

or high-valent metal ionst®l.
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Dithiocarbamates have specific binding modes to metal ions (figure 1). It acts as a chelate
ligand (1) via two sulfur atoms ®1, and monodentate coordination mode (2) is also particularly
common U1 In a few cases the two metal sulfur bonds are quite exceptional but nonetheless
within the anticipated variety for a bonding interaction. That is commonly termed the
anisobidentate coordination mode (3) . All other binding modes (4-6) involve the

dithiocarbamate bridging two or extra metal atoms, as much as a maximum of four [,
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Figure 1: Binding modes of dithiocarbamate complexes4]

Experimental part

Chemicals and Instruments

Reagent grade barbituric acid (B.A) and sodium hydroxide were procured from Alfa aesar.
Sodium hydroxide, Cobalt chloride hexa hydrate, Nickel chloride hexa hydrate, Copper
chloride di hydrate and, while sodium chloride, hydrochloric acid 37% and palladium chloride
from Sigma- Aldrich. Chloroform, Carbon disulphide, ethanol and dimethyle sulphoxide were
procured from Sharlau.

The infra-red spectra of ligand and metal complexes spectra were recorded by SHIMADZU
spectrophotometer within the range (400-4000 cm™). The electronic spectra of the complexes
were recorded in SHIMADZU 2450 UV-VIS as 102 M DMSO solution. The magnetic
susceptibilities were measured at room temperature by using Sherwood scientific instrument
(Evans balance). Conductivity measurements were recorded by using dimethyl sulphoxide
(DMSO) as a solvent for 103M solution of the complexes at room temperature, using
(Consort C832) instrument. The *H- NMR measurements were measured by using DMSO-d®

as solvent in Bruker MHz-Avance 11l instrument (300 MHz) and the micro element analyses
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recorded in Bruker S2 picofox, while metal percentage of some selected complexes have been
measured using atomic absorption Pye-Unicam Sp.9 Spectrophotometer.

Syntheses of the ligand and complexes:

Barbituric acid (dithiocarbamate) (B.A.DTC):

The ligand was prepared according to typical method 1223 A solution of Barbituric acid
(0.49, 3 mmol) in (20 ml) DMSO was added to CS; (0.235g, 3.1mmol) in the presence of
NaOH (0.125 g, 3 mmol). The reaction was maintained at 5 °C using a water-ice bath. This
mixture was subjected to continuous stirring for 1 hour and maintained at room temperature
for three weeks till beige solid was formed. The obtained solid was filtered, recrystallized
from (3:1 (90%ethanol): Chloroform) and dried in a vacuum oven at 40 °C for 4 hours.

o o)

P e PANS;
Stirrer at 5 °C Nz F
+ CS,+NaOH y M SNa

(o) o (o) (o)

Preparation of [M (L) CI (H20) 3] complexes. M= Co (I1), Ni (11) and Cu (11).
To aqueous solution 8ml of (L) (0.6mmol), a solution of (0.6mmol) of Co (II), Ni (1) and Cu

(1) salts correspondingly, in 5 ml distilled water, was added drop wise under stirring. The
reaction mixture was refluxed for 1 hour on steam bath, and then was filtered; the resulting
colored precipitate was washed with hot distilled water and dried at 60 °C for 4 hours.
Preparation of [M (L)2 (H20) 2] complexes. M= Co (I1), Ni (1) and Cu (11).

To aqueous solution 15 ml of (L) ( 1.2 mmol), aqueous solution of (0.6 mmol) Co (1), Ni(ll)
and Cu(ll), correspondingly, in 5 ml distilled water, was added drop wise under stirring. The
reaction mixture was refluxed for 2 hours on steam bath, filtered, the resulting colored
precipitate was washed with hot distilled water in order to remove unreacted (L and metal
salts) and dried at room temperature.

Preparation of [M (L)2] complexes. M= Co (1), Ni (I1) and Cu (II).

These complexes were prepared by drying complexes of the type [M (L)2 (H20) 2] at 100 °C

for 24 hours.
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Preparation of palladium salt (Na2PdCls) 41,

To 10ml concentrated HCI 37%, (29, 11.3mmol) PdCl> was added slowly with continuously
stirring by glass rod in a hot water bath, till the total volume reduced to the one-third of its
volume, a saturated agqueous solution (1.32g, 22.6mmol) of NaCl was added slowly with
continuously stirring by glass rod in water bath, after that the solution was left until became
deep red brown powder, the obtained powder was washed three times with diethylether and
dried at 60 °C for three hours in oven.

