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QUANTITATIVE ANALYSIS OF WEAK INTERMOLECULAR
E B INTERACTIONS IN COUMARIN-3-CARBOXYLATE
DERIVATIVES

Ahsan Elahil® and Rajni Kant!l*
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The study of nature of intermolecular interactions and their control is extremely important in the area of crystal engineering, in order to
design a new material of desirable properties and also for crystal structure prediction. A better understanding of these interactions and their
influence on the crystal packing can be obtained by evaluating the energetics associated with these interactions. In this regard, we have
identified from the literature a series of coumarin-3-carboxylate derivatives and extracted molecular pairs from the crystal packing
providing maximum stability to the crystal structure. The lattice energy of all the compouds have been calculated by using PIXELC module
in Coulomb-London-Pauli (CLP) package and is partitioned into corresponding coulombic, polarization, dispersion and repulsion
contributions. It is found that the weak intermolecular interactions like C-H...O, m...n and C-H...n play an important role in the
stabilization of the crystal packing.

*Corresponding Authors The chemical name, molecular code, position of the
Fax:+911912432051 substituent(s) and precise crystallographic data for each
E-Mail: rkvk.paperl1@gmail.com compound are presented in Table 1a and 1b, respectively.

[a] Department of Physics& Electronics, Jammu University ,

Jammu Tawi -180 006, India. Table 1a. List of compounds and the position of substituent(s)
] Chemical name Substituent

Introduction X Y

Coumarins  (2H-1-benzopyran-2-ones) belong to the Ethyl-2H-benzopyran-2-oxo-3-carboxylate (M-  H H

family of lactones containing benzopyrone skeletal 1)1

framework that have enjoyed isolation from plant as well as
total synthesis in the laboratory.! Coumarins have been
extensively investigated due to their applications in the
fields of biological, chemical and physical sciences.?® Ethyl 6-bromo-2-oxo-2H-chromene-3- Br H
Coumarin in itself possess broad range of biological carboxylate (M-3)2

activities  namely  antioxidant,*®  cytostatic, anti-
hyperglycemic,” casein kinase 2 inhibitor,® vasorelaxant,® Ethyl 8-methoxy-2-0x0-2H-chromene-3- oc
and antitubercularl® activities. In view of the immense carboxylate (M-4) Hs

Ethyl 6-chloro-2-o0xo-2H-chromene-3- Cl H
carboxylate (M-2)*2

biological importance of coumarins, we have identified from
the literature a few Coumarin-3-carboxylate derivatives and ~ Table 1b. Precise crystal data for coumarin-3-carboxylate
calculated theoretically their lattice energies. The  derivatives

Crystallographic Information File (CIF) for each compound

was obtained through the CSD licensed access. All the | Data b e bt b
molecular pairs involved in the crystal packing were CioH1004  C1oHoClOs  CioHoBrOs  CisHi20s
extracted and their energies were determined using PIXEL.!
PIXEL calculations were performed in order to estimate the M, 218.20 252.64 297.10 248.23
nature and energies associated with the intermolecular | g gt
interactions vyhlch will er_w_lble_ us to explore the role of these Crystal  Monoc- T Monoc- R
interactions in the st_ablllzatlon of thg cry§tal !att_lce._ A System linic T i i
representative |Ilust_rat|on of the coumarin moiety mdlcatm_g Space P21/c P21/c P21/c P21/n
the atomic numbering scheme used for the present work is G
n A roup
shown in Fig.1.
a(A) 7.916(1) 5.7982(5) 5.8432(6) 6.8572(14)
b(A) 15.736(2)  13.0702(12) 13.2073(14)  10.644(2)
c(R) 8.737(8) 15.5540(12)  15.6959(15)  15.780(3)
o(®) 90 90 90 90
B(®) 108.11(6)  108.191(3)  109.327(3)  100.153(14)
7(°) 90 90 90 90
Z 4 4 4 4
Figure 1. Coumarin moiety and the numbering scheme used B OlLe)s U9 U9 Y
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Theoretical calculations

The lattice energies of all the compounds were calculated
by PIXELC module in Couloumb-London-Pauli (CLP)
computer program package (version 13.2.2012).1* The total
lattice energy is partitioned into its coulombic, polarization,
dispersion and repulsion contributions (Table 2).

Table 2. Lattice energy from CLP (in kcal mol?)

Molecule Ecou Epol Episp ERrep Eot
M-1 -11.08 -4.11 -28.15 17.13 -26.22
M-2 -12.35  -4.34 -31.59 19.26 -29.039
M-3 -12.64  -4.2065 -31.09 19.33 -28.58
M-4 -1486  -5.47 -35.25  25.40 -30.18

In CLP, the coulombic terms are handled by Coulomb's
law while the polarization terms are calculated in the linear
dipole approximation, with the incoming electric field acting
on local polarizabilities and generating a dipole with its
associated dipole separation energy; dispersion terms are
simulated in London's inverse sixth power approximation,
involving ionization potentials and polarizabilities; repulsion
is presented as a modulated function of wavefunction
overlap All the stabilizing molecular pairs involved in
crystal packing were selected from the mic output file,
which is generated after PIXEL energy calculations and
were analysed with their interaction energies. The symmetry
operator and centroid—centroid distance along with
coulombic, polarization, dispersion, repulsion and total
interaction energies between the molecular pairs are
presented in Table 3. The molecular pairs are arranged in
decreasing order of their stabilization energies. The PIXEL
method has been preferred for the quantification of
intermolecular interactions, primarily because of the
following reasons: (1) It is computationally less
demanding.t? (2) It allows partitioning of total interaction
energy into corresponding coulombic, polarization,
dispersion, and repulsion contribution which facilitates a
better understanding of the nature of intermolecular
interactions contributing towards the crystal packing.>16 (3)
The energies obtained from PIXEL calculation are generally
comparable with high level quantum mechanical
calculations.t"8

Results and discussion

Ethyl-2H-benzopyran-2-oxo-3-carboxylate (M-1)

Molecular pairs of M-1 (a-i) extracted from crystal
structure along with their respective interaction energies are
shown in Fig. 2. The maximum stabilization to the crystal
structure comes from C-H...n intermolecular interaction
involving H12 with C8 and C9 of Cg2 (where Cg2 is the
centroid of benzene ring) and C-C molecular stacking
forming dimer related by centre of symmetry. The
stabilization energy of the pair is -10.25 kcal mol* (Fig. 2a)
obtained using PIXEL.

Another molecular pair (Fig. 2b) involves molecular
stacking to generate dimers across the centre of symmetry
having an interaction energy of -8.41 kcal mol*. The next
two stabilized pairs show the presence of bifurcated
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C-H...O hydrogen bonding. Motif ¢ involves bifurcated
donor atom H8 interacting with O1 and O2 (Fig. 2c)
whereas in motif d, acceptor atom O2 (interacting with H6
and H7) and donor atom H6 (interacting with O2 and O3) is
bifurcated (Fig. 2d). The stabilization energy of the two
pairs being -7.05 kcal mol? and -4.73 kcal mol?
respectively and the stabilization mainly comes from the
coulombic component (Table 3). Motif e shows the presence
of C-H...m (involving HI13 and C6 of Cg2 ring) and
provides stabilization of -2.08 kcal mol! (Fig. 2e).
Additional stabilization to the structure comes from
molecular pair (Fig. 2f) showing the presence of C-H...H-C
(involving HS and H13) with H...H distance being 2.478 A,
forming dimer having an interaction energy of -1.98 kcal
mol=. Molecular pairs g, h and i having interaction energies
-1.79, -1.38 and -1.31 kcal mol?, respectively, also
contribute towards the stability of crystal packing.

A, ¢ m o A"
-4.73 Kcal/mol - =
(ﬂg 2,08 Kealimol .

1.31 Kcal/mol

138!\ al/mol §: I
1

Figure 2. Molecular pairs (a-i in Table 3) along with their
interaction energies calculated with Pixel (values in red) in M-1.

Ethyl-6-chloro-2-oxo-2H-chromene-3-carboxylate (M-2)

The extracted molecular pairs (a-f) of M-2 are shown in
Fig.3 along with their stabilization energies. The most
stabilized molecular pair in M-2 shows the presence of
bifurcated acceptor C-H...O hydrogen bonding (involving
03 with H4 and H5) forming dimers related by centre of
symmetry with an interaction energy of -10.27 kcal mol*
(Fig. 3a) and the interaction is mainly coulombic in nature
(Table 3). The next most stabilized pair involves C=0...n
and C-H...n intermolecular interaction, involving O3 with
Cgl(centre of gravity of pyrone ring) and H12a with Cg2
(centre of gravity of benzene ring) and hence form dimer
having an interaction energy of -10.04 kcal mol™* (Fig. 3b).
The combined nature of these interactions is mainly
dispersive in nature (Table 3). Molecular pair ¢ shows the
presence of C-H...O interaction involving bifurcated
acceptor atom O2 with H7 and H8 and donor atom H13a
with O1 resulting in a stabilization energy of -5.73 kcal
mol? (Fig. 3c). Another C-H...O (involving H4 and O2)
interaction generates a molecular pair having an interaction
energy of -4.8 kcal mol? (Fig.3d). Another molecular pair
(Fig. 3e) involves the interaction of carbon atom C2 of
carbonyl bond of Cgl with chlorine atom CI1 of another
molecule with C...Cl distance being 3.456A.
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Table 3. PIXEL interaction energies (I.E.) (kcal/mol) between molecular pairs related by a symmetry operation and the associated
intermolecular interactions in the crystal

Motif  Centroid Ecoul Erol Ebisp Erep Eot Symmetry Important interactions
distance, A
M-1
a 3.788 -4.66 -1.649 -4.756 7.98 -10.25 2-X,-y,2-2 C12-H12...m, stacking
b 4.237 -3.18 -1.12 -12.78 8.65 -8.41 1-X,-y,2-z Stacking
c 8.117 -4.92 -1.36 -3.44 2.67 -7.05 1-x,-y,1-z C8-H8...01, C8-HS...02
d 9.188 -3.25 -0.95 -2.605 2.08 -4.73 1-x,1/2+y,1.5-z C6-He6...02, C6-H6...03,
C7-H7...02
e 9.366 -0.54 -0.21 -2.05 0.74 -2.08 2-X,-1/2+y,2.5-7 C13-H13...C6(m)
f 8.722 0.19 -0.597 -3.94 2.36 -1.98 2-X,-y,3-Z C5-H5...H13-C13
g 8.513 -0.43 -0.88 -2.007 1.52 -1.79 X,1/2-y,-1/2+z C12-H12b...03
h 9.494 -0.09 -0.33 -2.31 1.36 -1.38 X,-1/2-y,1/2+z C7-H7...n
i 8.737 -0.64 -0.19 -0.59 0.12 -1.31 X,y,1+z C13-H13c...02
M-2
a 6.251 -8.84 -2.72 -6.91 8.22 -10.27 2-X,-y,1-z C4-H4...03, C5-H5...03
b 4.463 -3.72 -1.69 -13.69  9.05 -10.04 1-x,-y,1-z C11=03... Cgl, C12-
Hl2a...Cg2
c 8.787 -3.89 -1.17 -4.08 3.41 -5.73 -X,1/2+y,1/2-z C7-H7...02, C8-H8...02,
C13-H13a...01
5.798 -1.05 -0.78 -5.4 2.44 -4.8 -1+x,y,2 C4-H4...02
7.569 -0.382 -0.525 -5.97 2.92 -3.97 1-x,1/2+y,1/2-z C6-Cl11...C2=02
f 13.070 -0.47 -0.215 -2.46 121 -1.96 X,-1+y,z C12-H12b...Cl1, C13-
H13c...Cll
M-3
a 6.437 -8.67 -2.6 -7.07 7.88 -10.46 2-X,-y,1-z C4-H4...03, C5-H5...03
b 5.437 -3.75 -1.60 -13.26  8.55 -10.06 1-x,-y,1-z C11=03... Cgl, C12-
Hl2a...Cg2
c 9.147 -3.91 -1.19 -4.08 3.37 -5.80 -X,1/2+y,1/2-z C7-H7...02, C8-H8...02,
C13-H13a...01
5.843 -1.05 -0.78 -5.37 2.53 -4.68 1+x,y,z C4-H4...02
7.59 -0.54 -0.43 -5.73 2.89 -3.8 1-x,-1/2+y,1/2-z C6-Brl...C2=02
f 13.207 -0.50 -0.167 -2.22 1.12 -1.76 X,1+y,z C12-H12b...Brl, C13-
H13c...Brl
M-4
a 4.906 -6.59 -2.31 -14.77 12.97 -10.71 2-X,-y,1-z n...n,Cl4-H14...03
4,726 -3.991 -1.745 -15.6 10.8 -10.54 1-X,-y,1-z n...n,Cl4-H14...04
c 9.037 -4.25 -1.57 -5.8 4.34 -7.26 -1/2+x,1/2-y, 1/2 C13-H13...05, C12-
+z H12...05, C14-Hl14a...04,
C14-H14b...02
d 7.194 -4.37 -1.72 -4.63 3.53 -7.19 1.5-x, -1/2+y, 1/2- C4-H4...03, C5-H5...03,
z C12-H12...02
e 8.830 -0.07 -0.215 -15 0.76 -1.07 1/2-x,1/2+y, 1/2 - C13-H13...C5
z
f 12.228 0.12 -0.26 -1.81 0.95 -1.003 1.5-x, -1/2+y,1.5- Cl4-Hl4...x, C6-
z H6...C14

Cg1l- centre of gravity of pyrone ring (O1-C2-C3-C4-C10-C9); Cg2- centre of gravity of benzene ring (C5-C6-C7-C8-C9-C10)
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The stabilization energy of the pair is -3.97 kcal mol*
with major contribution from dispersion component (Table
3). Finally the least stabilized pair involves bifurcated C-
H...Cl (involving CI1 with H13c and H12b) interaction
having an interaction energy of -1.96 kcal mol* (Fig.3f).

03 I
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-10.04 I\calmol
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-10.27 Kcal/mol
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-5.73 Kcal/mol
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p ¢ y < Hl3e : j )"
e & F ! me o~y ¥ °
R ; 1) LR cn

o 14
€1 3 97 Kealimol -1.96 Kcal/mol
&

-4.8 Kcal/mol
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f

Figure 3. Molecular pairs (a-j in Table 3) along with their
interaction energies calculated with Pixel (values in red) in M-2.

Ethyl 6-bromo-2-oxo-2H-chromene-3-carboxylate (M-3)

Molecular pairs (a-f) extracted from M-2 along with their
respective interaction energies are shown in Fig. 4. The only
difference between M-2 and M-3 is the presence of different
halogen atom (Br in place of CI). The packing features of
M-3 were almost similar to those observed for M-1 and
results in the generation of similar packing motifs. The
energy of molecular pairs involving bifurcated C-H...O
hydrogen bond (Fig. 4a,c) of M-3 were similar to those
observed in M-1(Table 3).

-10.06 Kcal/mol
b

-5.80 Kcal/mol

-4.68 Kcal/mol

—,«:f%u* m

-3.8 Kcal/mol
€

Figure 4. Molecular pairs (a-f in Table 3) along with their
interaction energies calculated with Pixel (values in red) in M-3.
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An important striking feature is that an interaction in
which CI is involved in M-2 is replaced by the similar
interaction with Br in M-3. The molecular pairs in which
Brl is involved are motifs e and f with their stabilization
energies being -3.8 and -1.76 kcal mol* and are dispersive
in nature.

Ethyl 8-methoxy-2-oxo-2H-chromene-3-carboxylate (M-4)

The molecular pairs (a-f) which provide maximum
stabilization to the packing in M-4 are shown in Fig. 5. The
two most stabilized pairs (a and b) show the presence of
7...7 interaction, a packing feature which is not observed in
M-1, M-2 and M-3. Molecules in both the motifs are
arranged in antiparallel manner and show the presence of
double ring stacking (Cgl1-Cg2). Along with this interaction
both the pairs also involve C-H...O interaction and hence
forming dimers(Fig. 5a,b) having stabilization energies of -
10.71 and -10.54 kcal mol* respectively. The combined
nature of these interactions is mainly dispersive in nature.
Molecular pair c¢ involves the interaction of bifurcated
acceptor atom O3 with H13 and H12. This pair also involves
the interaction of H14a with O4 and H14b with O2 and
hence resulting in a total stabilization energy of -7.26 kcal
mol? (Fig. 5¢). The next stabilized interacting pair also
interacts via C-H...O interaction (involving bifurcated
acceptor atom O3 with H4 and H5 and O2 with H12) with
an interaction energy of -7.19 kcal mol! (Fig. 5d).
Molecular pairs e and f having an interaction energy -1.07
and -1.003 kcal mol? respectively provides additional
stabilization to the crystal structure.

Hi# 02

" -7.26 Kcalimol
c

-7.19 Kcal/mol

HI4 S .
34 tz C

-1.003 Kcal/mol
f

-1.07 Kcal/mol
€

Figure 5. Molecular pairs (a-f in Table 3) along with their
interaction energies calculated with Pixel (values in red) in M-4.

Conclusions

The field of investigation of the crystal and molecular
structures has advanced to an extent wherein it is possible to
exploit the role of weak intermolecular interactions which
aid crystal packing. PIXEL calculations suggest the
presence of different key structural motifs which aid in the
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stabilization of crystal packing. Analysis of different
structural motifs shows that C-H...O and =...n
intermolecular interactions are the major contributors that
stabilizes the crystal paking in addition to C-H...n and C-
H...X (CI or Br). It is of interest to extend such studies in
other complex structures which will enable to exploit the
role of intermolecular interactions.
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AN EFFICIENT SYNTHESIS OF SOME NOVEL 5,7-
DIARYLPYRIDO[4,3-d]PYRIMIDINES

V. Vijayakumarll, p. Karthikeyan®and S. Sarveswari*[

Keywords: Synthesis; 4-oxo-N, 2, 6-triphenylpiperidine-3-carboxamides, 5,6,7,8-tetrahydro-4-hydroxy-5,7-diarylpyrido[4,3-d]pyrimidin-
2(3H)-ones, 2-amino-5,6,7,8-tetrahydro-5,7-diarylpyrido[4,3-d]pyrimidin-4-ols.

The 4-oxo0-N,2,6-triphenylpiperidine-3-carboxamides (3a-f) were synthesized using arylaldehydes, ammonium acetate and acetoacetanilide,
which in turn converted into 5,6,7,8-tetrahydro-4-hydroxy-5,7-diarylpyrido[4,3-d]pyrimidin-2(3H)-ones (4a-f), 2-amino-5,6,7,8-tetrahydro-
5,7-diarylpyrido[4,3-d]pyrimidin-4-ols (5a-f) by condensing with guanidine carbonate and urea respectively.

* Corresponding Authors
Fax: +91 416 220 3091
E-Mail: sarveswari@gmail.com

[a] Centre for Organic and Medicinal Chemistry, VIT University,
Vellore-632014, Tamilnadu, India.

Introduction

The piperidine ring is an ubiquitous structural feature of
many alkaloid natural products and drug candidates. Watson
et al. asserted that during a recent 10-year period there were
thousands of piperidine compounds mentioned in clinical
and preclinical studies.! Piperidones are somewhat less
prominent, but often they serve a role as advanced
intermediates prior to their conversion to piperidines.
Reviews updating progress in the stereoselective syntheses
of substituted piperidines have appeared recently.? One of
the review presents synthetic methodologies on the basis of
diversity and stereocontrol.®

Compounds with piperdin-4-one nucleus were reprted to
have various important biological properties such as
antiviral, anti-inflammatory, local anesthetic, anticancer,
antimicrobial activity.>” The piperidones were also reported
to act as neurokinin receptor antagonists, analgesic and anti-
hypertensive agents.®** The importance of piperdin-4-one as
intermediates in the synthesis of a diversity of compounds
with potent physiological activity has been reviewed by
Prostakov and Gaivoronskaya.'® The studies undertaken on
4-piperidones have direct relation to the synthesis of drug
molecules. The effect of substituent at second, third and
sixth position particularly, aryl substituent at second and/or
sixth positions with regard to its biological activity have
been well documented. The preparation of pharmaceutically
active compounds of this kind remains a major challenge in
synthetic organic chemistry. Due to the demand for
improved selectivity and reduction of side effects of
potential drugs in pharmaceutical research, compounds with
increasing molecular complexity. However, the biological
properties of piperidines are highly dependent on the type
and locations of substituent on the heterocyclic ring
continue to drive the search for new methodologies.
Similarly imidazole, oxazole and pyrazole were also
exhibiting several activities and the fused bicycles of 4-
piperidones with imidazole, pyrazole, oxazole and
pyrimidine were expected to show intersting bio activites. In
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continuation of the earlier interest,)” herein we report the
synthesis of diarylpyrido[4,3-d]pyrimidine derivatives
which are hitherto unrepored.

Experimental

Synthesis of compound 3a-f was done according to the
procedure available in literature .1”

General Procedure for the synthesis of (4a-f)

5,6,7,8-Tetrahydro-4-hydroxy-5,7-diarylpyrido[4,3-d]py-

rimidin-2(3H)-ones  (4a-f) are synthesized by the
condensation of 3a-f with urea in ethanol. A mixture of 4-
piperidone (0.003246 mol,1.2 @) in ethanol and Urea
(0.003246 mol, 0.2g) was refluxed on a water bath for 6 hr.
The reaction mixture was cooled to room temperature; the
solid product was washed with ethanol-ether (1:5). The
product was recrystallized using ethanol. The purity of the
product was checked through TLC and the melting point
was recorded. The formation of the product was confirmed
by the absence of carbonyl stretching frequency in IR
spectrum which appeared in the piperidones. The yield and
other physical parameters of 4a-f are given in the Table-1.

General Procedure for the synthesis of (5a-f)

2-Amino-5,6,7,8-tetrahydro-5,7-diarylpyrido[4,3-d]pyri-

midin-4-ols (5a-f) are synthesized by the condensation of
3a-f with guanidine carbonate in ethanol. A mixture of
(0.003246 mol, 1.2 g) of 4-piperidone in ethanol solution
and 0.003246 mol, 0.4g of guanidine carbonate was refluxed
on a water bath for 8 hr. The reaction mixture was cooled to
room temperature; the obtained solid product was washed
with mixture of ethanol-ether (1:5). The crude product was
recrystallized using ethanol. The purity was checked
through TLC and the melting point was observed in open
capillaries. The formation of the product was confirmed by
the absence of carbonyl peaks which appeared in the
piperidones. The yield and other physical parameters are
given in the Table 1 for all the compounds 5a-f.
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Spectral data of newly prepared compounds

4a: Yield (89 %), m.p = 175 °C. IR data in cm™: 3289
(NH str), 3167, 3068 (Aromatic str), 3452 (Aromatic OH
str), 1653 (N-CO-N str). 'H-NMR (400MHz, CDCls): §
1.90 (s, 1H), 1.51-1.70 (t, 2H), 2.51 (t, 1H), 3.30 (d, 1H),
3.70 (s, 1H), 4.0 (t, 1H), 5.35 (d, 1H), 7.27-7.32 (m, 6H),
7.45 (d, 4H), 8.0 (s, 1H). C19H19N302 (Calculated) C, 71.01;
H, 5.96; N, 13.08; Found C, 71.21; H, 6.06; N, 12.88; GC-
Mass Bass Peak = 92.

4b: Yield (86 %), m.p=220. IR data in cm™: 3265 (NH
str), 3173, 3064 (Aromatic str), 3328 (Aromatic OH str),
1645 (N-CO-N str), 1573 (C-O-C str). *H-NMR (400MHz,
CDCls): 8 1.90 (s, 1H), 1.62-1.70 (t, 2H), 2.50 (t, 1H), 3.36
(d, 1H), 3.65 (s, 1H), 3.89 (s, 6H), 3.93 (t, 1H), 5.30 (d, 1H),
6.95(d, 4H), 7.20 (d, 4H), 8.0 (s, 1H). ES-MS: 381.17[M+];
C21H23N3O4 (Calculated): C, 66.13; H, 6.08; N, 11.02;
Found: C, 66.33; H, 5.18; N, 11.01.

4c: Yield (88 %), m.p =217 °C. IR data in cm™: 3283 (NH
str), 3376 (Aromatic OH str), 1639 (N-CO-N str), 1584 (C-
O-C str), 3125 C-C str (furan). *H-NMR (400MHz, CDCl3):
8 1.90 (s, 1H), 1.60-1.70 (t, 2H), 2.50 (t, 1H), 3.65 (s, 1H),
4.1 (t, 2H), 5.35 (d, 1H), 6.45-6.50 (m, 4H), 7.65 (d, 2H),
8.0 (s, 1H). C1sH1sN3sO4 (Calculated): C, 59.79; H, 5.02; N,
13.95; O, 21.24; Found: C, 60.02; H, 4.05; N, 13.95; ES
MS: 301.10.

4d: Yield (82 %), m.p = 192 °C. IR data in cm™: 3397
(NH str), 3251, 3192 (Aromatic str), 3459 (Aromatic OH
str), 1669 (N-CO-N str). 'H-NMR (400MHz, CDCls): &
1.90 (s, 1H), 1.62-1.70 (t, 2H), 2.50 (t, 1H), 3.36 (d, 1H),
3.65 (s, 1H), 3.89 (s, 6H), 3.93 (t, 1H), 5.30 (d, 1H), 6.95(d,
4H), 7.20 (d, 4H), 8.0 (S, 1H). C19H17N302C|2 (Calculated):
C, 66.13; H, 6.08; N, 11.02; Found; C, 66.15; H, 6.88; N,
11.12; ES-MS: 381.

4e: Yield (84 %), m.p = 186 °C. IR data in cm™: 3386
(NH str), 3254, 3194 (Aromatic str), 3459 (Aromatic OH
str), 1672 (N-CO-N str). 'H-NMR (400MHz, CDCls): &
1.90 (s, 1H), 1.62-1.70 (t, 2H), 2.50 (t, 1H), 3.36 (d, 1H),
3.65 (s, 1H), 3.89 (s, 6H), 3.93 (t, 1H), 5.30 (d, 1H), 6.95(d,
4H), 7.20 (d, 4H), 8.0 (s, 1H).C19H17N30,Cl; (Calculated): C,
66.13; H, 6.08; N, 11.02; Found; C, 65.93; H, 5.48; N, 11.06.

4f: Yield (82%), m.p = 192 °C. IR data in cm; 3397 (NH
str), 3251, 3192 (Aromatic str C-Cl str), 3459 (Aromatic OH
str), 1669 (N-CO-N str), 694 (C-Cl str). *H-NMR (400MHz,
CDCls): 8 1.90 (s, 1H), 1.62-1.70 (t, 2H), 2.50 (t, 1H), 3.36
(d, 1H), 3.65 (s, 1H), 3.89 (s, 6H), 5.40 (s, 1H), 7.50-7.62
(m, 8H), 8.0 (S, 1H).C19H17N302C|2 (Calculated): C, 58.47;
H, 4.39; ClI, 18.17; N, 10.77: Found; C, 58.40; H, 5.58; N,
10.01; ES-MS: 390.26; GC-Mass Base Peak = 138.

5a: Yield (80%), m.p =270 °C. IR data in cm™* 3250 (NH
str), 3176, 3065 (Aromatic str), 3368 (Aromatic OH str),
1654 (C-N str). *H-NMR (400MHz, CDCls): § 1.90 (s, 1H),
2.80-2.98 (t, 2H), 4.30 (t, 1H), 5.23 (s, 1H), 7.0 (s, 2H),
7.28-7.40 (m, 10H), 11.0 (s, 1H). GC-Mass Base Peak = 187,
CigH1sN4O; (Calculated) C, 71.68; H, 5.70; N, 17.60;
Found: C, 71.81; H, 4.69; N, 16.78.
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5b:Yield (75 %), m.p =258 °C. IR data in cm™*: 3265 (NH
str), 3271 (Aromatic str), 3043 (Aromatic OH str), 336 (C-N
str), 1673, 1546 (C-O-C str). *H-NMR (400MHz, CDCls): §
1.93 (s, 1H), 2.80-3.03 (t, 2H), 3.83 (s, 6H), 4.30 (t, 1H),
5.18 (s, 1H), 6.87-6.97 (m, 6H), 7.15-7.21 (m, 4H), 11.0 (s,
1H). C21H2»N4O0s. (Calculated) C, 66.65; H, 5.86; N, 14.81;
0, 12.68. Found C, 67.12; H, 5.86; N, 14.51.

5¢: Yield (79 %), m.p =283 °C. IR data in cm™: 3226
(NH str), 3365 (Aromatic OH str), 1652 (C-N str), 3143 (C-
C str furan). 'H-NMR (400MHz, CDCl3): & 1.93 (s, 1H),
2.80-2.94 (t, 2H), 4.56 (t, 1H), 5.46 (s, 1H), 6.18 (d, 1H),
6.45-6.50 (m, 3H), 7.0 (s, 2H), 7.68(d, 2H), 11.0 (s,
1H).C1sH14N4O3 (Calculated) C, 60.40; H, 4.73; N, 18.78; O,
16.09: Found C, 60.50; H, 3.76; N, 18.88.

5d: Yield (72 %), m.p =258 °C. IR data in cm™: NH str
3265, Aromatic str 3271, 3043, Aromatic OH str 336, C-N
str 1673, C-O-C str 1546. 'H-NMR (400MHz, CDCls): &
1.93 (s, 1H), 2.80-3.03 (t, 2H), 3.83 (s, 6H), 4.30 (t, 1H),
5.18 (s, 1H), 6.87-6.97 (m, 6H), 7.15-7.21 (m, 4H), 11.0 (s,
1H).C21H22N4O3(Calculated) C, 66.65; H, 5.86; N, 14.81; O,
12.68: Found C, 66.25; H, 4.16; N, 14.21.

5e: Yield (75 %), m.p =258 °C. IR data in cm™: NH str
3265, Aromatic str 3271, 3043, Aromatic OH str 336, C-N
str 1673, C-O-C str 1546. 'H-NMR (400MHz, CDClz): &
1.93 (s, 1H), 2.80-3.03 (t, 2H), 3.83 (s, 6H), 4.30 (t, 1H),
5.18 (s, 1H), 6.87-6.97 (m, 6H), 7.15-7.21 (m, 4H), 11.0 (s,
1H). CxH22N4O3(Calculated) C, 66.46; H, 5.66; N, 14.71:
Found C, 66.61; H, 4.66; N, 13.71.

5f: Yield (68 %), m.p =292°C. IR data in cm*; 3278 (NH
str), 3176, 3076 (Aromatic str), 342 (Aromatic OH str),1657
(C-N str), 694 (C-CI str). *H-NMR (400MHz, CDCls): §
1.93 (s, 1H), 2.80-3.0 (t, 2H), 4.30 (t, 1H), 5.20 (s, 1H), 7.0
(s, 2H), 7.20-7.24 (d, 2H), 7.41-7.50 (m, 6H), 11.0 (s,
1H).C19H16N4OCl, Calculated C, 58.93; H, 4.16; Cl, 18.31;
N, 14.47; O, 4.13: Found C, 58.83; H, 3.73; N, 14.40.

Results and Discussion

The 2, 6-diaryl-4-piperidones (3a-f) were synthesised by
the procedure available in the literature.!’

5,6,7,8-Tetrahydro-4-hydroxy-5,7-diarylpyrido[4,3-d]py-
rimidin-2(3H)-ones  (4a-f) are synthesized by the
condensation of 3a-f with urea in ethanol. A mixture of 4-
piperidone (0.003246 mol, 1.2 @) in ethanol and urea
(0.003246 mol, 0.2 g) was refluxed on a water bath for 6 hr.
2-Amino-5,6,7,8-tetrahydro-5,7-diarylpyrido[4,3-d]pyrimi-
din-4-ols (5a-f) were synthesized by the condensation of 3a-
f with guanidine carbonate in ethanol. A mixture of
0.003246 mol, (1.2 g) 4-piperidone in ethanol and 0.003246
mol (0.4 g) of guanidine carbonate was refluxed on a water
bath for 8 h. The formation of desired products was
confirmed by spectral data (included in experimental
section).
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Table 1. Physical data of the compounds (4a-f), (5a-f) and (3a-f)

S.No R M.P °C Yield, %
4a Phenyl 175-78 79
4b 4-Methoxyphenyl 220-22 86
4c Furfural 217-19 88
4d 3-Methoxyphenyl 217-20 88
4e 2-Methoxyphenyl 218-19 83
4f 4-Chlorophenyl 192-94 72
5a Phenyl 270-72 80
5b 4-Methoxyphenyl 259-62 75
5c Furfural 227-30 78
5d 3-Methoxyphenyl 258-60 75
5e 2-Methoxyphenyl 254-56 75
5f 4-Chlorophenyl 292-95 68
O
o
\ A,
N R
)
NHCONH, / af
A-CHO (1)
+ o o
ST e ¥
+
O'm'tl N R \ N
R
h s

Scheme 1. Synthesis of diarylpyrido[4,3-d]pyrimidine derivatives

Conclusion

In conclusion, synthesis of some fused heterocycles with
4-piperidone moiety and 4,5,6,7-tetrahydro-4,6-diaryl-2H-
pyrazolo[4,3-c]pyridin-3-ols, 4,5,6,7-tetrahydro-4,6-diaryl-
2H-pyrazolo[4,3-c]pyridin-3-ols were attempted success-
fully, the compounds with fused pyrazole were proved as
biologically important molecules. In the present work
molecules with pyrazole moiety were obtained using a
simple reaction protocol with moderate vyield. The
synthesized compounds were characterized by IR spectrum,
GC-MS spectrum, *H NMR spectrum and elemental
analysis.
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E B SYNTHESIS AND APPLICATION OF SOME HETEROARYLAZO
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3-Diazopyrazolo[3,4-c]pyridazine was synthesized and its transformations were investigated. With reactive methylene compound the
corresponding hydrazones were formed. The prepared azo disperse dyes were applied to polyester fabric, and their spectral and color

fastness properties measured.
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Introduction

Azo compounds have for a great many years occupied a
dominant position in the field of colouring matters due to
their versatility. A large volume of publications and patents
have appeared describing their synthesis and dyeing
properties.>® Among these, azodyes using heterocyclic
amines have become important as they give brighter and
stronger results than those based on aniline-based diazo
compounds.*®

The pyrazole derivatives based azo dyes are known as
disperse dyes with excellent brightness of shade. This class
of dyes was established as an alternative to more expensive
anthraquinone dyes.* On the other hand heterocyclic
annulated pyridazines continue to attract considerable
attention which mainly arises from the large variety of
interesting pharmacological activities observed with
pyridazine derivatives.® Recently, our researches have been
devoted to the synthesis of condensed tricyclic systems of
potential biological activity with a pyrazole ring as the
central nucleus.”® As a continuation of these studies we
report here the synthesis of some 3-(4,5-diphenyl-1H-
pyrazolo[3,4-c]pyridazin-3-yl)hydrazono derivatives and an
evaluation of their properties on polyester fibers.

Results and Discussion

Our synthesis began with the preparation of 3-diazo-4,5-
diphenyl-3H-pyrazolo[3,4-c]pyridazine 1 following the
literature procedure by the diazotization of 3-amino-4,5-
diphenyl-1H-pyrazolo[3,4-c]pyridazine with sodium nitrite
in glacial acetic acid at room temperature.°
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We reported the synthesis of  3-(4,5-diphenyl-1H-
pyrazolo[3,4-c]pyridazin-3-yl)hydrazono derivatives 2-10
based on coupling reaction of 3-diazo-4,5-diphenyl-3H-
pyrazolo[3,4-c]pyridazine 1 with active methylene
compounds such as ethyl 3-oxobutanoate, ethyl 2-
cyanoacetate, cyclohexane-1,3-dione, 5,5-dimethylcyclo-
hexane-1,3-dione, 1H-indene-1,3(2H)-dione, 3-methyl-1H-
pyrazol-5(4H)-one,  3-methyl-1-phenyl-1H-pyrazol-5(4H)-
one, 2-thioxodihydropyrimidine-4,6(1H,5H)-dione, and 4-
hydroxy-1-phenylquinolin-2(1H)-one.'%! In continuation of
this work , we report here the results of our further
investigation on the reaction of compound 1 with further
active methylene compounds and cycloaddition reactions.

O
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\H N.R 9 NS
& Rk ‘ hq
= ~ 10
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Y LN Het—NHN=C
N, N - N N —— - ‘v
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Scheme 1. Reactions of 3-diazo-4,5-diphenyl-3H-pyrazolo[3,4-
c]pyridazine

The reaction of 1 with pentane-2,4-dione, 2-
cyanoacetohydrazide, 2-chloroacetonitrile, 3-0x0-N-
phenylbutanamide, 4-hydroxy-6-methyl-2H-pyrano[3,2-c]-
quinoline-2,5(6H)-dione,  4-hydroxy-6-phenyl-2H-pyrano-
[3,2-c]quinoline-2,5(6H)-dione, and pyrimidine-
2,4,6(1H,3H,5H)-trione formed easily the corresponding
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hydrazone compounds 11-17. For all compounds of this type
several tautomeric forms can be written. For example
compounds of the types 11, 12, and 13 can be regarded as
azo compounds or as hydrazones, and the carbonyl part can
be written in the keto or enolized form. The end of the
reaction was judged by the disappearance of the diazo
compound according to TLC analysis. The reaction time
varied from a few minutes to several hours. The reaction
products were isolated in high yield and gave satisfactory
elemental analysis. The spectroscopic properties of the
products were in excellent agreement with the proposed
structures.

