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Abstract

A new ligand [3(3(2chloroacetyl) thioureido)pyrazine-2-carboxyliIcacid](CPC)was synthesized by
reaction of rized by imicro elmental analysis C.H.N.S.,FT-IR,UV-Vis and 1H-13CNMR spectra, some
transition metals complex ofIthis ligand were Prepared and characterized byiFT-IR,UV-Vis spectra
conductivity measurements magnetic susceptibility and atomic absorption. From the obtained results
the molecular formula of all prepared complexes were[M(CPC)2](M

+2i=Mn. Co, Ni, Cu, Zn, Cd and
Hg),the proposedi geometrical structure for all complexes were as tetrahedral geometry except copper
complex has square planer geometry.
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Introduction

Heterocyclic compounds are abundant in
inature  andare of great significance toilife
Becauseitheir is inimany natural iproductsi
such, hormones, antibiotics....etc. Apractical
method for the synthesis of such compoundsiis
of greatiinterestn synthetic organic chemistry
[1].Pyrazineiderivativesoccuriinimanyjnaturali
sourcesiandiican be synthesized chemicallyior
biologically.Inianimalsiandiplants[2].pyrazinei
iandicarboxylateigroupsiareiakind of
interesting ligands for the coordination of
silver, and such complexes have received
particular attention in coordination
chemistry[3]. It is know that pyrazines and
their derivatives from quite important class of
compounds presentiin manyinatueal flavours
and compound organicimoleculesi[4] Also,few
examples of pyrazine -carboxylici acid and is
derivatives are Known as good building
blocksiforiconstructioniiofinovelimetalorgnicif
rameiiworksithatfacilitateithe formation
ofisupra moleculariarchitectures

[5,6]. An additional amino substitution on 3-
amino pyrazine-2-carboxyliciacid could
beiexpectedito enhance crystalipacking
through extensive hydrogen bonding The
dynamic pattern ofi 3-amino pyrazinr-2-
carboxyliciacidiby inelasticiand incoherent
neutron scattering,Raman spectroscopy andi
abignition.calculationiihaveibeenireportedi[7].
X-rayicrystalistructure ofiMg (II)andCa(II)3-
aminopyrazinr-2-carboxylic acidicomplexes
havebeeniireportedi[8].Inthisstudy the
chemistryiofi3-aminopyrazin-2-carboxyliciacid
.the disociable carboxylic proton withisomei
transition metal ions areireportedi.These
complexes Have been characterization on
bases of the spectral(IR,1HNMR,electroniciand
(ESR)conductivityandimagneticiimeasuremen-
ts. New complexes  was  prepared  by  the
reactionof3-aminopyrazin-2-carboxeliciacid
acide,withVO2+,Pd(II),W(VI) and UO2

2+

[9].Theiaim of this work iisito prepareiand
characterize a new ligand[3-(3-(2-chloro
acetyl) thioureido)pyrazine-2-carboxylicacid]
(CPC),andiit's metal complexes with
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Mni(II),Coi(II), Nii(II)I, Cui(II),Zni(II),
Cdi(II)iand Hgi(II) ionsi.

Experimental

Chemicals : All chemicals were supplied from
Al-Drich, Fluka and BDH.
Materials: (chloro acetyl chloride,3-amino
pyrazin-2-carboxelicacid) tetra hydrate ii
(MnCl2.4H2O)I,ICobaltichlorideIIhexahydrateI
(CoCl2.6H2O),NickelIchloride hydrate
(NiCl2.6H2O) Copper chloride hydrate
(CuCl2.2H2O) Zinc chloride (ZnCl2) Cadmium
chloride hydrate (CdCl2.H2O) and Mercury
chloride (HgCl2).

Instruments

1H and13C–NMRiwereirecordediusing Ultra
300 MHz Switzerland at University of Al al-
Bayt,Jordan.Meltingipointiwasrecordedibyiusi
ngiStuart-imeltingipointiapparatusFTIRspectra
wereirecordediasiKBrIdiscusingi3800iShimadz
u  in the rangeiofi(4000-400)cm-1.iElectronic
spectraiwereiobtainediusingUV-160iShimadzu
spectrophotometer at 25 Cifori10-3iM
solutioni
DMSOiwith1.000±0.001cmimatchediquartzcel
l.Molar Conductivity wasi measured at 25 C
for10-3Misolution ofi DMSO by
usingiPhilipsPW..Digital.Microielementalianal
-ysisii(C.H.N.S)iwereiperformed
usingiAcrloErba1106elementalanalyzer.