Preparation of [Pd (L) (H20)2]CI complex.

An aqueous solution 20 ml of Na2PdCl4 (0.177g, 0.6 mmol) was added to an aqueous solution
30 ml of (L) (0.2g, 0.6 mmol), this mixture was refluxed for 4 hours. The obtained brown
solid was then washed with hot distilled water and dried at 60°C for 4 hours.

Preparation of [Pd (L)z] complex.

An aqueous solution 20 ml of Na;PdCls (0.177g, 0.6 mmol) was added to an aqueous solution
30 ml of (L) (0.4g, 1.2 mmol), this mixture was refluxed for 4 hours. The obtained brown
filtered was then evaporated to gives dark brown solids, washed with hot distilled water and
dried at 60°C for 4 hours.

Results and Discussion

The Dithiocarbamate ligand and its Co(ll), Ni(ll), Cu(ll) and Pd(ll) complexes have been
synthesized and characterized using IR spectra, electronic spectra, magnetic susceptibility,
conductivity measurements, *H- nuclear magnetic resonance, micro element analyses, and the
atomic absorption.

The physical properties of ligand and its complexes are listed in Table 1. All complexes are
thermally stable and have a good solubility in DMSO and DMF. The molar conductivities of
10 M solution of all complexes (Tablel) indicate that they are non-electrolytes except [Pd
(L) (H20)z]CI B4

IR Spectra:

The coordination modes of the ligand to the metal ions have been investigated by comparing
the infrared spectra of the free ligand with its metal complexes (Table 2). The band of

v (C..N) was appeared at 1458 cm™ in free ligand and shifted towards high values at rang in
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the spectra of the complexes %8 The two bands of v (C..S) of the ligand appeared at 1033
and 933 cm™, as well as v (C..S) in all complexes shifted towards lower values. We noticed
all complexes show a single peak at the range (991-1030) cm™%2% that is mean the ligand is
bidentate through two sulfur atoms. The bands at (418-475) cm™ could be attributed to v (M-
OH,) 21,

Electronic Spectra:

The electronic spectra of the complexes were recorded as 10° M solution in DMSO and the
results presented in Table 3. The electronic spectra of four coordinated Co(ll) complex
exhibited one absorptions at (15313) cm™ which was assigned to (?Ai1g — 2Eg) in a distorted
tetrahedral geometry around cobalt (I1). The electronic spectra of four coordinated Ni(ll) and
Pd(I1) complexes shows two absorption at (24194, 23818-23773) cm™ and (15576, 15822-
15757) cm™ respectively, assigned to 'Aig—'Big and 'Aig — Ag. These bands are in
agreement with square planar nickel (1) and palladium complexes % %1, The electronic
spectra of the prepared four coordinated copper (I1) complex gives broad absorption band at
(15124) cm®, which can be assigned to the combination of transitions (?°Big — 2Asg) and
(°B1g — 2Eg). The position of these bands is in agreement with four coordinated copper (I1)
complexes with square-planar geometry 2224251 The electronic spectra of six coordinated
Co(11) complex exhibited two absorptions bands at (15667-16007) cm™ and (20167,20100)
cm™ which was assigned to (“Tig — *A2g) and (*Tig — “T1g(p)) in octahedral geometry
around cobalt (11). The electronic spectra of six coordinated Ni(Il) complexes shows three
absorption bands at (11733-12001,13024-13330,27373-25100) cm™®, assigned to
3A0—3Tog(1) , 3A2g — 3Tag and 3A.g — 3Tig(p). These bands are in agreement with
octahedral nickel (1) complexes ?2 21, The electronic spectra of the prepared six coordinated
copper (1) complexes give absorption band at (14233-14400 and 16051-16377) cm™, which
can be assigned to the combination of transitions (?°B1g — 2Alg) and (°Blg — 2Eg). The
position of these bands is in agreement with six coordinated copper (I1) complexes with

octahedral geometry.
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Magnetic susceptibility:

