March 2009

Trade Science Ine.

Volume 4 Issue 1

Inorganic CHEMISTRY

A Tndéian Yournal

— Pyl Paper

ICAIJ, 4(1), 2009[31-35]

Complexes of 3-aminopyrazine-2-carboxylic acid with VO,
Pd(I1), W(VI) and UO,*; preparation and characterization

Sahar |.Mostafa*, Issam M.Gabr, Hala A.EI-Asmy, Mohamed E.Emam
Chemigtry Department, Faculty of Science, M ansouraUniversity, Mansoura, (EGYPT)
E-mail : shmostafa@yahoo.com
Received: 9" November, 2008 ; Accepted: 14" November, 2008

ABSTRACT KEYWORDS
Synthesis procedures are described for the new complexes of 3- Hapc ;
aminopyrazine-2-carboxylic acid with VO, W(V1), Pd(l1) and UO*. These IR;
complexeswere characterized by their spectral (IR, electronic, *H NMR and Carboxyl
ESR), conductivity and magnetic measurements. Amino;
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INTRODUCTION

Itisknown that pyrazinesandtheir derivativesform
guiteimportant class of compounds present in many
natura flavoursand complicated organic molecules.
Also, few examplesof pyrazine-carboxylicacid andits
derivatives are known as good building blocks for
construction of novel metal-organic frameworksthat
facilitate theformation of supramol ecular architectures
(23 The dynamic pattern of 3-aminopyrazine-2-
carboxylic acid by inelastic and incoherent neutron
scattering, Raman spectroscopy and ab ignition
calculations have been reported. X-ray crysta
structure of Mg(ll) and Ca(ll) 3-aminopyrazine-2-
carboxylic acid complexes have been reported®9l.

Inthisstudy, the chemistry of 3-aminopyrazine-2-

4
_N_3 NH,

N1 OH
Figurel: 3-Amino pyrazine-2-car boxylicacid (Hapc)

carboxylicacid (Hapc, Figure 1; Hiathedissociable
carboxylic proton) with sometransition metal ionsare
reported. These complexes have been characterized
on the bases of the spectral (IR, *H NMR, el ectronic
and ESR), conductivity and magnetic measurements.

EXPERIMENTAL

Material and methods

All manipulations were performed under aerobic
conditions using materials and solvents as
received.[Pd(phen)Cl,] was synthesized aswe have
been reported in previous papert™.

I nstrumentation

Microanalyses were determined by the Micro
Anayticd Unit of Cairo University. Magnetic moments
at 25°C were recorded using a Johnson Matthey
magneti c susceptibility balancewith Hg[Co(SCN) | as
caibrant. IR spectrawere measured asKBr discsona
Matson 5000 FT-IR spectrometer. Electronic spectra
were recorded using a Unicam UV U.V.-vis.

2-100
Spectrometer. *H NMR spectrawere measured on a
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TABLE 1: Elemental and *H NM R spectr al data of Hapc complexes

: 1
Compound EIerréenaI Anaa/ sis* Cl M HHN(IL/)l R SpectraHg® NH,®
5
Cis[WOy(apc),] 24.7(244) 15(1.6) 16.8(17.1) 8.18 8.48 7.85
Trans-[UOy(apc),].MeOH  23.3(22.8) 2.1(2.1) 14.9(14.5) 8.24 8.50 1.77
[Pd(phen)(apc)CI].4H,0  37.9(384) 3.1(38) 13.0(132) 7.0(6.7) 20.2(20.0)  8.20 8.51 v
[VO(apc),] 22(3L7) 3829 220(222)

Calculated values in parentheses, ~interference of NH, with phen protons

Varian Gemini WM-200 spectrometer (Laser Centre,
Cairo Univergty). Conductometric measurementswere
carried out at room temperatureonaY Sl Model 32
conductivity bridge. ESR spectrumwascarried out on
aBruker EM X spectrometer working inthe X-band
(9.78 GHz) with 100 KHz modul ation frequency. The
microwave powder and modul ation amplitudeswere
set at 1 mW and 4 Gauss, respectively. Thelow field
signa wasobtained after 4 scanswith 10foldin crease
inthereceiver again. A powder spectrum wasobtained
ina2 mm quartz capillary at room temperature.

