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New Pyridyl-Substituted Pyrazine Ligands as Spectrophotometric Reagents for
Copper and Iron
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Summary: Twelve new Pyridyl-substituted dihydropyrazine and pyrazine ligands have been
prepared by condensation of dioxo-1-phenyl-2-(2'-pyridyl), 2,2"-pyridil and 6,6’-dimethyl-2,2’-pyridil
with ethylenediiamine, 2,3- diaminobutane, 2-methyl-1,2-diaminopropane and meso-stilbenediamine.
The reagents have been assessed for solvent extraction and spectrophotometric determinations of
copper and iron. The reagents 2,3-bis[2'-(6'-methylpyridyl)}<S,6-dimethyl-5,6- dihydropyrazine and 2,3-
bis-[2'-(6’-methylpyridyl)]-5,6- dimethylpyrazine are particularly found useful with analytical selectivity

similar to neocuproine.

Introduction

Pyridyl-substituted  dihydropyrazine and
pyrazine compounds containing ferroin and
cuproin reactive atomic groupings are of consider-
able interest because of their close resemblance to
1,10-phenanthroline and 2,2-bipyridine, but rela-
tively less work has been reported on these com-
pounds [1-9]. Therefore, twelve new ligands have
been prepared by simple synthetic routine to assess
them as spectrophotometric reagents.

Experimental

Preparation of Reagents

Equimolar solution of 1,2-diaminoethane, 2,3-
diaminobutane, 1,2-diamino-2-methylpropane  and
meso-1,2-diamino- 1,2-diphenylethane in ethanol
was slowly added to the refluxing solution of 1,2-
dioxo-1-phenyl-2-(2’-pyridyl), 2,2-pyridil and 6,6™-
dimethyl-2,2’-pyridil in ethanol. The solution were
refluxed for 1-2 hr, and half of ethanol was distilled
out and remaining solution was cooled at -5°C
overnight. Precipitate was recrystallised from
cthanol. In case of 2,3-bis[2’-(6’- methylpyridyl)]-
5,5-dimethyl-5,6-dihydropyrazine the residue was
dissolved in benzene and solvent was removed on
rotary evaporator under reduced pressure. The
fresh solvent was again introduced and this process
was repeated several times with a mixture of ben-
zene and petroleum ether (60-80°); then with
petroleum ether (60-80°) only. The solid so ob-
tained was recrystallised from petroleum ether (60-
80°). The results of elemental analyses with melting
points are summarized in Table-1,

The reagents, I, II, III, IV & V were
dehyderogenated to respective pyrazine com-
pounds as follows:-

1.0g of the compound was dissolved in 15ml
of mesitylene containing Palladium charcoal (10%,
w/w, 0.15g). The reaction mixture was refluxed for
32 hr. and filtered while hot. The filterate was con-
centrated to Sml and Sml of n-hexane was added to
the mixture. The mixture was cooled to -5°C and
the solid so obtained was recrystallized from mix-
ture of benzene and petroleum spirit (60-80°) or
petroleum spirit (60-80°) only.

1,2-Dicxo-1-phenyl-2-(2’-pyridyl) [10], 6,6-
dimethyl-22-pyridil [11], meso-1,2-diamino-1,2-
diphenylethane [12] were prepared by reported
methods and 2,2’-pyridil (Aldrich) is commercially
available. Solution (0.2%, W/V) of organic reagents
were prepared in appropriate amount of water
ethanol (1:1). A few drops of hydrochloric acid 5N
were added if required to facilitate dissolution.

Analytical Procedure

Exactly 1.0 ml of metal ion solution was trans-
ferred to a 25ml volumetric flask and 1ml of freshly
prepared (1% W/V) ascorbic acid, 2 ml of ap-
propriate buffer solution followed by 5 ml of or-
ganic reagent were added. The contents were
diluted to volume with ethanol or water and ab-
sorption spectrum of the solution was recorded
against reagent blank in appropriate solvent.