The experimental magnetic moment for each complex is listed in Table 1. The magnetic
moment give an idea about the electronic state of the metal ion in the complex. The magnetic
moment of six coordinated complexes are, Co (II) complexes are (5.01, 5.00) B.M
respectively 281 for Ni (11) complexes are (2.98, 3.01) B.M [2°% For Cu (II) complexes are
(1.81, 1.99) B.M B, These values are due to the presence of octahedral configuration for
these complexes, while the magnetic moment of four coordinated complexes are, Co (Il)
complex is (2.40) B.M this indicate that cobalt has distorted tetrahedral structure 281 but Ni
(1) and Pd(Il) gives no value, that is indicate that nickel and palladium complexes have
square planar geometry, while Cu (1) complex is (1.66) B.M, this value is appropriate for
square planar complex 2930, As shown in table 1.

Proton nuclear magnetic resonance (*H- NMR) Spectra Measurements:

'H-NMR spectra (figure 6-8), the NaBADTC shows a single signal at (3.505ppm) with
integration 1.96 . This signal is a good proof to the existence of (CHz), another signal at
(10.92 ppm) with integration equal 1.00 refers to the proton of NH as in figure (6). The H-
NMR of [Pd(L)(H20).].Cl complex shows a single signal at (2.960 ppm) with integration 2.02
while the proton of NH gives integration equal 1.00 at (10.93ppm), we must mentioned that
two water molecules which might possibly be replaced by DMSO molecules when the
complex is dissolved in this solvent. as in figure (7), while the *H-NMR of the complex
[Pd(L)2] gives a single signal at (3.024ppm) with integration 4.06 attributed to two CH>
groups from and another signal at (10.72ppm) with integration equal 1.91 due to presence of

two NH group from two ligand which attached to the same palladium Figure 8.
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Table 1: Analytical, conductance and magnetic data of the ligands and their complexes

vield Element& Metal analyses

No. Formula Color o M.P°C calc./(found)% A Left
’ C H N M
Hg L Beige | 78 | 340 | 2655 | 134 | 1238 _ ] _

(26.42) | (1.32) | (12.33)

[Co(L)(H20)sCI] |  green 50 | 254261 | 1798 | 258 1 7.97 1676 1 4.32

1 (16.99) | (233) | (7.93) | (16.74)
, | INL(H0)5Cl] | Maroon | 74 | 226230 (g:gg) é:gg) (;:gg) (12:573(1)) 7 298
5 | [Cum(H0)sCly | olive 87 | 188-193 (}‘;:gg) é:gg) (;:g% (g:gg) 3 181
4 | [CO(L):(H0)] ;2:;'; S3#F| 158:162 ég:gg) éﬁ) (ﬁ:g) (ﬁ:;g) 5 4.91
s | INLAH0)] | Magenta | 79 | 182-189 égzg;) (5:83) (ﬁ:ig) (ﬁ% 13 3.01

23.74 1.99 11.07 12.56
6 [Cu(L)2(H20)2] | Seagreen 72 200-201 23.76) | (1.99) | (11.10) | (12.60) 2 1.99

2581 | 1.30 | 1204 | 1266
/ [Co(L)e] THh 60 | >300 | 9570) | (129) | (11.99) | (az71) | 1 2.40
2582 | 130 | 1205 | 1262
25.79) | (1.29) | (12.10) | (12.67)
2374 | 1.99 | 1107 | 1256

9 [Cu(L)2] black | 55 | >300 | o376y | (1.99) | 11.10) | (12.60) | 2 1.66

15.76 1.85 7.35 27.92

8 [Ni(L)2] red 63 | Decomp. 0 | Diamagnetic

10 | [Pd(L) (H20)2]CI Brown 61 187-189 (15.76) | (1.80) | (7.55) (27.93) 97 | Diamagnetic
Dark 23.42 1.18 10.93 20.75 . .