Magneticisusceptibility measurements were
Obtained by balance magnetic
susceptibilitybyimodelMSB-MKI.Metal
contentsiofitheicomplexes were determine di
by atomic absorption technique by using
Shimadzu (AA680G ).
Preparation of ligand(CPC)

Theiligand wasipreparedibyitwosteps(scheme-)

(A)- Preparation  of the(Chloro acetyl

isothiocyanate)[10]

Mixture of chloroacetyl chloride(2.05ml,
26mmolI)andIammoniumIthiocyanate
(2g,26mmol)I in (25ml) of acetone was stirred
under refluxed for 3 hrs andithenifilteredi,thei
filtrate was used forifurtherireactioni.
(B)PreparationIofI[3-(3-(2-
chloroacetyl)thioureido)pyrazine-2-
carboxylic acid] (CPC)

(3.616g,26mmol)Iof 3-amino pyrazine-2-
CarboxilicIIAcidIin(20ml)IacetoneIwasrapidly
IaddeditoIChloroiacetyliisothiocyanateIand
maintainingreflux.AfterrefluxingIforI6hrs,there
sultingsolidwas collected,iwashed with acetone
andIrecrystallizationIfromIethanol,yield(80%),
(m.p=250-52)̊ C,C%foundI(34.58)calc.(34.97),
H% found (2.61)Icalc.(2.56),IN% found
(20.45)Icalc.(20.40),S%found(12.12)calc.
(11.67) Scheme. (1).
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Scheme. (1): The synthesis of ligand (CPC)

Synthesis of metal complexes

(0.67g ,2mmole ) of ligand (CPC) was
dissolved in 20 ml of ethanol containing (0.12g
, 2mmole )i of  KOH,  then  the solution of
following  metal  salts  MnCl2 .4H2O
(0.2g,1mmole),CoCl2.6H2Oi(0.24g,1mmole)

NiCl2.6H2Oi (0.24g,1mmolei),CuCl2i.2H2O
(0.2g ,1mmole ), ZnCl2 (0.14g,1mmole ),CdCl2

.H2O (0.2g ,1mmole),and HgCl2(0.3g ,mmole)
in  ethanol , were added  dropwise  to  the
solution of the ligand (CBA-K+). the precipitate
formed immediately after stirring  the mixture
at room temperature for
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(3-5hours).the precipitate  was collected by
filtration ,washed with distilled water and
ethanol and dried under vacuum Physical
properties were given iin Table (1 ) .

Results and Discussion

Ligand (CPC)
The FT-IRi spectrumi of thei freei ligand

(CPC)i ,Fig.(1)i showedi bandsidue to υ(OH),
υ(NH)iamide,υ(C=O)i(amidic)iandiυ(C=S)
whichi were abservedi at (3002)cm-1,(3251)
cm-1i(1600)cm-1and(1211)cm1i,respectivelyi.
Whileianother absorptiono bandoappearedi at
(1705)cm-1 could be  explainedias υ(COO)asym

wereithe υ(COO)isymiwas noticedi(1396)cm-1i

[11]. spectral data of the free ligand were
listedi in tablei(2).

Fig. (1): Infrared spectrumiof ligand (CPC)

TheiUV-Visispectrum of theifree ligandi
(CPC).Fig.(2)iexhibitsiahighiintense bsorptioni
peak at (36363) cm-1i,(25575)i [12]. which may
be attributed to electronic transitionitype
iπ π,*n π*respectively.The
dataiof electronicispectrumiofitheifree ligandi
(CPC)i wereilisted ini tablei(3).