*Present address: Institute of Chemistry, University of Sindh, Jamshoro, Pakistan.
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Where measurements were carried out in a
solvent other than ethanol or water, the following

procedurc was used. The metal ion solution was
placed in 100 ml separating funnel, followed by
other reagents as above; 2% of solid sodium
perchlorate monohydrate was then added and che-
late was extracted in 7-8 ml of extracting solvent.
The organic layer was collected in 25 ml volumetric
flask and the extraction was repeated twice with 5
ml of extracting solvent. (In case of 1,2
dichloroethane, chloroform and amylalcohol 2 ml
of ethanol were added to the flask before dilution
to volume, where the extracts were collected over 1
g anhydrous sodium sulphate, addition of ethanol
was not need and the absorbances were measured
after 10 min. The nitrobenzene extracts were fil-
tered before spectrophotometric measurements).

The absorption spectra in visible region were
measured on Cecil 505 and Beckmann BD
Spectrophotometer with 1 cm silica cells.

Results and Discussion

The results of quantitative absorptiometric
data are summarized in Table-Il. The reagents
LV,VLXII react with copper(I) and iron(Il) to
form coloured complexes but the reagents
ILIILIV,VIL VIILIX,X and XI, react only with cop-
per(I) to form purple to orange complexes of
analytical utility and their reactions towards
iron(IT) are prevented owing to the presence of
methyl or phenyl groups in the pyridyl and pyrazine
rings adjacent to imine nitrogen atoms. The reagent
2,3-bis(2-pyridyl)-5,6- dimethyl-5,6-
dihydropyrazine(I) containing methyl group near to
donor nitrogen atoms in dihydropyrazine ring
surprisingly reacted with iron(Il) and copper(l);
when excess of rcagent is added to the metal solu-
tion, which is easily extractable in 1,2-
dichloroethane as perchlorate ion association com-
plexes in a characteristic fashion as compared to
2,3-bis(2-pyridyl)-5,6-dimethylpyrazine(VIII) and
2,3-bis(2’-pyridyl)-5,6-diphenyl-5,6-
dihydropyrazine(II) which react only with copper(i)
as expected.

Examination of the structural formulae of 2,3-
bis(2’-pyridyl)- 5,6- dimethyl-5,6-
dihydropyrazine(l) indicates that the carbon atoms
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at position 5 and 6 in the dihydropyrazine ring have

* tetrahydral configuration as compared to 2,3-bis(2*-

pyridyl)-5,6- dimethylpyrazine(VIII), which con-
tains same carbon atoms in the aromatic pyrazine
ring with trigonal hybridization. Therefore it could
be that the hydrogen atoms in less rigid, more
flexible and possibly puckered dihydropyrazine ring
are pushing the methyl groups on the side from the
direct exposure to iron(Il), in order to accom-
modate three molecules around iron(II) to form an
octahydral complex, particularly in 1,2-
dichloroethane as perchlorate ion association com-
plex. However the bulky phenyl groups in
dihydropyrazine ring near imine nitrogen in 2,3-
bis(2'- pyridyl)-5,6-dimethyl 5,6-
dihydropyrazine(II) are introducing a measure of
steric hinderance to form tris-iron(Il) complex.

The reagent 2-phenyl-3-(2-pyridyl)-5,6-
dihydropyrazine S‘V) show hi§hest sensitivity for
iron(II) (e1.67x10 mole! cm™ at 600 nm among
the series when extracted in nitrobenzene as
perchlorate ion association complex. This higher
s witivity could be due to the replacement of
pyridyl group in the dihydropyrazine ring with
phenyl group, but the reagent shows poor solution
stehility for both copper(I) and iron(Il) complexes.
The reagent 2-phenyl-3-(2’-pyridyl)-5,6-
dihydropyrazine(V) when dehydrogencted to 2-
phenyl-3-(2-pyridyl) Pyrazine(XII), it retains its
reactivity towards copper(l) and iron(II) with im-
provement of solution stability of iron(II) complex
particularly when the extracts in 1,2-dichlorocthane
as perchlorate ion pair are collected over an-
hydrous sodium sulphate. However there is a
decrease in sensitivity of both of copper and iron
reactions.