1 [Pd(L)z] brown | %2 | 7320 | (5340) | (1.18) | (11.00) | (20.99) | O | Diamagnetic
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Table 2: v (C ..N), v (C..S), v(M-OH), and v (C-O) frequencies

No. Formula v (C ..N) v (C..S) v(M-OHy) v(C=0)
L L 1458 (s) 1033 (s) _| 1676 (s)
933 (s)
1 | [Co(L)(H:0):Cl] | 1510(m) 1003 (5) 440(m) 1670 (s)
2 | [Ni(L)(H0)sCI] | 1515(s) 1009 (5) 423(m) 1676 (s)
3 | [Cu(L)(H20):Cl] | 1533(s) | 1026 (m) 475(w) 1674 (s)
4 [Co(L)2(H;0),] 1500 (s) | 1022 (m) 429(w) 1674 (s)
5 [Ni(L)2(H-0),] 1506 (5) 1014 (s) 418(m) 1683 (s)
6 [Cu(L)2(H20)7] 1520 (s) 996 (m) 434(s) 1673 (s)
7 [Co(L)2] 1566 (s) 1000 (s) - 1680 (s)
8 [Ni(L)2] 1582 (w) | 1016 (w) 1674 (s)
9 [Cu(L)2] 1527 (s) | 1024 (m) . 1683 (5)
10 [PA(L) (H20).] 1512 (m) 991 (m) 424 (W) 1680 (s)
11 [Pd(L)2] 1582 (w) | 1030 (w) - 1677 (s)
Table 3: Electronic spectra and its assignment
No. Formula Electronic spectra Assignment
15667 4T1g —> 4Azg
1 | o) (H0):C1l = Tig o “Taal)
11733 3A,0—3T2g
, | INI(L)(H0):Cl] 13024 3Ax0 — 3Tag
21313 *Aog — *Tag(p)
14233 2B1g — ?Alg
3 | [CUL)(H0)Cl] 16051 ?B1g — ’Eg
16007 4T1g — “Axg
3Azg—)3ng
g | [Ni(L)(HO)] | 12001,13330,25100 | *Asg — °Tig
*Aog = *Tag(p)
14400 2B1g — ?Alg
[Cu(L)(H0)e] 16377 ’B1g — 2Eg
[CO(L)z] 15313 2Alg - 2Eg
. 24194 1A19—>1B1g
8 [Ni(L)2] 15576 1A1g - 1Ay
2Blg —> 2Alg
9 [Cu(L)2] 15124 broad 2,9 > 2Eq
23818 1Alg—)lBlg
1Alg—>1819
11 [Pd(L)] 15757 LA > A
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Figure 2: Infra-red spectrum of NaBADTC
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Figure 3: Infrared spectrum of [Cu(L)(H20)3 CI] complex
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Figure 4: Infrared spectrum of [Pd(L)z] complex
B sHiMaDzZU

2 2
3 4 LAA;; s
]
: -3
= )
i s
N
~
2
!
%
- 1
_‘/—"/
-
b
LS
g o
E e
1atsm
1099 33—
»i—

10—

Bl
: | : | 4
“ 1 \ [ ’V L
! R | i |
4 ‘ ; s L
1 J =38
[ L3
|
30— i | |
| B
= ! t J
S A8 "aaa+ nasa A S
lem
. e Jovon Dete & Time: 18/01/2017 022442 «
Figure 5: Infrared spectrum of [Ni(L)2(H20)2] complex
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Conclusion
From the previous considerations regarding the various physico-chemical, spectral and

analytical studies we conclude that:

1. The ligand mono sodium 2,4,6-trioxotetrahydropyrimidine-1(2H)-carbodithioate,coordi-
nate with metal ion, through two sulfur atoms (bidentate).

2. These complexes showed diversity in there geometry, which were octahedral geometry in
the complexes of the type [M(L)(H20)3Cl], [M(L)2(H20)2], and square planar in the
palladium complexes. When [M(L)2(H20)2] dried at 140 oC under vacuum give the
complexes of the type [M(L)2] which show square planar structure where {M=

Pd,Ni,Cu} whilst [Co(L) 2] showed a tetrahedral structure.
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Figure 9: Configurations of the prepared complexes

References

1. Garje S. S. V. Jain K., Chem. Rev.,2003,236,1,35-56.

2. Gringeri A., Keng P. C., Borch R. F., Cancer Res., 1988, 48, 20,5708-5712.

3. Kavounis C.A., Kokkou S.C., Rentzeperis P.J., Karagiannidis P., Acta Crystallog.
Section B,1982, 38,10,2686-2689.

4. Ukrainets 1.V., Gorokhova O.V., Jaradat N.A., Chem. Comp.,2006, 42,4,475-487.

5. Usharani M., Akila E., Jayaseelan P., Rajavel R., Inter. J. Sci. & Eng. Res.,2013,
4,7,1055-1064.

6. Hogarth G. Transition metal dithiocarbamates: 1978-2003; Prog.Inorg. Chem., 2005,53,
71-561.

7. Noordik J.H. Cryst. Struct. Commun.,1978, 2, 81-84.

8. Fernandez, E.J.; Lopez-de-Luzuriaga, J.M.; Monge, M.; Olmos, E.;Gimeno, M.C,;
Laguna, A.; Jones, P.G., Inorg.Chem., 1998, 37, 5532-5536.