Fig . ( 2 ) : Electronic  spectrum of ligand (CPC)

The 1H-NMRispectrumiofifreeiligand
(CPC),Figi.(3) whichiwasirecordediin DMSO-
d6isolventishoweditheifollowingisignalsi:
single atiδ(4.48-4.50) ppm for
(2H,CH2Cl),singlet Peak at(2.5) ppm for
DMSO, multiplet peak at δ(6.92-7.26) ppm for
aromatici protonsi), singletipeak at δi(7.93)
ppmirefers toi(1H,iNH seci, aminei), signalsi
peak atiδi(8.84) ppm, for (1Hi,NH-CSi).
signals peak at δ(11.56) ppm for(1H,COOH)
[13].

Fig.( 3) :1HNMR spectrum of ligand (CPC)
13C-NMRi spectrumiof the freeiligand(CPC)
iniDMSO-d6,Fig.(4)showediforifollowing
singals: singals at δ(38.68-40.67) ppm for
DMSOandCH2Cli signal at δ(114.92-149.32)
ppm for ppm for aromatic carbons, singals
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atδ(164.92)ppmfor(COOH),signal
aδ(171.84)ppm(C=Osec.amid),signal
atδ(180)ippmifor(C=S) .

Fig. (4) :13CNMR spectrum of ligand (CPC)

Complexes of the ligand(CPC)

The solid complexes soluble inisome
common solvent suchias dimethyliformamidei,
di methyl sulphoxide and relatively  thermallyi
stable.Theimolar conductivity valuesiofiiall
complexesiin DMSO solventiin 10-3 Miat 25˚C
(tablei-1) indicatedito be non- electrolyte .The
atomiciabsorptionimeasurementsiforiallicompl
-exesigaveiapproximatedivaluesiiwheniiits
comparison with theoretical  values,iTable (1)
includes thei physicali properties forithe
ligandi andi its complexes.

FT-IR Spectra
These spectra exhibited marked difference

between bands Fig.(5)belonging
toitheistretching vibration of band υ(NH)of the
amine group in the range between (3429-3352)
cm-1 shifted toihigherifrequenciesiby(177-
101)cm-1suggestingiofitheipossibility of the
coordination of ligand through the nitrogen
atom at the amine group[14-17].absorption
assigned for υ(COO)sym was noticed at the
range (1419-1384) cm-1 shifted to higher
frequencies by (50-
35)cm1whilethebandcausedbyυ(COO)Asym

appeared betweeni(1670-1635)iicm-

1shifted to lower frequencies byI(70-35)cm-1

which indicates to the coordination of
carboxylic groupiitoithe centraliioni[18]. thei

stretching  vibration band carbonyl group υ
(C=O) and υ (C=S)ieither show no  change or
very little  in their frequencies (1620-1597)cm-

1iandI (1238-1215)cm-1irespectivelyithereiforI
indicating do not coordinate to the metal
ioni[19], Metali- nitrogeni and i metali-oxygen
bondsi werei confirmedi byi the presence of
thei stretchingi vibrationi of υ (M-O) iand
υ(M-N)iaroundi(447-405)iCm-1iandi(495-
447)ICm-I1respectivelyiTable (2) describei the
important bands and  assignmenti fori free
ligand (CPC) and  its  complexes .

:  Infrared spectrum of [Mn(CPC)2]Fig(5)

Magnetic moment
The values of measured magnetic

susceptibility and effective magnetic moment
(µeff)for the Mn (II), Co(IIi),Nii(II),Cui(II),
complexes
are shown in table(1).Ni(IIi),Mn(IIi), Co(II)
andCui(II),complexesiexhibitiiµeffi(5.78,4.87,
2.94,1.76)iiB.Mirespectivelywhichican be
anormalivalues for highispinTetrahedralicomp-
lexesi.[20]

Electronic spectra for complexes

-[Mn(CPC) 2] d
5

The Brown complexi ofiMni(II)ishows
bandi at(37037)cm-1 duei toiligandifieldiand
other  bandsi ati(30674)cm-1 andi (9852)icm-1

whichi areicausedibyitheielectronicitransfer
whichiareicausediby theielectronicitransfer
6A1

4T1(P)and6A1
4T1(G)



AL-Qadisiyah Journal of pure Science     Vol.22     No. 2   Year 2017

6A1
4T1(G) respectivelyi, suggestingi

Tetrahedral geometryiaroundiMn(II) ioni[21].