X
Het—N—N:(fY

1, X=Y=Ac

R
16 R=
17, R=G B
Scheme 2. Reaction routes to form hydrazone compounds

With view of studying some of the reaction of the
hydrazones 8, 11, 12 and 14 that were allowed to react with
some reagents. Treatment of compound 8 with phosphoryl
chloride at refluxing temperature gave the corresponding
chloro derivative 18. Hydrazone 11 undergoes a smooth
reaction with hydrazine hydrate and with phenyl hydrazine
produced pyrazole derivative 19 and 20, also reacts with
hydroxyl amine hydrochloride in refluxing absolute ethanol
in the presence of anhydrous potassium carbonate gave the
isoxazole derivative 21.
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Scheme 3. Transformation of hydrazones
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Similarly carbohydrazide hydrazone 12 was reacted with
hydrazine hydrate producing aminopyrazolone derivative 22.
Compound 22 also was obtained by condensing hydrazone 3
with hydrazine hydrate.

The hydrazone 14 was also readily cyclized in ethanol at
78 °C to give the 4-methyl-N,9,10-triphenylpyridazino
[3',4":3,4]pyrazolo[5,1-c][1,2,4]triazine-3-carboxamide deri-
vative 23. The assignment of the cyclic compound involves
the intramolecular nucleophilic attack of pyrazole ring 2-
nitrogen to the ketonic carbonyl with elemination of water
molecule.

Dyeing of polyester fabrics and dyeing properties

Color measurement

The effect of the nature of different substituents on dyeing
behavior, color hue, and depth was investigated. This
investigation depends on some spectral data of the dyed
materials. The most commonly used function f(R) is that
developed theoretically by Kubelka and Munk. In their
theory, the optical properties of a sample are described by
two values: K is the measure of the light absorption, and S is
a measure of the light scattering. On textiles, K is
determined primarily by the dyestuffs and S only by the
substrate. From the wavelength, Kubelka and Munk
calculate Eq. (1) for the reflectance R of thick, opaque
samples with the constants of K and S:

2

In this equation R is used as a ratio, e.g., 32 % reflectance
as 0.32. The K/S value at A max was taken as a measure of
color depth. On the other hand, the psychometric
coordinates (L*, a*, b*) for each dyed sample were obtained
to illustrate the color hues, where L* is the lightness,
ranging from O to 100 ( O for black and 100 for white ); a* is
the red-green axis, (+) for red, zero for grey, and (-) for
green; and b* is the yellow-blue axis, (+) for yellow, zero
for gray, and (-) for blue.

The parent dyestuff in each group is taken as the standard
in color difference calculation (AL*, AC*, AH* and AE*).

The results are measured using CIE-LAB techniques and
given in Tables 2-6, where AL* is the lightness difference,
AC* the chroma difference, AH* the hue and AE* the total
color difference. A negative sign of AL* indicates that the
dyed fiber becomes darker than the standard, but a positive
sign indicates that the dyed fiber becomes lighter than the
standard. A negative sign of AC*indicates that the dyed
fiber becomes duller than the standard, but a positive sign
indicates that the dyed fiber becomes brighter than the
standard. A negative sign of AH*indicates that the color
directed to red color, while a positive sign indicates that the
color directed to yellowish. The values of K/S of 2-22 vary
from 5.97 to 50.48. The introduction of different couplers in
dyes 2-22 varies the strength of K/S values (Table 1).
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Table 1. Optical measurements, K/S and color coordinates, of dyes 2-22 on polyester fibers at sun light wavelength (D65/10), tungsten
wavelength (A/10) and fluorescent wave length (F11/10).

Coordinates  L* a* b* C* H X Y z X y K/s
Compound 2

D65/10 74.46 5.43 14.67 15.65 69.68 46.87 47.42 37.84 0.3547  0.3589

A/10 76.03 8.93 16.34 18.62 61.34 59.33 49.94 12.69 0.4865  0.4095 20.98

F11/10 7529 5091 16.72 17.74 70.54 52.94 48.75 22.83 0.4252  0.3915
Compound 3

D65/10 86.12 -430 60.87 61.02 94.04 62.80 68.22 20.51 0.4145  0.4502

A/10 8858 552 59.93 60.18 84.74 84.48 73.29 7.68 0.5106  0.4430 37.85

F11/10 87.86 -1.19 65.65 65.66 91.03 73.96 71.78 11.97 0.4690 0.4551
Compound 4

D65/10 7115 3.10 40.27 40.39 85.60 41.21 42.40 17.85 0.4061 0.4179

A/10 73.63 10.95 40.54 4199 74.88 55875) 46.13 6.52 0.5143  0.4255 50.84

F11/10 7261 471 4582 46.06 84.14 48.03 44.57 10.03 0.4679  0.4343
Compound 5

D65/10 8499 -046 29.21 2921 90.89 62.36 65.98 40.82 0.3686  0.3900 13.08

A/10 86.67 6.08 29.35 2997 78.29 80.28 69.34 14.17 0.4902 0.4233

F11/10 86.01 1.32 3255 3258 87.68 71.27 68.00 24.14 0.4361 0.4161
Compound 6

D65/10 84.92 144 4038 4040 87.96 63.06 65.86 32.01 0.3919  0.4092

A/10 87.31 8.17 42.07 4285 79.01 82.91 70.64 11.08 0.5036  0.4291 13.39

F11/10 86.63 2.39 4439 4446 86.92 73.11 69.26 19.10 0.4528  0.4289
Compound 7

D65/10 87.87 -2.00 2081 2091 9550 67.15 71.79 53.18 0.3495  0.3737

A/10 88.96 3.59 20.81 2111 80.22 84.31 74.08 18.08 0.4778  0.4198 5.63

F11/10 88.47 -050 2316 2316 91.24 75.62 73.05 31.72 0.4192  0.4050
Compound 8

D65/10 8758 0.16 27.46 27.46 89.67 67.57 71.19 46.30 0.3651  0.3847

A/10 89.25 6.05 2799 2863 77.80 86.39 74.70 15.91 0.4881  0.4220 7.61

F11/10 88.66 146 31.06 31.09 87.31 77.04 73.46 27.35 0.4332  0.4130
Compound 9

D65/10 8261 553 5158 5186 84.08 60.47 61.43 22.29 0.4194  0.4261

A/10 85.81 1220 54.00 5536 77.27 81.59 67.61 7.90 0.5193  0.4304 23.71

F11/10 84.89 569 5721 5750 84.32 71.05 65.80 13.05 0.4740  0.4389
Compound 10

D65/10 87.47 490 2625 26.70 79.42 69.53 70.97 47.26 0.3703  0.3780

A/10 89.61 8.86 2888 3021 7295 88.87 75.47 15.82 0.4933  0.4189 6.21

F11/10 88.96 4.78 29.27 2965 80.72 79.41 74.09 28.63 0.4360  0.4068
Compound 11

D65/10 85.49 -2.02 37.77 3782 93.07 62.62 66.98 34.66 0.3812  0.4077

A/10 8739 545 3802 3841 8185 8161 70.80 12.13 0.4960  0.4303 17.91

F11/10 86.71 0.3 4105 4105 8958 72.25 69.42 20.65 0.4451  0.4277
Compound 12

D65/10 80.86 7.08 23.08 2414 7294 58.05 58.21 24.29 0.3715  0.3726

A/10 83.08 10.80 2595 2811 6740 74.64 62.31 13.38 0.4965  0.4145 12.28

F11/10 8234 653 2596 26.77 7588 66.26 60.94 39.99 0.4374  0.4023

Eur. Chem. Bull., 2014, 3(7), 627-636

DOI: 10.17628/ecb.2014.3.627-636

629



Synthesis of heteroarylazo disperse dyes from pyrazolo[3,4-c]pyridazine

Contg. Table 1.

Section A-Research Paper

Coordinates L* a* b* C* h X Y Y4 X y K/S
Compound 13

D65/10 88.17 467 1396 1472 7151 70.82 72.42 60.97 0.3468  0.3546

A/10 89.62 7.38 1568 1733 64.79 88.04 75.48 20.28 0.4790 0.4107 9.32

F11/10 89.04 485 1573 1646 7287 79.63 74.25 37.09 0.4170 0.3888
Compound 14

D65/10 89.28 -5.04 36.27 36.62 97.91 6854 74.75 41.10 0.3717  0.40054

A/10 90.79 328 3496 3512 84.64 8858 78.02 14.60 0.4889  0.4306 16.28

F11/10 90.28 -2.07 40.39 4044 9294 78.80 76.90 23.91 0.4387 0.4282
Compound 15

D65/10 8849 -087 2784 2785 91.78 68.89 73.08 47.40 0.3638  0.3859

A/10 90.07 5.02 2802 2874 79.85 87.79 76.45 16.34 0.4862 0.4233 8.6

F11/10 89.60 0.28 3178 3178 8950 7851 75.45 27.84 0.4318 0.4150
Compound 16

D65/10 8726 493 2765 2808 79.89 69.12 70.53 45.63 0.3731  0.3807

A/10 89.47 9.18 3029 3165 73.13 88.70 75.16 15.32 0.4950 0.4195 9.02

F11/10 88.74 514 3071 3114 8050 79.11 73.62 27.61 0.4386  0.4082
Compound 17

D65/10 8284 828 2578 27.08 7220 62.14 61.87 40.59 0.3775 0.3759

A/10 85.33 1214 29.04 3147 6732 8044 66.66 13.60 0.5005 0.4148 18.58

F11/10 84.42 799 2885 2993 7453 7118 64.87 24.63 0.4430 0.4037
Compound 18

D65/10 8258 540 3362 34.05 80.87 6043 61.37 34.00 0.3879  0.3939

A/10 85.11 10.75 3587 3744 7332 79.18 66.22 11.68 0.5041 0.4216 18.57

F11/10 8434 532 3768 38.05 8197 69.74 64.73 20.32 0.4505 0.4182
Compound 19

D65/10 89.18 -0.38 2821 2821 90.76 70.51 74.55 48.18 0.3649 0.3858

A/10 90.84 5.08 29.01 2945 80.07 89.74 78.13 16.45 0.4869 0.4239 9.63

F11/10 90.44 044 3122 3122 89.18 80.47 77.25 28.97 0.4310 0.4138
Compound 20

D65/10 86.81 244 3340 3349 8582 67.11 69.63 39.95 0.3798 0.3941

A/10 89.02 7.83 3509 3596 7742 86.84 74.22 13.69 0.4970  0.4247 14.35

F11/10 8851 238 3727 3735 86.34 77.17 73.13 23.94 0.4429  0.4197
Compound 21

D65/10 8829 -6.81 4971 5018 97.80 65.82 72.68 29.54 0.3917 0.4325

A/10 90.15 2.87 4793 48.02 86,58 86.77 76.62 10.85 0.4980 0.4398 21.64

F11/10 89.64 -350 55.10 5521 93.63 76.65 75.53 16.81 0.4536  0.4469
Compound 22

D65/10 85.15 420 1718 1769 76.27 64.70 66.30 52.13 0.3533 0.3621

A/10 86.74 7.76 19.03 2055 67.82 81.34 69.47 17.39 0.4836  0.4130 5.97

F11/10 86.11 427 1924 1970 7749 7292 68.21 31.62 0.4221 0.3948

Assessment of color fastness

Most influences that can affect fastness are light,
washing, heat, perspiration, crabbing and atmospheric
Conditions of such tests are chosen to
correspond closely to treatments employed in manufactu-

pollution.
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re and ordinary use conditions.'? Results are given after
matching of tested samples against standard
reference (the grey scale).!? The results revealed that
these dyes have good fastness properties (Table 7).
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Table 2. Color differences between dyes (4, 5, 6, 9, 13, 15) using 14 as a standard on polyester fibers at sun light wavelength (D65/10),
tungsten wavelength (A/10) and fluorescent wavelength (F11/10).

Reference dye 14

AE* AL* AC* AH* Batch is
Compound 4
D65/10 7.722 -5.674 2.119 -4.790 Darker less green yellow
A/10 7.601 -5.346 3.258 -4.311 Darker redder yellow
F11/10 7.237 -5.503 2.805 -3.770 Darker less green yellow
Compound 5
D65/10 4.710 -1.497 -3.486 -2.791 Darker less green less yellow
A/10 4.109 -1.436 -2.527 -2.905 Darker redder less yellow
F11/10 4.504 -1.492 -3.558 -2.322 Darker less green less yellow
Compound 6
D65/10 5271 -1.422 1.940 -4.690 Darker less green yellow
A/10 4.921 -1.103 3.780 -2.951 Darker redder yellow
F11/10 3.784 -1.159 1.937 -3.037 Darker less green yellow
Compound 9
D65/10 10.473 -2.439 6.764 -7.614 Darker less green less yellow
A/10 10.537 -1.826 9.234 -4.736 Darker redder yellow
F11/10 9.096 -1.976 7.190 -5.209 Darker less green yellow
Compound 13
D65/10 11.937 -0.431 -9.995 -6.512 Darker less green less yellow
A/10 10.553 -0.489 -8.445 -6.309 Darker redder less yellow
F11/10 11.838 -0.503 -10.416 -5.602 Darker less green less yellow
Compound 15
D65/10 4.614 -0.273 -3.866 -2.505 Darker less green less yellow
A/10 3.695 -0.243 -2.958 -2.200 Darker redder less yellow
F11/10 3.961 -0.227 -3.638 -1.551 Darker less green less yellow

Table 3. Color differences between dyes (12, 22) using 3 as a standard on polyester fibers at sun light wavelength (D65/10), tungsten
wavelength (A/10) and fluorescent wavelength (F11/10).

Reference dye 3
AE* AL* AC* AH* Batch is

Compound 12

D65/10 15.963 -2.174 -12.993 -9.014 Darker less green less yellow
A/10 14.425 -2.227 -11.343 -8.630 Darker redder less yellow
F11/10 15.323 -2.254 -13.343 -7.189 Darker less green less yellow
Compound 22

D65/10 16.404 0.203 -15.481 -5.421 Darker less green less yellow
A/10 15.749 -0.161 -14.388 -6.401 Darker redder less yellow
F11/10 16.641 -0.115 -15.909 -4.882 Darker less green less yellow
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Table 4. Color differences between dyes (19, 20, 21) using 11 as a standard on polyester fibers at sun light wavelength (D65/10), tungsten
wavelength (A/10) and fluorescent wavelength (F11/10).

Reference dye 11

AE* AL* AC* AH* Batch is
Compound 19
D65/10 5.277 1.067 -4.804 -1.903 Lighter less green less yellow
A/10 4.678 1.006 -4.243 -1.694 Lighter redder less yellow
F11/10 4.876 1.098 -4.670 -0.873 Lighter less green less yellow
Compound 20
D65/10 4.915 0.150 -2.397 -4.288 Lighter less green less yellow
A/10 3.541 0.298 -1.311 -3.276 Lighter redder less yellow
F11/10 3.203 0.335 -2.019 -2.464 Lighter less green less yellow
Compound 21
D65/10 6.053 0.922 5.560 2.207 Lighter greener yellow
A/10 5.165 0.918 4.397 2.550 Lighter less red yellow
F11/10 6.613 0.978 6.172 2.162 Lighter greener yellow

Table 5. Color differences between dyes (7, 8, 18) using 2 as a standard on polyester fibers at sun light wavelength (D65/10), tungsten
wavelength (A/10) and fluorescent wavelength (F11/10).

Reference dye 2
AE* AL* AC* AH* Batch is

Compound 7

D65/10 13.563 5.188 3.628 11.995 Lighter less red yellow
A/10 11.393 4.971 1.641 10.119 Lighter less red yellow
F11/10 11.821 5.083 3.587 10.052 Lighter less red yellow
Compound 8

D65/10 14.328 4.941 8.181 10.675 Lighter less red yellow
A/10 13.191 4.952 6.462 10.379 Lighter less red yellow
F11/10 13.846 5.022 8.752 9.481 Lighter less red yellow
Compound 9

D65/10 13.963 3.137 11.956 6.495 Lighter red yellow
A/10 14.499 3.469 11.308 8.384 Lighter red yellow
F11/10 14.545 3.464 12.389 6.787 Lighter less red yellow

Table 6. Color differences between dyes (10, 17) using 16 as a standard on polyester fibers at sun light wavelength (D65/10), tungsten
wavelength (A/10) and fluorescent wavelength (F11/10).

Reference dye 16
AE* AL* AC* AH* Batch is

Compound 10

D65/10 2.054 0.561 -0.926 1.745 Lighter redder less yellow
A/10 1.864 0.449 -1.205 1.349 Lighter redder less yellow
F11/10 1.909 0.514 -0.939 1.581 Lighter redder less yellow
Compound 17

D65/10 3.192 -1.431 -0.810 -2.735 Darker redder less yellow
A/10 3.023 -1.367 -0.543 -2.641 Darker redder less yellow
F11/10 2911 -1.426 -0.891 -2.376 Darker redder less yellow
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Table 7. Fastness properties of compounds 2-22

Section A-Research Paper

Dyes Fiber Washing fastness Crabbing fastness Perspiration fastness, basic | Light fast-
Alt. SW SF |At SW SF |Al SSW S.F |ness,40h

2 Polyester 3 4 4 3 4 4 3 4 4 3

3 Polyester 4 4 4 4 4 4 4 4 4 1

4 Polyester 3-4 4 4 3-4 4 4 3-4 4 4 4

5 Polyester 4 4 4 4 4 4 4 4 4 2

6 Polyester 3-4 4 4 3-4 4 4 3 4 4 3

7 Polyester 3-4 4 4 3-4 4 4 3-4 4 4 4

8 Polyester 4 4 4 3-4 4 4 3-4 4 4 4

9 Polyester 3-4 4 4 3-4 4 4 3-4 4 4 1-2
10 Polyester 4 4 4 3-4 4 4 4 4 4 1
11 Polyester 4 4 4 4 4 4 4 4 4 3
12 Polyester 3 4 4 3 4 4 3 4 4 3-4
13 Polyester 3 4 4 3 4 4 3 4 4 2-3
14 Polyester 3-4 4 4 4 4 4 4 4 4 3
15 Polyester 4 4 4 3-4 4 4 3-4 4 4 2-3
16 Polyester 3-4 4 4 3-4 4 4 3-4 4 4 3
17 Polyester 3 4 4 3 4 4 3 4 4 3
18 Polyester 4 4 4 4 4 4 4 4 4 4
19 Polyester 4 4 4 4 4 4 4 4 4 4
20 Polyester 4 4 4 4 4 4 4 4 4 4
21 Polyester 3-4 4 4 3-4 4 4 3-4 4 4 3-4
22 Polyester 3 4 4 3-4 4 4 3-4 4 4 4

Alt = Alteration, S.W = Staining on wool, S.F = Staining on polyester..

Experimental

All melting points were determined on a Gallenkamp
electric melting point apparatus. Thin-layer chromatography
(TLC) analysis was carried out on silica gel 60 F254
precoated aluminum sheets.

Infrared spectra were recorded on FTIR 5300
Spectrometer and Perking Elmer Spectrum RXIFT-IR
System, using the potassium bromide wafer technique. H-
NMR spectra were recorded on Varian Gemini 200 MHz
spectrometer using the indicated solvents and
tetramethylsilane (TMS) as an internal reference. Electron
impact mass spectra were obtained at 70 eV using a GC-
MS—qp1000 EX Shimadzu spectrometer. Elemental analysis
(C, H, N) were carried out at the Micro-Analytical Center of
Cairo University, Giza, Egypt.

The dyeing assessment fastness tests, and color
measurements were carried out at Misr Company for
Spinning and Weaving, El-Mahala El-Kobra, Egypt.

General procedure for the preparation of coupling products
from 3-diazo-4,5-diphenylpyrazolo[3,4-c]pyridazine 1 and
active methylene compounds.

A solution of compound 1 (0.6 g, 2.0 mmol) in ethanol
(30 mL) was treated with the corresponding active
methylene compounds (2.0 mmol). The reaction mixture
was stirred at room temperature for such time. The colored
azo-dye precipitated was filtered, dried, and recrystallized
from ethanol. In this manner the following compounds were
prepared.
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3-((4,5-Diphenyl-1H-pyrazolo[3,4-c]pyridazin-3-yl)diazenyl)-
pentane-2,4-dione 11.

Prepared from pentane-2, 4-dione, and reaction time: 45
minutes, yellow crystals in 73 % yield, m.p. 250-252 °C. IR:
3500, 3300 (NH), 3060 (CHarom), 2925 (CHaipn), 1700
(C=0), 1630 (C=N), 1510 (C=C) cm™. 'H-NMR (DMSO-
ds): 6 = 7.9-7.2 (m, 10H, 2Ph) and 2.9 (s, 6H, 2CH3). Anal.
Calcd for CxHi1sNeO2: C, 66.32; H, 4.55; N, 21.10, Found:
C, 66.20; H, 4.40; N, 20.90.

2-Cyano-2-((4,5-diphenyl-1H-pyrazolo[3,4-c]pyridazin-3-yl)
diazenyl) acetohydrazide. 12

Prepared from 2-cyanoacetohydrazide, reaction time: 6
hours, reddish brown crystals in 69 % yield, m.p.: 180-
182 °C. IR: 3345, 3197 (NH2 &NH), 3030(CHarom), 2928
(CHaiigh), 2259 (CN), 1687(C=0) cm™ ; MS: m/z 397 [ M*,
1.35%]. Anal. Calcd for CyH1sNgO: C, 60.45; H, 3.80; N,
31.72. Found: C, 59.35; H, 3.78; N, 30.12.

(4,5-Diphenyl-1H-pyrazolo[3,4-c]pyridazin-3-yl)
carbonocyanidohydrazonic chloride. 13

Prepared from 2-chloroacetonitrile, reaction time: 2 hours,
brown crystals in 67 % vyield, m.p.: 208-210 °C. IR:
3165(NH), 3105(CHaom), 2900 (CHaipn), 2130 (CN),
1651(C=N), cm™*; MS: miz 373.3 [ M*, 10.75%] , 3745 [ M
+1, 10.19%], 337.1 [ M* - CI, 9.65%] 273.2 [M*- N=N
CH(CN)CI. Anal. Calcd for CigH12CIN7: C, 61.05; H,
3.24; N, 26.23. Found: C, 61.03; H, 3.19; N, 26.25.
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5-(4,5-Dipheny-1H-pyrazolo[3,4-c]pyridazine-3-yl)hydrazone-
3-0x0-N-phenylbutanamide 14.

Prepared from 3-oxo-N-phenylbutanamide, reaction time:
2 hours, yellow crystals in 65 % yield, m.p. 279-281°C. IR:
3400 (NH), 1690 (C=0), 1650 (C=0 amide), 1530 cm;
Anal. Calcd for Cy7H21N7O2: C, 68.20; H, 4.45; N, 20.62.
Found: C, 68.30; H, 4.30; N, 20.70.

5-(2-(4,5-Diphenyl-1H-pyrazolo[3,4-c]pyridazin-3-yl)hydrazo-
no)pyrimidine-2,4,6(1H,3H,5H)-trione. 15

Prepared from pyrimidine-2,4,6(1H, 3H, 5H)-trione, the
reaction time: 3.5 hours yellow crystals 90 % yield. m.p.:
310-312 °C. IR: 3168 (NH), 1713, 1674 (C=0), 1534 (C=N)
cmt \MS: miz 426.4 [M*, 8.97%], 427.4 [M+ 1, 3.18], 456
[M-CI, 22.45]. Anal. Calcd for C;1H14NgO3: C, 59.15; H,
3.31; N, 26.28. Found: C, 59.10; H, 3.26; N, 26.14.

3-((4,5-Diphenyl-1H-pyrazolo[3,4-c]pyridazin-3-yl)diazenyl)-4-
hydroxy-6-methyl-2H-pyrano[3,2-c]quinoline-2,5(6H)-dione. 16

Prepared  from,  4-hydroxy-6-methyl-2H-pyrano[3,2-
c]quinoline-2,5(6H)-dione, the reaction time: 2 hours,
orange crystals in 50 % yield, m.p.: 285-287 °C; IR: 3436
(NH and OH), 3078 (CH aromatic), 2975 (CHaiiphatic), and 1645
(C=0) ester and 1606 (C=0) amide, cm; MS: m/z 542.3
[M*, 0.31%]. Anal. Calcd for CsoHisN7O4: C, 66.54; H,
3.54; N, 18.11. Found: C, 66.46; H, 3.50; N, 18.10.

3-((4,5-Diphenyl-1H-pyrazolo[3,4-c]pyridazin-3-yl)diazenyl)-4-
hydroxy-6-phenyl-2H-pyrano[3,2-c]quinoline-2,5(6H)-dione. 17

Prepared from, 4-hydroxy-6-phenyl-2H-pyrano[3,2-c]qui-
noline-2,5(6H)-dione, the reaction time: 4 hours, orange
crystals in 81 % yield, m.p.: 280-282 °C; IR: 3419 cm™ (-
OH), 3146 (-NH), 3060 (CHaromatic), 2789 (CHuaiiphatic) 1647
(C=0) ester, 1608 cm™* (C=0) amide ring carbonyl, cm;
MS: m/z 604.40 [ M*, 2.55 %]. Anal. Calcd for CssH21N7Os:
C, 69.65; H,3.51; N, 16.24. Found: C, 69.58; H, 3.48; N,
16.20.

3-((5-Chloro-3-methyl-1-phenyl-1H-pyrazol-4-yl) diazenyl)-4,5-
diphenyl-1H-pyrazolo[3,4-c]pyridazine 18.

A mixture of  4-((4,5-diphenyl-1H-pyrazolo[3,4-
c]pyridazin-3-yl)diazenyl)-3-methyl-1-phenyl-1H-pyrazol-
5(4H)-one 8 (0.5g, 1.05 mmol) and phosphorylchloride
(25 mL) was refluxed for 3h. The reaction mixture was
cooled to room temperature and poured into cruched ice,
the solid product was filtered, dried and recrystallized from
ethanol. Brown crystals in 77 % yield, m.p.: 250-252 °C;
IR: 3317 (NH), 3050 (CHarom), 2968 (CHoaiipn), 1591 (C=N)
cml. MS: miz 491 [M*, 22.35 %], 492 [M+ 1, 17.53], 456
[M-CI, 22.45]. Anal. Calcd for C27H19CINg : C, 66.05; H,
3.90; N, 22.28. Found: C, 65.86; H, 3.84; N, 22.42.
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3-((3,5-Dimethyl-1H-pyrazol-4-yl)diazenyl)-4,5-diphenyl-1H-
pyrazolo[3,4-c]pyridazine 19.

To a solution of 3-((4,5-diphenyl-1H-pyrazolo[3,4-c]-
pyridazin-3-yl)diazenyl)pentane-2,4-dione 11 (0.8 g, 2.0
mmol) in acetic acid (20 mL), hydrazin hydrate (85 %, 1.0
mL) was added . The reaction mixture was refluxed for 3 h.
The yellow solid product was filtered and recrystallized
from methanol, yellow crystals in 81 % yield. m.p.: 281-
282 °C; IR: 3170 (NH), 3068 (CHarom) , 2928 (CHoaiiph) 1625
(C=N), 1590 (PhN) and 1535 (C=C) cm?, H-NMR
(DMSO-dg) &= 7.9-7.2 (m, 10H, 2Ph) and 2.9 (s, 6H,
2CHj3). Anal. Caled for CxHisNs: C, 66.99; H, 4.60; N,
28.4. Found: C, 66.80; H, 4.50; N, 28.30.

3-((3,5-Dimethyl-1-phenyl-1H-pyrazol-4-yl)diazenyl)-4,5-diphe-
nyl-1H-pyrazolo[3,4-c]pyridazine. 20

A mixture of 3-((4,5-diphenyl-1H-pyrazolo[3,4-c]-
pyridazin-3-yl)diazenyl)pentane-2,4-dione 11 (0.8 g, 2.0
mmol) and phenyl hydrazine (0.22 g, 2.0 mmol) in acetic
acid (20 mL) was refluxed for 5 h. The cooled reaction
mixture was poured into water (100 mL). The solid product
obtained was filtered, and recrystallized from ethyl acetate,
yellow crystals in 84 % yield, m.p.: 272-273 °C; IR: 3170
(NH), , 3088 (CHarom), 2918 (CHuaipn) 1625 (C=N), 1590
(PhN) and 1535 (C=C) cm; 'H NMR(DMSO-ds): 5= 14.9
(brs, 1H, NH), 7.7 (s, 5H, phN) 7.4-6.8 (m, 10H, 2Ph) and
2.3 (s, 3H, CHs), 1.9 (s, 3H, CHs). Anal. Calcd for
CaxsH2Ng : C, 71.74; H, 4.71; N, 23.8. Found: C, 71.30;
H, 4.60; N, 23.70.

4-((4,5-Diphenyl-1H-pyrazolo[3,4-c]pyridazin-3-yl)diazenyl)-
3,5-dimethylisoxazole 21.

A mixture of 3-((4,5-diphenyl-1H-pyrazolo[3,4-c]-
pyridazin-3-yl)diazenyl)pentane-2,4-dione 11 (0.8 g, 2.0
mmol) and hydroxylamine hydrochloride (0.14 g, 2.0 mmol)
in pyridine (15 mL) was refluxed for 10 h. The reaction
mixture was poured onto water (100 mL). The solid product
obtained was filtered, and recrystallized from ethanol.
Yellow crystals in73 % yield, m.p.: 214-215 °C; IR: 3210
(NH), 3060 (CHarom), 2948 (CHaiph), 1630 (C=N), 1590
(PhN) and 1520 (C=C) cm™. 'H NMR (DMSO-ds): 5 =11.8
(s, 1H, NH), 7.6-6.8 (m, 10H, 2Ph) 2.1 (s, 3H, CH3), 1.9 (s,
3H, CHs). Anal. Calcd for C22H17N7O: C, 66.82; H, 4.33; N,
24.80. Found: C, 66.70; H, 4.20; N, 24.70.

3-Amino-4-((4,5-diphenyl-1H-pyrazolo[3,4-c]pyridazin-3-yl)-
diazenyl)-1H-pyrazol-5(4H)-one 22.

To a solution of ethyl 2-cyano-2-(2-(4,5-diphenyl-1H-
pyrazolo[3,4-c]pyridazin-3-yl)hydrazono) acetate 3 (0.82 g,
2.0 mmol) in ethanol (50 mL), hydrazine hydrate (85 %, 1.0
mL) was added. The reaction mixture was refluxed for 3 h.
Upon cooling the precipitated product was filtered and
recrystallized from ethanol. Deep red crystals in 81 % vyield,
m.p.: >300 °C; IR: 3355, 3280, 3210, 3140 (NH, &NH),
1680 (C=0), 1620 (C=N) and 1570 (C=C) cm;
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!H NMR (DMSO-dg): = 7.8-7.2 (m, 10H, 2Ph) and 3.4
(br s, 2H, NH2). Anal. Calcd for CHi1sNgO: C, 60.44; H,
3.80; N, 31.72. Found: C, 60.30; H, 3.70; N, 31.60.

4-Methyl-N,9,10-triphenyl pyridazino [3',4":3,4] pyrazolo[5,1-
c][1,2,4]triazine-3-carboxamide 23.

Compound 14 (0.8 g) was heated in ethanol (20 mL) for
30 minutes, after concentration, the solid crystals was
filtered. Greenish yellow in 58% yield. M.p.: 279-281 °C;
IR: 3342 (NH) , 1689 cm? (amide C=0). Ms: m/z 457.15
[M*, 100%], 458.15[M+ 1, 32.67], 442.10 [M-CHs, 5.68],
337.05[M-CONHPh, 24.57] 100%. Anal. Calcd for
C27H19sN7O: C, 70.88; H, 4.19; N, 21.43. Found: C, 70.68;
H, 4.16; N, 21.14.

Dyeing procedures
Preparation of dye dispersion

The required amount of dye (2 % shade) was dissolved in
DMF and added dropwise with stirring to a solution of
Dekol-N (2 g dm), an anionic dispersing agent of BASF,
then the dye was precipitated in a fine dispersion ready for
use in dyeing.

Dyeing of polyester at 130°C under pressure using Levegal PT
(carrier of Bayer)

The dye bath (1:20 liquor ratio), containing 5 g dm3
Levegal PT (Bayer) as carrier, 4 % ammonium sulfate, and
acetic acid at pH 5.5, was brought to 60 °C, the polyester
fabric was entered and run for 15 min. The fine dispersion
of the dye (2 %) was added, and the temperature was raised
to boiling within 45 min, dyeing was continued at boiling
temperature for about 1 h, then the dyed material was rinsed
and soaped with 2 % nonionic detergent to improve wet
fastness.

Assessment of color fastness (Table 7)

Fastness to washing, perspiration, light, and crabbing was
tested according to the reported methods.

Fastness to washing

A specimen of dyed polyester fabric was stitched between
two pieces of undyed samples (one from wool and the other
one from the same fibre under test "polyester"), all of equal
diameter, and then washed at 50 °C for 30 min. The staining
on the undyed adjacent fabric was assessed according to the
following grey scale: 1-poor, 2-fair, 3-moderate, 4-good,
and 5-excellent.

Fastness to Crabbing

A composite specimen was made by sewing a piece of
dyed fabric between two equal weight pieces of undyed
samples (one from wool and the other one from the same
fiber under test "polyester"). The composite specimen was
boiled at 100 °C in water for 2 minutes.
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Fastness to perspiration (basic):

The AATCC standard test method 15-1960 was used. For
each dyed sample two composite specimens were prepared
by stitching a piece of dyed sample between two undyed
samples (one from wool and the other one from the same
fiber under test "polyester"). Each one of the two composite
specimens were immersed in alkaline solution for 30
minutes with occasional agitation and squeezing to ensure
complete wetting, then squeezed to about 200-300 % regain
and put between the plastic plates of the perspiration tester
in such a way that the specimens should be in a vertical
position when placed in the oven. The loaded sample was
kept in an oven at 38 °C for 6-8 hours, after which the
sample was dried by conventional means. Change in color
of the dyed samples and staining of the undyed ones were
assessed using "International Geometric Grey Scale" (1-5).

The alkaline solution (pH= 8-8.5) contained sodium
chloride (10 g I'Y), ammonium carbonate (4 g I'), disodium
orthophosphate (1 g I') and histidine monohydrochloride
(0.25g 1.

Fastness to Light

Dyed sample and standard Blue Scale samples were
exposed to the sun light for 40 h. After exposure, the
sample and standard were allowed to lie in the dark at room
temperature for about 2h in order to cool off and regain
normal moisture from air.

Light fastness of the dyed sample was given by
comparison the change in color with relative "International
Geometric Grey Scale" (1-5): 1-poor, 2-fair, 3-moderate, 4-
good, 5-excellent.

Color assessment

Table 1 reports the color parameters of the dyed fabrics
assessed by tristimulus colorimetry. The color parameters of
the dyed fabrics were determined using a SPECTRO
multichannel photodetector (model MCPD1110A), equipped
with a D65 source and barium sulfate as a standard blank.

The values of (the chromaticity coordinates, luminance
factor, and the position of the color in the CIE-LAB color
solid are reported Tables 2-6.

Conclusions

A set of 21 disperse dyes 2-22 were synthesized by
reaction  of  3-diazo-4,5-diphenyl-3H-pyrazolo[3,4-c]-
pyridazine 2 with active methylene compounds and their
derivatives. All of them were investigated for their dyeing
characteristics on polyester. The dyed fabrics exhibit
moderate to good (3-4) washing, crabbing, and perspiration
fastness properties (Table 7). The remarkable degree of
levelness and brightness after washing is indicative of good
penetration and excellent affinity of these dyes for fabric
due to accumulation of polar groups. This in combination
with the ease of preparation makes them particularly
valuable.
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Introduction

Trials for microbial production of L-methionine were
initiated in 1970s in Japan using Corynebacterium
glutamicum.t? Cystathione, an intermediate of biosynthesis
of L-methionine in microorganism follw two alternative
pathways, namely: (1) trans-sulfuration pathway and (2)
direct sulfhydration pathway.* Several reports are available
on the microbial synthesis of L-methionine.>>¢ In our
present investigation, we are intended to investigate the
enzymatic pathway for L-methionine production in the
mutant Corynebacterium glutamicumx300.

Materials and methods

Selection of microorganism: A regulatory mutant
Corynebacterium glutamicum X1 (accumulated only 0.6 mg
mL1 L-methionine) developed in our laboratory from its
parent strain Corynebacterium glutamicum (basically a L-
glutamic acid producing bacterium which does not
accumulate L-methionine) which was isolated from North
Bengal soil was subjected for mutational study.’