Stephen [5] has indicated that the
dihydropyrazine ligands behave similarly to the
pyrazine ligands to form metal complexes.
Moreover in  2,3-bis(2’-pyridyl)-5,5-dimethyl-5,6-
dihydropys..~1e(VI) and 2,3- bis[2’-(6-methyl-
pyridyl)}-5,5-wmethyl-5,6-dihydropyrazine(VII)
ligands, the "dihydro” state is stabilised due to the
substitution of both hydrogen atoms at position "5"
in the pyrazine ring with two methyl groups. The
molecule of 2,3-bis(2’-pyridyl)-5,5-dimethyl-5,6-
dihydropyrazine(VI) contains on one reactive side
ferrvin and on the other cuproin functionalities.
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The reagent as expected reacts with both copper(I)
and iron(1l) to give characteristic red purple and

blue complexes respectively. The solution stability
of iron(II) complex enhances considerably when
the extract in 1,2- dichloroethane is collected over
anhydrous sodium sulphate. The reagent could be
used for simultaneous determinations of copper
and iron in a single aliquot, but it requires to solve a
simultaneous equation to determine the amounts of
copper and iron in a solution.

The reagents ILIILIX and X react with cop-
per(II) only, but their colour reactions are relatively
less sensitive, this decrease in sensitivity could be
due to the sterric hindrence introduced by the
bulky phenyl groups substituted near to imine
nitrogen in pyrazine ring, and this steric hindrance
is neutralizing all the favourable electronic factors
introduced by phenyl substitution.

The reagents 2,3-bis[2’-(6’-methylpyridyl)]-
5,6-dimethyl-5,6- dihydropyrazine(IV) and 23-
bis[2’-(6’-methylpyridyl)]-5,6-dimethylpyrazine(XI)
containing double cuproin atomic groupings have
considerable promise as analytical reagents for cop-
per. The reagents react only with copper(I) to form
red-purple and orange complexes in slightly acidic
to ncutral solution (pH 3.5-7.5) which are extrac-
table in 1,2-dichloroethane and amyl alcohol as
perchlorate ion association complexes. The effect
of the increasing concentration of copper(I) on the
extraction of the complex in 1,2-dichloroethane was
investigated and the colour of the complexes of 2,3-
bis[2-(6’-methylpyridyl)]-5,6-dimethyl-5,6-
dihydropyrazine and 2,3-bis{2’-(6’- methylpyridyl)}-
5,6-dimethylpyrazine obey the Beer’s law in the
range of 0.5-7.0ug/ml and 1.0-12.0ug/ml of copper
respectively.

The effect of C02+, Ni2+, Zn2+, Fe2+,
Mn? + Cr3+, Ru2+, citrate, tartrate and phosphate
ions for their possible interference on the extraction
of copper(l) chelate in 1,2-dichlorethane was inves-
tigated for both (VI & XI) reagents and their ten
times the concentrations of copper(I) did not inter-
fer.
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Conclusion

The reagents examplifics the group action in
the molecule and the colour reactions of 2,3-bis(2’-
pyridyl)-5,6- dimethylpyrazine towards iron(Il) is
prevented owing to the presence of methyl groups
adjacent to imine nitrogens in pyrazine ring, but the
corresponding  dihydropyrazine compound 2,3-
bis(2’- pyridyl)-5,6-dihydropyrazine retains its char-
acteristic reaction towards iron(IT).

Symmetrically tetramethyl-substituted ligands
2,3-bis[2’-(6- methylpyridyl)]-5,6-dimethyl-5,6-

- dihydropyrazine and 2,3-bis[2’-(6’-methylpyridyl)]-

5,6-dimethylpyrazine show similar sensitivity and
analytical selectivity that of neocuproine and are
particularly useful as analytical reagents for copper.
The reagents recommended in the present work are
simple and easy to prepare from less expensive
chemicals.
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