-[Co(CPC)2] d7

Thei spectrumiofi thei Green complexigave
fouribandsiati(36363)icm-1i,(28901)icm-1i,
(14925)cm-1iandi(10799)icm-1iattributediito
(L.F),C.T mixed with 4A2

4T1 (P),
4A2

4T1 (F) and 4A2
4T2 (F)

respectively and ithe racahiinter electronici
repulsion iparameteri(B-) wasifound to ibe
(761)icm-1i, from the  relationiβ=B- / B0, wasi
found itoibe equali(0.78),theseiparameteriare
accepted ito Co  (II)Tertahedral complexi[22].
-[Ni(CPC)2] d8

The spectrum of Blue complex of Nii(II)hasi
revealed the following electroni ctransfer
(L.F),C.T mixed with3T1(F)

3T1 (P).
3T1(F)

3A2and3T1(F)
3T2(F)

transition at(36231)cm-1,(28735)
cm-1,(23255)cm-1and(13717)cm-1respectively,
the(B-) valueiis found to be (722)cm-1i,whileiβ
was equal toi(0.69)ithese areitheicharacteristics
foriTetrahedral complexesiof Nii(II)[23].
-[ Cu (CPC)2] d9

The spectrum ofi Deep Green complex of
Cui(II)Figi. (6) shows twoibands at(37037)
cm-1,(11111)cm-1icausedto (L.F),2B1g
2A1g transitionirespectivelyi,whichiwasiagood
agreementiforisquare Planer complex for
Cu(II)iion[24].

agreement for squareiPlanericomplex for
Cu(II)i ioni[24].

Fig.(6):Electronic spectrum of [Mn (CPC)2]
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Table No. (1): Some physical propertiesi of the ligandi(CPC) and its andicomplexesi

dec.= decomposition

Compound
M.wt

(gm/mole)
Colori

M.P( C)
or

dec.

M%
Calculatio

n
(Found)

Molar
Cond.
Ohm-

1cm2mol-1

in DMSO

µeff
(B.M)

C8N4O3H7ClS

(CPC)
274.68 Brown 250-252 - - -

[Mn(CPC)2] 602.36 Brown 260 (dec)
8.92

(9.13)

17.2 5.78

[Co (CPC)2]
606.23

Blue 285(dec)
9.32

(9.72)

7.71 4.87

[Ni(CPC)2] 606.05 Green 264
9.29

(9.68)

14.2 2.94

[Cu(CPC)2] 610.90
deep

Green
265

10.66

(10.32)

12. 1.76

[Zn(CPC)2] 612.76 Brown 290(dec)
10.89

(10.66)

13.4 0

[Cd(CPC) 2] 659.76 Brown 293
17.27

(17.03)

18 0

[Hg(CPC) 2] 747.94 Brown 270 (dec)
27.01

(26.82)

8.5 0
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Table(2)The characteristic bands of infrared spectra of ligand and complexes

s=strongi m=mediumi w=weaki b=broad

Compound υ(N-H)

υ(O─H)

υ(COO)

smm

υ(COO)

a smm

υ(C=O) (C=S) υ(M-N) υ (M─O)

Ligand

(CPC)

3251 (m)

3002 (s)

1396 (s) 1705 (s) 1600(s) 1211 (s) ― ―

[Mn(CPC)2] 3429 (S) 1419 (s) 1670 (s) 1620 (m) 1215 (s) 478 (w) 420 (w)

[Co(CPC)2] 3383 (b) 1384 (m) 1650 (s) 1608 (m) 1230 (s) 447 (m) 420 (w)

[Ni(CPC)2] 3388 (m) 1400 (m) 1652 (s) 1616 (m) 1226 (s) 491 (w) 420 (w)

[Cu(CPC)2] 3410 (m) 1419 (m) 1639 (s) 1620 (m) 1230 (s) 495 (w) 405 (w)

[Zn(CPC)2] 3352 (m) 1415 (m) 1651 (m) 1597 (m) 1238 (s) 482(m) 435 (w)

[Cd(CPC)2] 3410 (m) 1384 (m) 1635 (m) 1616 (s) 1226 (s) 474 (m) 447 (w)

[Hg(CPC)2] 3383 (m) 1411 (m) 1660 (m) 1620 (s) 1222 (s) 482 (w) 422 (w)
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Table (3) Electronic  spectral data of ligand (CPC) and its complexes in DMSO
Solvent.