Synthesis of complexes
Cis[WO,(apc),]

Whenasolutionof K. [WO,] (0.17g,0.5mmoal) in
water (5 cm?®) wasadded to Hapc (0.07 g, 0.5 mmol)
in ethanaol (15 cm?®). The paleyellow precipitate was
filtered off, washed with ethanal, diethyl ether and dried
invacuo. Conductivity data(10°M inDMSO): A, =
5.0 ohm*cm? mol™. IR: v,_(COQ) 1653; v (COO)
1394; v(NH,) 3419; v_ (WO,) 910; v(WO,) 935
cm™,

Trans[UO,(apc),]. MeOH

[UO,(AcO),] (0.21g, 0.5mmol) inmethanol (10
cm?®) wasadded to Hapce (0.07 g, 0.5 mmol) in methanol
(15 cm?®). Theydlow mixturewasrefluxed for 3hona
steam bath. Upon reducing the volume followed by
cooling, aydlow complex separated out. It waswashed
with methanol and dried in vacuo. Conductivity data
(10° M in DMSO): A,, = 7.0 ohm* cm? mol ™. IR:
v_(COO) 1672; v(COO) 1358; v_(NH,) 3260;
v(NH,) 3495; v_ (UO,) 925 cm™.
[Pd(phen)(apc)Cl].4H,0

Toadtirred suspension of Hapc (0.07 g, 0.5 mmol)
was added to NaOH (0.04 g, 1 mmol) in methanol-

benzene (3:2, V/V) (15 cm?®) and[Pd(phen)Cl.] (0.5
mmol). Theresulting solution wasstirred with gentle

heating for 9 h. Upon reducing thevolume, precipitate
was obtained. It wasfiltered off, washed withice-cold
H,O and air-dried. Conductivity data(10°M in DMF):
A,, = 7.0 ohm* cm? mol™. IR: v,_(COO) 1651,
v (COO) 1362, v, (NH,) 3358; v (NH,) 3470; v(Pd-
0) 581, v(Pd-N) 427; v(Pd-Cl) 327 cm™.

[VO(ape),]

VO(SO,)H,0(0.083 g, 0.5 mmoal) inethanal (20
cm?®) wasadded to Hapc (0.07 g, 0.5 mmol) inethanal.
Thereaction mixturewasstirred under reflux for 4hto
produceagreen solid. It wasfiltered off, washed with
littlewater, methanol, diethyl ether and dried in vacuo.
Conductivity data (10°M in DMF): A,, = 3.0 ohm™
cm? mol™. IR: v_(COO) 1600; v (COO’) 1383;
v_(NH,) 3290; v (NH,) 3367; v(V-0) 970; v(V-N)
400 cm™.

RESULTSAND DISCUSSION

Theexperimenta section listssomenew complexes
of 3-aminopyrazine-2-carboxylic acid. Theelementa
analyses (TABLE 1) of theisolated complexesagree
with the assigned formulae. The complexes were
prepared by thereaction of HapcwithK_[WQ,],[UO,
(AcO),],[Pd(phen)ClL,] and VO(SO,).H,O in agueous-
ethanol, methanol, benzene-methanol in the presence
of NaOH or ethanol media, respectively.

We had hoped to structurally characterize one of
the complexesby single X-ray crystallography, but were
thwarted on numerous occasionsby very small crystal
dimensions. Thus, the characterization of these
complexeswas based on physical and spectroscopic
techniques.

IR spectra

The solid-state properties of 3-aminopyrazine-2-
carboxylic acid (Hapc) were examined by IR. The
spectrawere compared with those of the complexes.
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Tentativeass gnmentsof selected IR and Raman bands
are reported in the experimental section. In the IR
spectrum of Hapc, the stretching vibration of the
carbonyl group v(CO) isobserved at 1719 cmt asa
strong band“89, Thestretching vibration of the v(OH)
appearsin the IR 3150 cm 14919, Alsp, the bending
frequency of the hydroxyl group appearsassingleband
at 1318 cm™. The shift towardslower frequenciesis
observed in IR spectrum dueto the participation of OH
group in hydrogen bond. Thebandsat 3329 and 3468
cmt arise from v (NH,) and _(NH,) stretches,
respectivelyi*!l. Thefrequenciesdueto thedeformations
of the pyrazinering are overlapped with that assigned
to-COOH, NH, and CH moieties®. Thestrong bands
near 1650 and 1370 cm'* are assigned to v, (COO)
and v (COO) vibration, respectively®®. Inthe spectra
of the complexes, the separation between these two
bands{A=v_(COO) - v(COO) ~200cm™} indicates
amonodentate coordination of the carboxylic group'®.
The v(OH) of the carboxylic group inthefreeligand
disappeared in the complexes indicating the
deprotonation and subsequent coordination throughthe
oxygen atom. The absence of any peak around 1700
cm? reveals that -COOH group is involved in
coordination®. The bands at 3329 and 3468 cmr in
Hapc assign to v(NH,) and _(NH,) stretches,
respectively, areshifted to lower wave number inthe
complexesdueto the coordination of theamino nitrogen
atom to the metal ion*. The strong band near 1606
cm* assignsto 8(NH,) in Hapc is shifted near 1618
cmrt upon complexation™, Thus, the spectral data
suggest N, O mononegative bidentate manner of Hapc
(apc) exceptinthe complex[ Pd(phen)(apc)Cl] .4H,0.
Inthiscomplex, the NH, group does not participatein
coordination to Pd(Il) and the spectroscopic data
suggest the monodentate behaviour of apc through—
COO,