Optimum cultural conditions: Volume of medium, 25
ml; initial pH, 7.0; shaker’s speed, 150 rpm; age of
inoculum, 48 h; optimum cell density, 4.0x10® cells mL;
temperature, 28 “C and period of incubation, 72 h.8

Composition of basal salt medium for L-methionine
fermentation: L-methionine production was carried out
using the following basal salt medium (per litre): glucose,
60 g; (NH4)2S0q4, 1.5 g; K:HPO,, 1.4 g; MgSO4-7H20, 0.9
g; FeSO4-7H20, 0.01 g; biotin, 60 pg.’°

Composition of synthetic medium (per liter): glucose,
100 g; (NH4)2S0s4, 8.0 g (in terms of nitrogen); KoHPO4, 2.2
g; MgS04.7H20, 1.5 g; FeS04.7H20, 0.03 g; KH2PO4, 2.0 g;
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ZnS04.7H0, 1.6 mg; CaCO3, 1.5 g; Na;M00..2H,0, 5.0
mg; MnS04.4H,0, 2.5 mg; biotin, 80 mg and thiamine-HCl,
70 pg.t0

Analysis of L-methionine:  Descending  paper
chromatography was employed for detection of L-
methionine in culture broth and was run for 18 hours on
Whatman No.1 Chromatographic paper. Solvent system
used includes n-butanol: acetic acid: water (2:1:1). The spot
was visualized by spraying with a solution of 0.2 %
ninhydrin in acetone and quantitative estimation of L-
methionine in the suspension was done using colorimetric
method.™

Preparation of cell free extract for enzymatic assay:
Freshly harvested cells of Corynebacterium glutamicum
X300 was suspended in 20 mM potassium phosphate buffer
(pH 8.0) containing 2-mercaptoethanol (7 mM) and was
ruptured by two passages through a Fresnch pressure cell
using a pressure of 7800 Ib in*? (53.8 MN m) as described
by French and Milner (1955).12 The crude extract was then
centrifuged at 30,000 rpm for 15 minutes and the
supernatant was used as a source of enzymes. The protein
content was spectrophotometrically determined by the
method as described by Layne.’* The estimation of
cobalamin and enzymes involved in L-methionine
biosynthesis and S-adenosylmethionine as described by
Salem et al.*

Statistical analysis: All the data were expressed as mean
+ SEM, where n=6.

All the chemicals used in this study were analytical grade
(AR) grade and obtained from E mark. Borosil glass goods
and triple distilled water used throughout the study.

Results and Discussion

Blakley reported the methylation of homocysteine for L-
methionine production in Escherichia coli.®® Serine or
glycine may serve as a methyl donor for L-methionine
production.'® Guest et al. and Whitfield et al. claimed that
an Mg? (or Mn?*) dependent transmethylase catalyze the
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transfer of methyl group from a conjugated 5-methyl tetra
hydrofolate to homocysteine.'”'® Guest et al. also reported
that CH3H4PteGluz or 5-CH3H4PteGlu; may donate methyl
group to homoserine only in presence of cobalamin in the
medium.r’.  The cobalamin content of the mutant
Corynebacterium glutamicum X300 was measured by the
method as described by Foster et al.’® The mutant cell
contained 827.3+1.618 ng of cobalamin g* dry cell weight.
The methyl group donor for homocysteine was serine in the
mutant when HiPteglus was added as folate coenzyme. The
comparatively low activity of HsPteglu; proved that at least
one reaction in the methionine synthesis was specific for
polyglutamate folate. The activities of 5,10-methyle-
netetrahydrofolate reductase and 5-methyltetrahydrofolate
homocysteine transmethylase were extensively investigated
in Corynebacterium glutamicum X300 for the conversion of
serine and homocysteine into L-methionine. The production
of L-methionine was stimulated in this organism on addition
of HaiPteglus or HsPteglu; (Table 1), suggesting thereby the
common occurrence of 5,10-methylenetetrahydrofolate
homocysteine transmethylase in the supernatant was
indicated by improved L-methionine accumulation. But this
activity requires a polyglutamate folate.

Table 1. 5,10-methylene tetrahydrofolate reductase and 5-
methyltetrahydrofolate homocysteine transmethylase activity in
Corynebacterium glutamicum X300

Source of folate L-methionine (nmol)

21.6+£0.913
43.2+0.883

H4Pteglu:
H4Pteglus

Values were expressed as mean+SEM , where n=6. Each
sample contained 4.8 mg of protein which were incubated in
a vial containing serine and homocysteine as suggested by
Salem et al.** Incubations were carried out at 28 °C for 60
min under H,. The endogenous folates were removed by
passing through the columns of Dowex 1 resin (CI- form)].

The transmethylase activity in extracts was examined by
using 5-[**C]methyltetrahydrofolate as a methyl group donor
to homocysteine. 5-CHsH4PteGlus. Transmethylation from
5-CH3H4PteGlu; was not initiated by incubating under H;
even though the addition of different cofactors like S-
adenosylcobalamin and reductase system (H) was resulted.

Table 2. 5-CHsH4PteGlus-homocysteine transmethylase activity in
Corynebacterium glutamicum X300

Nature of folate compound  L-methionine (nmol h* mg*
of protein)

5-1CH3H4PteGluz 21.4+1.136

5-1CH3H4PteGlus 45.8+0.981

Values were expressed as meant SEM , where n=6. Cell extracts
(8 mg of protein ) were incubated at 28 °C for 1 h in a mixture
containing MgS04.7H20 (5 mM), DL-homocysteine (25 mM) and
either 5-1CH3sH4PteGlus or 5-*CHsH4PteGlus (2 mM; 0.7 pci
umol?), S-adenosylmethionine (10 uM ), FAD (100 nmol), NAD
(100 nmol), ethanol (100 nmol), H4PteGluz (10mM) and alcohol
dehydrogenase 100 pg.

Extract was tested for the ability to use methylcobalamin
as a methyl group donor to homocysteine. No
methylcobalamin homocysteine transmethylase activity was
detected in this microorganism. S-adenosylmethionine was
also tested to examine its ability to donate methyl group to
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homocysteine for L-methionine biosynthesis in this mutant.
Production was increased 16nmol ht mg* of protein with S-
adenosylmethionine, suggesting thereby it was considered as
a methyl group donor to homocysteine for L-methionine
biosynthesis. Shapiro in Aerobacter aerogenes, Balish and
Shapiro, Mardon and Balish in Candida albicans, Shapiro,
Shipiro et al. and Botsford and Parks in Saccharomyces
cerevisiae reported similar pattern of methyl group
transfer.4820 Thus, synthesis of L-methionine occurs by
transmethylation to homocysteine from a polyglutamate
folate. 5,10-methylene tetrahydrofolate reductase transferred
methyl group from either a conjugated folate or
monoglutamate folate. From this present study, it can be
tentatively concluded that the mutant used S-
adenosylmethionine as a methyl group donor to
homocysteine to form L-methionine. The enzymatic
pathway examined in this present study was cobalamine-
independent pathway in this mutant similar to E.coli as
suggested by Woods et al.®
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Introduction

Various chromatographic  techniques have been
extensively applied not only for the separation and
quantitative determination of synthetic anticancer drugs but
also for the analysis of natural anticancer compounds
present in complicated accompanying organic and inorganic
matrices. The same chromatographic techniques were
employed for the analysis of synthetic drugs as for the
investigation of natural products. These methods have been
reviewed.

Discussion

Liquid chromatography combined with tandem mass
spectrometry (/LC/MS/MS/) was successfully employed for
the separation and quantitative determination of doxorubicin
and its main metabolite doxorubicinol (DOXol). Solid phase
extraction was applied for the prepurification and
preconcentration of samples, the validated calibration
ranged from 5.00-to 1000 ng mL* and from 0.50 to 50.0 ng
mL. The data proved the the good accuracy and precisity
of the method. It was established that the procedure can be
used for the analysis of DOX and DOXol in whole cells,
nuclear enriched fraction and organelle-enriched fraction. It
was further found that the method is suitable for the
determination of analytes in subcellular compartments.*

A HPLC-MS procedure was developed for the study of
the efficacy of a non-hypercalcemic vitamin-D2 derived
anti-cancer agent (MT19c). The measurements established
the antitumor activity of the new preparation. It was stated
that the compound shows marked antitumor effect and can
be applied for the design of vitamin-D based anticancer
molecules. It was further proposed for the developing of
MT19c as a therapeutic agent for malignant ovarian tumors
by targeting oncogenic de novo lipogenesis.?

An LC-MS method was developed for the investigation of
the anticancer prodrug combretastatin Al phosphate
(OXi4503, CALP), the active CAl and its glucuronide
metabolites in human urine and CAL in plasma.

Eur. Chem. Bull., 2014, 3(7), 639-647

DOI: 10.17628/ecb.2014.3.639-647

Validated methods were applied for the determination of
CM1, the active agent derived from the prodrug CALP, for
the analysis of three glucuronides CA1Gl, CA1G2 and
CA1DG. Solid phase extraction was employed for the
preconcentration of human plasma samples while urine
samples were not pretreated. Validations were carried out in
concentration ranges of 5 — 1000 nM (plasma CA1l); 50 —
2000 nM (urine samples). The mean correlation coefficients
were over 0.997. Mean recoveries were 101% (CA1 from
plasma, 97% from urine), The measurements revealed the
presence of two monoglucuronides and a diglucuronide.?

Optimization of the inclusion complex formation of the
hydrophobic anticancer drug cifelin was studied in detail. It
was established that the inclusion of the drug is stealth
liposomes decreases toxicity and enhanced the circulation of
the drug in the blood stream. The optimal composition of the
liposome was found to be 165:8:1 w/w
phosphatidylcholine:cholesterol. The composition of the
liposomes was controlled by thin-layer chromatography
(TLC) using butanol:glacial acetic acid:water (12:3:5, v/v)
as mobile phase. The measurements indicated that the
efficacy of inclusion complex formation was 98.3 %.*

Size exclusion chromatography (SEC) or dialysis were
employed for the characterization of niosomal formulations
of doxorubicin aimed to obtain a potential brain targeted
delivery system. Formulations were functionalized with the
glucose derivative N-palmitoylglucosamine (NPG). Various
physicochemical methods such as light scattering,
transmission electron microscopy, HPLC, this layer
evaporation, were employed for the study of the
characteristics of the doxorubicin formulations.The
concentration of drug was determined in blood and various
organs. It was established that the new formulation may help
the better understanding of the mechanism of drug transport
of functionalized niosomes.®

The influence of sodium thiosulfate (STS) on the side
effect of the anticancer drug cisplatin (CP) was investigated
in detail. Measurements were carried out by SEC combined
with inductively coupled plasma atomic emission
spectrometer (ICP-AES). It was found that the addition of
STS modified considerably the decomposition rate of CP
decreasing the side effect of CP. It was further suggested
that similar measurements may help the decrease of side-
effects of Pt based anticancer drugs.®
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The influence of anticancer drug treatment on the protein
map of pancreatic cancer cells was determined. Protein
composition was analysed by two-dimensional (2-D), and
nano-high performance liquid chromatography electrospray
ionization time of flight mass spectrometry/mass
spectrometry. It was stated that the distribution and
concentration of protein fractions can be used for the
detection and identification of protein fractions.”

LC-MS-MS was employed for the elucidation of the
structure of the main unknown oxygenated metabolites of
the new anticancer drug EAPBO0203. The structure of

metabolites were compared with those of synthetic standards.

One- and two-dimensional H-1 NMR spectroscopies has
also been applied for the elucidation of the structure of the
new anticancer agent and its main metabolites.®

The separation and quantitative determination of the
anticancer drug CYC in rat plasma was achieved by
employing LC-MS methodology. Analyte was extracted
from plasma samples using liquid-liquid extraction (ethyl
acetate:water). Chromatographic analysis was carried out on
a C18 column (150 mm x 4.6. mm i.d., particle size, 5 pm).
The isocratic flow rate was set to 0.8 mL mint. Mobile
phase consisted of acetonitrile-water-formic  acid
(23.5:76.5:0.1 v/v). The calibration curve of the drug was
linear in the concentration range of 5-2.500 ng mL™? (r =
0.9955). The main recovery ranged from 90.0 % to 110 %.
The intra- and interday precisions were lower than 11.8 and
6.6 %, respectively. The accuracy of the method was within
+5.8 %. The investigations indicated that the method can be
successfully applied for the study the pharmacokinetics of
CYC-116 in rats after oral administration.®

A repeat dose study of the novel pro-apoptotic
chemotherapeutic agent o-tocopheryloxyacetic acid (-
TEA) was assessed using male and female mices. It was
established that o-TEA suppress tumor growth in various
murine and human xenograft tumor models, including
melanoma, breast, lung, prostate and ovarian cancers. Mice
were treat with 100, 300, and 1500 mg kg d* a—TEA. The
serum levels were determined by LC-MS. No mortality was
found, and no clinical signs of toxicity. Histopathological
evaluation revealed no significant lesions. The half-life of
orally administered o-TEA was determined as 52 h. It was
stated that the results may facilitate the design of clinical
trials to evaluate the safety and antitumor efficacy of a-TEA
in patients with cancer.

Bioreducible and core-cross-linked hybrid micelles were
prepared from trimethoxysilyl-ended poly(e-caprolactone)-
S-S-poly(ethylene oxide) bock copolymers. The structure of
the novel copolymers were determined by various
pysicochemical methods such as FTIR, 1H NMR, gel
permeation  chromatography,  differential  scanning
calorimetry, wide-range X- ray diffraction, dynamic light
scattering (DLS), transmission electron microscopy. It was
proposed that the copolymers can be applied for the
fabrication of bioreducible and core-crosslinked hybrid
micelles potential for anticancer drug delivery system.

The pharmacokinetics of 5-fluorouracil (5-FU) and
cyclophosphamide (CP) in depression rats was investigated
in detail. The effect of moode disorder on the drug
metabolism process was assessed by the determination of
the plasma drug concentration by HPLC for 5-FU and with
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HPLC-MS/MS for CP. The results revealed significant
differences between the pharmacokinetic parameters of 5-
FU and CP between in depression model rats and control
group (p<0.05).

A complex of cyclohexane-1,2-diaminoplatinum with an
amphiphilic biodegradable polymer was prepared and
applied as a drug carrier. The composition of the complex
was analysed by HPLC combined with inductively coupled
plasma mass spectrometry and X-ray photoelectron
spectroscopy. It was stated that this novel complex may
have a great potential application in clinical use.*3

A new method was developed for the preparation of a
drug loaded PLGA/PEVA composite (containing paclitaxel
as model compound). It was established that the mixture of
PLGA poly(lactide—co-glycolide) and PEVA (ethylene
vinyl acetate) form an ideal carrier for paclitaxel (PTX). The
morphology of the coating material was analysed by
scanning electron microscopy, the release pattern of PTX
was determined by HPLC.*

Fluorinated and pegylated polyaspartamide derivatives
were prepared and employed to enhance the solubility and
biological efficacy of flutamide The characteristics of the
novel  copolymers based on polyaspartamide were
investigated by size exclusion chromatography, light
scattering analysis, and scanning electron microscopy.*®

Star-block copolymers consisting of a hyperbranched
polyethyleneimine, a poly(t-glutamic acid) inner shell and a
polyethylene outer shell were synthesized and characterized
by H-1 NMR, GPC and TEM. It was found that the
complexes showed relatively high temporal stability at
physiological pH and the release of the encapsulated
compounds decreased at higher pH values.

A novel type of folic-acid (FA) based copolymers were
synthesized and their characteristics were investigated by
using H-1 NMR, GPS, TEM, DLS and confocal laser
scanning microscopy. It was established that FA conjugated
micelles could be excellent nanocarrier to deliver anticancer
drugs specially inside the cell via FA —receptor-medicated
endocytosis.*’

The influence of process parameters on the co-
precipitation of PTX and poly(L-lactic acid)was investigated
by supercritical antisolvent process (SAS). The particle
samples were characterized by XRD, SEM, HPLC, laser
diffraction particle size analyzer. The results indicated that
the solvent and the solvent ratio exert a marked influence on
the particle morphologies The best operating conditions for
the experimental system were as follows: DCM/EtOH
50/50, v/v; 35% 10-12 M Pa; PLLA, 5 g L™; solution flow
rate 0.5 mL min™.18

A novel series of molecularly imprinted polymers (MIPSs)
based on acrylonitrile:methacrylic acid (AN:MAA) was
synthesized and their characteristics were investigated by
various physicochemical methods such as elemental
analysis (EA), attenuated total reflectance infrared
spectroscopy (ATR FT-IR), RAMAN spectroscopy, SEC,
thermogravimetric analysis (TGA), DSC, and batch
rebinding tests. It was concluded from the measurements
that -COOH functional groups play a considerable role in
the imprinting process. The target molecule was diosgenin
an important anticancer and antileukemia compound.*®
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Preparation and optimization of media  employing
Pluronic micelles to enhance the solubilization of the drug
sirolimus  an  antiinflammatory/antiproliferative  and
immunosupressive bioactive compound. The influence of
the composition of the drug release medium was
investigated in detail. The measurements indicated that the
buffer composition (acetate or phosphate buffer) influenced
considerably the behaviour of the drug sirolimus in aqueous
environment. It was further found that the type and
concentration of the micelles also influence the in-vitro
release profile of sirolimus. It was further established that
the critical micellization temperature (CMT), DLS,
hydrodynamic size of micelles also influences the release
profile of sirolimus.?°

The impact of polyamine depletion of the anticancer
activity of a trinuclear Pt-compound was determined. The
polyamine concentration in the samples was reduced by
adding a-difluoromethylornithine (DFMQO) or N-1,N-11-
diethylnorspermine  (DENSPM) to the samples. The
anticancer activity of the drug was determined by HPLC
analysis can increase the toxicity The results suggested that
the combination of polyamine synthesis inhibitors with
trinuclear Pt compound can enhance the antitumor activity
of the trinuclear compound. It was assumed that the
combination of polyamine synthesis inhibitors with
trinuclear anticancer drug increases the toxicity of a
trinuclear Pt compound.?

Liquid chromatography combined with tandem mass
spectrometry was employed for the analysis of XMT-1001,
a novel, polymeric topoisomerase | inhibitor. HPLC was
applied for the determination of XMT-1001, conjugate
release products,  CPT-20-O-N-succinidimido-glycinate;
CPT-SI and CPT-20-O-N-succinilamido glycinate. It was
established that conjugated drug shows enhanced antitumor
efficacy compared macromolecular camptothecin drug
conjugate.?

Novel amphiphilic, biodegradable, and biocompatible
cross-linked copolymers were synthesed and the drug
deliver capacity was assessed. Copolymers were prepared
with  2-methylene-1,3-dioxypane (MDO), poly(ethylene
glycol)methylether methacrylate (PEGMA) and 7-(2-

metacryloyloethoxy)-4-methylcoumarin metacrylate (CMA).

The copolymers were investigated by H-1-NMR, C13 NMR,
GPC. DLS, and TEM. The hydrolytic degradation and
enzymatic decomposition of the polymers were also
determined. DOX was employed as target compound. The
measurements indicated that these new copolymers can
serve as promising nanocarriers for the delivery of
anticancer drugs.?

Another anticancer drug delivery system was developed
applying lactosyl-norcantharidin-associated N-trimethyl-
chitosan nanoparticles (Lac-NCTD). The concentration of
the drug in the samples were determined by HPLC. It was
concluded from the data that the concentration of the
anticancer drug in the samples depended on the temperature,
pH value of the environment and the composition of the
anticancer drug delivery system. It was further found that
the polymer can penetrate the plasma membrane of CaCo-2
cells.?

The synthesis and biochemical characterization of a novel

multifunctional biopolymer was reported. The drug delivery
system contained the anticancer drugs daunorubicin and
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methotrexate. GnRH-IIl decapeptide served as targeting
moiety. Bioconjugates were prepared from amino acids:
[(4)Lys]-GnRH-111 (Glp-His-Trp-Lys-His-Asp-Trp-Lys-Pro-
Gly-NH,). The concentration of anticancer drugs in the
samples were determined by LC-MS. It was established that
the biological efficacy of the preparation containing two
anticancer drugs was higher then those containing only one
anticancer drug.®

A novel drug delivery system was developed,
characterized and its characteristics were investigated in
detail. The novel ampiphilic graft polymer was prepared by
using poly lactic acid and monomethyl polyethylene glycol.
The characteristics of the novel copolymers were
determined by 1-H NMR, FTIR, GPC, TEM, DLS, and
CMCs The anticancer drug DOX was loaded into the
micelles. The measurements suggested that the anticancer
efficacy of the DOC loaded preparation was higher than
those of free drug. It was further established that these
micelles can be employed as promising potential carriers for
delivering anticancer drugs.?

Multiarm poly(acrylic) star polymer was prepared and
applied in sustained delivery of cisplatin and a nitrogen
oxide prodrug. The product showed excellent water
solubility and markedly low viscosity. The hydrophilic drug
cisplatin and a hydrophobic nitric oxide was selected as
model compounds. It was concluded from the results that
the multiarm poly(acrylic acid star) polymer is suitable for
the sustained release of cisplatin and a nitrogen oxid
product.?’

Micellar electrokinetic chromatography-laser-induced
fluorescence method (MEKC-LIF) was employed for the
analysis of DOX in biological samples . The migration
buffer of the system consisted of 10 mM borate, 100 mM
sodium dodecyl sulfate (SDS) (pH 9.3). Responses were
linear in the range of 11.3-725 ng mL"%; limit of quantitation
(LOQ) was 43.1 ng mL™?, limit of detection LOD) was 6.36
ng mL?. It was stated that the MEKC-LIF method can be
applied as a powerful diagnostic tool for monitoring the
intracellular DOX distribution influencing cytotoxicity.?

The correlation between the chromatographic behaviour
and antitumor activity of curcuminoids was investigated by
using high performance liquid chromatography-electrospray
ionization tandem mass spectrometry (HPLC-ESI-MS/MS).
The data were evaluated by the method of orthogonal partial
least squares (OPLS) and by canonical correlation analysis
(CCA). The method was proposed for the discovery of
antitumor active constituents.?°

A validated HPLC method was developed for the
determination of the encapsulation efficacy of curcumin in
poly(lactic-co-glycolic acid) ) (PLGA) and poly(lactic-co-
glycolic acid) - polyethylene glycol (PLGA-PEG)
nanoparticles. HPLC analyses were carried out under
reversed phase conditions using C18 column (250 mm x
4.6omm, 5 pm particle size). Isocratic mobile phase
consisted of ethanol:water:acetonitrile (v/v/v) at the flow
rate of 0.8 mL min’ The excitation and emission
wavelengths were 365 and 512 nm, respectively. The
selectivity, linearity, precision, accuracy, robustness, LOD
and LOQ were determined. LOD and LOQ values were 9.65
and 50 ng mL?. The intra-and inter-assay coefficients of
variation were less than 3.73 %. The maximum relative
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standard deviation was 3.08 %. The data indicated that the
method can be successfully applied for the determination or
curcumin in PLGA and PLGA-PEG nanoparticles®®

The antitumor activity of free and nanosponge-
encapsulated camptothecin was investigated using human
prostate cancer cells as model compounds. The objectives of
the measurements were the enhancement of the poor water
solubility of the anticancer drug. It was found that the
activity of B-cyclodextrin  nanosponge encapsulated
camptothecin showed higher anticancer activity. HPLC
measurements indicated that the biological efficacy of the
bioactive anticancer drug is higher in encapsulated form.3!

Integrated rapid resolution LC-MS was employed for the
screening and identification of the metabolites of the
potential  anticancer agent 3,6,7-trimethoxyphenanth-
roindolizidine (CAT) in rat urine. Analyses were performed
by employing combination of multi-period product ion-scan
(mpMS/MS) with high resolution characteristic extracted
ion chromatograms. It was further found that the method
allowed the separation and identification of 21 metabolites
and the determination of the structure of 9 metabolites.3?

cDNA cloning, overexpression, purification and
pharmacological evaluation for anticancer activity of
ribosomal protein L23A gene (RPL23A) from giant panda
(Alluropoda melanoleuca) was performed. The expression
product was further purified by Ni chelating affinity
chromatography.®

Capillary electrophoresis technologies are frequently used
in the analysis of various organic and inorganic components
present in complicated accompanying matrices. The newest
methods has been recently discussed including the
separation and quantitative determination of a wide variety
of analytes such as impurity profiling, quality control,
quality control of pharmaceutical formulations, lipophilicity
determination, interaction between metallodrugs and
proteins or nucleotides, characterization and quantification
of metabolites in biological matrices and real-world samples,
etc.%

The pharmacokinetic of the complex EAK-EPT was
investigated in detail (EAK amino acid pairing peptide),
(EPT anticancer agent). The measurements was carried out
by HPLC, and indicated that EAK can serve as a suitable
carrier to increase the bioavailability of EPT.%

The differences between the physical properties of the
inner and outer leaflet of membranes was elucidated by
using a combined chromatography/cyclodextrin procedure
suitable for the selective labelling of outer and inner leaflet.
It was assumed that selective labelling influence the
curvature of the membrane. 3¢

The synthesis of a new kind of amphiphilic, biodegradable,
biocompatible, cross-linkable copolymers was reported and
their application for drug delivery was elucidated.
Copolymers were characterized by H-1 NMR, C-13 NMR,
DLS, TEM and GPC. The capacity of the polymers to
deliver the anticancer drug doxorubicin was also
investigated. The measurements indicated that the
composition of polymers exerts a marked influence on the
drug release behaviour. It was assumed that these novel
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copolymers can serve as promising nanocarriers for the
delivery of anticancer drugs.®’

The antimicrobial activity of essential oils (EO) against
Streptococcus mutant was investigated in detail. Twenty EO
were included in the experiments. Active ingredients were
achieved by hydrodistillation and chemical methods. The
minimum inhibitory concentration (MIC) and bactericidal
(MBC) were also determined. Chemical analyses were
carried out by employing thin-layer chromatography and gas
chromatography/mass spectrometry. The data indicated that
some fractions of EO contained fractions with marked
antiproliferative effect.®®

A novel class of anticancer prodrugs were prepared and
experimentally applied. Styryl conjugated 2-nitrobenzyl
derivatives were introduced as phototrigger to reduce the
drug release. Chlorambucil was employed as model
compound. The drug release was followed by measuring
UV-vis absorption, FT-IR, and HPLC spectra. It was further
established that the release of chlorambucil can be regulated
by the modification of external light condition.3®

The chemopreventive activities of 3,6-dihydroxyflavone
(3,6-DHF) against mammary carcinogenesis was studied in
detail. The bioavailability of 3,6-DHF in rats was
determined by HPLC. The results indicated that the oral
administration of 3,6-DHF  supressed the breast
carcinogenesis induced 1-methyl-1-nitrosourea (MNU). It
was found that 3,6-DHF decreased the cancer incidence by
35.75 %. It was concluded from the results that 3,6-DHF is a
potent natural chemopreventive agent influencing the
anticancer mechanism of flavonoids.*°

The stability of 5-fluorouracil a chemotherapeutic agent
was investigated under different conditions. HPLC and
infrared spectroscopy were applied for the separation and
quantitative  determination of the analytes. HPLC
measurements were carried out on a C18 column using 40
mM KH,PO4 mobile phase. The analytes were detected at
260 nm wavelength. The correlation coefficient was 0.9995.
The R.S.D. values for intra-day and inter-day precisions
were lower than 0.2 % and 1 %, respectively. It was
established that the drug is not stable under alkaline
conditions, but stable when exposed to UV irradiations.*

The analytical methods used for the determination of
metallodrugs have been previously reviewed. The
advantages and disadvantages of the various up-to date
separation technologies have been enumerated and
discussed in detail. The applicability of ICP-MS
(inductively coupled plasma mass spectrometry) ICP-MS in
the various field of the analysis of metallodrugs in biological
samples.*?

The characterization of recombinant human IL-15
deamidation was followed by RP-HPLC/ESI-MS
measurements. It was found that the deamidation rate
depended considerably on the pH value of the mobile phase,
on the temperature and composition of the solvent phase.*

HPLC-UV method was employed for the study of the
chemical composition of acetone extract of the lichens
Parmelia caperata, P. saxatilis and P. sulcata. The
antioxidant, antimicrobial and anticancer activities of the
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main metabolites were also investigated. It was established
that the main phenolic compounds in the extracts were
protocetraric and usnic acid (P. caperata) and depsidone
salazinic acid. Moreover, some samples contained atranorin
and chloroatranorin. The investigations demonstrated the
marked antioxidant, antimicrobial and anticancer activity of
some extracts. The results indicated that these lichens can be
applied as new sources of natural antimicrobial agents,
antioxidants, and anticancer compounds.*

The efficacy of various chromatographic technologies for
the separation and quantitative determination of proteins
was compared. It was found that SDS-PAGE is not suitable
for this type of analysis. The results indicated that high
performance size exclusion chromatography (HP-SEC),
strong anion exchange (SAX), weak cation exchange
(WCX) can be applied for the analysis of ovalbumin,
myoglobin, and bovine serum albumin (BSA). The RSD
values (peak areas day-to-day) were similar for each
stationary phase: SEC<1.9 %; SAX>5 %; RP>2 %;
WCX<3.5 %. The analysis of an IgG1 type antibody was
also included in the experiments.*®

The presence of bioactive peptides in marine organism,
the methods for their separation and purification using
different chromatographic  technologies have been
previously  discussed. Peptides with antimicrobial,
antitumoral and antiviral activity were discovered and
isolated. Various phyla such as Porifera, Cnidaria,
Nemertina, Crustacea, Mullusca, Echinodermata, and
Cramata were investigated for their biological activity.*6

HPLC combined with mass spectrometry was employed
for the affinity screening of bioactive component from herb
medicine. The bioactive compounds paclitaxel, resveratrol,
ketoprofen an penicillin G were included in the investigation.
It was established that the three-dimensional cell bioreactor
coupled with HPLC/MS can be successfully applied for
affinity screening and analysis of bioactive components
interacting with cells.*’

HPLC-MS was employed for the separation and
quantitative determination of the anticancer prodrug
combretatstatine Al phosphate (0X4503, CAIP) active CAL,
and its glucuronide metabolites in human urine and of CA1
in plasma. Solid phase extraction was applied for the
preconcentration of CA1 from plasma, while urine samples
were analysed without pretreatment. Assays were validated
between 50-2000 nM (CAIP), 25-2000 nM (CAl), 50-
40.000 nM CA1G1 and CA1G2, 25-4000 CAIDG. Main
recoveries varied between 92 and 101 %.%

The mass balance, excretion and metabolism of [C-14]
ASA404 was investigated in cancer patients in a phase | trial.
Measurements were carried out by HPLC. ASA404 was
involved in the investigation because of its tumour vascular
discrupting capacity. It was established that the method
identified two novel metabolites not detected with other
methods.*°

A specific and sensitive enzyme-linked immunosorbent
assay (ELISA) was developed for the pharmacokinetic
studies of vindesine (VDS). The results were compared
with those measured by HPLC. It was found that the results
obtained by ELISA and HPLC were commensurable. It was
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further established that the method showed a very weak
cross-reactivity with other vinca alkaloids such as
vincristine (0.18 %) and vinblastine (0.11 %). The
measurements proved that the sensitivity of ELISA method
was 50-fold higher then the HPLC procedure. It was
assumed that the ELISA procedure can be successfully used
for the pharmacokinetic studies of VDS.%°

The efficacy of quercetin and liposomal quercetin was
compared using PEGylated nanomaterials containing
polyethyleneglycol-2000-distearoyl phospatidylethanolami-
ne. The data were evaluated by TEM and HPLC/UV
spectroscopy. The investigations indicated that liposomal
formulation of quercetin is more effective drug delivery
vehicle in vivo as tumor-targeted drug carriers.>

It is well known that the low water solubility and
bioavailability limits the application of curcumin in clinical
practice. A new nanoparticle curcumin preparation was
developed and its pharmacokinetics and safety was
investigated employing various physicochemical and
biophysical methods such as HPLC. It was further assumed
that the novel preparation can improve the bioavailability of
curcumin in human subjects.5?

The antitumor and angiostatic activity of frog skin
excretions of Phyllomedusa bicolor (South American tree
frog) was investigated. The crude skin exudate was further
purified by SEC and HPLC. The measurements indicated
that two peptides belonging to the dermaseptin family were
responsive for the antitumor and angiostatic activity. It was
stated that this compounds can be used for the development
of novel class of anticancer drugs.>®

The anticancer and immunostimulator activity of the
conjugate of paclitaxel and a non-toxic derivative of LPS
was investigated by HPLC, NMR and IR. It was established
that the stability of the preparation depended considerably
on the pH and temperature. It was further found that the
conjugate exhibited chemotherapeutic and
immunotherapeutic activity in vitro. It was concluded from
the results that this conjugate is a potential chemo-
immunotherapeutic preparation showing high anticancer
activity, and less toxicity and easy of delivery.%

The influence of betulin enriched birch extracts on human
carcinoma cells and ear inflammation was investigated in
detail. A novel more effective extraction procedure was
developed and applied for the analysis of the active
components in the samples. The extracts were further
investigated by HPLC-MS, Raman, SERS and C-13 NMR.
The antiviral activity of the extracts were determined on
skin epidermoid carcinoma, ovarian carcinoma, cervix
adenocarcinoma, and breast adenocarcinoma. Each extract
showed marked anticancer activity. The measurements
further indicated that each extract contain considerable
antiproliferative and anti-inflammatory activity too.5®

RP-HPLC method was developed for the analysis of
camptothecin (CPT) incorporated into solid nanoparticles
(SLN). The concentration of CPT in some rat organs (brain,
heart, kidneys, liver, lung, spleen) was determined. The
temperature of separation was 30 °C. Analytes were
separated by gradient elution, mobile phase consisted of
triethylamine buffer pH 5.5 and acetonitrile at a flow-rate
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1.2 mL min. Running time was 16 min. Analytes were
detected by fluorometric method the excitation and emission
wavelength being 360 and 440 nm. The calibration curves
were linear in each case (r>0.9999) between 1-200. It was
stated that the new method is reliable, precise, accurate and
suitable for the analysis of CPT in rat organ samples in
physical mixture with SLN, and incorporated in SLN.%6

Because of their cancer preventive activity the lipophilic
compounds of wheat bran were extensively investigated
employing HPLC technologies. It was established that
fractions  containing unsaturated free fatty acid,
phytosteroids, and alkylresorcinols showed high cytotoxic
activity. The anticancer effect of the pure fractions was
determined on human prostate adenocarcinoma (PC3) cells.
It was further established that pure compounds 5-
heptadecylresorcinol ~ (IC50=22.5 pg mL%); 5-(16-
heneicosenyl)resorcinol (trans) (IC50 = 13.7 ug mL%; 5-(14-
nonadecenyl)resorcinol) (trans) IC50 = 42.2 pg mL%; 5-(2-
oxoticosanyl)resorcinol) (IC50 = 10.9 uml) showed marked
anticancer activity. It was concluded from the results that
alkylresorcinols are important in the cancer preventive
activity of wheat bran. It was further concluded from the
data that other components such as free fatty acids and
phytosterols also influence the anticancer activity of wheat
bran.5

MEKC-LIF technique (micellar electrokinetic
chromatography) combined with laser-induced fluorescence
was employed for the investigation of the subcellular
localization of DOX in biological samples. The migration
buffer consisted of 10 mM borate, 100 mM SDS sodium
dodecyl sulfate (SDS) (pH 9.3). The correlation between the
chromatographic parameters and the concentration of the
analyte in the mobile phase was linear between 11.3-725,
the limit of quantitation (LOQ) was 43.1 mg mL™%; the limit
of detection (LOD) was 6.36 ng mL™. The measurements
indicated that liposomal carriers enhance the efficiency of
liposomal carrier in delivering DOX into the nucleus. It was
established that  subcellular fractionation followed by
liquid-liquid extraction and MEKC-LIF. The method was
proposed for the investigation of the intracellular
distribution of DOX.58

A GC/MS method was developed and successfully applied
for the analysis of the components of Flammulina velutipes
(FVS), a potential antitumor agent. The objectives of the
investigation was the determination of the growth inhibition
activity of FVS against certain human cancer cell lines
(gastric SGC and colon LoVo) and the study of the
pharmacokinetics of encapsulated FVS. The components
separated and quantitavely determined were: ergosterol
(54.8 %), and 22,23-dihydroergosterol (27.9 %). The
measurements indicated that the preparation showed strong
in vitro proliferative activity against SGC cells. It was
concluded from the results that FVS can be a possible
candidate for the development of an anticancer drug
preparation. Using microemulsion formulation FVS can be
applied for the development of bioavailable preparations.®

Liquid chromatography/radiodetection/mass spectrometry
was employed for the preclinical evaluation of the
metabolism and disposition of RRx-001, a novel anticancer
agent. Investigations revealed the presence of four main
metabolites.®
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Supercritical carbon dioxide followed with LC was
applied for the extraction of ar-turmerone (aromatic volatile
turmeric oil from Curcuma longa Linn). It was established
that aromatic turmerone showed marked anticancer activity
with 50 % inhibitory concentrations of 64.8+7.1; 102.5+12.5
and 122.7.6 against HepG2, Huh-7 and Hep3B cells. The
data suggested that ar-turmerone deserves further
investigations as a natural anticancer and cancer-preventive
agent.®*

The metabolic profile of the anticancer drug panobinostat
was determined by LC followed with radiometric detection
and LC-tandem mass spectrometry. Radioactivity was
recovered after 7 days (44-77% in feces and 29.51% in
urine). The results indicated that panabinostat and its
metabolites were excreted in similar amounts through the
kidneys and liver with good dose of recovery.®?