Compounds (nm) υ-(cm-1) ABC Εmax

molar-

1cm-1

Transitions

Ligand(CPC) 275
391

36363
25575

2.144
0.685

2144
685

π π*
n π*

[Mn(CPC)2] 270
326
1015

37037
30674
9852

1.187
1.629
0.018

1187
1626
18

L.F
6A1

4T1 (p)
6A1

4T1 (G)

[Co (CPC)2] 275
346
670
926

36363
28901
14925
10799

1.724
1.266
0.018
0.015

1724
1266
18
15

L.F
C.T mixed with4A2 (F)

4T1 (P)
4A2 (F)

4T1 (p)
4A2 (F)

4T1 (F)

[Ni(CPC)2] 276
346
670
926

36231
28735
23255
13717

2.193
1.494
0.158
0.032

2193
1494
158
32

L.F
C.T mixed with3T1 (F)

3T1 (P)

3T1 (F)
3A2 (F)

3T1 (F)
3T2 (F)

[Cu(CPC)2] 271
900

37037
11111

1.480
0.018

1480
18

L.F
2B1g 2A2g

[Zn (CPC)2] 278
345

35971
28985

2.119
1.538

2119
1538

L.F
C.T

[Cd(CPC)2] 277
345

36101
28985

2.157
1.666

2157
1666

L.F
C.T

[Hg (CPC)2] 271
323

36900
30959

2.823
2.084

2823
2084

L.F
C.T

C.T = Charge transfer       L.F= Ligand field
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-The complexes of[Zn(CPC)2],[Cd(CPC)2]
and [Hg(CPC)2]

Show only charge transfer of (M→L) in
range (35971-28985)cm-1i[25]. All transition
with their assignments are summarized in
Tabl-e (3).Suggested structures for complexes
on the basis of molar conductivity,  magnetic
moment, spectroscopic studiesi(FT-IR,UV-Vis
andiatomic absorption) andi(1H-13CNMR for
ligand(CPC)ionly)for the ligand and all
prepared complexes, we suggested that the
ligand (CPC) behaves as bidentate on
coordination with Mn(II), Co(II), Ni(II),
Cu(II)i, iZn(II), iCd(II) andiHg(II) ionsivia
oxygen atomiof carboxylic group andinitrogen
atomiof amino group, suggesting tetrahedral
geometry for prepared complexes except
copper complex has square planer geometry.
Conclusionsi

The new ligand in this work has been readily
prepared by reaction from Chloro acetyl
isothiocyanateIwithI3-aminoIpyrazine-2-
Carboxilic.TheIligandIwasIIcharacterized
characterized by elemental micro analysis
C.H.N.SI,IFT-IRI,IUV-VisIandI1H,13C-NMRI
spectra. The metal complexes of this ligand
were prepared andI characterized by FT-IR,
UV-VisIspectra, conductivityImeasurements,
magneticIsusceptibilityIandIatomicIabsorption,
theIproposedIgeometricalIstructureIfor
complexesIwere tetrahedralI geometryIexcept
copper complex has square planer.
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Figure. (7):The proposedi chemical
structure formula of the complexes.
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تحضير ودراسة طيفيه لبعض المعقدات الفلزية مع
[ كاربوكسيلك اسيد-2- كلورواسيتايل)ثايويورياد)بايرازين-2(-3(- 3 ]
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الخلاصة
(CPC)كاربوكسيلك اسيد]-2-ثايويورياد)بايرازين كلورو اسيتايل) -2(-3(-3[حضر الليكاند الجديد

ااو3-2-1:1
هاله-اهCHNS(ه

(Hg, Cdi, Zn, Cui, Ni, Coi, Mni)هاهاى
ا-ا فوق البنفسجيةاالأشعة تحت الحمراء والأشعة اباستعمال هالمحضرةا) وشخصت  المعقدات CPCالليكاند (

ا ااااامن اواستنتج والذري اوالامتصاص االمغناطيسية اوالحساسية المولارية 
) ثنائي السن.  CPCالذي اقترح له الشكل المربع المستوي حول الايون الفلزي مع  اللكياند (اماعدا  النحاس االسطوح 

,-2--3, :ه

.