In the spectrum of[WO,(apc),] shows bands
characteristic of the cisWO,? unit. TheIR bands at
930 and 912cm™ are assigned to the v (WO,) and
v_(WO,) modes, respectively™™, theappearanceof two
stretching bandsisindicative of thecisconfiguration™,
ThelR spectrum of[UO,(apc),] showsonly one U=0O
dretchingband, i.e.v_(UQ,), a 927 cm*indicatingits
linear trans-dioxo configuration”. The IR spectrum
of[VO(apc,] shows only one V=0 stretching band,
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v(VO) at 970 cm?, characteristic for monomeric
square-pyramidal oxovanadium(lV) complexes™, this
datais supported by the absence of band near 860
cm'? (for polymeric oxovanadium(IV) complexes)i*s,
Theregion of the complex spectrabetween 520 and
400cn containsseverd wesk bands, thesemay assign
to v(M-0O), v(M-N) stretches, respectivel yt1419],

Electronic spectra

Theelectronic spectrum of Hapcin DM SO shows
three absorption bands near 295, 330 and 400 nm.
The e ectronic spectrathe complexesinDMSOinthe
200-900 nmregionscontainintensebandsdueto ligand
tometd chargetransfer (LM CT) trangtionsand wesker
bands assigned to d-d transitiond*”. The transition
below 400 nm are assigned to intra-ligand charge
transfer (n — n* and n—n*).

Inthe electronic spectrum of[WO,(apc),], bands
at 450 and 345 (shoulder) nm are observed, the later
band is assigned to O*> — WV! transition and is
characteristic of the WO,* moiety in octahedral
geometryti,

Theelectronic spectrum of trans-[UO,(apc), ], (3),
in DM SO shows two bands at 460 and 390 nm may
bedueto Zg“ — *m andn n* chargetransfer, respec
tivelyi®8l,

The electronic spectrum of the diamagnetic[Pd
(phen)(apc)Cl] complex in DM SOistypica of square
planar. Theground state of Pd(11) islAlg andtheexcited
states corresponding tothreetransitionsare*A,, , 'B,
and 'E _in order of increasing energy. Strong charge
transfer trangtionsinterfereand prevent theobservation
of the expected bands. The absorption band at 384 nm
isassigned to combination of chargetransfer trangtion
from platinum or palladium d-orbital to n* orbital of
phen*¥ whiletheband at 488 nm dueto acombination
of ligand (r) to metal charge transfer and M(l1) d-d
bands®9.

The electronic spectrum of [V O(apc),] complex
showsbandsat 730, 605 and 490 nm dueto *B,(d, )
— %E(d,,d ), ?B,(d,) — *B,(d,, ) and charge
transfer (LMCT) transitions in a square-pyramidal
configuration®, The magnetic moment is1.66 B. M
corresponding to only one e ectron(*,