The mutagenic and antimutagenic activity of the methanol
leaf extract of Myristica fragrans was investigatid by both in
vivo and in vitro methods. Gas chromatogtaphy/mass
spectrometry was employed for the separation and
quantitative determination of phytochemicals. It was
assumed that phytochemical compounds with antioxidant
activity may be responsible for the biological activity.®®

The metabolism and accumulation of the lipophilic
deoxinucleoside analogues cytarabine and gemcitabine was
investigated by using TLC and HPLC. The results suggested
that these compounds are suitable for novel clinical
applications.®*

A new LC-MS/MS analytical method was developed and
validated for the separation and quantitative determination
of seven anticancer drugs (cyclophosphamide, ifosfamide,
irinotecan, etoposide, gemeitabine, carboplatin and
pemetrexed) in human plasma. Analytes were extracted with
two different methods and separated on a C18 column (2.1
mm x 100 mm x 3 pm particle size) with gradient elution.
Positive electrospray ionization was used as ionization
source. The mobile phase consisted of acetonitrile-water
(0.1% formic acid and 10 mM ammonium acetate). Flow
rate was set to 0.2 mL min. Linear correlation coeffients
were >0.992 for each anticancer drug. The accuracy was
+10.5 %. The mean recovery ranged from 50.0 to 81.0 %.
The method was successfully applied to clinical samples of
cancer patients.®

The application of GC with electron capture detection,
GC-MS and HPLC for the analysis of clioquinol (5-chloro-
7-iodo-8-quinolinol) has been previously discussed. The
mechanism of action and the clinical uses in
neurodegenerative disorders have also been reviewed.%

The conjugation of anticancer drugs through endogenous
monoclonal antibody cysteine residues has been discussed in
detail. It was stated that the conjugates can be readily
analyzed by HPLC methods.®

The synthesis of podophyllotoxin, by an endophytic
fungus Fusarium solani was previously reported and the its
separation and quantitative determination by HPLC was
achieved.®
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The anti-tumor activity of the methanolic extract of Salvia
mentifolia was investigated. It was established that all the
organs showed anti-tumor activity. HPLC measurements
proved the presence of polyphenols. Rosmarinic acid,
caffeic acid, luteolin-7-0-glucoside and quercitrin were
present in each sample. The measurements indicated that
genus Salvia is a natural source of anti-tumor agents,
however, the amount of anticancer agents show considerable
differences.5®

The influence of depression on the pharmacokinetic of 5-
fluorouracil (5-FU) and  cyclophosphamide (CP) was
investigated using female Sprague-Dawley rats. The
concentration of anticancer drugs were followed by HPLC-
MS/MS. It was concluded from the measurements that
depression mode disorder might alter drug metabolism
process.”

Abbreviations

AN acrylonitrile

CCA canonical correlation analysis

CMT critical micellization temperature

CMCs critical micelle concentration

CP cisplatin

CPT camptotechin

CP cyclophosphamide

3,6-DHF 3,6-dihydroxyflavone

DLS dynamic light scattering

DOX doxorubicin

DOX ol doxorubicinol

EA elemental analysis

ATR FT-IR attenuated total reflectance infrared
spectroscopy

5-FU 5-fluorouracil

GPC gel permeation chromatography

HP-SEC high performance size exclusion
chromatography

ICP-AES  inductively coupled plasma atomic emission
spectrometer

LC/MS/MS liquid chromatography tandem-mass
spectrometry

LOD limit of detection

LOQ limit of quantitation

Maa methacrylic acid

MNU 1-methyl-1-nitrosourea

NPG N-palmitoylglucosamine

MEKC-LIF micellar electrokinetic chromatography-
laser-induced fluorescence

MBC minimum bactericidal concentration

MIPs molecularly imprinted polymers

OPLS orthogonal partial least squares

PEVA ethylene vinyl acetate

PLGA poly(lactide-co-glycolide)

PTX paclitaxel
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RP-HPLC  reversed phase high performance liquid
chromatography

SAX strong anion exchange

SDS sodium dodecyl sulfate

SEC size exclusion chromatography

SLN solid lipid nanoparticles

STS sodium thiosulfate

AS supercritical antisolvent process

TLC thin layer chromatography

TEM transmission electron microscopy

TGA thermogravimetrical analysis

WCX weak cation exchange
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Chelation of iron(11) and iron(111) with (-)-3-(3,4-dihydroxyphenyl)alanine (Levodopa)
A COMPARATIVE STUDY FOR CHELATION OF IRON(II) AND
E B IRON(IT) WITH LEVODOPA - AN ANTIPARKINSONIAN DRUG
MOLECULE
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In the present study interaction of Fe(ll) and Fe(lll) with antiparkinsonian drug molecule, Levodopa (LD), is investigated using
potentiometry and spectrophotometry. Identical spectra of both of Fe(Il) and Fe(lIl) complexes of the drug provide an evidence that similar
stoichiometry was followed. Molar absorptivities of the complexes, found to be more than 100 M-* cm™, showed charge transfer spectra.
Addition of an antioxidant decolorized the initial intensive color of the Fe(I11) complex, which was evidence of high oxidation state of iron.
Catecholic ligands, being strong reductants, chelate a metal ion in high oxidation state and show LMCT bands. These observations lead to

conclude that iron has high oxidation state, regardless of initial source of metal.
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INTRODUCTION

Dopamine analogs and iron have an unquestionable and
significant role in brain function.'> Iron storing protein,
ferritin®7 is known to be present in axons of neuronal cells.
Dopamine is an important neurotransmitter and its
deficiency is considered to be the basic factor responsible
for behavioral changes in neuro-disorders like Parkinson’s
disease. On the other hand iron is also considered to be one
of the symptom of Parkinson disease as its accumulation is
observed in Parkinsonian brain.® However, it has been
reported that iron chelators have an ability to reduce the
symptoms of Parkinson.!2

Levodopa (-)-3-(3,4-dihydroxyphenylalanine®® is a
precursor of dopamine and norepinephrine® in the
biosynthetic pathways for these neurotransmitters and these
derivatives regulate a variety of physiological functions in
the human body.* It may act as chelator for iron and is
present in the different medications used for the Parkinson’s
disease. It has two binding sites, a catecholic and an alanine
site (Fig.1). In the present study chelation ability of
Levodopa towards iron has been explored.

HO

HO
CgHyyNO, 197.19

Figure 1. Structure of

(Levodopa)

(-)-3-(3,4-dihydroxyphenyl)alanine
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The most important factor of the bioavailability of iron
depends upon food sources that may restrain its absorption
in the human body.*3 Iron exists in two forms in a living
system. These are its reduced form Fe(ll) and the oxidized
one Fe(lll). Fe(ll) is the bioessential oxidation state of this
metal.

Fe*2
LD/O
L‘[/ \:
?&\ LD
Fe*3-LD

Figure 2. Possible tedox reactions in the Fe-Levodopa system

The present literature lacks in the studies related to the
interaction of iron and dopamine or its analogues. Therefore
we selected to investigate the chelation capabilities of
different oxidation states of iron with Levodopa. Spectral
characteristics of some similar complexes and their
stoichiometry have already been reported.'*1> Using these
data the Kkinetic aspects of these complexes have also been
looked into.

EXPERIMENTAL

Reagents of analytical grade were used for all the
reactions. Iron salts (FeClz.6H,0 and Fe(NH.)2(SO4)2.6H20)
were of Merck and Levodopa was obtained from Wild Wind.
For the preparation of the stock and sample solutions, CO;
free distilled deionised water was used.

648



Chelation of iron(ll) and iron(l11) with (-)-3-(3,4-dihydroxyphenyl)alanine (Levodopa)

Potentiometric titrations

Experiment, for both cases, was performed in triplicate,
having the constant ligand/metal mole ratio, i.e. 5:1, at 25 +
1 °C. 0.05 mmol metal solution was mixed with 0.25 mmol
of LD solution. The volume of reaction mixture was made
up to 50.0 ml with deionised distilled water, taken in a
double walled titration cell kept on a magnetic stirrer. The
rubber stopper on the cell had holes for the addition of
standard base, thermometer and for a glass electrode.
Aliquots of standard NaOH (0.1 M) were added with the
help of a micropipette.

The pH changes, recorded on a JENWAY 370, were then
plotted against added volume of standard NaOH solution.
The equilibrium constants for each specie (ML1, ML, and
MLs), were calculated by circle fitting method. Furthermore,
the pK values were calculated through the pH titration
curves. The pKs, pKz and pKs were also calculated by using
the graphical method (Table 1) to correlate with the reported
Levodopa  ((-)-3-(3,4-dihydroxyphenyl)-L-alanine)  pK
values.’

Table 1. pK values evaluated by potentiometric titration method.

Complex pK1 pK2 pKs
Fe(I)-LD Unidentified 7.21 9.94
Fe(I1)-LD 6.42 6.60 13.81

Unidentified = the case in which humps are so close that it cannot
be distinguish

Absorbance maxima

Absorbance maxima of the complex, was explored by
mixing 0.005 mmol of the salt solution, with enough excess
of levodopa solution. It was prepared in deionized distilled
water. Following that the solution was subjected to scanning
in UV-visible region on GENESYS 6 (Thermo Electron
Corporation) and that Amax Were established to be as 430 and
730 nm, for both cases i.e. Fe(Il) and Fe(l11) complexes. The
metal and ligand solutions have no absorbance at these

wavelengths. All further work was carried out on both
kmax-u—ls

Molar extinction coefficients (Serial Dilution)

Solutions of different dilutions were prepared in the de-
ionized distilled water. Absorbance was recorded for all
diluted solutions at selected wavelengths i.e. 430 and 730
nm. Plot of absorbance for different dilutions against metal
concentration, provided the slope for determining molar
extinction coefficient.

Mole ratio

Accurate amounts of the metal salts, Fe(lll) and Fe(ll) and
the ligand were taken to prepare respective solutions in
deionized distilled water. Different aliquots of ligand
solution were added in 0.005 mmol metal solution and
volume was kept constant for all. The absorbance was
recorded at 730 nm, while temperature was maintained at
25+] °C.1®
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Slope ratio

For this method the working solution was such that the
sequence of the complex solution was split in two halves. In
one half volume of 5x10 M Fe(Il) was kept constant, while
varying the volume of 5x10* M Levodopa, and in the other
half of the samples sequence, LD was kept constant, with
variable concentration of metal. The complex samples were
scanned at the respective Amax and the recorded absorbance
was plotted verses concentration of varying specie. Similar
process was followed for Fe(lll) and slope of each straight
line was evaluated. The ratio of the slopes helped to
establish the stoichiometry of the respective complexes.

Job’s plot

The solutions were prepared by mixing metal and ligand
solution by continuous increase of one ingredient with the
similar decrease of second ingredient. Absorbance of all
samples was recorded at the Amax and by plotting graph
between metal composition and respective absorbances,
stoichiometry was determined.

Kinetics

For the determination of rate of reaction, different
concentrations of Fe(ll) and Fe(l11) complex solutions were
observed at different time intervals. Kinetics of Fe(lll)-LD
complex was followed on RX20000 Rapid Kkinetics
accessories Stop flow apparatus of Applied Photo Physics.
Kobs Was then evaluated from the slope of plot drawn
between In|A-A.| and time.

RESULTS AND DISCUSSION
Potentiometric titrations

Potentiometric curve of Levodopa is shown in Figure 3.
The plot of pH change on addition of standard NaOH to
Fe(ll) complex solution shows two prominent curves near
pH 4.5 and 7.5. Depression in titration curve of the complex
as compared to the ligand was very prominent, which
confirmed the complex formation (Fig.4). These results
substantiate the varying stoichiometry with the change of
pH. Against that for the case of Fe(lll), depression and
twists in titration curves were found at pH 3, 4 and 11

(Fig.5).

o ssoe

0 10 20 30 40 50
Vol. of NaOH (ml)

Figure 3. Potentiometric titration plot of Levodopa with NaOH
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PII

10 15 20 25 30 35 40 45 50 55
Vol. of NaOH (ml)

0 5

Figure 4. Potentiometric titration plot of Fe(ll)-Levodopa with
NaOH

pH

10 15 20 25 30 35 40 45 50 5
Vol. of NaOH (ml)

a

Figure 5. Potentiometric titration plot of Fe(ll)-Levodopa with
NaOH

Absorbance maxima

U.V. visible spectroscopy was used to investigate the
spectral characteristics, complexation of Fe(ll) and Fe(lll)
with Levodopa. For this purpose iron complexes of LD in
the  volumetric ratio of 1.5 were scanned
spectrophotometricaly in the range of 300 to 800 nm.

A green colored complex of Fe(ll) and levodopa was
formed at 25+1 °C within 3 to 4 minutes with continuous
increase of absorbance while in the case of Fe(lll) the color
appears abruptly within seconds and fades sharply.

Absorbances were recorded at both the selected wavelengths.

Observed spectras revealed that Fe(ll) and Fe(lll)
complexes of LD show an absorbance maxima in the visible
region (Fig.6).

In order to confirm the hypothesis that green colored
complex with Levodopa is formed in +3 oxidation state of
iron, complex of Fe(ll)-LD was treated with a reducing
agent (ascorbic acid). This resulted into immediate color
loss, indicating that Fe(ll) was first converted to Fe(lll) by
the aerial oxidation and that Levodopa worked as catalyst
for this reaction. Distinct peaks of Fe(ll) and Fe(lll)
complexes of LD were observed at 430 and 730 nm.
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Figure 6. UV-VIS spectra of Fe(I1)-LD and Fe(l11)-LD complexes

Molar extinction coefficients (serial dilution)

Molar absorptivity of Fe(Il)-LD complex was investigated
using serial dilution method (Table 2). Absorption maxima
in a non buffered aqueous medium where identified to be at
430 nm and 730 nm. At 430 nm molar absorptivity was
found to be 237.03 M cm™. The trend line at 730 nm is
comparatively higher than that of 430 nm and provides a
molar absorptivity of about 302.6 M cm™ (Fig.7).

Table 2. Molar extinction coefficients by serial dilution method.

Complex Wavelength (nm) e(M1cm?)
Fe(I1)-LD 430 nm 237
Fe(11)-LD 730 nm 302.6
1.8
5 730nm
@
14
430nm
12 n
[
8 1
g 0.8
Qo8
Ke]
< o4
0.2
0 T T T ]
0 0.001 0.002 0.003 0.004 0.005 0.006

[ML;]

Figure 7. Molar absorptivity by serial dilution method in non-
buffered medium; [Fe(I1)-LD3]=5.0x10"* M,=25+/-1 °C; Amax=430
and 730 nm.

Mole ratio

The plots of absorbances against the mole ratio of Fe(ll)
and Fe(I1l) complex with LD guide us to suggest a mole
ratio of 1:3 for Fe(ll)-LD as well as for the complex of
Fe(ll)-LD (Fig.8-10). The complexation of Fe(lll) with
Levodopa is faster than that of Fe(ll) complexation. The
study was therefore verified through a stop flow apparatus
and the same mole ratio was found. Molar absorptivity
(Table 3) and formation constant (Table 5) were also
evaluated by mole ratio method.
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Absorbance

0 1 2 *3 4 3 6 7 g 9

[Levodopa] / [Fe(lll)]

Figure 8. Stoichiometry by mole ratio method of Fe(lll)-LD in
non-buffered medium; [Fe(111)]=5.0x10* M; T=25+/-1 °C;
Amax=430 nm

025 l

0:2:4

0.15 +

01 4

Absorbance

005 4

[Levodopa] / [Fe(ll)]

Figure 9. Stoichiometry by mole ratio method of Fe(l1)-LD in non-
buffered medium; [Fe(11)]=5.0x10* M; T=25+/-1 °C; Amax=430 nm

03

0.25 -

0.2 1

0.15 A

01 4

Absorbance

[Levodopa] / [Fe(ll)]

Figure 10. Stoichiometry by mole ratio method of Fe(ll)-LD in
non-buffered medium; [Fe(11)]=5.0x10* M; T=25+/-1 °C;
Amax=730 nm

Table 3. Molar extinction coefficients by mole ratio method.

Complex Wavelength € (M1cm?)
Fe(l11)-LD 730 nm 788
Fe(l1)-LD 430 nm 380
Fe(11)-LD 730 nm 498
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Slope ratio

The stoichiometric results from slope ratio method were
found 1:3 (Table 4), in good agreement with mole ratio
method (Fig.11-12).

Table 4. Stoichiometry by slope ratio method of Fe(lll)-LD and
Fe(I1)-LD in non-buffered medium.

Metal Complex Wavelength Stoichiometry from
(nm) slope ratio (L/M)
Fe(11)-LD 730 3.1
Fe(I1)-LD 730 2.9
0.45
8 04 %
S35 *
2 3
En.zﬁ
< 02 P
015 3
01
0.05
0 : : . |
0 0.0003 0.001 0.0015 0.002
[M] &[L] varied

Figure 11. Plots of slope ratio method of Fe(lll)-LD, in non-
buffered medium; Absorbance vs. concentration of variable reagent,
T=25+/-1 °C; Amax=730 nm; Variable: 4 [LD]; ® [Fe(l11)]

Absorbance

0 0.0002 00004 00006 00008 0001 0.0012 0.0014 0.0016

[M] &[L] varied

Figure 12. Plots of slope ratio method of Fe(ll)-LD, in non-
buffered medium; Absorbance vs. concentration of variable reagent,
T=25+/-1 °C; Amax=730 nm; Variable: 4 [LD]; ® [Fe(11)]

Job’s plot

Job’s plot method also verified the stoichiometry ratio i.e.
1:3 in both the cases of Fe(Il) and Fe(l1l) complexation with
Levodopa (Fig.13). Overall formation constant of Fe(ll)-LD
at 430 and 730 nm were also evaluated (Table 5).

651



Chelation of iron(ll) and iron(l11) with (-)-3-(3,4-dihydroxyphenyl)alanine (Levodopa)

Table 5. Overall Formation constants by mole ratio and Job’s plot
method.

Metal
complex

Wavelength
(nm)

log Kt values
mole ratio Job’s method

730 nm
430 nm
730 nm

Fe(Il1)-LD
Fe(I1)-LD
Fe(I1)-LD

9.75
11.95
11.45

0.9 1
0.8
0.7 A
0.6 1 ¢
0.5
04 - 730 nm

0.3 1
024 430 nm

0.1 1
0

Absorbance

0 01 02 03 04 05 06 07 08 09 1 11
vm/Vn+Vi

Figure 13. Stoichiometry by Job’s method of Fe(II)-LD, in non-
buffered medium; [Fe(11)]=5.0x10* M; T=25+/-1 °C; Amax=430
and 730 nm

The observations obtained by all of the three methods given
above were consistent and suggested 1:3 stoichiometry for
the complexes of Fe(l1) and Fe(l11) with Levodopa.

Kinetics

In the kinetic study, rate constant values were plotted
against concentration of Levodopa. A direct relationship
was found in the case of Fe(Ill)-LD complex, and that Kops
increases with the rise in the ligand concentration (Fig.14).
Similar trend was observed in case of Fe(ll)-LD complex at
lower concentrations of the ligand. However at higher
concentration the kops of complex become independent of
ligand concentration (Fig.15). This demonstrates that Fe(l1)-
LD Kinetics goes through two pathways and it follows two
step mechanism i.e. A ligand dependent along with a ligand
independent pathway (Fig.2).

45

0 0.0003 0.001 0.0015 0.002 0.0025 0.003 0.0035

[Levodopa] M

Figure 14. Graph of observed rate constant dependence of Fe(ll1)-
LD complex in non-buffered medium; [Fe(l11)]=5.0x10* M;
T=25+/-1 °C; Amax=730 nm
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Figure 15. Graph of observed rate constant dependence of Fe(ll)-
LD complex in non-buffered medium; [Fe(l11)]=5.0x10* M,;
T=25+/-1 °C; Amax=730 nm

CONCLUSION

Interaction of antiparkinsonian generic drug i.e. Levodopa,
has been studied with +2 and +3 oxidation states of iron.
Spectral analysis revealed that both the states of iron, form
green color complex with Levodopa with the same spectral
characteristics, whilst rate of reaction for the formation of
Fe(ll)-LD is higher as compared to Fe(Il)-LD complex.
Green colored complex with Levodopa is formed by +3 state
of iron. This observation is substantiated by treating green
complex solution with a reducing agent such as ascorbic
asid , which resulted in disappearance of color.

LMCT bands were observed and molar absorptivities of
the complexes were evaluated, which is comparatively high
at 730 nm than 430 nm. pK were evaluated for Fe(ll) and
Fe(lll) complex with LD by Potentiometric plots. At
selected Amax, different methods explored MLz complex
formation. Calculated log Kt showed comparative results of
Fe(11)-LD complex.

Kinetic results for the complex formation tendencies of
the two systems (Fig.13-14) revealed that formation of
Fe(ll)-LD complex is a fast single phase reaction while
Fe(Il)-LD complexation is relatively slow and two phase
reaction. Observation leads us to conclude that Fe(ll) is
immediately converted to Fe*® in the presence of Levodopa
and it is +3 state of iron which is complexing with Levodopa.
Figure 2 displays the suggested mechanism for this complex
formation.

Variation in pH is instrumental in bringing such changes
which influence the functioning of human body and its
various organs. Hence kinetic behaviour of iron in its two
oxidation states towards its complex formation with
Levodopa may be controlled by the pH of the system.
Therefore further study in this direction is desirable.
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STRUCTURE OF 2-AMINO-5-OX0O-4-p-TOLYL-4,5-DIHYDRO-

PYRANOI3,2-cC]CHROMENE-3-CARBONITRILE
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Keywords: 2-amino-5-o0xo0-4-p-tolyl-4,5-dihydropyrano[3,2-c]chromene-3-carbonitrile; scaffolds; hydrogen bond; crystal structure; direct
methods.

The compound 2-amino-5-oxo-4-p-tolyl-4,5-dihydropyrano[3,2-c]chromene-3-carbonitrile, crystallizes in the monoclinic space group
P121/c1 with the unit-cell parameters: a= 9.1330(7), b= 13.1343(9), c= 13.1945(8) A, p = 91.746(4)° and Z = 4. The crystal structure was
solved by direct methods using single-crystal X-ray diffraction data collected at room temperature and refined by full-matrix least-squares
procedures to a final R-value of 0.0537 for 1830 observed reflections. The molecules within the unit cell are stabilized by C-H....O,

N-H...O N-H....N and C-H.....n type of hydrogen bonding.
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Introduction

4H-Pyran-annulated heterocyclic scaffolds represent a
“privileged” structural motif well distributed in naturally
occurring compounds with a broad spectrum of significant
biological activities.>? Recently, a series of synthetic 2-
amino-3-cyano-4H-pyrans have been evaluated to possess
potent anticancer, antibacterial and antifungal, and anti-
rheumatic properties.>* In this communication, we wish to
report the crystal structure of a 4H-pyran-annulated
heterocyclic compound, namely 2-amino-5-o0xo-4-(p-tolyl)-
4,5-dihydropyrano[3,2-c] chromene -3-carbonitrile (1)
which is synthesized via one-pot multi-component reaction
(MCR) at room temperature using commercially available
urea as inexpensive and environmentally benign organo-
catalyst. The structure of the title compound 1 was
elucidated by spectral methods and XRD studies.

NH,
CN

(e,

Figure 1. The chemical structure of the compound 1.

0" ™=
g6
0" "0

1
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Experimental

Synthesis

An oven-dried screw cap test tube was charged with a
magnetic stir bar, 4-methylbenzaldehyde (0.120 gm, 1
mmol), malononitrile (0.066 gm, 1.1 mmol), urea (0.007 gm,
10 mol % as organo-catalyst), and EtOH:H,0 (1:1 v/v; 4 ml)
in a sequential manner; the reaction mixture was then stirred
vigorously at room temperature for about 20 min. After that,
4-hydroxycoumarin (0.162 gm, 1 mmol) was added to the
stirred reaction mixture, and the stirring was continued for
10 hour.® The progress of the reaction was monitored by
TLC. On completion of the reaction, a solid mass
precipitated out that was filtered off followed by washing
with aqueous ethanol to obtain crude product which was
purified just by recrystallization from ethanol without
carrying out column chromatography. The structure of 2-
amino-5-oxo-4-(p-tolyl)-4,5-dihydropyrano[3,2-cJchromene
-3-carbonitrile (1) was confirmed by analytical as well as
spectral studies including FT-IR, *H NMR, **C NMR, and
TOF-MS. Unit crystal was obtained from DMSO. For
crystallization 50 mg of compound dissolved in 5 ml DMSO
and left for several days at ambient temperature which
yielded white block shaped crystals. The crystal structure of
the title compound is given in Figure 2.

White solid. (0.301 gm, yield 91 %). m.p. 530-532 K. IR
(KBr) vmaycm™: 3375, 3292, 3182, 3024, 2193, 1691, 1609,
1523, 1379, 1053, 916, 748, 490. *H NMR (400 MHz,
DMSO-dg) &/ppm: 7.90 (1H, d, J = 8.0 Hz, aromatic H),
7.70 (1H, t, 3 = 8.0 & 7.6 Hz, aromatic H), 7.48 (1H, t, J =
8.0 & 7.6 Hz, aromatic H), 7.46 (1H, d, J = 8.1 Hz, aromatic
H), 7.34 (2H, s, NHy), 7.12 (4H, m, aromatic H), 4.40 (1H, s,
CH), 2.26 (3H, s, CH3). **C NMR (100 MHz, DMSO-ds)
d/ppm: 159.94, 158.33, 153.68, 152.51, 140.80, 136.71,
133.32, 129.48 (2C), 127.92 (2C), 125.09, 122.89, 119.67,
116.96, 113.37, 104.53, 58.52, 36.97, 21.03. TOF-MS:
353.0881 [M+Na]*. Elemental analysis: Calcd. (%) for
C20H14N203: C, 72.72; H, 4.27; N, 8.48; found: C, 72.68; H,
4.29; N, 8.52.

654



Structure of 2-amino-5-oxo-4-p-tolyl-4,5-dihydropyrano[3,2-c] chromene-3-carbonitrile

X-Ray Structure determination

X-ray intensity data of 6510 reflections (of which 3100
unique) were collected on X’calibur CCD area-detector
diffractometer equipped with graphite monochromated
MoK ¢ radiation (A = 0.71073 A). The crystal used for data
collection was of dimensions 0.30 x 0.20 x 0.20 mm. The
cell dimensions were determined by least-squares fit of
angular settings of 1805 reflections in the 6 range 3.75 to
28.42°. The intensities were measured by o scan mode for 6
ranges 3.8 to 26.00°. 1830 reflections were treated as
observed (I > 2c(l)). Data were corrected for Lorentz,
polarization and absorption factors. The structure was
solved by direct methods using SHELXS97.6 All non-
hydrogen atoms of the molecule were located in the best E-
map. Full-matrix least-squares refinement was carried out
using SHELXL97.6 The final refinement cycles converged
to an R = 0.0537 and wR (F?) = 0. 1605 for the observed
data. Residual electron densities ranged from -0.212 < Ap
< 0.262 eA=. Atomic scattering factors were taken from
International Tables for X-ray Crystallography (1992, Vol.
C, Tables 4.2.6.8 and 6.1.1.4). The crystallographic data are
summarized in Table 1.

Table 1. Crystal data and other experimental details

CCDC Number 994051

Crystal description Block

Crystal size 0.30 x 0.20 x 0.20 mm

Empirical formula C20H14N2 O3

Formula weight 330.33

Radiation, Mo Ka,

Wavelength 0.71073 A

Unit cell dimensions a=9.1330(7) A
b=13.1343(9) A
c=13.1945(8) A
o= 90.0°
B = 91.746(4)°
y= 90.0°

Crystal system, monoclinic,

Space group P2i/c1

Unit cell volume 1582.02(3)A3

No. of molecules per unitcell | 4

Absorption coefficient 0.095 mm-*

F(000) 687.9

0 range for entire data 3.8 <6< 26.00

collection

Reflections collected / unique | 6510/ 3100

Reflections observed 1>26(1)) | 1830

Range of indices h=-10to 11
k=-16 to 15
I=-16to 15

No. of parameters refined 234

Final R-factor 0.0537

wR(F2) 0.1605

Rint 0.0331

Rsigma 00659

Goodness-of-fit 1.042

(A/o)max -0.001 for U22 O1

Final residual electron density | -0.212 < Ap < 0.262 eA"®

Eur. Chem. Bull., 2014, 3(7), 654-657
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Figure 2. Ortep view of the moelcule with displacement ellipsoids
drawn at the 40% probability level. H-atoms are shown as small
sphere of arbitrary radii.

Result and discussions

An ORTEP? view of the compound with atomic labeling
is shown in Figure 2. The geometry of the molecule was
calculated using the WinGX8, PARST® and PLATON?
softwares. Packing view of the molecules in the unit cell
viewed down the c-axis is shown in Figure 3.

Figure 3. Packing diagram down to c-axis

The title compound comprises of four rings in which
chromene moiety is fused with the pyran ring-A. Both the
rings in chromene moiety (ring-B and ring-D) and pyran
ring-A are almost coplanar as reflected from the small
values of dihedral angle between these three rings i.e.
dihedral angle between ring-A and ring-B, ring-A and ring-
D and ring-B and ring-D are 1.99°(6), 1.54°(8) and 1.42°(7)
respectively.
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Table 2. Selected bond lengths (A) and bond angles (°) for non hydrogen atoms (e.s.d.’s are given in parentheses)

Bond distances(A) Bond angles(°) Torsion angles(°)
C20-N21 1.147(3) C11-C12-C13 120.6(3) C4A-C4-C9-C15 -137.2(2)
C5-05 1.208(3) C14-C12-C13 122.0(2) C19-C8-C8A-01 1.4(4)
C12-C13 1.515(4) N21-C20-C3 175.5(3) C3-C4-C9-C10 -74.3(3)
C2-N22 1.338(3) C3-C4-C9 110.67(19)
C20-N21 1.047(3) C10-C9-C4 121.6(2)
01-C8A 1.366(3) 06-C7-C16 117.0(2)
C5-06 1.381(2) C5-C4A-C4 117.65(19)
01-C8A-C8 113.9(2)
Table 3. Geometry of intermolecular hydrogen bonds
D-H...A D-H (A) H...A Q) D...A (A) 0[D-H...A (°)]
N22 -- H16A.. N21 0.98 2.17 3.14 172(3)
N22 -- H16B.. O5' 0.99 2.00 2.98 168(3)
C10..H4..Cg1ii 0.93 2.86 3.18 101.7
C17..H24..Cg4V 0.93 3.36 4.20 151.1
Symmetry codes: i. X, 1/2-y,-1/2+z; ii. 2-X,-1/2+y,1/2-z;iii. X,y,z; iv. 1-X,1-y,-z
Table 4. Geometry of n—n interactions.
Cgl-CgJ Cgl...CgJ(A) Cgl...P(A) a () B AA)
Cg1-Cg3’ 3.62 3.54 1.68 12.35 0.7568

Symmetry code: i. 2-x, 1-y, -z

The plane of phenyl ring-C is nearly perpendicular to the
plane of the chromene and pyran ring moieties, as the
dihedral angle of ring-C with ring-A, ring-B and ring-D are
85.90°(7), 87.66°(6) and 86.36°(7) respectively. Both the
phenyl rings i.e. ring-C and ring-D are almost planar with
maximum deviation from planarity is observed for atoms
C14 and C18 by 0.009(3)A for both in ring-C and ring-D
respectively. The atoms C20 and N21 of cyanide group and
atom N22 of amine group attached to ring-A have deviations
of 0.059(2)A, 0.047(2)A and -0.010(2)A respectively from
the least square plane of ring-A. The bond length C20-N21
is 1.147(3) (Table 2) which is comparable with the typical
Csp- N bond length in most of the organic carbonitriles. The
C5=05 bond length is found to be 1.208(3) which is
comparable with some similar structures.**'?> The C12-C13
bond length is 1.515(4) which is comparable to C(sps)- Car
bond length. The bond angles C11-C12-C13 and C14-C12-
C13 are 120.6°(3) and 122.0°(2) respectively which are
close to 120.0° as expected due to sp. hybridization of
carbon atom C12. The bond angle C3-C20-N21 is 175.5(3)°
which indicates that these three atoms are almost linear. The
torsion angle C4A-C4-C9-C15 is found to be -137.2°(2).
The other bond lengths and bond angles are within the

expected values'® and are comparable to related structures.'*
12

Analysis of the crystal packing of title compound shows
the presence of intermolecular N-H...N and N-H...O
hydrogen bonds in the structure (Table 3). The hydrogen
atom H16B of the amine group form N22-H16B...05
interaction with the O5 of other molecule to form double
helix like structure extended parallel to b-axis as shown in
Figure 3.

Eur. Chem. Bull., 2014, 3(7), 654-657
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Figure 4. Stereo plot of molecules within the unit cell linked with
N-H...N hydrogen bonds

The other hydrogen atom H16A of amine group form
N22-H16A...N21 interaction with the N21 of the
neighboring molecule as represented in Figure 4. In addition
to these the crystal packing is also stabilized by weak
hydrogen bonds and z-m interactions (Table 4) shown in
Figure 5.
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Figure 5. t—m interactions in the crystal structure
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EFFECT OF PROTEINOUS AND NON-PROTEINOUS
FRACTIONS ISOLATED FROM PHASEOLUS VULGARIS AND
VIGNA SINENSIS FRUITS ON DIABETIC MICE
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This study is concerned with the preparation of cold and boiled aqueous extracts from the fruits of both Phaseolus vulgaris and Vigna
sinensis plants, then isolating the proteinous compounds from these extracts by cold acetone precipitation method and therefore to separate
the non-proteinous fraction. The work included the study of the effect of intraperitoneal administration of cold and boiled aqueous extracts,
proteinous acetone precipitates, and non-proteinous materials isolated from these extracts on certain blood biochemical constituents
(parameters) using a dose of 77 mg kg of body weight in normal and alloxan-induced diabetic mice. The results had been compared with
those injected with insulin. The results showed that the boiled crude aqueous extract of Vigna sinensis plant and its isolated proteinous
precipitate has a significant decrease effects for the level of the glucose and total lipids in the blood. On the other hand, the non-proteinous
substance of cold aqueous extract of Phaseolus vulgaris fruit has a decrease effect for the level of glucose, cholesterol and total lipids in the
blood serum of alloxan-induced diabetic mice, therefore may be used in the treatment of diabetes mellitus after make sure there is no side

effects as well as we concluded that these materials mentioned above may be used in the treatment of diabetes mellitus .
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Introduction

It is well known that the incidence of diabetes mellitus is
high all over the world, especially in Asia. Different types of
oral hypoglycemic agents such as biguanides and
sulphonylurea are available along with insulin for the
treatment of diabetes mellitus,® but have side effects
associated with their uses,?® therefore it is increasing interest
in herbal remedies because of their effectiveness, minimal
side effects and relatively low costs.

Herbal drugs or their extracts are prescribed widely, even
when their biological active compounds are unknown. Even
the world health organization (WHO) approves the use of
plant drugs for different diseases, including diabetes
mellitus. Therefore, studies with plant extracts are useful to
know their efficacy and mechanism of action and safety.
Medicinal plants useful in diabetes were reviewed
recently.*®

The plant Phaseolus vulgaris is commonly called kidneys-
bean, French-bean in English. This plant and Vigna sinensis
plant (cow-pea in English ) belongs to Fabacea family.5’
These plants is reputed to possess varied medicinal
properties.”89

In the present study, an attempt has been made to study
the hypoglycemic, hypocholesterolemic, hypolipidemic
effect of Phaseolus vulgaris and Vigna sinensis fruits
proteinous and non-proteinous aqueous extracts, also
proteinous precipitate material on normal and alloxan-
induced diabetic male mice.

Eur. Chem. Bull., 2014, 3(7), 658-663
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Material and methods

Plants material

Fruits of Phaseolus vulgaris and Vigna sinensis plants
were purchased from local of agriculture in Mosul city,
cleaned and kept in nylon bags in a deep freeze till the day
of experiment.

Preparation of crude extracts

The aqueous crude extract was prepared by freezing and
thawing (500 g) of the fruits after cutting to small pieces
with liquid nitrogen several times to rupture the cell
membrane. Cold distilled water in a ratio of 1:3 w/v, was
added and the mixture was then homogenized for 10 minute
using a blender. The crude homogenate was stirred for
additional two hours on ice bath , then filtered through
several layers of shash . Finally the mixture was centrifuged
using refrigerated centrifuge for 15 minutes at 33520xg. The
filtrate of cold crude extracts after reduction its volume to
about third ratio by lyophilization was kept for further
investigation( precipitation of the protein) . Total protein
concentration was determined for this filtrate of cold crude
extract by modified Lowry method.'® This procedure was
repeated using (400 g) of the fruits until after homogenized
with a blender step, the mixture was boiled for 30 minutes
and then leaved to cool, filtered through several layers of
shash, centrifuged and lyophilized as indicated above this
filtrate which was produced called boiled aqueous crude
extract. At the second time, cold and boiled aqueous extract
was prepared also using (300 g) fruits of each plants
mentioned before were produced as indicated in all steps
which was mentioned above till producing filtrate , then this
filtrate were lyophilized until drying and produced a
powdered materials, kept in a deep freeze at -20u ¢ in a tight
sample tube until used for the next step, which is the
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injection of animals experiment This powdered material
called cold or boiled crude aqueous extract material
(CCAEM) or (BCAEM) respectively.