9. Cardell, D.; Hogarth, G.; Faulkner, S. A. Inorg. Chim. Acta, 2006,359, 1321-1324.

Vol: 13 No:4 , October 2017 291 P-1SSN: 2222-8373
DOI : http://dx.doi.org/10.24237/djps.1304.338A E-1SSN: 2518-9255


http://dx.doi.org/10.24237/djps.1304.338A

DIYALA JOURNAL FOR PURE SCIENCES

Synthesis and Characterization of Co (I1), Ni (I1), Cu (11), and Pd(Il) Complexes
with Mono Sodium 2, 4, 6-Trioxotetrahydropyrimidine-1(2H)-Carbodithioate

10.

11.

12.
13.

14.
15.
16.
17.

18.
19.
20.
21.

22.
23.

24,
25.
26.
27.
28.
29.
30.
31.

Anwar Adil Hameed

Bishoy E.A., Tomonari K. , Magdy Z.H.A. , Nadia Z.1., Tsukasa S. , Sreeja S.C., Hussein
A.S., Akifumi M., Hiroshi M., Masaharu S., Inter. Immunopharmacology, 2014, 21 ,283—
292.

Hassner A. Namboothiri 1., Organic Syntheses Based on Name Reactions, Elsevier Ltd.,
3rd ed.,2012.

Hummers W. S. , Offeman R. E., J. Am.Chem. Soc.,1958, 80, 1339.

Eszter N.M., Sergio S., Monica M., Monica F., Luciano M., Laura C., Dolores F., J.
Inorg.Biochem.,2012,117,131-1309.

Onwudiwe D. C., Strydom C. A., Hosten E. C. Inorg. Chimica Acta.,2013,401:1-10.
Geary W.J,Coord.Chem.Rev.,1971,7,81.

Golcu A., Transition M. chem.,2006, 31, 405-412.

Buriez B., Cook D.J, Harlow K.J., Hill A.F., Andrew T.W., White J.P., Williams D.J.
Wilton-Ely J.D, J. Organomet. Chem.,1999, 578, 264.

Xiaohan Y., Na W., Hongqging H., Li W., Mol. Biomol. Spect.,2014,122, 283-287.
Najmadin A. , Elahm G., Sanaz N.D., Monatsh.Chem ,2012,143:1171-1174.

Sharma S. M., Sachar R. , Chem. Sci. Trans.,2013,2(2):367-374.

Nakamoto K, Infrared and Raman Spectra of Inorganic and Coordination Compounds,
Wiely,6ed ed. 20009.

Manoussakis G.E., Bolos C.A., Inorg. Chim. Acta., 1985,108, 215.

Aniruddha M. M., Sung-H H., Mansing A. A., Sanjay S. K. ,Arab.J.Chem.,2015,
8(4):456-464.

Hogarth G .. Prog. Inorg. Chem.,2005,53: 71-561.

Sacconi L., Lapolini C., J. Chem. Soc.,1964, 278.

Aiyelabola T., Ojo I., Akinkunmi O., Int. J.Chemistry,2012,4,2.

Larkworthy L.F., Murphy J.M., Phillips D.J., Inorg.Chem.,1968, 7,1436-1443.

Ekennia A. C.. J. Appl. Chem., 2013,5(2):36-39.

Kettle S.F., Thomas Nelson and Sons, London,1975, 168.

Aggarwal R.C., Singh N., Singh S., Polyhedron,1985, 4, 343.

Adams R.W., Barroclough C.G., Martin R.L

Vol: 13 No:4 , October 2017 299 P-1SSN: 2222-8373
DOI : http://dx.doi.org/10.24237/djps.1304.338A E-1SSN: 2518-9255


http://dx.doi.org/10.24237/djps.1304.338A