'H NMR spectra
TheH NMR assignments of Hapc and some of

CHEMISTRY

—— Inorganic

Au Tudian Journal



34 Complexes of 3-aminopyrazine-2-carboxylic acid

ICAIJ, 4(1) March 2009

FPull Paper

IDSIIIZ I23I33 I&:IIIIZ IEE‘IZI: IE-I:IIIZ I EELII I 3EIIII ; :1IZ|II| ; :.EIIII ; :1-1|[IZ|I
G(gauss)
Figure2: ESR spectrum of[VO(apc),]

therepresentative complexes (in DM SO-d,) arelisted
inTABLE 1. The*H NMR spectrum of thefreeHapc
exhibitstwo doubletsat 6 7.90 and 8.26 ppm assigned
to H(5) and H(6), respectively (see figure 1 for
numbering scheme). The protonsof thecarboxylicgroup
and the amino group appear as singlets at 6 13.06
(broad) and 7.41 ppm, respectively. Inthe complexes,
the resonancearising from the carboxylic group isnot
observed, whereas that arising from NH,,, H(5) and
H(6) areshifted to lower fieldindicating the chelation
of Hapc viathe deprotonated carboxylic oxygen and
aminol centres to the metal ioni*Y. This feature is
probably dueto the decrease in the electron density
caused by thewithdrawing of electronsby the metal
ionsfrom the pyrazinering coordination centres™¥.

ESR spectra

The ESR spectraof vanadyl complexes provide
information about hyperfineand superhyperfine struc-
tureswhich areimportant in studying themetal ionen-
vironment inthe complexes, i.e, thegeometry, nature of
theligation sitesfrom theligand to the metal and the
degree of covaency of themetd ligand bonds.

To obtain further information about the stereochem-
istry and the site of the metal ligand bonding and to
determinethe magnetic interactioninthemetal com-
plexes, ESR spectraof the complexeswererecorded
inthesolid state.

Generdly, themononuclear VO*ion (S=1/2,1 =
7/2) hasacharacteristic octet ESR spectrum showing
the hyperfine coupling to thes'V nuclear magnetic mo-
ment. Upon theexistence of two vanadyl ions, thetwo

€lectron spinsmay combineto anon-magneticspinsin-
glet (S=0) or aparamagnetic spintriplet state(S=1);
only thelatter isESR detectable. The super-exchange
Interaction between thetwo vanadiumionsleadto a
configuration inwhich thetwo el ectron spinshavean
antiferromagnetic character, i.e. thesinglet stateisen-
ergetically favored. Therefore, the ESR spectrum of
strongly coupled pairshastheform of asingle broad
linewithinhomogeneous broadening.

Theroomtemperature (300K) solid state ESR pec-
trum of [V O(apc),] (Figure 2) shows atypical broad
singlelinewith poorly resolved eight-linepattern. The
obtained datais similar to those reported for mono-
nuclear vanadyl complex. In the powdered samples,
the spectrum showed the parallél and the perpendicu-
lar featureswhichindicateaxialy symmetric anisotropy
with poorly resolved sixteen-lines hyperfine splitting
characteristic for theinteraction between the el ectron
andthevanadiumnudear pin (I =7/2). ThespinHamil-
tonian parameters for the complex areg, = 1.93, g,
=1.96and the hyperfinecouplingA ;=195 x 104 (cm™),
A _55. Thecalculated ESR parametersindicate that
theunpaired dectron (d) of complex lispresentinthe
dxy-orbi tal with square-pyramidal geometry!®. The
valuesobtainedfor thiscomplex agreewel | withthose
reported for square pyramida configuration around the
vanadyl ionf?4,

The molecular orbital coefficients a2 and 2 for
vanadyl complex was cal cul ated using thefollowing
equations?,

Ay=-PK - 4B2P/7 - (ge- gn)P- 3/7(ge- g,)P
AL=-PK - 4B%P/7 - 11/14(ge- g,)P
ge- gy=8 a’B?\/E

Neglecting the second order effectsand taking the
negativevauesfor A, andA  andsolving thelast equa-
tionsto obtain o? and 32, wherethedipol ar interaction
congtant “P”” between magnetic moment of thee ectron
and vanadium nucleus can be cal culated from thefol -
lowing equation®:
pP=T7/6(AA))

The spin-orbit coupling coefficient, A, isassumed
to be 170cm for VO*p ion and E isthe electronic
transition energy of °B, — “E and k isthe Fermi con-
tact termwhichisdirectly related to theisotropic hy-
perfine coupling and representsthe amount of unpaired
electron dengity at the nucleus.
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Thelower vaueof 32 (0.83) comparedto o?(0.87)
indicatesthat thein-plane c-bonding isless covalent.
Thevauesof a?and 32 for most of the oxovanadium
complexesindicatethat thein-planes-bondingandin-
planeand n-bonding are appreciably ionic. Thesedata
arewell consistent with other reported datd®.

—— Fyl] Paper
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