Precipitation of the proteins

Proteinous materials were separated from cold, boiled
aqueous extracts using cold acetone precipitation method.!
This method was performed by adding cold acetone
gradually to extract in a ratio (40:60, v/v) respectively with
slow stirring at 0 °C. The mixture was left in a refrigerator
for 24 hours and the precipitated protein was isolated by
centrifugation for 20 minutes at 33520 x g at a refrigerated
centrifuge. The proteinous precipitate material (PPM) was
dried in a lyophilizer to remove trace amount of aqueous
acetone, then kept in a tight sample tube in a freezer for the
next step. At the same time, acetone was removed from the
remained filtrate after precipitation of proteins by rotary
evaporator (<40 °C), the remaining filtrate was dried in a
lyophilizer till dryness. The powdered material which was
produced called non-proteinous material (NPM). This
materials was then kept in a tight sample tube in a freezer
for the next step.

Experimental animals

Healthy adult male albino mice weighing 25-35 g were
obtained from animal house of the Veterinary Medicine
College, University of Mosul and housed under controlled
conditions of light (14h light and 10 h dark) and temperature
(2542 °C commercial pelleted food and water were given
adlibitum.

Determination of the effective dose

The animals were randomly divided to 5 groups (3
mice/group). The mice were fasted for 16 h before the
experiment was started. Group 1 (control , normal) injected
intraperitoneal with 1 ml normal saline. Groups (2-6 ,
normal) were injected intraperitoneal with different doses
(50, 77, 100, 150 ) mg kg body weight (b.w.), respectively
with each of solution in normal saline of the materials of
cold crude aqueous extract material (CCAEM), proteinous
precipitate material (PPM) of Vigna sinensis fruits plant.
After two hours of injections blood samples were collected
for analysis immediately (serum glucose level) by the orbital
sinus puncture under ether anesthesia, using non-heparin zed
micro-hematocrit capillary tubes. After determined the
effective dose of these materials. This doses then it was used
for the injection of normal and alloxan-induced diabetic
mice.

Induction of diabetes in mice

Healthy adult male albino mice , weighing 25-35 g were
selected and randomly divided into groups of 3 mice per
group. They were fasted for 24 h before induction of
diabetes. They were intraperitoneal injected with alloxan
tetra hydrate which was dissolved in 1 ml sterile
physiological saline solution immediately before use at a
dose of 180 mg kg™ b.w.'2 The diabetic state was monitored
by periodic tests for glucosuria (Tes-Tape-Eli Lilly and Co.,
USA) and hypoglycemia (colorimetric assay kit, Syrbio,
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France), mice with blood glucose level more than 180 mg
100 ml* were considered diabetic and used fore the study.
At the end of the period, three alloxan diabetic animals were
randomly divided for each group for the present study.

Intraperitoneal injection of the mice

The mice (25-35 g weight ) were divided randomly into
28 groups (14 for normal and 14 for diabetic mice ) each
group containing three mice. Group one was kept as control.
The second group was injected subcutaneously with insulin
(10 U kg™, neutral insulin injection Act rapid 100 IU ml?,
Novo Nordisk, Denmark), while the other groups were
injected intraperitoneal with 77 mg kg* b.w. of crude (cold,
boiled) aqueous extract material (CCAEM, BCAEM), non-
proteinous materials (NPM) and proteinous precipitate
materials (PPM) of Phaseolus vulgaris and Vigna sinensis
fruits plants. The mice were fasted for 16 h before the
experiment was started. After two hours of injection blood
samples were collected from each mouse by the orbital sinus
puncture under ether anesthesia using non-heparin zed
microhematocrit capillary tubes.’* Blood serum glucose,
total cholesterol levels were measured using colorimetric
assay Kkits type (Syrbio, France).!* Total lipids was
determined by colorimetric method.®

Statistical analysis

Statistical analysis was performed using one - way
analysis of variance with a significance level of p<0.05.
Further specific group differences were determined using
Duncan's test,® the results were expressed as mean = S.E.

Results and Discussion
Precipitation of the protein

Precipitation of total proteins from the crude agqueous
extract was accomplished by cold acetone technique!! but
not by saturated ammonium sulphate technique.'” Since the
former can be easily removed by evaporation, besides the
fact that the precipitation power of both reagents were
similar. Moreover , dialysis of the proteinous fraction to get
rid of ammonium sulphate may remove some of the low
molecular weight protein or peptides. The amount of total
protein in crude agueous extract was determined®® and the
amount of the precipitated protein, efficiency of the
precipitation method were shown in (Table 1). Higher
amount of the protein was in the cold crude aqueous extract
of Vigna sinensis fruits and found to be 1.868 %. Whereas,
the lower amount was found in the boiled crude agueous
extract of Phaseolus vulgaris fruits which has efficiency of
the precipitation of the protein is 86.11 % .

Determination of the effective doses for the plant extracts and
proteins in normal mice :

The results in Tables 2 and 3 for crude cold aqueous
extract material, proteinous precipitate of Vigna sinensis
fruits plant shows that a dose 77 mg kg™ b.w. mice give a
significant decrease in the level of blood serum glucose
more than that for other doses.
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Table 1. Amount of total proteins in the crude aqueous extract of Vigna sinensis plants, Phaseolus vulgaris fruits plants, their percentage
and efficiency of acetone method precipitation

vulgaris fruits plant

Extract name symbol Protein Total Total protein  Percentof = Weight  Total amount Efficiency of
concn., volume inthe the protein  of the of the protein the precipi-
mg ml? in ml extract, mg inplant, % plant,g  precipitated by tation

acetone, mg method, %

ORI IS 5.75 1625 9343.75 1.868 500 5130 54.9

sinensis fruits plant

CCAEM of Phaseolus - 1600 6880 1.376 500 4970 7224

vulgaris fruits plant

AR BT 5.56 1000 5560 1.39 400 4710 84.7

sinensis fruits plant

BCAEM of Phaseolus 900 3600 0.9 400 3100 86.11

Table 2. Effective dose of cold crude aqueous extract of Vigna sinensis fruits plant on glucose level in normal mice.

*Conc. of serum  Control Dose of cold crude aqueous extract in mg kg of body weight
glucose mmol L 50 77 100 150

5.48+0.12 4.73+0.24 3.67+0.7 4.324+0.11 5.62+0.31
% Change - -13.69 -33.03 -21.17 2.55

*Values are mean + S.E.

Table 3. Effective dose of proteinous precipitate material for cold crude aqueous extract of Vigna sinensis fruits plant on glucose level in

normal mice.
*Conc. of serum Control Dose of cold crude aqueous extract in mg kg* of body weight
glucose mmol L 50 77 100 150
5.51+0.7 5.03+0.35 4.28+0.14 4.55+0.29 5.55+0.61
% Change - -8.7 -22.3 -17.4 0.7

*Values are Mean = S.E.

Table 4. Effect of cold, boiled crude aqueous extracts, non-proteinous materials of Vigna sinensis, Phaseolus vulgaris fruits plants on
serum glucose, cholesterol, total lipids levels in normal mice.

Treatment of Glucose, % Change Cholesterol % Change Total lipids % Change
groups mmol L mmol L mg 100 mL*
Normal (control ) 5.68+0.21 - 2.38+0.65 - 384.56+8.25 =
d e b
Insulin 1.84+0.72 -67.6 1.85+0.461 -22.26 213.16+3.95 -44.57
a abc a
CCAEM of Vigna 4.36+0.17 -23.2 1.69+0.345 -28.99 487+6.817 26.63
sinensis fruits plant b a c
CCAEM of 6.97+0.21 22.71 2.08+0.608 -12.6 516.149.29 34.46
Phaseolus vulgaris f d d
fruits plant
BCAEM of Vigna 4.8+0.14 -15.49 2.13£0.553 -10.5 484.4+8.78 25.96
sinensis fruits plant bc d c
BCAEM of 4.35£0.16 -23.41 1.86+0.461 -21.84 489.1+8.21 27.18
Phaseolus vulgaris b abc c
fruits plant
CNPM of Vigna 6.41+0.51 -12.85 1.99+0.216 -16.38 523.264+4.73 36.07
sinensis fruits plant e cd de
CNPM of Phaseolus  5.22+0.20 -8.09 1.68+0.336 -29.41 389.13+6.46 -1.18
vulgaris fruits plant cd a b
BNPM of Vigna 6.47+0.10 13.91 1.76+0.964 -26.05 541.13+6.45 40.71
sinensis fruits plant f ab e
BNPM of Phaseolus ~ 6.4+0.15 12.67 19+0.65 -20.16 381.93+4.49 -0.68
vulgaris fruits plant e bc b

*Values are mean + S.E., different letters vertically mean significant at p<0.05, each group include (3) mice, CCAEM, BCAEM, CNPM,
BNPM symbols referred as in method
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Table 5. Effect of cold, boiled crude aqueous extracts, non-proteinous materials of Vigna sinensis, Phaseolus vulgaris fruits plants on
serum glucose, cholesterol, total lipids levels in alloxan-induced diabetic mice.

Treatment of groups Glucose % Change Cholesterol % Change Total lipids % Change
mmol L mmol L mg 100 mL?

Normal (control ) 5.68+0.21 - 2.38+0.65 - 384.56+8.25 -
b c cd

Control (diabetic) 18.17+0.11 219 2.86x0.1 20.1 552.9£13.5 43.7
fg d f

Insulin 2.4+0.77 -87.15 2.18+0.78 -23.4 352.26+4.07 -36.28
a bc b

CCAEM of Vigha 17.67+0.24 -5.48 1.65+0.29 -42.2 379.06+8.97 -10

sinensis fruits plant f a c

CCAEM of Phaseolus 19.35+0.2 3.51 3.01+0.71 5.14 533.1£14.3 -3.57

vulgaris fruits plant g d ef

BCAEM of Vigna 13.31+0.17 -28.79 3.14+0.12 9.47 365.53+8.21 -33.88

sinensis fruits plant c d bc

BCAEM of Phaseolus 16.9+0.16 -9.6 2.24+0.37 -21.8 368.46+14.28 -33.35

vulgaris fruits plant ef bc bc

CNPM of Vigna sinensis 15.1440.35 -19.02 2.01£0.1 -29.9 520.7+9.2 -5.8

fruits plant d abc e

CNPM of Phaseolus 12.6+0.14 -32.62 1.99+0.81 -30.4 404.36+5.56 -26.86

vulgaris fruits plant c ab d

BNPM of Vigna sinensis 15.7+£0.17 -15.88 2.01+0.53 -27.1 633.26+5.17 14.55

fruits plant de bc g

BNPM of Phaseolus 14.8+0.24 -9.42 2.16+0.57 -24.6 298.8+11.05 -22.3

vulgaris fruits plant ef bc a

*Values are Mean = S.E., different letters vertically mean significant at p<0.05, each group include (3) mice, CCAEM, BCAEM, CNPM,
BNPM symbols referred as in method

Table 6. Effect of proteinous precipitate materials isolated from cold, boiled crude aqueous extracts of Vigna sinensis, Phaseolus vulgaris
fruits plants on serum glucose, cholesterol, total lipids levels in normal mice.

Treatment of groups  Glucose % Change Cholesterol % Change Total lipids % Change
mmol L mmol L mg 100 mL*

Normal (control ) 5.68+0.21 - 2.38+0.54 - 381.3+£8.3 s
d d c

Insulin 1.83+0.97 -67.78 1.84+0.44 -22.68 2.13.1+£3.8 -44.11
a c a

PPM of CCAE of 4.95+0.17 -5.96 1.32+0.67 -44.53 223.6+6.2 -41.34

Vigna sinensis fruits c a a

plant

PPM of CCAE of 3.6+0.2 -36.61 1.77+0.69 -25.63 383.244.7 0.49

Phaseolus vulgaris b 8 c

fruits plant

PPM of BCAE of 3.95+0.95 -30.45 1.58+0.25 -33.61 336.8+6.5 -11.67

Vigna sinensis fruits b b b

plant

PPM of BCAE of 5.61+0.12 -1.23 1.6+0.53 -33.77 478.4+5.2 25.47

Phaseolus vulgaris d b d

fruits plant

*Values are Mean = S.E., different letters vertically mean significant at p<0.05 , each group include (3) mice , PPM of CCAE , PPM of
BCAE, symbols referred as in method
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Table 7. Effect of proteinous precipitate materials isolated from cold , boiled crude aqueous extracts of Vigna sinensis, Phaseolus vulgaris
fruits plants on serum glucose , cholesterol , total lipids levels in alloxan-induced diabetic mice.

Treatment of groups Glucose % Change Cholesterol % Change Total lipids %
mmol L* mmol L mg 100 mL ! Change
Normal (control ) 5.68+0.21 - 2.38+0.54 - 381.3+8.3 -
b b b
Control (diabetic) 18.18+0.13 22 2.86+0.92 22.1 555.13+£13.7 45.6
g c d
Insulin 2.4240.63 -87.03 2.29+0.5 -19.19 353.23+3.17 36.1
a ab a
PPM of CCAE of Vigna 14.46+0.31 -22.63 2.39+0.56 -16.7 410.1£9.31 -25.82
sinensis fruits plant c b bc
PPM of CCAE of Phaseolus 8.66+0.35 -53.67 2.5540.43 -10.87 594.9+4.73 7.62
vulgaris fruits plant c b e
PPM of BCAE of Vigna 11.27+0.29 -39.73 2.52+0.6 -12.07 342.36+6.51 -38.07
sinensis fruits plant d b a
PPM of BCAE of Phaseolus 15.86+0.17 -15.15 2.12+0.48 -26 424.16+6.64 -23.27
vulgaris fruits plant e a c

*Values are mean =+ S.E., different letters vertically mean significant at p<0.05 , each group include (3) mice , PPM of CCAE , PPM of

BCAE, symbols referred as in method

This dose is more effective for decreasing the level of
serum glucose in normal mice as an effective dose for
normal and alloxan induced diabetic mice by intraperitoneal
injection. The effective doses of this plant was also taken
for Phaseolus vulgaris fruits plant.

Effect of aqueous extract , non-proteinous materials , proteins
on some biochemical parameters on normal and alloxan-
induced diabetic mice

The results of cold, boiled crude aqueous extracts, non-
proteinous and proteinous precipitate materials for Vigna
sinensis, Phaseolus vulgaris fruits plants on the level of
glucose, cholesterol and total lipids blood serum in male
normal and alloxan —induced diabetic mice were listed in
Tables 4,5,6 and 7.

Effect of crude aqueous extract (cold, boiled) , non-
proteinous materials of Vigna sinensis, Phaseolus
vulgaris fruits plants on serum glucose level in normal
and alloxan-induced diabetic mice.

Results depicted from Tables 4 and 5 indicated that
treatment with cold, boiled crude aqueous extracts of Vigna
sinensis fruits plant and boiled aqueous extract of Phaseolus
vulgaris at a dose 77 mg kg of b.w. intraperitoneal a
significant decrease in the level of serum glucose on normal
mice compared to their control group. Also this dose
injection with boiled aqueous extract, cold and boiled non-
proteinous materials of Vigna sinensis produced a
significant decrease which is (28.79 %, 19.02 % and 15.88
%) respectively in the level of serum glucose in alloxan-
induced diabetic mice.

The decreasing effect of these extracts in agreement with
other studies.'®%% This decrease may be due to these
extracts may be contain an active materials which activate
B-cells of pancreas to secretion insulin or may be containing
materials acts as insulin to increase glycolysis in peripheral
tissues or decrease gluconeogensis.?
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Effect of crude aqueous extract (cold, boiled) , non-proteinous
materials of Vigna sinensis Phaseolus vulgaris fruits plant on
serum cholesterol level in normal, and alloxan-induced diabetic
mice

Treatment with extracts and non-proteinous (cold, boiled)
for fruits of each plants Vigna sinensis, Phaseolus vulgaris
which was indicated in Tables 4 and 5 at a dose 77 mg kg
b.w. were give a significant decrease in the level of serum
cholesterol on normal and diabetic mice compared to their
control group, except the boiled crude aqueous extract of
Vigna sinensis and cold for Phaseolus vulgaris. At the same
time, boiled aqueous extract of Phaseolus vulgaris produce
a significant decrease in cholesterol level in normal and
diabetic mice and resembles the decrease of insulin and
return the level of cholesterol for diabetic mice to their
normal level compared to normal control mice group. This
decrease may be due to the presence of saponin which lower
blood cholesterol and increase rejecting of bile acids and
neutral lipids out of the body? or may be due to inhibit
hydroxyl methyl glutaryl-CoA reductase enzyme which is
responsible for the biosynthesis of cholesterol.?

Effect of crude aqueous extract (cold, boiled) , non-proteinous
materials of Vigna sinensis, Phaseolus vulgaris fruits plants on
serum total lipids level in normal and alloxan-induced diabetic
mice

Results for cold, boiled aqueous extracts of Vigna
sinensis, Phaseolus vulgaris, non-proteinous (cold, boiled)
for fruits of Phaseolus vulgaris and cold for Vigna sinensis
showed a significant decrease in total lipids level when
injected in diabetic mice. These results are in agreement
with the results indicated for decreasing of total lipids level
in alloxan-induced diabetic rats for cold and boiled aqueous
extract of Melia azedarach and Lactuca serriola leaves.'®
These extracts may be containing compounds which acts
similar to the action of insulin, this insulin inhibit lipolysis
of lipids during its effect on glucagon and catecholamine
hormones which are increase lipolysis.?*
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Effect of proteinous precipitate materials for Vigna sinensis,
Phaseolus vulgaris fruits plants on serum glucose, cholesterol
and total lipids level in normal and alloxan-induced diabetic
mice

Treatment with the proteinous precipitate materials for
cold, boiled crude aqueous extracts of Vigna sinensis,
Phaseolus vulgaris fruits plants at a dose 77 mg kg* b.w.
intraperitoneal in male normal and diabetic mice were
indicated in Tables 6 and 7. The results were showed a
significant decrease in the level of serum glucose at different
ratio, the proteinous precipitate material which was isolated
from cold aqueous extract of Phaseolus vulgaris was
showed a higher decrease percent (36.63 %) for normal
mice and a decrease (53.6 %) for diabetic mice. These
results in agreement with the results for cold and boiled
aqueous extract of Oleo europae leaves for chickens.? This
decrease may be due to activate beta cells of pancreas to
secretion of insulin hormone or may be these proteinous
precipitate act to increase biosynthesis of liver glycogen
from glucose as the action of Momordica charantica fruit
extract when given to mice, this extract showed a decrease
of glucose level in normal and streptozotocin-induced
diabetic mice.?®

The decrease effect of the proteinous precipitate materials
of cold and boiled of each plants used in diabetic mice
which is similar to a decrease of insulin and which are
reached to normal level value of cholesterol may be due to
occurrence changes in the flora of intestine who have the
role to increase the excreted bile acids and then decreased
serum cholesterol level.?” On the other hand, a significant
decease effect were produced by cold, boiled proteinous
materials of Vigna sinensis fruits plant, but the Phaseolus
vulgaris proteinous (cold, boiled) material showed a
significant increase for the level of serum total lipids on
normal and diabetic mice. This increase may be due to
possess these precipitate an effect similar to glucagon or
epinephrine  hormones in action which were activate
lipolysis of lipids during the activation of lipase enzyme
which increase lipolysis in adipose tissues®. It was
concluded that boiled crude aqueous extract material and its
proteinous precipitate material which was isolated from it
for Vigna sinensis fruits plant possess a decreasing effect
for glucose and total lipids in blood, also cold non-
proteinous material which due to Phaseolus vulgaris fruits
plant possess a hypoglycemia, hypocholesterolemia and
hypolipidemia effect which are used for the treatment of
diabetes mellitus after sure there is no side effect.
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TION OF MANGANESE(I11) SCHIFF BASE COMPLEXES WITH
AXIAL CARBOXYLATE LIGATION
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Keywords: manganese(l11); Schiff base; carboxylate; H-bond interactions; supramolecular assembly.

Two new complexes of manganese(lll), [Mn(salen)(p-CICsH4CO2)H20] and [Mn(msalen)(CsHsCO2)H20] have been synthesized from
their  manganese(ll)  carboxylate  precursors  [Hzsalen=N,N -bis(salicylidene)-1,2-diaminoethane  and  Hzmsalen=N,N -bis(3-
methoxysalicylidene)-1,2-diaminoethane]. Single crystal X-ray diffraction studies show that the Jahn-Teller distorted octahedral complexes

are stabilized by H-bonded chains in the solid state.
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Introduction

Ligands such as aliphatic, cyclic Schiff bases, polypyridyl
systems, carboxylic acids, alcohols, oximes and so on, have
been extensively employed in the development of the
coordination chemistry of high-valent manganese over the
past few decades.'? Application and relevance of high-
valent manganese complexes of these ligand systems in
areas like bioinorganic modeling®®, molecular magnetism®?8
and asymmetric catalysis®!®, have been well-documented.
Complexes where Schiff bases in combination with
carboxylates stabilize higher oxidation states of manganese,
have also been in focus in recent times.!*'8 Factors like the
flexibility of the Schiff base ligand and the pKy values of the
carboxylates could bring about a great deal structural
diversity in manganese(lll) carboxylate complexes with
Schiff base ligands, and these include mononuclear,
dinuclear, and polymeric species.'?'% N,N -bis(salicylidene)-
1,2-diaminoethane (Hssalen) and its derivatives are among
the most widely used Schiff base ligands in manganese(ll)
coordination chemistry.*21319-23 Qur interest in exploring the
chemistry of manganese(lll) with salen ligands in
conjunction with aryl carboxylates has led to the isolation of
two new complexes, and herein we report structural
characterization these two, mainly on the basis of a
crystallographic analysis.

Experimental

All chemicals were purchased from E-Merck and used
without further purification. The manganese(ll) carboxylates
were prepared as reported earlier or alternatively by mixing
hot aqueous solutions of sodium carboxylate and
manganese(ll) chloride (2:1 molar ratio), which gave pale
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pink crystals of the compounds in yields greater than 70 %
in a day’s time.?

Measurements

IR spectra were recorded on a Nicolet 6700
spectrophotometer (KBr pellets, 4000-400 cm™) while UV-
Vis spectra were taken on a Cary 100 Bio UV-Vis
spectrophotometer. Elemental analyses were performed
using a Perkin-Elmer 2400 CHNS analyzer.

X-ray crystallography

Data were collected on a Bruker APEX Il diffractometer,
equipped with a CCD area detector [Mo Ko radiation, A =
0.71073 A, graphite monochromator, at 296(2) K for
complex 1; (Cu-Ka radiation, graphite monochromator, A =
1.54178 A, at 100(2) K for complex 2]. The crystal structure
was solved by direct methods and refined by full-matrix
least squares methods based on F? values against all
reflections including anisotropic displacement parameters
for all non-H atoms, using SHELXS97 and SHELXL97.%*
All the non-hydrogen atoms were located from a Fourier
map and refined anisotropically. Hydrogen site locations
were inferred from neighbouring sites and were treated by a
mixture of independent and constrained refinement. The
molecular graphics were done with PLATON and
MERCURY 2.0.%5%

Synthesis of [Mn(salen)(p-CICsH4CO2)H20] (1)

To a solution of Mn(p-CICsH4CO,),.2H,0 (1.00 g, 2.49
mmol) and salicylaldehyde (0.61 g, 4.98 mmol) in methanol
(40 mL),1,2-diaminoethane (0.15 g, 2.49 mmol) was added.
The brown solution was stirred for 20 minutes, filtered and
left to evaporation in an open conical flask. Greenish black
crystals, deposited in 3-4 days were collected by filtration,
washed with diethylether (10 mL) and dried in air. Yield:
0.91 g (74 %). Anal. Calc. for C23sH20CIMnN2Os (494.80): C,
55.8; H, 4.1; N, 5.6; Mn,11.1 %. Found: C, 55.6; H, 4.0; N,
5.5, Mn, 10.9 %.
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IR (KBr pellet): vicm™ = 3064 (w,br), 1622 (s), 1597 (s),
1537 (s), 1359 (s), 1274 (m), 1152 (m), 459 (s). UV-Vis
(MeOH); A/nm = 216 (emax = 9851 mol ~tdm3cm™%), 250
(emax = 7811 mol "1 dm?® cm™1), 292 (emax = 3861 mol -
dm3cm™1), 322 (emax = 1985 mol~*dmicm™?), 415 (emax =
985 mol ~*dm¥*m™1).

Synthesis of [Mn(msalen)(CsHsCO2)H20] (2)

To a solution of Mn(CsH5CO2)2.2H20 (1.00 g, 3.00 mmol)
and 3-methoxysalicylaldehyde (0.87 g, 6.00 mmol) in
methanol (40 mL), 1,2-diaminoethane (0.18 g, 3.00 mmol)
was added. The brown solution was stirred for 20 minutes,
filtered and left to evaporation in an open conical flask.
Greenish brown crystals, deposited in 3-4 days were
collected by filtration, washed with diethylether (10 mL)
and dried in air. Yield: 1.19 g (77 %). Anal. Calc. for
CosHsMnN,O7 (520.41): C, 57.7; H, 4.8, N, 5.4; Mn,
10.5 %. Found: C, 57.2; H, 4.7; N, 5.2; Mn, 10.1 %. IR
(KBr pellet): viem™ = 3058 (w,br), 1631 (vs), 1598 (s),
1538 (s), 1383 (s), 1259 (m), 1149 (m), 457 (s). UV-Vis
(MeOH); A/nm = 215 (emax=11968 mol ~ldmcm 1), 233
(emax=11864 mol ~* dm® cm ™ 1), 281 (emax=4845 mol ~
dm3em ~ %), 314 (emx=2984 mol ~ ! dm® cm ~ 1), 405
(emax=1187 mol~tdmicm™1).

Results and discussion

Molecular structures of 1 and 2

A summary of crystallographic data collection and
structure refinement for complexes 1 and 2 is furnished in
table 1. In both complexes (Figures 1 and 2), the bis-
deprotonated ligands with their N2O. donor set define the
equatorial planes consisting of two Mn—Nimine (1.97 and 1.99
A) and two Mn—Oppenol (1.87-1.90 A) bonds, in the overall
distorted octahedral geometries around the manganese(lll)
ions. The trans positions are now open for carboxylate
binding and previous reports are replete with examples of
different structural patterns like monomers with chelating
carboxylates, polymers with bridging carboxylates, u-
phenoxy dimers with unidentate carboxylates or a monomer
with a unidentate carboxylate and a neutral ligand like water
occupying axial positions.*?

The carboxylates adopt a unidentate coordintion mode in
1 and 2, accommodating the aqua ligands along the opposite
axial directions. Jahn-Teller distortions which facilitate the
removal of double degeneracy of the eq4 electron at the metal
centres are commonplace in high-spin manganese(lll)
complexes with polydentate Schiff-base ligands.

Both complexes typically undergo a Jahn-Teller distortion
showing an elongation of the axial bonds [Mn—O,q = 2.29-
2.35 A and Mn—Oca= 2.11-2.14 A]. The dihedral angles
between the aromatic rings of the Schiff base ligands (5.87
and 12.03°) are indicative of substantial distortions around
the Mn-NO; cores of the complexes. The deviation of the
Mn(l11) ion from the N,N',0,0" least-square planes along the
Mn--Ocany  directions in complex 1 is 0.048 A, whereas the
corresponding shift in complex 2 is more than twice at
0.101 A.

Eur. Chem. Bull., 2014, 3(7), 664-667
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Figure 1. Molecular structure of 1. Thermal ellipsoids are drawn at

50 % probability level.

Figure 2. Molecular structure of 2. Thermal ellipsoids are drawn at

50 % probability level.

Table 1. Crystal data and structure refinement for 1, 2.

Complex 1 2

Empirical formula C23H20CIMNN20s  CasH2sMnN207

Formula weight 494.80 520.41

T (K) 296 (2) 100(2)

Wavelength (A) 0.71073 1.54178

Crystal system Monoclinic Triclinic

Space group P 21/n P-1

a(A) 6.8060(4) 8.3366(1)

b (A) 10.6760(6) 11.6426(2)

c(A) 29.1458(16) 12.3893(2))

a(°) 90.00 100.064(1)

B©) 90.451 (1) 97.230(1)

7(°) 90.00 103.937(1)

V(A3) 2117.7 (2) 1131.26(3)

Z 4 2

Prale. (g cm~5) 1.552 1.528

2 (mm) 0.79 5.187

F(000) 1016 540

Gmin/max (°) 1.4/28.1 3.68 /67.36

Total data 19400 9369

Unique data 5135 3694

Rint 0.023 0.016

Restraints/parameters ~ 0/297 0/319

Goodness-of-fit (GOF) 1.12 1.085

Final R indices R1=0.0520 R1=0.0286

[1>25(1)] wR2 = 0.0583 wR2=0.0299

R indices (all data) WR2=0.1232 R1=0.0849
R1=0.1283 wR2=0.086

R: = X (|Fo| — |Fc|)/X (JFol), wR, = {Z [W(F? — Fc?)?)/> [w(Fo?)?}2

DOI: 10.17628/ecb.2014.3.664-667

W = 1[6%(F?) + (0.0306P)? + 2.7747P], where P = (F,? + 2F 2)/3
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Solid state structures 1 and 2

Occupation of the trans coordination sites by carboxylate
and water enable molecules of complexes 1 and 2 to
recognize one another and spontaneously generate
supramolecular architectures in the solid state through non-
covalent interactions like hydrogen bonding. Carboxylate
and water of adjacent [Mn(salen)(p-CICsH4sCO2)H,0]
molecules meet in a nearly end on fashion along a screw (21)
axis, in the crystal structure of complex 1, resulting in
hydrogen bonding interactions (05---H1A = 1.95 A; O3---
05 =2.70 A) that beget a helical chain parallel to the (001)
%Iane (Figure 3). The intra-chain Mn---Mn distance is 6.49

Figure 3. Helical chain of [Mn(salen)(p-CICsHsCO2)H20] (1)
molecules parallel to the (001) plane; H-bonds (---).
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Figure 4. Section of the crystal structure of 2 showing the
formation of a -aqua dimer; H-bonds (---)

The presence of extra methoxy groups on the Schiff base
in complex 2, afford four proximate recognition sites for
each water molecule on the nearby asymmetric unit in the
solid state structure. A face on approach of the coordinated
water molecules in adjacent [Mn(msalen)(CsHsCO2)H20]
molecules help the aqua hydrogens, H3A (03---O1 = 2.86
A; 03---06 = 3.03 A) and H3B (03---02 = 2.66 A; O3---
07 = 2.95 A), to connect with the methoxy and phenoxy
oxygens of the Schiff base through bifurcated hydrogen
bonds generating a discrete supramolecular g-aqua dimer
with a Mn---Mn distance of 4.81 A (Figures 4 and 5). The
Schiff base aryl rings are involved in face-to-face (offset) z-
7 stacking interactions with a centroid to centroid distance
of 3.99 A and a dihedral angle (o) of 12.03°, that offer extra
stabilization to the crystal structure. A survey of literature
confirm that the formation of such dimers, stabilized by
non-covalent interactions is not a rare feature in
manganese(l11)-Schiff base chemistry.1427-28

Figure 5. Crystal structure of 2 showing the close packing of -
aqua dimers.

Conclusions

Manganese(ll) carboxylate and Schiff bases generated in
situ under aerobic conditions gave manganese(lll) Schiff
base complexes with supporting carboxylate ligands. The
template reactions offer an easy route for the introduction of
carboxylate and water as capping ligands in the octahedral
complexes of manganese(lll). Solid state structures reveal
that the presence of these ligands at axial positions, leads to
significant levels of non-covalent interactions in these
complexes.
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Effect on microwave aging on the properties of modified asphalt-rubber system

EFFECT OF AGING ON THE RHEOLOGICAL PROPERTIES OF
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THE MODIFIED ASPHALT-RUBBER SYSTEM USING
MICROWAVE TECHNIQUE

Khalid A. Owaidlal

Keywords: asphalt; rheological properties; effect of aging; microwave treatment; anhydrous aluminium chloride

The present work aimed to study the effect of aging on asphalt-rubber system after 12 month of the preparation process.
The rheological properties of Qaiyarah asphalt were improved with using reclaimed rubber tires treated with anhydrous aluminium
chloride. The reclaimed rubber tire samples in 0.5 and 1.0 % of the total amount of the asphalt (the amount of used anhydrous aluminium
chloride catalyst was 0.06, 0.12, 0.25, 0.5, 1 %, respectively) were added to Qaiyarah asphalt sample. The reaction components were
introduced into a microwave oven operating at 360 W power for 5, 10 and 15 minutes, respectively. The rheological properties including
ductility, penetration, softening point and penetration index were measured before and after aging experiments. It was found that the
modified asphalt exposed to atmospheric conditions has lower damage in comparison with untreated one and the longer treatment time was

used the less crack and the larger resistance were achieved.
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Introduction

Asphalt is an extremely complex mixture and contains a
large number of hydrocarbons with variable molecular
weight ranging between 400 and 5000 g mol. Its viscosity
increases very much with decreasing temperature . Asphalt
components interact with each other by strong physical and
chemical forces resulting in its homogeneous look. .* The
asphalt properties can be improved by different ways, e.g.
by mixing with polymers additives which is one of the most
common modification method.? Polymeric materials lead to
hardening of the asphalt, improves its performance at low
temperatures and resistance toward higher temperatures and
improve its adhesion and cohesion properties as well.?

The rheological properties of asphalt change due to
oxidation of hydrocarbons when it is exposed to the
sunlight. The formation of free radicals leads to reactions
that produce higher molecular weight components than
those existed in the starting asphalt. This results in
increasing the hardness and softening point and in reducing
the values of ductility and penetration.*

The asphalt samples modified with rubber tires and
styrene-butadiene rubbers after 12 months of aging time
showed that prolonging the period of aging reduces the
ductility, hardening and polymer breaking.* Saleh studied
the effect of asphaltene additives on the properties of Begi
and Qaiyarah asphalts. The increase in homogeneity for
both asphalt types and improvement in ageing specifications
for Qaiyarah asphalt® could be detected after 18 months of
aging compared with untreated asphalt

Anjan and Veeragavan studied mixing of various additives

with asphalt to improve its the mechanical properties.® Alfi
modified the properties of Begi and Qaiyarah asphalts by
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using polymers such as polystyrene resins, melamine-
formaldehyde and poly(methyl methacrylate) with or
without aluminium chloride as the  catalyst using
microwave technique.

Changes in the rheological properties were proved to be
advantageous, e.g. excellent values of flow and stability
could be detected.’

Experimental

A Tokiwa 900 W microwave oven (500 MHz, Germany)
was used for the ductility and penetration measurements
according to the ASTM D5-83% and the ASTM D36-70
standards.® Softening point measurement were conducted in
accordance with the specifications of ASTM D5-85
standrd.*0

Qaiyarah crude asphalt was produced in Al-Qaiyarah
refinery in Irag. Reclaimed rubber tires, produced by
Babylon Tyres Industry, were ground into ~1.0 mm granules
(isoprene rubber content was ~40 %).e.)* Anhydrous
aluminum chloride was supplied by Fluka.

Thermal gravimetric analysis of rubber

One gram of reclaimed crushed rubber tyres granule, s (~1
mm in size) placed into a ceramic crucible and covered with
aluminium foil, were heated between 50-600 °C (with
50 °C intervals). The results are given in the Table 1 and
Fig 1.

Rubber preparation
Reclaimed rubber tires were thermally crushed before
interaction with asphalt material in an electric oven at

350 °C for one hour and cooled at room temperature before
crushing it in a mortar.
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Table 1. Thermal analysis of reclaimed rubber tires.

Weight (g) Temperature ( °C)
1* 0
0.9996 50
0.9962 100
0.9852 150
0.9532 200
0.9223 250
0.8962 300
0.6493 350
0.6100 400
0.4640 450
0.1652 500
0.0523 550
0.0094 600
*Net weight

Modification of the rheological properties of asphalt by
catalytic treatment

A 250 g of asphalt sample was heated up to 100 °C then
crushed and mixed with either reclaimed rubber tyre
granules (0.5 and 1.0 %) or anhydrous aluminium chloride
(0.06, 0.12, 0.25, 0.5 and 1.0 % ). The prepared samples
were heated in  the microwave oven for 5, 10 and 15 min.
The ductility,?  penetration,® softening  point’® and
penetration index*? of the sample were measured.

Effect of ageing time

The effect of ageing time under atmospheric condition
was evaluated by measuring the ductility,® penetration,®
softening point’® and penetration index'? values. The
measurements were repeated after 12 months.

Results and Discussion

Thermal treatment of reclaimed rubber tires

The reclaimed rubber tire granules were used as additive
to modify the properties of asphalt which was thermally
treated at 350 °C for 1 h. The weight loss of rubber sample
at various temperatures is given in Table 1 and Fig.1.

0 T T T T T T
0 100 200 300 400 500 600 700

Temp(C)

Figure 1. The weigh loss of reclaimed rubber tires at differnet
temperatures
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Modification of the rheological properties of asphalt

The properties of asphalt modified by reclaimed rubber
tire granules in presence of catalytic amount of anhydrous
aluminium chloride are given in Tables 2 and 3. The asphalt
modified in this way has considerable resistance to ageing.
Using more than 1 % of reclaimed rubber tires provides
heterogeneity in the produced asphalt mixture. The 360 W
power of microwave oven used was to be selected in order
to ensure homogeneous dissolving of the components. The
use of higher power caused hardening of the sample,
decrease in ductility and penetration, and increase in the
softening point.

The anhydrous aluminium chloride (AICI3) was selected
as a Lewis acid catalyst in order to ensure appropriate
conditions to react the appropriate components with each

other. 1415
(@
1L I
(b)
- ﬁi% i
(©
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Figure 2. The rheological properties of reclaimed tires rubber
before and after ageing of modified asphalt (0.5%) with different
percentage of anhydrous aluminium chloride at (360) watt for
different time intervals. (a) ductility of asphalt samples; (b)
penetration of asphalt samples; (c) softening point of asphalt
samples.

669



Effect on microwave aging on the properties of modified asphalt-rubber system

Section D-Research Paper

Table 1. Rheological properties of modified asphalt (0.5 % of reclaimed tires rubber with different percent of anhydrous aluminum
chloride) samples heated at 360 W microwave power for different time intervals, before and after aging.

AICls Time, Ductility at 25 °C, Penetration at 25 °C, Softening point, ring Penetration index, Pl
Wt%  Mmin 5 cm mint 100g,5s and ball

Before After A Before After A Before After A Before After A
0 0 +100 +100 O 44.2 40.2 4 65.0 60.0 5 1.662 0.506 1.156
1 5 9.0 163 -7.3 32.1 30.1 2 68.0 69.0 -1 1.434 1.456 -0.022
0.5 5 26.4 200 64 30.0 28.0 2 60.0 64.0 -4 -0.122 0.466 -0.588
025 5 48.0 273 207 32.2 34.0 -1.8 58.0 57.0 1 -0.365 -0.455 0.09
012 5 91.0 57.0 34 36.2 38.0 -1.8 56.0 58.0 -2 -0.529 -0.016 -0.513
0.06 5 37.3 71.0 -33.7 342 34.1 0.1 53.0 58.0 -5 -1.291 -0.248 -1.043
1 10 16.1 150 11 26.5 30.0 -3.5 64.0 65.0 -1 0.405 0.782 -0.377
0.5 10 22.0 16.5 55 27.2 29.8 -2.6 58.0 60.0 -2 -0.695 -0.135 -0.56
0.25 10 51.0 223 287 34.2 32.2 2 59.0 63.0 -4 0.044 0.579 -0.535
0.12 10 68.4 63.8 46 41.2 42.5 -1.3 52.0 520 O -1.138 -1.073 -0.065
0.06 10 77.0 63.0 14 40.2 39.2 1 56.0 58.0 -2 -0.307 0.052 -0.359
1 15 29.0 19.2 9.8 27.0 27.8 0.8- 63.5 69.0 -5.5 0.303 1.287 -0.984
0.5 15 28.0 164 116 28.4 28.0 0.4 60.0 62.0 -2 -0.231 0.109 -0.34
0.25 15 40.0 48.0 -8.0 32.2 30.5 1.7 52.0 58.0 -6 -1.629 -0.475 -1.154
0.12 15 78.5 60.0 185 41.0 40.2 1 54.0 580 -4 -0.696 0.108 -0.804
0.06 15 +100 75.6 244  40.0 39.7 0.3 52.0 56.0 -4 -1.201 -0.334 -0.867

Table 3. Rheological properties of modified asphalt (1.0 % of reclaimed tires rubber with different percent of anhydrous aluminium
chloride) samples heated at 360 W microwave power for different time intervals, before and after aging.

Ductili 25°C, Penetration at 25 °C, ftenin int, rin .
AICls | Time, uc; czr?:in'sl © enet 1350(;1’ gts SHE S an%%(;”t g Penetration index, Pl
wt% min
Before ‘ After ‘ A Before ‘ After ‘ A Before ‘ After ‘ A Before ‘ After | A

0 0 +100  +100 0 442 40.2 4 65.0 60.0 5 1.662 0.506 1.156

1 5 12.2 13.2 -1 26.2 30.0 -3.8 64.0 65.0 -1 0.331 0.782 -0.451
0.5 5 18.7 27.0 -83 32.0 30.2 1.8 56.0 60.0 -4 -0.783 -0.108 -0.675
0.25 5 23.3 354 -121 322 32.0 0.2 55.0 60.0 -5 -0.977 0.009 -0.986
0.12 5 31.5 56.2 -247  33.7 33.0 0.7 50.0 61.0 -11 -2.000 0.264 -2.264
0.06 5 56.0 50.0 6 34.4 32.0 24 57.0 57.0 0 -0.429 -0.579 0.15

1 10 12.0 15.7 -3.7 27.5 25.0 25 56.0 64.0 -8 -1.075 0.240 -1.315
0.5 10 19.0 17.3 1.7 33.2 30.5 2.7 58.0 62.0 -4 -0.304 0.284 -0.588
0.25 10 23.0 38.0 -15 31.6 33.7 -2.1 54.0 60.0 -6 -1.229 0.120 -1.349
0.12 10 53.0 33.0 20 34.2 32.0 2.2 57.0 60.0 -3 -0.443 0.009 -0.452
0.06 10 50.0 35.0 15 37.2 36.0 1.2 53.0 59.0 -6 -0.899 0.064 -0.963

1 15 13.0 12.5 0.5 31.2 28.5 2.7 58.0 62.0 -4 -0.430 0.146 -0.576
0.5 15 26.0 20.5 5.5 34.2 31.4 2.8 60.0 60.0 0 0.149 0.004 0.145
0.25 15 17.1 32.0 -149 30.5 31.9 -1.4 58.0 60 -2 -0.476 0.005 -0.481
0.12 15 52.0 44.0 8 29.2 30.0 -0.8 55.0 54.0 1 -1.168 -1.326 0.158
0.06 15 40.0 39.5 0.5 35.7 36.0 -0.3 54.0 57.0 -3 -0.985 -0.337 -0.648

It can be seen from the results in Tables 2 and 3 or
Figures 2 and 3 that most of the modified asphalt samples
that were subjected to ageing do not show substantial
changes in their important properties. It is an advantageous
result indicating that the samples of modified asphalts
resisted  large stresses and cracks. It ensures long
operational life which does not alter importantly with aging.
Using reclaimed rubber tires in this form as additives
improves the mechanical properties via increasing the
durability, reducing stresses and thermal cracking and
increasing resistance towards forming grooves.!®  This
phenomenon might be the direct consequence of the
presence of high amount of carbon black in reclaimed
rubber which can increase the life and resistance of rubber
materials against oxidation and sunlight.

Eur. Chem. Bull., 2014, 3(7), 668-671
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The sulfur compounds, that exist as original components
in the mixture of Qaiyarah crude asphalt in a relative high
percentage (about 7 % ), play an important role in the
resistance of asphalt towards oxidation because these
compounds act as free radical scavenger,t81® and
antioxidants thereby these can prevent the asphalt against
free-radical accelerated oxidation processes.

Based on the results given in Tables 2 and 3 some
samples were selected for engineering test for making
paving asphalt. Some other samples characterized with high
softening point and low values of penetration and ductility
qualified in the production of moisture insulation material
and some samples were tested as flattening asphalt.
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Figure 3. Rheological properties before and after ageing of
modified asphalt (1 %) of reclaimed tires rubber with different
percent of anhydrous aluminum chloride, at (360) watt for different
time intervals. (a) ductility of asphalt samples; (b) penetration of
asphalt samples; (c) softening point of asphalt samples.

The values of penetration, ductility and softening point of
the asphalt which can be used for mastic insulator®® to
moisture, for flatness®! and for paving? can be found in the
appropriate American Standards (ASTM) descriptions.

Conclusion

The microwave energy is used to reduce the modification
time from hours to minutes by making modified rubber
asphalts in the presence of aluminium chloride or other
Lewis acid catalysts. This microwave treatment decreased
the amount of evolved pollutant gases during the treatment
and thereby reduced the environmental pollution.

Eur. Chem. Bull., 2014, 3(7), 668-671
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The thermal sensitivity was found to be correlated with
the Penetration index (PI) values between +2 and -2. This
shows the increasing thermal stability of the end products.

In addition, using of small amount of reclaimed rubber
tyres into asphalt makes the system to be more homogenous
and improves the asphalt resistance against weather
conditions.
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NATURALLY OCCURING CLAY, MONTMORILLONITE, AS A
DRUG DELIVERY VEHICLE FOR IN VITRO EXTENDED
RELEASE OF VENLAFAXINE HYDROCHLORIDE

Shilpa Jain!? and Monika Dattal"

Keywords: Venlafaxine hydrochloride; montmorillonite; oral drug delivery

In the present work, a naturally occurring smectite group clay mineral, montmorillonite, (Mt) has been explored as a vehicle for delivery of
an antidepressant drug Venlafaxine hydrochloride, VF. The effect of pH of the drug solution, time and initial drug concentration on drug
loading capacity of Mt has been studied. The adsorption isotherm was fitted by the Langmuir model and follows the pseudo-second-order
kinetics. The synthesized Mt-VF complexes were characterized by XRD, FTIR, TGA, DSC etc. VF was found to be intercalated in the Mt
layers. The release profile of the VF and Mt-VF complex in simulated gastric and intestinal fluids has been discussed. The release
behaviour of VF from Mt-VF complexes appears to be sustained/extended for a period of 12 h and reaches upto 52 % in simulated gastric
fluid and is stable in intestinal fluid where as pure VF completely gets released in 5.5 h and 3.5 h in simulated gastric and intestinal fluid
respectively. Out of all kinetic models used to elucidate the drug release mechanism, the best fitting was observed for first order model. On
the basis of present studies it can be stated that the synthesized Mt-VF complexes have the potential for developing in to a sustained release
formulation for oral drug delivery of an anti-depressant drug VF. This shows a path which can reduce doses substantially from 4 times in 24

h to twice in 24 h.

* Corresponding Authors
E-Mail: monikadatta_chem@yahoo.co.in

[a] Analytical Research Laboratory, Department of Chemistry,
University of Delhi, Delhi 110007, India

INTRODUCTION

Clay minerals possessing layered structure are known to
exhibit properties such as good water absorption, swelling
and cation exchange ability which are considered beneficial
for the synthesis of pharmaceutical products, both as
inactive and active substances.'® Clay minerals being
natural cation exchanger can bind with cationic drugs via
electrostatic interaction. These properties have encouraged
the use of clay minerals for developing drug delivery
vehicle for extended release of drugs.*® Pharmaceutical
preparations, using minerals as carrier-releasers of active
ingredients, can generally be administered orally to the
patient there by making them a preferred choice for oral
drug delivery vehicle.'*

Montmorillonite (Mt), also known as medical clay, is a
potent detoxifier that can adsorb dietary and bacterial
toxins.1214

Tetrahedral layer

Octahedral layer %, \
> e ]
Y
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@ Inter layer cation P

Figure 1. Structural representation of hydrated Mt general formula
M*x+y(Al2-x) (OH)2(Sia-yAly)O10
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It is a GRAS grade FDA approved clay and has attracted
great interest from researchers. It belongs to the 2:1 smectite
group of clay minerals.

It has large specific surface area, good adsorption and
cation exchange capacity. Mt is known to intercalate
various protonated and hydrophilic organic molecules,
which can be released in a controlled manner by
replacement with other kind of cations in the release
media.'>'” Drug intercalated Mt formulations offer a novel
route to prepare organic and inorganic complexes that
contain advantageous properties of both the inorganic host
and organic guest in a single material.*#2° (Fig. 1)

Belonging to the third generation antidepressant drugs
Venlafaxine hydrochloride (Fig. 2) inhibits reuptake of
serotonin, norepinephrine and, to a lesser extent, dopamine. It
is a white crystalline solid which is highly soluble in water
(>500 mg mL™).222 Duye to the short steady state elimination
half-life (4-5 h) the drug has to be administrated 2 to 3 times
in 24 h so as to maintain required concentration of the drug in
the blood plasma. The dose of VF ranges from 75 to 350 mg
d1.2 The available two formulations for this drug namely
immediate and extended release formulations have various
side effects and certain drawbacks such as, slow release
characteristics, instability in high acidic conditions.?*
Therefore an effective oral drug delivery system is needed
to overcome these drawbacks and to improve the clinical
treatment process which is capable of maintaining the
therapeutic concentration over a longer period of time.
Therefore an oral drug delivery system with extended
release characteristics can prove to be more patient
compliant.?5-26

The objective of the present work is to develop and

characterize VF loaded Mt-VF complex as a controlled drug
delivery system for oral administration of VF.
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There is no report, to the best of our knowledge, on the
preparation of VF intercalated Mt complexes for the oral
extended delivery of VF.

OH

HCl

O

Figure 2. Structural representation of Venlafaxine hydrochloride
(VF)

Therefore, the aim of our work was to undertake a
systematic and detailed investigation on adsorption and
optimization of conditions for preparing Mt-VF complexes
for sustained release formulations. The effect of pH, time
and initial drug concentration on drug intercalation capacity
of Mt has been evaluated. Thus the developed Mt-VF
complexes have the potential to be used as an oral extended
delivery of VF for the patients requiring medicinal
treatment around the clock.

EXPERIMENTAL

Materials

Montmorillonite (KSF) was procured from Sigma Aldrich
(USA) and Venlafaxine hydrochloride (purity >98%) was
gift from Ami life sciences Pvt. Limited, Maharashtra.
Analytical grade sodium hydroxide, potassium dihydrogen
phosphate, hydrochloric acid and potassium chloride for the
preparation of drug release media were obtained from
Merck Chemicals Ltd (India).Water used in the experiments
was deionized and filtered (Milli-Q Academic, Millipore,
France).

Effect of pH on absorption spectrum of VF

Initially the stability behaviour of VF was studied in the
pH range 1-12 (Fig. 3).

1.0
0.9—-
0.8;
0.7-
0.6;
0.5;
0.4:

Absorbance

0.3 4
0.2
0.1+

0.0 T T T T 1
200 220 240 260 280 300

Wavelength (nm)

Figure 3. UV-Visible spectra of aqueous VF solution (10 ppm)
showing effect of pH
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Drug loading capacity of Mt for VF

In order to determine the conditions for maximum loading
of VF on Mt, effect of various parameters such as contact
time, pH and initial concentration of VF were investigated
using batch extraction method. As the drug was not stable
beyond pH 9 therefore the influence of pH on loading of VF
on Mt was studied with in pH range of 1-9 at 25 °C. Initially
a stock solution of the drug, 1000 pg mL?, was prepared. 5
mL of this solution containing 5000 ug of drug was taken in
a 100 mL volumetric flask containing 100 mg of Mt. Then
solution was maintained at various pH 1-9 and the volume
was made upto 25 mL. The resulting dispersion was put on
continuous mechanical shaking (Khera instruments).

The dispersion was centrifuged at 25,000 rpm for 30 min
at room temperature (Sigma centrifuge). The free VF
concentration in the supernatant was determined using UV—
visible spectrophotometer (Analytic Jena) from the
Lambert-Beer’s plot and the percentage of the drug loaded
was calculated using Equation (1)

¢z% )

where

Ci is the initial drug concentration (mg L) and

C. is the concentration of the drug (mg L) in the
supernatant at the equilibrium stage.

The amount of drug adsorbed ge (mg g*) was calculated
via the mass-balance relationship as per Equation (2)

&= _Ce)% @)

where

V (in L) is the volume of the reaction media and
m is the mass of Mt (in g) used for the studies.

The pH where the loading of drug on Mt was maximum
was chosen to perform time dependent and adsorption
kinetic studies in the time period of 0.25 h to 24 h, keeping
all the other parameters constant.

Once the optimal time for highest uptake of drug was
obtained, adsorption equilibrium studies of VF in the
concentration range of 16 to 720 mg L™ (400 pg-18000 pg)
were carried out maintaining other obtained best pH and
time.

Characterizations
The samples were analyzed and characterized using

suitable analytical techniques discussed under appropriate
headings.
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UV- Visible spectrometry

UV-Visible absorbance of the supernatant solutions was
measured at Amax= 225 nm (UV- Visible spectrophotometer
Analytic Jena) equipped with a quartz cell having a path
length of 1 cm.

X-ray Diffraction

Powder X-ray diffraction (PXRD) measurements of
samples were performed on a powder X-ray diffractometer
(D8 DISCOVER BRUKER AXS, Germany) the
measurement conditions were Cu o radiation generated at
40 kV and 40 mA as X-ray source 2-40° (26) and step angle
0.02° s,

Thermal Analysis

The effect of Mt content on thermal stability of Mt-VF-
complex was assessed by the thermogravimetric analyzer
(TGA 2050 Thermal gravimetric Analyzer, Perkin Elmer).

The differential scanning calorimetric studies were
conducted on DSC instrument (DSC Q200 V23.10 Build
79). The samples were purged with dry nitrogen at a flow
rate of 10 mL min?, the temperature was raised at 5 °C
min‘t,

Fourier-transformed infrared (FT-IR) spectrometry

FT-IR spectra was recorded with an FTIR
spectrophotometer (Perkin Elmer, Spectrum BXFTIR
Spectrometer) using the KBr (Merck, Germany) disc
method.

Scanning electron microscopy (SEM) with EDS

Scanning Electron Microscopic (SEM) images were
recorded to study the surface morphology of Mt and Mt-VF
complex. Sample was mounted on carbon tape on a stub;
sputter coated with gold in a vacuum evaporator and images
were recorded using a scanning electron microscope (model,
JEOL JSM-6610LV).

Behaviour of drug under in vitro conditions

Kinetics of drug release under in vitro conditions was
performed using USP six stage dissolution rate test
apparatus (DISSO 8000, Lab India, India) with the dialysis
bag technique. Simulated gastric fluid was prepared by
mixing 250 mL of 0.2 M HCI and 147 mL of 0.2 M KCI
(buffer solution of pH 1.2). Simulated intestinal fluid was
prepared by mixing 250 mL of 0.1 M KH2PO4 and 195.5
mL of 0.1 M NaOH (buffer solution of pH 7.4). Dialysis
bags were equilibrated overnight with the dissolution media
prior to experiments. A known amount of sample is placed
in the dialysis bag containing 5 mL of dissolution medium.
The drug loaded dialysis bag was placed into the receptor
compartment containing 500 mL dissolution medium with
constant stirring (80 rpm) maintained at 37+0.5 °C. An
aliquot (5 mL) was withdrawn at regular interval of time
followed by replenishment with equal volume of dissolution
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medium to maintain same volume of dissolution medium.
The extracted aliquots were analyzed for its drug content
using UV spectrometer at 225 nm (calibration plot of
standard drug solutions were prepared in the same releasing
media). The above mentioned procedure is repeated for
every sample (pure VF, Mt-VF complex) in simulated
gastric fluid and simulated intestinal fluid.

To analyze the in vitro release data, various kinetic
models including Zero order, First-order, Higuchi and
Korsmeyer—Peppas model has been used to describe the
release kinetics.?”-2°

RESULTS AND DISCUSSION
Interaction of VF at different pH values

Mt has the ability to swell on coming into contact with
water and the exchangeable cations/drugs diffuse into the
water phase [30]. To start with the experiment, effect of pH
on the VF molecule was investigated in the range of 1-12. It
was found that drug maintains its absorption maxima (Fig.
3) within the experimental pH range of 1-9.The UV
absorption spectra of VF show two absorption peaks at 225
nm and 274 nm corresponding to different electronic
transitions of the molecule.®3 In subsequent studies,
wavelength of 225 nm has been selected for quantitative
estimation of VF.

The pH of the solution has always played a crucial role in
adsorption process.*® The loading of VF in Mt was found to
increase from 1750 pg to 2400 pg (35 % to 48 %) in the pH
range of 1- 6 and then decrease to 1800 pug (36 %) in the
pH range of 7-9 (Fig. 4).

This could be explained on the basis that at lower pH
loading of drug is less due to the competition between the
cationic drug and H* ions present as exchangeable ion in Mt
where as in the slightly acidic medium around pH=6, VF
will be positively charged because of the presence of
tertiary amino groups in its molecular structure3* therefore
the amount of VF loaded on Mt increases slightly.
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Figure 4. VF loading on Mt as a function of pH

The maximum drug loading was observed at pH=6 (48 %)
which was also the natural pH of the drug solution used in
the present work. Therefore, the subsequent studies were
carried out at pH=6.
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Effect of time on loading of VF on Mt

Intercalation of VF in Mt is a rapid process, due to
occurrence of ion-exchange reaction between the interlayer
Na* ions and cationic VF molecules at pH= 6 (Fig. 5).
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Figure 5. Effect of contact time on loading of VF on Mt.
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Initially 4111 pg (80 % of 5000 pg) of VF was loaded
within 0.5 h of interaction time, which increased to 4353 ng
(87 % 5000 png) in 2.5 h and remained almost constant 4300
ng (86 % of 5000 pg) up to 6 h and tends to decrease up to
4258 nug (85 % of 5000 pg) in further 18 h. Therefore, for
further experiments in our studies, reaction time was set to
2.5 h in order to have maximum loading.

Effect of initial VF concentration on loading on Mt

The loading of VF in Mt layers is also affected by its
initial amount present in the solution.

As the VF amount in the solution increases from 400 pg
to 18000 ng (40 - 720 mg L1), the amount of VVF loaded on
Mt increases from 338 g to 1758 g (84.6 % to 94 %) (Fig.
6). Therefore, the optimal concentration was found to be
1800 pg of VF/100 mg of Mt for further studies and
characterizations.
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Kinetics of VF Adsorption

In order to optimize the design of an adsorption system of
VF on M, it is important to establish the most appropriate
correlations for the equilibrium data for the system. In this
respect two kinetic models including pseudo first order and
pseudo-second order models have been applied to determine
the adsorption mechanism.3®

Pseudo-first-order model

Pseudo-first-order equation can be expressed as below
Equation (3): where k; is the pseudo-first-order rate constant
(min™1), q; is the amount of drug adsorbed (mg g*) at
different times t, g; is the maximum adsorption capacity (mg
g% for pseudo first- order adsorption. Plots of 1/q; versus
1/t for the adsorption of VF on Mt surface were employed
to generate the intercept values of 1/q; and the slope of ki/g1
(Fig. 7). The values of ki, g; and the correlation coefficients
are given in Table 1.

_k1
qth @3)

2|
2|

Figure 7. Pseudo first order kinetic model for VF adsorption on
Mt surface

Pseudo second order model

The pseudo-second-order Kinetic equation can be
represented as Equation (4): where ks is the pseudo-second
order rate constant; g2 is the maximum adsorption capacity
(mg g*) for the second order adsorption process The plots
of t/q; versus t for VF adsorption on Mt are given in Fig. 8.
From the slope and intercept values, g, and k» values were
calculated with results given in Table 1.

t
ko O (4)

2

Figure 8. Pseudo second order kinetic model for VF adsorption on
Mt

Table 1. Kinetic parameters for the adsorption of VF on Mt
surface

Pseudo first order Pseudo second order
ki, qs, R1? ke, Q2 R2?
min-t mg g* g mg min! mg g*!
1.132 43.25 0.840 | 0.0428 43.04 0.999

VF Adsorption %

30 4

20

Figure 6. Effect of initial VF concentration on loading on Mt
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Adsorption Isotherm for VF on Mt surface

The adsorption isotherm of VF on Mt surface obtained by
plotting the amount of VVF adsorbed by Mt (ge, mg g%) vs
equilibrium concentration of VF (Ce, mg L) is shown in
Fig. 9.
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Figure 9. Adsorption isotherm of VF on Mt surface

The Langmuir (Equation-5) and Freundlich (Equation- 6)
adsorption isotherms were applied to evaluate the
adsorption data which correspond to homogenous and
heterogeneous adsorbent surfaces respectively.®® The
equations can be expressed as follows:

¢_1 .G
4 GK G, ®)

Ing, =InkK; +n ING, (6)

where
ge is the equilibrium VF concentration on the Mt
surface (mg g %),
Ce is the equilibrium VF concentration in solution
(mg L™,
gm the monolayer adsorption capacity (mg g2), and
Ky is the Langmuir adsorption constant (L mg™).

In case of Freundlich adsorption isotherm,

K¢ (mg g') and n¢ are considered as relative
adsorption capacity and adsorption intensity
respectively.

The values of gm and K. were computed from the slope
and intercept of the linear plot of Ce/qe versus C. (Fig. 10)
and are presented in Table 2.

Table 2. Isotherm constant for \VF adsorption on Mt surface

Linear form of Langmuir
gm, Mg g* 67.11
KL 0.064
R? 0.989

Linear form of Freundlich
Kr, mg g* 8.496

Nt 0.3873

R? 0.7921
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Figure 10. Linear form of Langmuir adsorption isotherm for VF
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Figure 11. Linear form of Freundlich adsorption isotherm for VF
on Mt

The linear form of Langmuir isotherms seems to produce
a better fit in comparison with linear form of Freundlich
isotherm (Fig. 11). The essential characteristics of the
Langmuir equation can be expressed in terms of a
dimensionless separation factor R as Equation-7:

1
TrKg 0

The value of R, indicates the shape of the isotherm to be
either unfavorable (R. >1), linear (R. =1), favourable (0< R
<1) or irreversible (R. =0) thereby indicates the nature of
the favorability adsorption process and its feasibility. The
results of R_ values were in the range of 0.494-0.023
indicate that the favourable adsorption of VF on Mt.%¢

According to Freundlich equation, Ks value is 8.496 mg g

L at 25°C. It can be said that the values of n; equal to 0.3873
is smaller than 1, reflecting the favourable adsorption.
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XRD Studies

The physical status of pure VF, Mt, Mt-VF complex has
been compared with the help of XRD (Fig. 12). Pure VF
shows strong diffraction peaks at 26 = 6.5°, 8.5°, 10.3°,
12.8°, 13.6°, 15.6°, 16.5°,19.1°, 20.4°, 21.2°, 21.9°, 25.1°,
28.7°,31.2°,31.7°,35.3° well supported by literature.’

The XRD pattern of pristine Mt shows characteristic
diffraction peak at 20 value 6.4° corresponding to 001 plane
with d value of 14.2 A.

In the case of Mt-VF complex an increase in intensity of
001 plane along with the shift in the 26 value, from 6.02° to
5.5°, was observed. According to Bragg’s law, shift in 26
value from higher diffraction angle to lower diffraction
angle is indicative of increase in d spacing i.e., from 14.2 A
to 16 A4 which can be related to the successful
intercalation of VF in the Mt layers. Moreover the peaks at
8.5°,20.4°, 21.8°, 26.3° indicates the presence of VF in the
synthesized Mt-VF complex.

Subtracting the Mt layer thickness (9.6 A) from the d
spacing (16 A) of the Mt-VF complex, the Mt layer
thickness was estimated to be 6.4 A.%® This data suggest the
replacement of interlayer hydrated cations with monolayer
the VF molecules parallel to the Mt layers is highly
possible.*

20 =5.5°
7] \ 20 = 6.02°

Intensity counts

Figure 12. XRD patterns for Mt, Mt-VF complex.

FTIR Studies

In order to confirm the presence of VF within the
interlayer region of the Mt, FTIR spectra were recorded in
the region 400-4000 cm'™,

In the FT-IR spectrum of Mt the band at 3436 cm™ and
3641 cm? has been assigned to H-O-H stretching vibrations
from interlayer water and Si-O-H stretching vibrations of
the structural OH group. The broadness around 3496-3093
cm?t of the structural —OH band are mainly due to
contributions of several structural —OH groups occurring in
the Mt. The absorption band at 1645 cm™ corresponds to H-
O-H bending mode of adsorbed water.”#2
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Figure 13. FTIR spectra of , Mt , Mt-VF complex.

In the FTIR spectrum of the pure VF, appearance of
absorption band at 3352 cm* corresponds to the stretching
vibrations of hydroxyl group and band at 2941 cm
correspond to the stretching vibrations of aromatic CH
present in VF.3* However few characteristic bands around
2675-2480 cm! have been observed but no vibrational
mode have been assigned in literature as well.”34

In case of Mt-VF complex the vibrational bands 3436 cm-
! and 3641 cm? has been assigned to H-O-H stretching
vibrations from interlayer water and Si-O-H stretching
vibrations of the structural OH group but the broadness of
this peak decreases as compared to Mt therefore decreasing
the number of -OH stretching vibrations contributing to this
peak indicating the intercalation of the VF (as confirmed by
XRD) into the interlayer region has displaced the water
molecules. The presence of functional groups of VF in the
Mt-VF complex on the surface of Mt is also suggested by
peak about 2941cm characteristic of the aliphatic C-H
symmetric stretch of aromatic group of VVF.

TGA Studies

Pristine Mt, pure VF and Mt-VF complex were
characterized by TGA to evaluate their thermal behavior.

Pure Mt shows mass loss of 18 % from 30 °C to 140 °C
and is attributed to the loss of adsorbed and interlayer water,
with an endothermic peak in the DTA curve around
80 °C .Mass loss in the temperature range from 600-750 °C
is due to the loss of hydroxyl groups in the aluminosilicate
structure and the structure of the Mt layers collapses , also
indicated by a broad endothermic peak in DTA curve of Mt
at 600 °C.43-44

The pure VF shows two thermal decomposition stages. In
the DTA curve for pure VF, a sharp endothermic peak at
218 °C was observed without any weight loss in TGA which
corresponded to the melting point of VF. The drug show a
sharp weight loss (~99 %) at around 230-320 °C resulting in
a strong endothermic peak in DTA curve at 297 °C followed
by a broad exotherm at 600 °C corresponding to
decomposition of VF.%
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Figure 14c. TGA-DTA curves of Mt-VF complex.

In case of Mt- VF complex the single step mass loss of
18 % in the range from 205 °C to 700 °C suggests the
decomposition of intercalated VF.

DSC Studies

The physical state and crystallinity of the drug in case of
Mt-VF complex have been investigated and compared to
pure VF and Mt. Sharp endotherm at 212 °C and 250 °C has
been observed for VF corresponding to the melting and
decomposition of the pure compound.*46
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Figure 15. DSC curves of , Montmorillonite and Mt-VF

complex

Mt shows an exothermic peak around 90 °C suggesting
the dehydration of adsorbed water from the surface of Mt.

In case of Mt-VF complex a broad endotherm was
appeared in the region of 60 °C to 100 °C which might
corresponds to dehydration of surface water. In the
temperature region of 200 °C to 300 °C, an exotherm might
be related to the decomposition of VF within Mt layers was
observed. (Fig. 15).

Scanning Electron Microscopy with Energy dispersive X-Ray
Analysis

To analyze the surface morphology of Mt-VF complex
drug delivery system Scanning Electron Microscopic with
Energy dispersive X-Ray Analysis was performed. The
surface of Mt has a layered smooth surface whereas the Mt-
VF complex has layered but rough surface indicating the
presence of VF molecule on the surface.

[T 3207

288

256

224

192

Figure 16b. SEM image and EDX graph of Mt-VF complex
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High % content of oxygen, silicon and aluminum is
observed in case of Mt where as in Mt-VF complex
additional peaks of carbon nitrogen and chlorine are present
along with oxygen, silicon and aluminum EDX analysis
(Figs. 16a and 16b and Table 3). Since, the drug contains
chlorine, nitrogen and carbon therefore it can be taken as an
evidence for the presence of drug on the Mt-VF complex.

Table 3. Elemental analysis of Mt and Mt-VF complex

Element Mt Mt-VF complex
Weight% Atomic% | Weight % Atomic %
Fe 05.68 01.99 00.00 00.00
Mg 02.39 01.93 00.00 00.00
@ 00.00 00.00 15.25 21.98
0 60.3 73.73 54.30 58.74
N 00.00 00.00 00.57 00.41
Al 11.40 08.26 23.20 14.88
Si 20.23 14.09 05.72 03.52
Cl 0.00 0.00 00.95 00.46
Total 100.00 100.00 100.00 100.00

Drug Release Profile

VF is well absorbed and extensively metabolized in the
liver.*” Therefore it is necessary to study the release profile
of the selected Mt-VF-complex in simulated gastric and
intestinal fluid, in comparison with the release profile of
pure drug under identical experimental conditions.

In stimulated gastric fluid the pure VF shows a rapid burst
(releasing 35 % of the drug) in the initial 0.5 h followed by
100 % release of the drug over a period of 5.5 h. In case of
Mt-VF complex a sustained release of VF in the gastric
fluid (HCl,pH 1.2) was observed. Within initial 2 h, only
7.3 % of VF was released which approaches to 48 % in 7
hours and 53 % over a period of 10 h (Fig.17). The release
in acidic media may be due to cation exchange with H* ions
from the media, being smaller in size, they can penetrate
deep into the Mt layers and results in high ion exchange
process (Fig. 17).

VF release in HC1 Buffer (pH 1.2)

VF release in PBS Buffer (pH 7.4)
® Mt-VF complex release in HCI Buffer (pH 1.2)
» Mt-VF complex release in PBS Buffer (pIl 7.4)
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Figure 17. Release profile of pure VF and Mt-VF complex in HCI
buffer pH 1.2 and PBS pH 7.4
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Table 4. Release kinetics of Mt-VF complex in simulated gastric fluid (HCI, pH 1.2)

Release Zero order, C=Kot | First order, logC=logCo-k1t/2.303 | Higuchi, Q=Knxt/2 Korsmeyer-Peppas, My/Mx=kt"
media RZ | Koh' R2 Ky ht R2 Knti2 | R2 N | Kig h™
HCIpH 1.2 | 0.979 | 6.871 0.985 0.101 0.972 27.36 0.971 1.5 2.215

In stimulated intestinal fluid, PBS (pH 7.4) the pure VF
shows a rapid burst (releasing 42 % of the drug) in the
initial 0.5 h followed by 100 % release of the drug over a
period of 3.5 h. In case of Mt-VF complex no release of VF
was observed up to 10.5 h. This indicates that VF release
was greatly influenced by the pH of the releasing media.®

In vitro drug release data suggest that the synthesized Mt-
VF complex are able to extend the release of VF in gastric
fluid (acidic media, pH 1.2) beyond 8 h. As a result more
amounts is expected to reach liver for its complete
absorption.*8

The release data of VF form Mt-VF complex were fitted
by zero order (Fig. 17a), first-order kinetics (Fig. 17b),
Higuchi (Fig. 17c) and Korsmeyer-Peppas models (Fig.
17d) and the values of release Kinetics constants in
simulated gastric (HCI, pH 1.2) fluid are summarized in
Table 4. In (HCI, pH 1.2) the first order equation gave the
best representation of the release data .*°

CONCLUSIONS

VF sustained release formulation was prepared
successfully using natural clay mineral Mt as a host to
retard the drug release. Intercalation of VF in Mt layers was
indicated by XRD. The adsorption isotherms of VF on Mt
were best fitted by the Langmuir model and the adsorption
kinetics followed the pseudo second-order Kinetic model.
Drug release kinetics of this formulation corresponds best to
first order model in gastric media (pH 1.2). In vitro drug
release data suggest that the synthesized Mt-VF complex is
capable of gradual drug release over a longer period of time
in gastric media (pH 1.2) as compared to pure drug thereby
increasing the availability of the drug for absorption in liver.
Thus the obtained results are proposing a possibility of new
formulation suitable as an extended delivery carrier of
venlafaxine hydrochloride.
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ADSORPTION STUDIES OF ZINC(II) IONS ON BIOPOLYMER
COMPOSITE BEADS OF ALGINATE-FLY ASH

Uzma Nadeem(® and Monika Dattalal*

Keywords: biopolymer beads; sodium alginate; adsorption; isotherm models; wastewater

The gelling and metal-chelating properties of alginate were combined to develop an adsorbent for heavy metal removal. Biopolymer beads
composed of fly ash and sodium alginate proved to be an effective adsorbent for removal of Zn(ll) ions from aqueous solutions. The effect
of initial pH (2-10), bead dose (10-80), agitation time (1-24 h), beads composition (0.1g-0.7 g fly ash) and Zn(I1) ions initial concentration
(5-30 mg L) on the adsorption process, as well as to what extent the adsorption data obey Langmuir and Freundlich adsorption isotherms
were investigated. The maximum adsorption was found 84.20 % within 8 h and after that reaches equilibrium. The adsorption of Zn(ll) ions
is quite sensitive to pH of the suspension and shows an optimum uptake value at pH 6.0. Maximum adsorption occurred for 40 beads and in
case of composition, beads composed of 0.5 g fly ash has shown good results. It is clear from the experimental results that the pH plays an
important role in adsorption of zinc ions. The average size, bulk density and swelling ratio of beads calculated are; 0.12 cm, 0.34 g mL

and 28.65 respectively. The synthesized beads were also characterized by FTIR, XRD, SEM, TGA/DTA and other methods.
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Introduction

Environmental pollution by heavy metals which are
released into the environment through various
anthropogenic activities such as mining, energy and fuel
production?, electroplating, wastewater sludge treatment and
agriculture are one of the world’s major environmental
problems. This is probably due to rapid industrialization?® 3,
population growth and complete disregard for the
environmental health. Initially, heavy metals are naturally
present in soils as natural components but as of now, the
presence of heavy metals in the environment has accelerated
due to human activities. Even though zinc is an essential
requirement for a healthy body?*, excess zinc can be harmful,
and cause zinc toxicity.>® The free zinc ions in solution is

highly toxic to plants, invertebrates, and even vertebrate fish.

Stomach acid contains hydrochloric acid, in which metallic
zinc dissolves readily to give corrosive zinc chloride, which
can cause damage to the stomach lining due to the high
solubility of the zinc ion in the acidic stomach.

Fly ash is a significant waste that is released of thermal
power plants and defined as very fine particles that are
drifted upward with up taken by the flue gases due to the
burning of used coal.® Fly ash, a finely divided and
powdered by-product, from coal fired power plants or
biomass combustion facilities requires ultimate disposal.
Studies on the country and the world of fly ash usage has
increased in the last two decades and as a result of these
studies have been identified fly ash as a suitable adsorbent
for the adsorption of heavy metals from waste water.° The
major constituents of fly ash are silica, alumina, and iron
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oxide, which are ideal metal adsorbents. In recent years, fly
ash has been employed as a low-cost adsorbent for gas and
water cleaning!* and much effort have been focused on
heavy metal and dye adsorption on fly ash particles.'?

Recently numerous approaches have been studied for the
development of cheaper and more effective adsorbents
containing natural polymers. The use of naturally occurring
biopolymer seems to be a preferred alternative to the use of
expensive chemical adsorbents for the removal of heavy
metal ions. Adsorption onto polysaccharide derivatives can
be a low-cost procedure of choice in water decontamination.
Among the industrially attractive  polysaccharide
biopolymers, alginate is known to have high complex
formation ability with various heavy metals.*

Sodium alginate was chosen as the material for
preparation of the carrier matrix because it is a natural,
biodegradable, biocompatible, non toxic orally and
hydrophilic polymer suitable for the entrapment of water
soluble toxicants. They produce thermally irreversible gels
by association with most divalent cations. Alginates are
polysaccharides found in brown seaweeds and are composed
mainly of linear polymers of B-(1—4)-D-mannuronic (M)
and a-L-guluronic (G) acids differing in terms of their
proportions and linear arrangements. Different species of
algae contain different percentages of mannuronic acid (M)
and guluronic acid (G). Because of the differences in
conformation of the two different residues, gellation with
divalent cations can be attributed mainly to the G residue
(especially to the pure polyguluronic (GG) chains), while
the M residue contributes mainly to the cation exchange
capacity of this naturally occurring polymer. Hydroxyl
groups have been found to play an important role not only in
cation exchange capacity but also in the affinity of the
material towards different metal ions.*

The mechanisms of biosorption are not fully understood,
but it is well known that alginates of algal cell walls play an
important role in metal binding.%®
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In the present work the gelling and metal-chelating
properties of alginate were combined with fly ash to develop
composite adsorbents for heavy metal removal.

Experimental

Reagents

Sodium alginate was obtained from Thomas Baker Pvt.
Limited. The fly ash obtained from National Thermal Power
Corporation was grounded and sieved to a particle size of
200400 micron. The sieved fly ash was washed 2-3 times
by distilled water to remove the impurities and preserved in
glass bottles. Analytical grade of ZnSO4.7H,O was used for
metal sorption experiments. The stock solution was diluted
by serial dilution method as per requirement. The initial pH
of the solution was adjusted by using either 0.1 M NaOH or
0.1 M HCI. All the chemicals used for the study were of
analytical grade.

Beads preparation

Alginate-fly ash composite beads employed as an
adsorbent were prepared in two steps. In the first step,
sodium alginate (1 % w/v) in 100 mL distilled water was
dissolved followed by addition of known amount of fly ash
and agitated for 30 minutes. In the second step the solution
of alginate-fly ash was added into a 100 mL solution of 0.1
M CaCl; solution drop wise with the help of a syringe with
constant stirring. The schematic diagram of bead preparation
and the process of turning of sodium alginate into a gel is
described in Figure 1.

sy SodiumAlginate
f*’i 4

3

% )
> Calciumchloride "_i‘; r:'-,
. solution i ¥
@ —0| o oY ’s-l
SA Gel microsphere o 0 ""z,, ', e
i -“‘;
‘at -~
000000~ AN
Calcium Alginate B

Alginate

backbone Negative charge|

group

Calcium ions

Figure 1. The process of turning a sodium alginate solution into a
gel
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The produced beads were allowed to harden by leaving
them in CaCl; solution for 24 h and thereafter filtered and
washed thrice with double distilled water. These
biopolymeric beads were stored at room temperature in
double distilled water and the swollen beads (Figure 2) were
used for the adsorption of Zn(ll) ions. Immediately before
use, the calcium alginate beads were washed again three
times with distilled water.

\*

Figure 2. The swollen alginate-fly ash composite beads

FT-IR spectroscopy

FTIR spectra of the composite beads was recorded with an
FTIR spectrophotometer (Perkin Elmer, Spectrum BXFTIR
Spectrometer) using the KBr (Merck, Germany) disc
method.

X-Ray Diffraction (XRD) studies

Powder X-ray diffraction (PXRD) measurements of
composite beads was performed on a powder X-ray
diffractometer (XPERT PRO Pananlytical, model
PW3040160, Netherland) the measurement conditions were
Cu K a radiation generated at 40 kV and 30 mA as X-ray
source 2— 40° (20) and step angle 0.01 ° second™.

Scanning electron microscopy (SEM) studies

The surface morphology and EDAX analysis of the
synthesized beads were examined with the Scanning
Electron Microscope (Zeiss EVO 40). A few samples of
beads were taken on a copper stub and sputtered with gold
for 2 minutes. These gold-coated microspheres were
mounted on the SEM instrument and photographs were
taken at different magnifications.

Thermal analysis

The thermal stability of the alginate-fly ash composite
beads was assessed by the thermogravimetric analyzer.
Thermogravimetric analysis was carried out within 30 —
800 °C at 10 °C min’%, in nitrogen flow (TGA 2050 Thermal
gravimetric Analyzer).

Beads size

The size of 100 beads was measured by a calibrated scale
and their average size was calculated.
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Bulk Density

For the determination of bulk density of beads accurately
weighed amount of the beads and transferred into 50 mL
measuring cylinder. It was subjected to tapping for 3 times
and the volume occupied by the beads was noted. Bulk
density was estimated by using the following formula.*®

Weight of the beeck

BUK cersity=p e e o the bk

Swelling index

100 mg of dry beads were soaked in pH 7.4 phosphate
buffer and the beads were reweighed at regular intervals of
time, carefully wiping off the excess liquid with a tissue
paper.t” The under given expression was used for swelling
index determination:'®

where

W; and Wy are the weight of the beads at time ‘t” and
under dry state, respectively.

Batch adsorption experiments

A stock solution of Zn(Il) ions was prepared by dissolving
accurate weight of zinc in definite volume of distilled water.
Proper concentrations of the adsorbate were prepared from
the stock solution through proper dilution. The required
concentration for the adsorption experiments were prepared
by serial dilution. The initial pH of the solution was adjusted
by using either 0.1 M NaOH or 0.1 M HCI. The batch
adsorption experiments were performed on an orbital shaker
(Khera Lab Instruments). At the end of a predetermined
time interval, the adsorbent was removed by filtration and
the residual Zn(Il) ions was estimated in the filtrate by
atomic absorption spectrophotometer (Analytic Jena; ZEEnit
700 P). The effect of initial pH (2—10), agitation time (1-24
h), bead dose (10-80), bead composition (0.1- 0.7 g fly ash),
and initial metal concentration (5-30 mg L?) on the
adsorption process, as well as to what extent the adsorption
data obey Langmuir and Freundlich adsorption isotherms
were investigated.

Calculations

The percent removal of metal ions was calculated by
using the Eqn. 1.

Re9 =95 <100 0

where,

R is the removal,
Ci is the initial metal concentration and
Cs is the final concentration of the metal ion in mg L.
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The sorption capacity was calculated from Eqgn. 2

Q=" @

where,
Q. is the adsorption capacity (mg g2),
Ci is the initial metal concentration (mg L™2),
C. is the equilibrium concentration of metal (mg L),

W is the adsorbent dose (g) and V is the solution
volume (mL).

Results and discussion

FTIR Analysis

The infrared spectra for the fly ash (FA), sodium alginate
(SA) and composite beads of alginate-fly ash (Alg-F) in the
wavelength range of 4000-500 cm™ is shown in Figure 3.

The IR spectrum of FA, SA and composite beads of Alg-F
exhibiting bands at 3435.15 cm, 3316.00 cm™ and 3430
cm™ which correspond to OH stretching mode in molecular
water.?® In the FTIR spectrum of fly ash, the band at 3435
cm? has been assigned to H-O-H stretching vibrations from
interlayer water and Si-O-H stretching vibrations of the
structural -OH group. The bands at 2924 cm?' (CH
stretching) in FA were also detected.’® The characteristic
band at 1099 cm™ has been assigned to Si-O stretching
vibration. The absorption bands at 797.20 assigned as Si-O
vibrations in SiO,. The absorption bands at 553.84 cm™ are
strong bending vibrations corresponding to Al-O-Si.20-22

In the spectra of SA the characteristic peak of sodium
alginate appeared at 820.68 cm™.2% The IR spectrum of the
pure sodium alginate displayed characteristic peaks at 3316
cm? | 2944.46 cm? and 1610 cm? due to O-H, N-H and
C=0 groups, respectively.? The adsorption peak of 1610
cmt assigned to the asymmetrical stretching vibration of —
COO- groups. Small peaks observed at 1610.79-1420.21
cm* were attributed to carboxylate groups.?®
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Figure 3. IR Patterns of (a)-Fly ash (FA), (b)- Sodium alginate
(SA) (c)- Composite beads, (Alg-F)
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In the spectra of Alg-F the characteristic peak of sodium
alginate appeared at 819 cm was observed. The presence of
functional groups of sodium alginate on the surface of beads
is verified by peaks at about 3417 cm™ and 2940 cm™ and
1608.06 cm?* due to O-H, N-H and C=0O groups,
respectively. The peak 3417.97 cm™ has been assigned to
the H-O-H stretching vibrations of the interlayer water. The
bands at 1608.06 cm™ and 1424.04 cm™ assigned to be
bending vibrations of NH and NH; and the characteristics
peaks of Si-O-Si vibration and SiO, was observed at 462.10
cm? and 798.11 cm? respectively. However, after the
formation of Alg-F beads the absorption peaks in pure
sodium alginate at 1026.35 cm™ assigned to the
asymmetrical stretching vibration of -COO- groups coupled
with the peaks at 1032.22 cm™ and shifted to 1688.08 cm™.
The absorption bands at 560.53 cm™ are strong bending
vibrations corresponding to Al-O-Si. The presence of these
bands in Alg-F complex indicates the presence of fly ash in
the alginate matrix but the intensity of this peak is increased
compared to fly ash and sodium alginate. Furthermore, the
bands at about 3441.80 cm™ and 3316 cm, which were the
stretching vibration of groups involved in both inter and
intramolecular hydrogen bonds, broadened and coupled with
—~OH band of sodium alginate at 3400 cm, induced by the
addition of sodium alginate to fly ash implying that the
occurrence of hydrogen bonds between -OH groups of
sodium alginate and fly ash molecules. Small peaks
observed at 1614.98-1423.42 cm were attributed to
carboxylate groups.?

All the spectra show presence of several —OH and
—COOH groups. Hydrogen of these groups is capable of ion
exchange with metal cation.

XRD Analysis

The XRD patterns of fly ash (FA), composite beads before
adsorption (Alg-F) and after adsorption (Alg-FM) in shown
in Figure 4. Sodium alginate is usually crystalline due to
strong interaction between the alginate chains through
intermolecular hydrogen bonding.

(a)

/ () FA

(b) Alg-F
(c) Alg-FM

Intensity

600 —: (b} (c)

T T T T T T 1
20 30 40 S0 60 70

2 Theta

Figure 4. XRD Patterns of (a)-Fly ash (FA), (b)- Alginate-fly ash
composite  beads(Alg-F), (c)-Composite beads after metal
adsorption, (Alg-FM)
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It was observed that the fly ash consisted of crystalline
minerals mullite, quartz, hematite and small amounts of
calcium oxide with large characteristic peaks of quartz
(SiOy). This result is similar to that reported for a fly ash
investigated.?” It can be observed that there are no
significant differences for all XRD profiles but the large
characteristic peaks of quartz (SiO.) in the Alg-F than those
for Alg-F and Alg-FM are indicative of large SiO;
concentrations. The intensity of quartz is very strong, with
mullite forming a chemically stable and dense layer. The FA
is of lower activity and at this state its glassy surface layer
particles is dense, chemically stable and also protected the
more active inner constituents of the fly ash comprises of
porous, spongy and amorphous particles. Three diffraction
peaks at 20 values 16°, 21° and 41° were observed for
sodium alginate.

In case of Alg-F, the intensity of diffraction peaks of
alginate decreased notably which indicates that the
nucleation and growth of semiconduct or metal particles
affected the crystalline nature of sodium alginate. The
pattern of fly ash has sharp peaks showing the crystalline
nature of the fly ash. After the formulation of beads the
XRD patters shows very weak, unoriented, hump like shape
indicating Alg-F is an amorphous material. 2

The low degree of crystallinity shows that in-situ
nucleation leads to the formation of very small nuclei and
interaction with the polymer prevent any further
crystallization of fly ash. If sodium alginate and fly ash have
low compatibility, each polymer would have its own crystal
region, so X—ray diffraction patterns are expressed as simply
mixed patterns of sodium alginate and fly ash with the same
ratio. However, in comparison to fly ash the patterns of the
Alg-F show that the intensity of diffraction peak between 26
values 12°-36° decreased. This means intermolecular
hydrogen bonds between sodium alginate and fly ash and
was introduced, which destroyed the original molecular
structure of sodium alginate, resulting in the changes of
diffraction patterns.

Same pattern was observed after the adsorption of metal
on alginate-fly ash beads (Alg-FM), the XRD the patterns of
the shows decrease in the intensity of diffraction peaks than
Alg-F. This means intermolecular hydrogen bonds between
Alg-F and metal were introduced, which destroyed the
original molecular structure of Alg-F, resulting in the
changes of diffraction patterns.

SEM Studies

SEM images of Alginate-fly ash (Alg-F) beads taken at
different magnification are shown in Figure 5. The beads are
found to be around 100 pm and the SEM images reveal the
presence of pores on the surface and the beads were almost
spherical in shape with networked and smooth surfaces. The
SEM of the microbeads prepared with sodium alginate are
spherical in shape exhibits a sandy appearance. The image
portrays layers of crosslinked polymers that are formed
inside the bead. At magnification 1.1 KX bridging and dense
nature of beads is due to coalescence and fusion to the
colloidal aqueous polymer dispersions in the alginate-fly ash
matrix.
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Figure 5. Scanning electron micrographs and EDAX of alginate-
fly ash beads

The EDAX analysis of the bead surface disclosed the
beads composition. EDAX is the microanalysis technique
that could provide information of the bulk composition.?®
Evidently, EDAX peaks of metals and each element used for
the synthesis along with notable amount of oxygen from
alginate backbone on the surface of the beads.

Thermal Studies

The TGA/DTA thermogram of alginate-fly ash beads
(Alg-F) shows (Figure 6) high thermal stability in the
temperature region of 30-900 °C. The Alg-F shows three
zones of weight loss. TGA shows the onset of
decomposition near 30 °C which is due to the loss of water
molecules trapped in the samples.
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Figure 6. The TGA/DTA thermogram of alginate-fly ash beads
(Alg-F)

DTA curves shows an endothermic peak at 75.85 °C
attributed to the loss of water absorbed in the beads, the
exothermic peak at 442.12, 513.02 and 625.77 °C means
the taking place of thermal degradation of intermolecular
side chain. Second weight loss was observed in the
temperature range from 29-214 °C, implying that the
occurrence of different extent thermal degradation of
sodium alginate, rupture of alginate chains. Third weight
loss was observed approximately 35 % from 409-902°C
indicates the rupture of chains, fragments, and monomers
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resulting in 51 % residual. Weight loss in the temperature
range from 600-750 °C is due to the loss of hydroxyl groups
in the aluminosilicate structure. Significant changes of DTA
curves of the beads suggest that a strong interaction
established between sodium alginate and fly ash molecules.

TGA curve of beads after metal adsorption (Alg-FM)
shows three thermal decomposition stages (Figure 7). The
first weight loss of 12 % from 32-200 °C corresponds to the
evaporation of free water. DTA curves show an endothermic
peak at 68.63 °C due to the loss of water bound to the
cations present within the interlayer.

Second weight loss of 60 % was observed 200-286 °C
indicates which resulted from the greatest thermal
degradation of the thermal degradation of sodium alginate
along with decomposition of metal adsorbed on beads.

DTA curves shows a sharp exothermic peak at 247.06 °C
which resulted from the greatest thermal degradation of the
zinc. Third major weight loss was observed approximately
60% from 300-700 °C indicates the rupture of chains,
fragments, and monomers resulting in 19% residual.

The starting temperature of the greatest thermal
degradation increased in the sequence of Alg-F (214.78)>
Alg-FM (188.60 °C), which is the same as that of their
crystallinity, implying thermal stability of the beads were
improved by their crystalline domains and hydrogen
bonding interactions.®
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Figure 7. The TGA/DTA thermogram of alginate-fly ash beads
after metal adsorption (Alg-FM)

Apart from this the average size, bulk density and
swelling ratio of beads calculated are; 0.12 ¢cm, 0.34 g mL™*
and 28.65 respectively.

Batch Adsorption Studies
Effect of pH

The adsorptive behavior of Zn(Il) ions was studied from
the aqueous solution at different pH values are the principle
factor influencing the adsorptive capacities of Zn(Il) ions on
alginate-fly ash beads. The pH of the aqueous solution is an
important controlling parameter in the adsorption process.
As the solution pH increase, the onset of the metal
hydrolysis and precipitation began at pH >7 and the onset of
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adsorption therefore occurs before the beginning of
hydrolysis.3* When the pH of the adsorbing medium was
increased from 2-6, there was a corresponding increase in
de-protonation of the adsorbent surface, leading to decrease
in H* ion on the adsorbent surface, which favours adsorption
of positively charge species and the positive sites on the
adsorbent surface.®>% The results obtained are shown in
Figure 8, which shows the effect of pH on the adsorption of
Zn(1l) ions from the aqueous solution on fly ash composite
beads.
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Figure 8. Effect of pH on removal of Zn(Il) ions

It is clear that Zn(ll) ions was effectively adsorbed in the
pH range of 4-6 and the maximum adsorption of ion fly ash
beads occurred at pH 6 thus, pH 6 is chosen for all
experiments. The decrease in adsorption at pH greater than 6
is probably due to the formation of hydroxide. This is in
agreements with the results obtained by Khalid et al.3* for
adsorption of lead on rice husk. The hydrolysis of cations
occurs by the replacement of metal ligands in the inner
coordination sphere with the hydroxyl groups.®® This
replacement occurs after the removal of the outer hydration
sphere of metal cations. Adsorption may not be related
directly to the hydrolysis of the metal ion, but instead of the
outer hydration sphere that precede hydrolysis.

Most probably, the removal of Zn(ll) ions from the
aqueous solution by alginate-fly ash beads involves a
complex mechanism which is partly controlled by
adsorption and partly by the chemical precipitation at the
solid solution interface and also partly by the pore filling
mechanism.3®
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Figure 9. Effect of beads dose on removal of Zn(ll) ions
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Effect of adsorbent dose

The effect of adsorbent dose on the adsorption of these
metal ions by varying amount of bead dose is shown in
Figure 9. It was observed that the dose of beads (10-80)
definitely influences the amount of adsorbed metal ions. It
was observed that percentage removal of zinc was increased
with the increase of no. of beads up to 40 beads. Further, the
increase in beads reduces the percentage removal of Zn(ll)
ions to some extent.

The adsorption of metal ions on alginate-fly ash beads
may involve metal interaction.” and co-ordination to
functional. According to Shukla et al., % the decrease in
adsorption with increase in adsorbent dose is due to the high
number of unsaturated sites.

Effect of bead composition

The effect of fly ash composition in the beads on the
adsorption of the Zn(Il) ions is shown in Figure 10. It was
observed that the amount of adsorbent dose in the range
(0.1-0.7 g) definitely influences the amount of adsorbed
metal ions.
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Figure 10. Effect of bead composition on removal of Zn(ll) ions

It was observed that percentage removal increased with
the increasing the concentration of fly ash up to 0.5 g, where
it was maximum. Further, the increase in fly ash amount in
the beads composition reduces the percentage removal of
Zn(11) ions due to high number of unsaturated sites.®

Effect of contact time

The effect of contact time on the adsorption of Zn(ll) ions
is shown in Figure 11. The results indicated that increase in
the contact time increased the metal uptake but remained
constant after an equilibrium time.

The uptake of Zn(Il) ions was rapid and the equilibrium
was attained in 8 hours of contact between the adsorbent and
metal solution. According to Bhattacharya and Gupta® the
initial high rate of metal uptake may be attributed to the
existence of the base surface. However, the number of
available adsorption sites decreased as the number of metal
ions adsorbed increases.
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Figure 11. Effect of contact time on removal of Zn(ll) ions

The enhanced adsorption of metal ions with in agitation
time may also in boundary resistance to mass transfer in the
bulk solution and an increase in the kinetic energy of
hydrated ion.*® By increasing the agitation time, the
boundary layer resistance will be reduced and there will be
an increase in the mobility of ions in the solution.

Adsorption models

Since, the adsorption isotherm is important to describe
how adsorbate will interact with adsorbents and so is critical
for design purpose, therefore, data using an equation is
essential adsorption operation.** Modelling of equilibrium
data is fundamental for the industrial application of
adsorption since it gives information for comparison among
different adsorbent under different operational conditions,
designing and optimizing operation procedure.*?

The result of batch equilibrium was used to characterize
the equilibrium between the amount of adsorbate that
accumulated on the adsorbate and the concentration of
dissolve adsorbate. The experimental isotherm data set
obtained was fitted using adsorption models including the
Langmuir and Freundlich isotherm.4® 44

The isotherm constants of Langmuir and Freundlich were
calculated using normal linearization method.

Freundlich model

The adsorption data have been fitted to the Freundlich
isotherm. Its linearised form is represented by Eqgn. 3.

0Q =IgK-+ 10Ce §

where,

C. is the equilibrium concentration (mg L),
Qe is the amount adsorbed (mg g*)

K is adsorption capacity and

1/nis adsorption intensity.

A plot of log Qe versus log C. gives a straight line of slope
1/n and intercept K is shown in Figure 12.
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Figure 12. The linearized plot for the Freundlich adsorption

isotherm of Zn(Il) ions using biopolymer composite beads of
alginate-fly ash

Langmuir model

The capacity of metal binding was determined by plotting
Ce/Q. against Ce, using the Langmuir equation. The plot of
the specific sorption Ce/Qc against equilibrium concentration
C. gave the linear isotherm parameters Qmax, b and the
coefficient of determination (R?). The linear equation of
Langmuir represented as Eqn. - 4.

G 1

G
Q " Qrod Qrax 9

where,
Ce is the metal concentration
equilibrium (mg L),
Qmax (adsorption capacity) and
b (energy of adsorption) are the Langmuir constants.

in the solution at

13 o
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Figure 13. The linearized plot for the Langmuir adsorption
isotherm of Zn(Il) ions using biopolymer composite beads of
alginate-fly ash

The Langmuir isotherm model effectively describes the
sorption with R? values. The sorption capacity, Qmax Which
is a measure of maximum adsorption capacity corresponding
to complete monolayer coverage showed that composite
beads of alginate-fly ash beads had a mass capacity for
Zn(IN) ions is 1.8554 mg g*.
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The adsorption coefficient b which is related to the
apparent energy of adsorption Zn(lIl) ions is 0.0860. The
plots of C./Q. against C. for adsorption of Zn(ll) ions gave a
straight line are shown in Figure 13. It has seen that the
linear fit is fairly good and enables the applicability of the
Langmuir model to the Zn(ll) ions adsorption on the
alginate-fly ash composite beads.

The essential characteristics of Langmuir equation can be
described by dimensionless equilibrium parameter,* R_
which is defined as;

©

where,

b is the Langmuir constant
Co is the initial metal concentration of Zn(ll) ions.

In the present study the Ry for Zn(ll) ions were found
between 0 and 1 as shown in Figure 14, for the initial
concentration of Zn(lIl) ions of 5-30 mg L indicating that
the adsorption of zZn(lIl) ions is favorable. The R_ values
indicate the shape of isotherm as shown in Table 1. The R.
values between 0 and 1 indicate favorable adsorption.*®
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Figure 14. RL vs initial concentration of metal ions

Table 1. Relationship between R and type of isotherm

RL Type of isotherm
RL>1 Unfavourable
RL=1 Linear

RL<1 Favourable

RL=0 Irreversible

Examination of correlation coefficient suggests that both
the isotherms models fitted well for the sorption of Zn(ll)
ions. This isotherm does not predict any saturation of the
sorbent by the sorbate; thus infinite surface coverage is
predicted mathematically, indicating multilayer adsorption
on the surface.*” The correlation coefficient of data for
Langmuir and Freundlich plot give a value which is > 0.9
although this value for Freundlich isotherm is slightly higher

Eur. Chem. Bull., 2014, 3(7), 682-691

DOI: 10.17628/ecb.2014.3.682-691

Section B-Research Paper

than that of Langmuir isotherm since, the correlation
coefficient for both are high, it reveals that besides
monolayer adsorption there is multilayered adsorption and
also suggests that adsorption reaction is physico-chemical

type.

The values of both Langmuir and Freundlich isotherm
parameters were given in Table 2. Examination of data
suggests that Freundlich isotherm is a good model for the
sorption of Zn(ll) ions. The values of 1/n that vary between
0.1 and 1.0 indicate the favorable adsorption of heavy
metals.*®

Table 2. Langmuir and Freundlich adsorption parameters for the
adsorption of Zn(ll) ions at 30 °C.

Langmuir Parameters Freundlich Parameters

Qmax, (mg g'l) 1.8554 K 1.2610
b (L, mg?) 0.0860 1/n 0.1449
R? 0.9700 R? 0.9860

The Langmuir model deals with monolayer coverage and
constant adsorption energy while Freundlich equation deals
with  physicochemical adsorption on heterogeneous
surfaces.*® The applicability of both these isotherms to the
alginate-fly ash composite beads, in the present study,
implies that monolayer adsorption and heterogeneous
surfaces conditions exist under the experimental conditions
used. The adsorption properties of the adsorbent are thus
likely to be complex, involve more than one mechanism.
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Figure 15. Desorption profile for Zn(l1l) ions

Desorption studies

In order to desorb the metal ions, the beads loaded with
Zn(l1) ions were exposed to 20 mL of distilled water, 0.1 M
HCI and 0.1 M NaOH separately for 15 minutes and washed
with double distilled water. It was found that 0.1 M HCI is
the better eluent for desorption of metal from the beads
(Figure 15). The beads were then again exposed to distilled
water, followed by 0.1 M HCI, to strip any remaining Zn(ll)
ions. The desorbed beads were reused in next adsorption
experiments. In order to show the multiple reuse of
adsorbent beads, an adsorption-desorption cycle of metal
ions was repeated three times using the same preparations.
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Conclusions

This work indicates that alginate-flyash composite beads
can be used for removal of Zn(ll) ions from wastewater.
Both Langmuir and Freundlich isotherm models can be used
to estimate maximum metals uptake and the affinity
parameter. It was found that the adsorption equilibrium data
was better fitted by both the Freundlich and the Langmuir
isotherm in the concentration range studied. The removal of
Zn(Il) ions was found to depend on adsorbent dosage,
composition of beads, solution pH and contact time.
Solution pH is an important parameter affecting adsorption
of ions and maximum removal for Zn(ll) ions at pH value
6.0. The adsorption mechanism of Zn(ll) ions on alginate-
fly ash composite beads involves either cation exchange or
complexation between the metal cation and the hydroxide
ion in the solution. This study shows a new trend for using
alginate-fly ash composite beads for the benefit of
environmental pollution control.
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ADSORPTION OF ARSENIC(V) ONTO METAL LOADED
E B CELLULOSE NANOCOMPOSITE BEAD (MCNB)-ISOTHERM
AND THERMODYNAMIC STUDY

Section B-Research paper
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Keywords: Metal loaded cellulose nanocomposite bead; batch study; arsenic adsorption; isotherm; water analysis.

Cellulose nanocomposite bead modified with metal (MCNB) such as Ce, Al and Fe is synthesized for selective adsorption of
arsenate anions As(V) from drinking water in batch system. The adsorbent was characterized by FTIR, FESEM, EDS and
EPR studies. In the present report arsenic(V) adsorption performance on cerium modified cellulose bead was described. The
maximum adsorption of As(V) is near about 100 percent up to an initial arsenic load of 5.0 mg L at the acidic pH of 3.0 and
the equilibrium is reached in 5 h. The much higher adsorption extent and quick equilibrium time compared to the other
reported adsorbents makes the present adsorbent as efficient one. Among the three adsorption isotherm models used,
Langmuir model fitted the experimental data best. The adsorption is found to be exothermic, spontaneous and random in

nature. The process was applied for removal of arsenic from some real sample.
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Introduction

Arsenic (As) contamination in ground water is one of the
most critical environmental problems today. Arsenic (atomic
number 33) is ubiquitous and ranks 20th in natural
abundance, comprising about 0.00005 % of the earth’s crust,
14th in the seawater, and 12th in the human body.! Arsenic,
due to its toxic and carcinogenic effect, has been recorded
by the World Health Organization as a first priority
pollutant.>® Acute and chronic arsenic poisoning via
drinking water has been reported in many countries,
especially Argentina, Bangladesh, India, Mexico, Mongolia,
Thailand, and Taiwan, as a result of in groundwater* arsenic
load at levels from 100 to over 2000 pg L.

Millions of people worldwide are exposed to naturally
occurring arsenic contaminated groundwater, which they use
as their sole source of drinking water. Increased use of
groundwater as a source for drinking water has caused
serious  health  problems such as neurological,
dermatological, gastrointestinal, cardiac, and renal diseases.
Factors such as anthropogenic activities, biological actions,
and geochemical reactions accelerate arsenic mobilization
into groundwater.® Arsenic compounds are stable in the
environment, have a tendency to bioaccumulate in the food
chain, and can undergo biotransformation with an increase
in toxicity. It is necessary to control the arsenic
concentration in environmental samples, industrial wastes,
biological materials, and foods.
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Various treatment technologies have been used to remove
arsenic from water such as oxidation,®> coagulation,® ion
exchange,” chemical precipitation,® membrane separation,®
etc. However, adsorption is recognized as an effective
technique due to availability of wide range of adsorbents
including natural and synthetic materials. The high
concentration  efficiency,  simple  operation, and
environmental friendly behavior'® of certain adsorbents
make the process quite popular. Cellulose, the most widely
available and renewable biopolymer in nature, is a very
promising raw material available at low cost for the
preparation of various functional materials. Due to the
presence of hydroxyl groups, cellulose may undergo surface
modification.’®™ Cellulose beads show good adsorption
ability due to their unique hydrophilic and porous nature as
well as high surface area. Beads made from cellulose and its
derivative are commonly used as ion exchangers, packing
materials for chromatography, adsorbents for heavy metal
ions, and proteins, cosmetic additives, and carriers for
immobilization of biocatalysts.'>*4 However, studies on
cellulose beads as arsenic scavenger are still scarce.
Adsorbents modified with metals such as Fe, ¢ Ce,7
Ti, 1819 Al,20 La,?+? etc are found to have potential ability to
absorb arsenic from water under optimized condition. In the
present investigation cerium loaded nanocomposite cellulose
bead (CCNB) for As(V) adsorption is reported as a
representative of the metal loaded nanocomposite cellulose
bead.

The synthesized bead was characterized by Fourier
transformed infrared spectroscopy (FTIR), field emission
scanning electron microscopy (FESEM), energy dispersive
spectroscopy (EDS) and electron paramagnetic resonance
(EPR) study. The feasibility of equilibrium adsorption was
interpreted by adsorption isotherms such as Langmuir,
Freundlich, and Temkin model as well as the
thermodynamic parameters such as change in free energy,
enthalpy, and entropy.
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Adsorption of arsenic(V) onto metal-loaded cellulose nanocomposites

Experimental

Materials

All the chemicals used are of analytical grade (Merck,
India). The cellulose power used was procured from Loba
Chemie, Mumbai, India

Preparation of CCNB

Cerium loaded cellulose nanocomposite bead was
synthesized by the method described elsewhere?® following
sol gel techniques.

1 g of cellulose is esterified with carbon disulfide with
shaking in alkaline medium. and stirred for 3 h.2* The sol
was allowed for ageing (syneresis) at room temperature for
72 h and the gel probably formed by condensation of the sol,
was purged drop by drop into de-aerated methanol through a
needle. A faint red colored beads initially formed were
filtered and immediately washed several times with double
distilled water. The cellulose beads appeared as snow white,
were stored under de-ionized water.

The cellulose nanocomposite beads were next poured into
a solution of 0.10 M cerium ammonium nitrate at pH 1.6
and shaken at a speed of 100 spm at room temperature for 2
h. A faint orange yellow colored cerium loaded cellulose
nanocomposite bead, (CCNB) was formed, washed with
distilled water, and stored under de-ionized water.

Characterization of CCNB

Field emission scanning electron microscope (FESEM)
with a JEOL, JSM 6700F microscope was used to study
surface morphology and energy dispersive spectroscopy
(EDS, model FEI QUANTA FEG 250) was used for
element detection. Electron paramagnetic resonance (EPR)
study to identify the binding pattern of cerium in the bead
was recorded in a Varian X-band EPR spectrometer (Model
E-109). The Fourier transformed infrared (FTIR) spectral
study was recorded in a Perkin Elmer L120-000A
spectrophotometer.

Batch adsorption study

Batch adsorption experiment was performed using As(V)
solution of known concentration, shaken with a specific
amount of CCNB, and agitated at a constant shaking rate of
120 spm in a temperature controlled shaker. The initial
solution pH was adjusted using 0.1 M HCI/NaOH. The
As(V) concentration in solution was determined using
atomic absorption spectroscopy (AAS, Varian AA240
model). Adsorption efficiency (¢, in %), expressed as
percent adsorption, was calculated using the following
equation:

(p:]mg—_@ )
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where,

Co and Ce are the initial and equilibrium As(V)
concentration (mg L), respectively in solution.

Result discussion

Characterization of CCNB

Physicochemical parameters such as bulk and material
density were found to be 0902 and 0410 g cm?
respectively. The degree of swelling was found to be 22
while the water content and porosity were found to be
95.120 and 89 % respectively.

Figure 1. FESEM at different magnification and physical image
(inset)

The surface structure of CCNB, as revealed from FESEM
analysis, indicates the spherical nature of the bead with an
average size in the range 28 to 61 nm (Fig. 1). The EDS
shows peaks corresponding to the presence of ‘C’°, ‘O’ and
‘Ce’ in the CCNB (Fig. 2).

Figure 2. EDS of CCNB with table of weight percentage of
element
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The EPR study conducted at room temperature (303 K)
and lower temperature (77 K) shows similar signals having
characteristics g values attributed to ge=2.03, g+=1.98, g, =
1.93, (ge>gL>gn)? corresponding to Ce3*. The FTIR spectral
analysis of CCNB showing the characteristic bands of
cellulose moiety with characteristic linkages?>-?" is presented
in Table 1.

Table 1. FTIR spectral analysis of CCNB

Position, cm?  Assignment

3402 O—H stretching

2918 C—H stretching

1642 molecular water bending

1424 C-0O-H and C-C-H deformations
1375-1317 C—H flexure (symmetric)

1161, 1060 C-O stretching

898 C-H bending (B-anomeric link of cellulose)
769 C-C stretching

535 Ce-0O linkage

Effect of pH on As(V) adsorption

The effect of pH on As(V) adsorption by the CCNB is
shown in Fig. 3 for the pH ranging between 2 and 12. It is
observed that maximum adsorption of As(V) occurs at pH
3.0. pH dependent adsorption is significantly due to the
specific arsenic species and the adsorbent surface charge.
Speciation study indicates that the dominant species of
arsenate are HzAsOs4 (pH < 2), H,AsOs~ (pH = 2-6.1),
HAsOs>~ (pH = 6.1-11.5), and AsO,* (pH > 11.5). It is
probable that H,AsO4 is the most suitable species of arsenic
for adsorption on CCNB.
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Figure 3. Effect of pH on As(V) adsorption
Effect of contact time on As(V) adsorption

Fig. 4 illustrates the effect of time on the percent
adsorption as well as the attainment of equilibrium. It is
found that with increase of time the percent adsorption
corresponding to each concentration of As(V) increases.
After a certain time it reaches a maxima forming a plateau.
The time corresponding to maximum adsorption is known as
the equilibrium time. It is observed that equilibrium is
reached at 5 h for all the concentrations studied.

Effect of initial concentration on As(V) adsorption
The decrease in the percentage of As(V) adsorbed due to

the increase in initial As(V) concentration at fixed adsorbent
dosage is presented in Fig. 5. The increase in arsenic
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adsorption capacity with the decrease in initial concentration
was due to the availability of more adsorption sites.
However, as the initial arsenic concentration increases, the
ratio of the number of arsenic ions to the available active
sites on the adsorbent becomes high and the arsenic ions are
difficult to get adsorbed, leading to a decrease in the
removal percentage.

120

100

80

60

Percent adsorption (%)

40

20

Figure 3. Effect of pH on As(V) adsorption
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Figure 4. Effect of contact time on As(V) adsorption
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Effect of adsorbent dose on As(V) adsorption

Fig. 6 showed that the increased adsorbent dose led to
an increase in As(V) removal. The increase in percent
adsorption with adsorbent dosage can be attributed to the
increased adsorbent surface active sites.
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Figure 6. Effect of adsorbent dose on As(V) adsorption

Adsorption isotherm

In an aim to describe the equilibrium adsorption for As(V)
ions from aqueous solution on CCNB, three most popular
isotherm models viz. Langmuir, Freundlich, and Temkin are
tested.

The Langmuir isotherm, (Fig. 7a) applicable for the
monolayer adsorption® is expressed in its linear form as,

G 1.1
where,

Q (mg g% and b (L mg?) are Langmuir isotherm
constants signifying the adsorption capacity and the
energy of adsorption respectively.

The Freundlich isotherm, (Fig. 7b) assuming an
exponentially decaying adsorption site energy distribution
and applicable to non-ideal adsorption on heterogeneous
surfaces showing multi-layer adsorption,?® is expressed by
the following linear equation:

1
= - 3
Ing, InKF+rFInC; @)

where,
Ke is the constant indicative of the relative adsorption
capacity of the adsorbent (mg g*), and

1/ne is the constant indicative of the intensity of the
adsorption.

The Temkin isotherm,®® (Fig. 7c) that considers
solute/adsorbent interactions based on decaying heat of
adsorption of the solute linearly with adsorbent surface
coverage, is represented in linear form as,

q =% Inkq, +% InC, (4)

where,
ktm is the isotherm constant and
brwm is related to heat of adsorption.
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The adsorption equilibrium data for As(V) adsorption
at three different temperatures were determined and fitted to
the above three isotherm equations. The quality of data fit
was judged from the R? values. High R? value describes the
most preferred situation. From Table 2 it is found that both
the Q and b values increase with increase of temperature.
This indicates that adsorption (Q) capacity increases with
temperature. It is also supported by the fact that with higher
temperature percent adsorption increase for each initial
concentration of arsenic (Fig. 5). Among the three different
isotherm models R? value corresponding to Langmuir is of
higher magnitude than the Freundlich and Temkin model.
Thus, Langmuir isotherm model most suitably describe the
As(V) adsorption on CCNB.
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The applicability of Langmuir isotherm model was further
tested by evaluating sf, the separation factor,® a
dimensionless quantity as expressed by

1 (5)

J :1+bC0

where,

b is the Langmuir constant and
Co is the initial concentration of As(V).

The parameter ‘sf’ indicates the nature of the isotherm as it
is given in Table 3.

Table 2. Isotherm parameters

Langmuir T, Q, b, R?
isotherm (K) (mgg?) (L mg?)

293 0.200 8.005 0.999

303 0.214 14.590 0.999

313 0.229 17.497 0.999
Freundlich T, KF, 1/nF R?
Isotherm (K) mgg?(L mghrn

293 0.170 0.111 0.945

303 0.188 0.087 0.915

313 0.182 0.078 0.985
Temkin T, Km, brm, R?
isotherm (K) (L mg?) (kJ mol %)

293 1.330x 10* 135.330 0.960

303 3.148 x 10° 167.942 0.936

313 1.901 x 108 200.000 0.986

Table 3. Feasibility and nature of isotherm study

sf Nature
sf>1 Unfavorable
sf=1 Linear
O<sf<1 Favorable
sf=0 Irreversible

The sf value at each temperature corresponding to each
concentration of As(V) is calculated (Table 4).

Table 4. Temperature dependent separation factor

T Sf,
(K) Co(mg L)
6.0 8.0 10.0
293 0.020 0.015 0.012
303 0.011 0.008 0.006
313 0.009 0.007 0.005

It is found that the sf values lie within 0.012 to 0.020 at
293 K, 0.006 to 0.011 at 303 K and 0.005 to 0.009 at 313 K.
As all values lie between 0 to 1, the adsorption of As(V) on
CCNB indicates a favorable case of adsorption.
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Thermodynamic study

The knowledge of thermodynamic parameters is of
fundamental importance to test the spontaneous occurrence
of a given process as well as the feasibility of operation at a
given temperature. Thermodynamic parameters associated
with the adsorption process, viz., standard free energy
change (AGY), standard enthalpy change (AHP), and standard
entropy change (AS°) were calculated using the following
Egs. 6 and 7.

AGP = -RTInK: (6)
AG® = AHO — TASO )
where,

T is the absolute temperature (K) and
R is the gas universal constant.

The equilibrium constant K. for the adsorption was
evaluated from the slope and intercept of the Langmuir
plot® (Fig. 7a).

The magnitude and sign of AG® depends on the value of
Kc. When the rates of the adsorption and desorption
processes are equal in magnitude, K¢ becomes unity and AG°
= 0. The value of AG? is negative for K;>1 and positive for
Ke<1. If adsorption occurs spontaneously, the rate of
adsorption being higher than desorption, AG® will always be
a negative quantity.3® Spontaneity of the adsorption process
is also affected by the thermodynamic parameters AHC, and
AS°.

Gibbs free energy (8G°)
iS

Temperature (K)

Figure 8. Plot of AG® versus temperature, T

A plot of AG® versus temperature, T, will be linear
following equation (7) and the values of AH®, and ASP are
determined from the slope and intercept of the plot Fig. 8.
The values of K, AG®, AH?, and AS° are presented in Table
5.

Table 5. Thermodynamic parameters

T, Ke AG?, AHO, AS°,

(K) (kJ mol?Y)  (kJ mol?) (kJ molt K1)
293 8.005 -5.06705 29.63 0.119

303 14.59 -6.75215

313 17.49 -7.44677
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Application

The efficiency of the present adsorbent is tested with the
spiked samples. The results are shown in Table 6.

Table 6. Efficiency study with spiked sample

SI.  As(V) concentration, (mg L) o
N0.  Mean Spiked Found (ST, ()
1 0.5 0.0 0.51 £0.02 100

2 0.5 2.5 2.99 +0.02 100

3 0.5 5.0 5.44 +£0.03 99

4 0.5 7.5 7.76 £ 0.04 97

5 0.5 10.0 8.56 +0.04 84

The applicability of the present method was judged with
the field sample. The water sample was collected from some
arsenic affected area of Deganga, North 24 Paragana, West
Bengal, India. The composition of the field sample was
presented in Table 7.

Table 7. Physicochemical parameters of the studied field sample

Parameter Load, (mg L)
Hardness 142

pH 6.7

oy 5.0

NOs- Nil

Ca** 22.0

Mg? 5.0

Na* 17.0

Iron 5.3

Arsenic 0.227

The load of the arsenic after treatment with CCNB was
found to reach below the detection limit.

Conclusion

Metal loaded cellulose hanocomposite bead is found to be
effective for adsorptive removal of arsenic from water. The
process is dependent significantly on the pH of the solution.
At acidic pH range quantitative adsorption occurs. The
process is found to follow the Langmuir isotherm than the
Freundlich and Temkin model. The process is
thermodynamically feasible as shown by negative free
energy change and positive entropy change. The process is
effective for removing arsenic from real sample.
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SYNTHESIS AND CRYSTAL STRUCTURE OF ETHYL 1-(4-
METHYLPHENYL)-4-(4-METHYLPHENYLAMINO)-2,6-BIS(4-
NITROPHENYL)-1,2,5,6-TETRAHYDROPYRIDINE-3-
CARBOXYLATE

Sumati Anthal®, D. R. Patil®®!, M. B. Deshmukh®] Vivek K. Guptal® and Rajni Kant["

Keywords: Tetrahydropyridine ring; crystal structure; direct methods; intermolecular hydrogen bonding.

The title compound was synthesized by standard routes of synthesis and its structure was established by spectral and X-ray diffraction
studies. The compound crystallizes in the triclinic space group P-1 with unit cell parameters a=10.4395(6), b=11.9493(6), c=13.8651(7), o=
108.958(5), p=103.089(5), y= 97.885(4), Z=2. The crystal structure was solved by direct methods using single-crystal X-ray diffraction data
collected at room temperature and refined by full-matrix least squares procedures to a final R-value of 0.0664 for 3330 observed reflections.
In the title molecule, the tetrahydropyridine ring adopts a distorted boat conformation and both 4-nitro-phenyl substituents are in axial
positions. The dihedral angle between the planes of the nitro-substituted rings is 45.5(1)°. The amino group and carbonyl O atom are
involved in intramolecular hydrogen bonding and this interaction leads to the formation of a virtual-six membered ring. In the crystal, C-
H...O intermolecular interactions stabilizes the crystal packing.
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Hence, investigation of the structural features of
biologically relevant piperidine derivatives is demanding. In
continuation of our structural studies of densely
functionalized piperidines,'>* we present the crystal
structure  of ethyl  1-(4-methylphenyl)-4-(4-methyl-
phenylamino)-2,6-bis(4-nitrophenyl)-1,2,5,6-tetrahydropyri-
dine-3-carboxylate, determined by X-ray diffraction.

Introduction
Experimental Methods

Functionalized piperidines are found to constitute a very

important core in numerous natural products,®? synthetic
pharmaceuticals,®* and a wide variety of biologically active
compounds. In particular, 1,4-disubstituted piperidine
scaffolds find useful applications as established drugs,>® and
they exhibit a wide range of pharmacological activities
including antibacterial,” antimalarial ® anticonvulsant, anti-
inflammatory® and enzyme inhibitory activity.'®'* Moreover
a large number of compounds bearing piperidine scaffold
have entered into preclinical and clinical trials over the last
few years .1?

| i
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Figure 1. Chemical structure of the title compound
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Synthesis

A mixture of ethyl acetoacetate (1 mmole), 4-
methylaniline (2 mmole) and sulfamic acid (15 mol %) in 5
ml ethanol was stirred at RT for 15 min, then 4-nitro
benzaldehyde (2 mmole) was added and stirring was
continued at 78 °C till the completion of TLC. Then reaction
mass gradually cools to RT, a solid precipitated out. The
solid was filtered and washed with cold ethanol.

M.P.: 210-211 °C, Yield: 79 %. 'H NMR (300 MHz,
CDCls): &= 1.45-1.50(t, 3H), 2.18(s, 3H), 2.29(s, 3H), 2.84-
2.85(d, 2H), 4.31-4.53(m, 2H), 5.24(s, 1H), 6.30-6.33(d,
4H), 6.44(s, 1H), 6.90-6.98 (dd, J=8.1Hz, 4H), 7.29-7.32(d,
2H), 7.51-7.53(d, 2H), 8.13-8.18(m, 4H), 10.25(s, 1H);

X-ray Data Collection, Crystal Structure Determination and
Refinement

X-ray intensity data of 11409 reflections (of which 6077
unique) were collected on X’calibur CCD area-detector
diffractometer equipped with graphite monochromated
MoK radiation (A = 0.71073 A).12 The crystal used for data
collection was of dimensions 0.30 x 0.20 x 0.20 mm.

699



Synthesis and crystal structure of a tetrahydropyridine derivative

The cell dimensions were determined by least-squares fit
of angular settings of 2828 reflections in the 6 range 3.90 to
27.83°. The intensities were measured by o scan mode for 6
ranges 3.70 to 26.00°. 3330 reflections were treated as
observed (I > 2c(l)). Data were corrected for Lorentz,
polarisation and absorption factors. The structure was solved
by direct methods using SHELXS97.1* All non-hydrogen
atoms of the molecule were located in the best E-map. All
the hydrogen atoms (except N2 H atoms) were
geometrically fixed and allowed to ride on the
corresponding non-hydrogen atoms with C-H= 0.93-0.98 A,
and Uiso = 1.5U¢q of the attached C atom for methyl H atoms
and 1.2Ueq for other H atoms. Full-matrix least-squares
refinement was carried out using SHELXL97.%® The final
refinement cycles converged to an R=0.0663 and WR(F?)=
0.1723 for the observed data. Residual electron densities
ranged from -0.435 to 0.520 eA. Atomic scattering factors
were taken from International Tables for X-ray
Crystallography (1992, Vol. C, Tables 4.2.6.8 and 6.1.1.4).

Table 1. Crystallographic data and other experimental details of

OF

CCDC deposition no. 990129
Crystal description White block
Chemical Formula Cs4 H32 N4 Os

Refinement method

Molecular weight(g mol %) 592.64
Cellparameters
a, A 10.4395(6)
b, A 11.9493(6)
c, A 13.8651(7)
a, deg 108.958(5)
B, deg 103.089(5)
v, deg 97.885(4)
Unit cell volume(A% 1551.02(14)
Crystal system Triclinic
Space group P-1
Temperature (K) 293(2)
Number of molecules per unit cell 2
Radiation MoK.
Wavelength (A) 0.71073
F(000) 624
0 range for entire data collection 3.70<6<26.00
Range of indices -12<h<12,
-12<k< 14,
-17<1<16
Number of measured reflections 11409
Number of unique reflections 6077
Number of observed reflections 3330
Number of parameters refined 404
Restraints 0

Full-matrix least squares

on F?
Final R-factor 0.0663
WR2(F2) 0.1723
Weight 1/[c12(Fo?)+( 0.0932P)?
+
0.3988],
where P=[Fq% +2F:?]/3
Goof(S)on (F?) 1.029

Final residual electron density, A3
(A /o)max in the final cycle

-0.435 <Ap< 0.520
0.001 (for tors H34A)

Eur. Chem. Bull., 2014, 3(7), 699-702
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| Scan mode ) |

The crystallographic data are summarized in Table 1.
CCDC - 990129 contains the supplementary
crystallographic data for this paper. These data can be
obtained free of charge from The Cambridge
Crystallographic Data Centre via
www.ccdc.cam.ac.uk/data_request/cif.

Figure 2. ORTEP view of the molecule with displacement
ellipsoids drawn at the 50 % probability. H atoms are shown as
small spheres of arbitrary radii

Results and Discussion

An ORTEP view of the title compound with atomic
labeling is shown in Figure 2.2* The geometry of the
molecule was calculated using the PLATON'® and
PARST®® software. Crystal data, along with data collection
and structure refinement details are summarized in Table 1.
Selected bond lengths and angles are given in Table 2, while
hydrogen bonds are presented in Table 3. In (1) (Fig.1), all
bond lengths and angles are normal and correspond to those
observed in related structures.'’-20
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Figure 3. The crystal packing viewed down the a-axis is shown

Table 2. Selected bond lengths (A) and angles (°) for (1).

Section A-Short communication

Bond lengths, A Bond angles,® Bond angles, °
N1-C16 1.392(3) C16-N1-C6 120.2(2) C33-C28-N2 120.2(3)
N1-C6 1.453(3) C16-N1-C2 120.5(2) C29-C28-N2 121.2(3)
N1-C2 1.459(3) C6-N1-C2 119.1(2) C12-C13-N3 118.9(3)
02-C7 1.344(3) N1-C16-C21 122.0(2) C14-C13-N3 119.5(3)
02-C8 1.449(3) N1-C16-C17 121.2(2) 02-C8-C9 107.7(3)
01-c7 1.215(3) C7-02-C8 117.6(2) 03-N3-04 123.1(4)
N2-C4 1.353(4) N1-C2-C3 110.6(2) 03-N3-C13 119.4(4)
N2-C28 1.433(4) N1-C2-C10 113.6(2) 04-N3-C13 117.5(4)
C13-N3 1.470(5) C4-N2-C28 125.8(3) C24-C25-N4 118.6(5)
N3-03 1.193(4) N1-C6-C22 114.8(2) C26-C25-N4 119.0(5)
N3-04 1.205(5) N1-C6-C5 110.2(2) 06 -N4-05 124.0(5)
05-N4 1.214(6) N2-C4-C3 124.4(2) 06-N4-C25 118.1(6)
C25-N4 1.486(6) N2-C4-C5 119.6(3) 05-N4-C25 117.6(5)
N4-06 1.155(7) 01-C7-02 122.1(3) 02-C7-C3 112.5(2)
01-C7-C3 125.3(3)
Table 3. Hydrogen bonding paramaters (A, °) for (I).
D-H H..A D..A D-H..A Symmetry Code
N2-H2’-01 0.91(4) 1.92(4) 2.688(3) 141(4)
Cl11-Hl11...01 0.93 2.44 3.255(3) 147 -X+2,-y+2,-2+1
C24-H24...05 0.93 2.56 3.340(7) 142 -X+1,-y,-Z

In the title molecule, the tetrahydropyridine ring (A)
adopts distorted boat conformation with best mirror plane
passing through the atoms C2 and C5 and bisecting the
bonds C3-C4 and N1-C6 with asymmetry parameters
[ACs(C2)=9.53] and [ACs(C3-C4)=13.58]. The two
nitrophenyl rings (B and D) are attached to the
tetrahydropyridine ring in a trans orientation. Both the
nitrophenyl rings are inclined to one another by 45.5(1)°,
while for the 4-tolyl rings the dihedral angle is 46.2(1)°. The
dihedral angle between nitrophenyl ring B and 4-tolyl ring C
(B/C) is 69.7(1)°, ring B/E is 82.3(1)°, ring C/D is 85.6(1)°
and ring D/E is 42.4(1)°. The amino group and carbonyl O
atom are involved in an intramolecular N-H...O hydrogen
bonding. This interaction leads to the formation of S(6)
motif comprising atoms O1, C7, C3, C4, N2 and H2’. The
double bond C7=01 is confirmed by its respective distance
of 1.215(3) A. The length of the double bond C7=01 is
larger than the standard value for carbonyl group (1.192 A)
and lengthening of the C7=01 double bond is due to strong
intramolecular hydrogen bond between N2 and OL1.

Packing view of the molecules in the unit cell viewed
down the a-axis is shown (see Figure 2). The title molecule
is stabilized by N-H...O intramolecular interactions and C-
H...O intermolecular interactions are responsible for the
stability of crystal structure (see Table 3).
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As part of a study on the molecular interactions between esters and ethers; density, viscosity and speed of sound data were measured for

butyl ethanoate + ether mixed solvents. From these data, excess volumes VE, deviation in viscosity An, isentropic compressibility Ks,
deviation in isentropic compressibility A Ks, intermolecular free length Lt , internal pressure zi, and the excess intermolecular free length
Lf , excess internal pressure #if , were deduced. These excess or deviation properties were fitted to the Redlich-Kister type equation.
Further the experimental mixture viscosities were correlated using Frenkel, Heric, and McAllister (four-body) models. The studied excess
or deviation properties were found to be both positive and negative. These results were interpreted in terms of intermolecular interactions

and structural effects.
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Introduction

Intermolecular interactions play an important role in the
development of molecular science.

The study of physicochemical properties of liquid
mixtures finds extensive applications in chemical,
pharmaceutical, and bio-chemical industries. Direct
measurement of the characteristic excess or deviation
properties of binary non-electrolyte solutions has gained
much importance in the recent years.

Butyl ethanoate is often employed in combination with n-
butanol in paints, because it enhances resistance to blushing
and increase solvency in many cases. Likewise ethers are
important industrial solvents. They can be used as
scrubbling in cleaning of exhaust air and gas streams from
industrial production plants, because of their favorable
properties such as low vapor pressure, low viscosity, low
toxicity, and high chemical stability. Ethers are increasingly
used as additives to gasoline, due to their octane enhancing
and pollution reducing properties.

Over the last several years there have been a number of
studies on thermophysical properties of liquid mixtures
containing butyl ethanoate in various organic solvents.0
Oswal et.al**'? have measured viscosity, speed of sound,
isentropic compressibilities and excess molar volumes of
binary mixtures containing p-dioxane with butyl acetate at
303.15K. Recently Roy et.al*® have determined excess molar
volumes and viscosity deviations of binary mixtures of 1, 3-
dioxane and 1, 4-dioxane with butyl acetate at 298.15 K. In
order to understand further the molecular interactions of
butyl ethanoate mixed with ether binary mixtures and as
follow-up of our earlier work!* on thermophysical
properties of various types ester containing mixtures, we
report here the density, viscosity, and speed of sound for
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binary mixtures of butyl ethanoate with tetrahydrofuran, 1,
4-dioxane, anisole, and butyl vinyl ether at T=303.15,
308.15, and 313.15 K over the entire range of composition
and under atmospheric pressure. Experimental results have
been used to calculate the excess molar volumes VE,
deviation in viscosity Ag, isentropic compressibility Ks,
deviation in isentropic compressibility AKs, excess
intermolecular free length L, and excess internal pressure
=if. The calculated results have been fit to the Redlich-Kister
polynomial” equation to derive the binary coefficients and
standard deviations. Further the experimental (kinematic or
dynamic) viscosities were used to test the applicability of
the equations proposed by Frankel,'® Heric,'® and McAllister
(four-body interaction)?° at the studied temperatures.

Experimental

Chemicals

All the chemicals used in the present study were of
analytical grade (Fluka) obtained from S. D. Fine Chemical
Ltd. Mumbai, India. The final mass fraction purities as
determined by gas chromatography (HP 8610) using FID are
shown in Table 1. Prior to the use all liquids were stored
over 0.4 nm molecular sieves for 72 h to reduce water
content if any and were degassed at low pressure.

Apparatus and procedure

The binary mixtures were prepared by weighing
appropriate amounts of butyl ethanoate and ether on an
electronic balance (Mettler AE-240, Switzerland) with
precision of + 0.01 mg, by syringing each liquid into airtight
stopper bottles in order to minimize evaporation losses. The
resulting uncertainty in mole fraction was estimated to be
less than + 0.0001. Each mixture was immediately used after
it was well mixed by shaking.

The density of pure liquids and their binary mixtures were
determined with density meter (DMA 4500 Anton Paar)
with precision of £ 0.00001 g.cm?. The uncertainty in the
density measurements was found to be + 0.0002 g.cm.
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Table 1. Chemical specification with purity estimation.
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Chemical Name Source Initial mole Purification Final mole Analysis
fraction (purity) method fraction (purity) Method
Butyl ethanoate Sigma- 0.99 none 0.998 GC?( HP-8610)
Aldrich
Tetrahydrofuran E.Merk 0.98 distillation 0.996 GC ( HP-8610)
1,4-Dioxane E.Merk 0.99 none 0.997 GC ( HP-8610)
Anisole Fluka 0.99 none 0.998 GC ( HP-8610)
Butyl vinyl ether Sigma- 0.99 distillation 0.996 GC ( HP-8610)
Aldrich

2 Gas-liquid chromatography

The dynamic viscosities of the pure liquids and their
binary mixtures were measured at the required temperature
using an Ubbelohde viscometer. The uncertainty in the
viscosity measurement was estimated to be + 0.005 mPa s.
In viscosity measurements the temperature of the samples
was controlled by using a viscometer bath equipped with a
thermostat of accuracy + 0.01 K.

Speed of sound of pure liquids and their mixtures were
determined using a single-crystal  variable path
interferometer (model F-81, Mittal Enterprises, New Delhi,
India), at a frequency of 2 MHz. The uncertainty in speed of
sound was estimated to be £ 1 m s>,

Results and Discussion

The experimental results of density p, excess molar
volume VE, viscosity #, speed of sound u, isentropic
compressibility Ks, intermolecular free length Lf, and
internal pressure 7w for the binary mixtures of (butyl
ethanoate + tetrahydrofuran), (butyl ethanoate + 1,4-
dioxane), (butyl ethanoate + anisole), and (butyl ethanoate +
butyl vinyl ether) at T= 303.15, 308.15, and 313.15 K and at
the atmospheric pressure are reported in Table 2.

The excess molar volumes VE are calculated from the
density data using the following relation.

VM) O

where M;, pi and p are the molar mass, density of the i
component and density of the mixture respectively.

Isentropic compressibility, Ks are calculated from the
relation

1
K _UZ,_O 2

Where u is the speed of sound.
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The intermolecular free length Ls was calculated as

L = K(KS)}é ®)
Where

K is the temperature dependent Jacobson constant,
Ksis the isentropic compressibility

The internal pressure z; was calculated from the following

relation
% =bRT(L<a’-7)%(ﬂy£) @
Mgz

where
b is the cubical packing fraction taken as 2 for all the
liquids,
R is the universal gas constant,
T is the experimental temperature,

Mesr = Y xiMi (x is the mole fraction and M is the
molecular weight of i component) and # is the
viscosity.

Excess or deviation values (VE, Ay, AKs, L and #i¥) of
all the studied parameters were computed using the general
equation

5
YE Yo~ +35%y) ®)

where

Y represents any parameter,
YE its value Y; and
Y, denote values of parameters for pure liquids, and

Yexp represents the corresponding experimental value
for the mixture.
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Table 2. Values of density (p), excess molar volume (VE), viscosity (57), speed of sound (u), isentropic compressibility (Ks), intermolecular

free length (Ly), internal pressure( i) for the binary liquid mixture

P, g.cm?3 VE, cm’mol™ n, mPa.s u, ms? Ks, TPal Lt x108:cm | zix108 Nm2

X1 Butyl ethanoate (1) + tetrahydrofuran(2)

T/K=303.15
0.0000 0.8778 0.4388 1248 731 0.561 3.857
0.0653 0.8769 0.017 0.4564 1228 756 0.571 3.793
0.1123 0.8763 0.029 0.4692 1212 77 0.579 3.748
0.2099 0.8751 0.059 0.4965 1200 794 0.585 3.627
0.2911 0.8743 0.073 0.5129 1188 810 0.591 3.527
0.3800 0.8735 0.088 0.5310 1176 828 0.597 3.420
0.4798 0.8728 0.091 0.5473 1172 834 0.599 3.280
0.5882 0.8722 0.082 0.5656 1168 840 0.602 3.150
0.7096 0.8717 0.058 0.5857 1164 847 0.604 3.017
0.8439 0.8712 0.033 0.6077 1164 847 0.604 2.878
1.0000 0.8707 0.6333 1160 854 0.606 2.740
X1 T/K=308.15
0.0000 0.8725 0.4276 1228 760 0.577 3.877
0.0653 0.8715 0.034 0.4456 1212 781 0.585 3.812
0.1123 0.8709 0.052 0.4604 1196 803 0.593 3.769
0.2099 0.8697 0.094 0.4805 1184 820 0.600 3.643
0.2911 0.8689 0.117 0.4951 1172 838 0.606 3.533
0.3800 0.8682 0.131 0.5116 1164 850 0.611 3.417
0.4798 0.8676 0.132 0.5263 1160 857 0.613 3.274
0.5882 0.8671 0.121 0.5411 1156 863 0.615 3.135
0.7096 0.8667 0.095 0.5558 1152 869 0.618 2.991
0.8439 0.8664 0.052 0.5688 1152 870 0.618 2.835
1.0000 0.8661 0.5883 1148 876 0.620 2.683
X1 T/K=313.15
0.0000 0.8670 0.3903 1212 785 0.592 3.781
0.0653 0.8659 0.050 0.4118 1200 802 0.598 3.726
0.1123 0.8652 0.082 0.4263 1188 819 0.605 3.689
0.2099 0.8639 0.144 0.4478 1176 837 0.611 3.571
0.2911 0.8631 0.175 0.4641 1168 849 0.616 3.467
0.3800 0.8624 0.198 0.4803 1158 865 0.621 3.352
0.4798 0.8619 0.196 0.4948 1154 871 0.624 3.220
0.5882 0.8615 0.182 0.5093 1148 881 0.627 3.089
0.7096 0.8613 0.138 0.5203 1144 887 0.629 2.939
0.8439 0.8612 0.074 0.5331 1140 893 0.632 2.793
1.0000 0.8611 0.5480 1136 900 0.634 2.641

Butyl ethanoate(1) +1, 4-dioxane(2)

X1 T/K=303.15
0.0000 1.0227 1.0896 1320 561 0.492 5.179
0.0557 1.0097 0.024 1.0388 1304 582 0.501 4.930
0.1159 0.9966 0.041 0.9800 1284 609 0.512 4.692
0.1841 0.9827 0.062 0.9244 1268 633 0.522 4.434
0.2595 0.9684 0.085 0.8779 1252 659 0.533 4.195
0.3452 0.9535 0.106 0.8318 1236 687 0.544 3.951
0.4401 0.9384 0.098 0.7927 1224 711 0.554 3.717
0.5502 0.9225 0.075 0.7517 1208 743 0.566 3.477
0.6703 0.9068 0.057 0.7157 1196 771 0.576 3.247
0.8230 0.8890 0.033 0.6751 1180 808 0.590 2.993
1.0000 0.8707 0.6333 1160 854 0.606 2.740
X1 T/K=308.15
0.0000 1.0174 0.9988 1312 571 0.500 5.026
0.0557 1.0043 0.039 0.9509 1292 597 0.512 4811
0.1159 0.9912 0.062 0.9041 1272 624 0.523 4.586
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0.1841 0.9773 0.080 0.8533 1248 657 0.537 4.349
0.2595 0.9631 0.110 0.8117 1230 686 0.549 4.122
0.3452 0.9483 0.119 0.7684 1208 723 0.563 3.891
0.4401 0.9333 0.119 0.7320 1196 749 0.573 3.659
0.5502 0.9175 0.095 0.6957 1184 77 0.584 3.422
0.6703 0.9019 0.075 0.6644 1172 807 0.595 3.201
0.8230 0.8842 0.050 0.6283 1160 840 0.607 2.950
1.0000 0.8661 0.5883 1148 876 0.620 2.683
X1 T/K=313.15

0.0000 1.0111 0.9458 1304 582 0.510 4.977
0.0557 0.9980 0.058 0.9000 1280 612 0.523 4.759
0.1159 0.9848 0.094 0.8565 1260 640 0.534 4538
0.1841 0.9711 0.116 0.8134 1236 674 0.549 4.318
0.2595 0.9570 0.130 0.7728 1216 707 0.562 4.093
0.3452 0.9423 0.142 0.7307 1116 742 0.576 3.858
0.4401 0.9275 0.136 0.6954 1184 769 0.586 3.628
0.5502 0.9118 0.117 0.6582 1172 798 0.597 3.386
0.6703 0.8964 0.102 0.6260 1160 829 0.608 3.161
0.8230 0.8789 0.072 0.5893 1148 863 0.621 2.906
1.0000 0.8611 0.5480 1136 900 0.634 2.641

Butyl ethanoate (1) + anisole(2)

X1 T/K=303.15

0.0000 0.9854 0.9225 1388 527 0.476 3.568
0.0829 0.9746 -0.064 0.8794 1380 539 0.482 3.450
0.1685 0.9640 -0.150 0.8431 1372 551 0.487 3.342
0.2588 0.9531 -0.228 0.8112 1360 567 0.494 3.241
0.3527 0.9421 -0.301 0.7797 1342 589 0.504 3.149
0.4499 0.9309 -0.347 0.7486 1324 613 0.514 3.049
0.5499 0.9196 -0.353 0.7218 1300 644 0.527 2.978
0.6545 0.9077 -0.314 0.6951 1272 681 0.542 2911
0.7642 0.8955 -0.226 0.6724 1244 722 0.558 2.842
0.8786 0.8832 -0.117 0.6499 1204 781 0.580 2.786
1.0000 0.8707 0.6333 1160 854 0.606 2.740
X1 T/K=308.15

0.0000 0.9793 0.8495 1368 546 0.489 3.526
0.0829 0.9690 -0.104 0.8083 1360 558 0.495 3.409
0.1685 0.9586 -0.198 0.7705 1348 674 0.502 3.293
0.2588 0.9479 -0.284 0.7373 1336 591 0.509 3.186
0.3527 0.9370 -0.352 0.7085 1320 613 0.518 3.092
0.4499 0.9259 -0.394 0.6800 1300 639 0.529 2.972
0.5499 0.9146 -0.395 0.6579 1276 672 0.543 2.921
0.6545 0.9030 -0.363 0.6358 1250 709 0.558 2.846
0.7642 0.9108 -0.284 0.6158 1224 749 0.573 2.775
0.8786 0.8788 -0.170 0.5998 1188 806 0.595 2.731
1.0000 0.8661 0.5883 1148 876 0.620 2.683
X1 T/K=313.15

0.0000 0.9729 0.7636 1348 566 0.503 3.478
0.0829 0.9630 -0.135 0.7220 1336 582 0.510 3.367
0.1685 0.9529 -0.250 0.6879 1324 599 0.517 3.259
0.2588 0.9424 -0.345 0.6581 1312 616 0.525 3.159
0.3527 0.9316 -0.411 0.6326 1294 641 0.535 3.066
0.4499 0.9206 -0.449 0.6094 1276 667 0.546 2.874
0.5499 0.9095 -0.460 0.5923 1252 701 0.560 2.900
0.6545 0.8980 -0.425 0.5752 1228 739 0.574 2.831
0.7642 0.8861 -0.341 0.5599 1220 784 0.592 2.756
0.8786 0.8739 -0.207 0.5504 1170 836 0.611 2.697
1.0000 0.8611 0.5480 1136 900 0.634 2.641
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Butyl ethanoate(1) + butyl vinyl ether(2)

X1 T/K=303.15

0.0000 0.7734 0.3865 1084 1100 0.689 2.432
0.0969 0.7841 -0.168 0.3997 1100 1054 0.674 2.434
0.1944 0.7944 -0.267 0.4135 1116 1011 0.660 2.436
0.2931 0.8046 -0.338 0.4308 1128 977 0.649 2.450
0.3929 0.8146 -0.383 0.4466 1136 951 0.640 2.463
0.4941 0.8247 -0.399 0.4679 1148 920 0.630 2.484
0.5934 0.8344 -0.406 0.5001 1152 903 0.624 2.531
0.6942 0.8440 -0.383 0.5275 1156 887 0.618 2.580
0.7960 0.8534 -0.324 0.5625 1160 871 0.612 2.630
0.8981 0.8624 -0.209 0.5962 1164 856 0.607 2.685
1.0000 0.8707 0.6333 1160 854 0.606 2.740
X1 T/K=308.15

0.0000 0.7682 0.3647 1072 1132. 0.705 2.399
0.0969 0.7788 -0.146 0.3797 1084 1093 0.692 2.418
0.1944 0.7891 -0.238 0.3966 1100 1047 0.678 2.432
0.2931 0.7993 -0.301 0.4139 1112 1012 0.666 2.448
0.3929 0.8094 -0.338 0.4314 1120 985 0.657 2.467
0.4941 0.8195 -0.361 0.4510 1132 952 0.646 2.486
0.5934 0.8292 -0.358 0.4761 1136 935 0.640 2.517
0.6942 0.8389 -0.341 0.5016 1140 917 0.634 2.560
0.7960 0.8484 -0.287 0.5294 1144 901 0.629 2.601
0.8981 0.8575 -0.176 0.5574 1148 885 0.623 2.643
1.0000 0.8661 0.5883 1148 876 0.620 2.683
X1 T/K=313.15

0.0000 0.7633 0.3541 1060 1166 0.721 2.411
0.0969 0.7738 -0.133 0.3680 1072 1125 0.709 2.422
0.1944 0.7840 -0.212 0.3829 1084 1085 0.696 2.435
0.2931 0.7941 -0.262 0.3980 1096 1048 0.684 2.447
0.3929 0.8041 -0.285 0.4151 1104 1020 0.675 2.467
0.4941 0.8141 -0.294 0.4325 1116 986 0.664 2.481
0.5934 0.8238 -0.294 0.4500 1120 968 0.657 2.503
0.6942 0.8335 -0.279 0.4731 1124 950 0.651 2.538
0.7960 0.8430 -0.225 0.4966 1128 932 0.645 2.572
0.8981 0.8523 -0.145 0.5222 1132 916 0.639 2.608
1.0000 0.8611 0.5480 1136 900 0.634 2.641

For each binary mixture, the composition dependence
of VE, Ay, AKs, L and i€ versus mole fraction x; can be
expressed by using Redlich-Kister polynomial'” equation.

V=X gopi ()&_XZ)i_l (6)

Where m is the number of estimated parameters. The
coefficients A; of equation (6) along with the standard
deviation o (YF) are given in Table 3. These coefficients are
adjustable parameters to get best fit value of YE. The
standard deviation o (YF) was calculated by using the
relation

2
e e e < Vi G

(n-m)
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where n and m represent the number of experimental data
points and that of estimated parameters used in the equation

(6)

Semi empirical models for analyzing mixture viscosities

In this paper we have selected some of the semi empirical
relations to represent the dependence of viscosity on
concentration of the component in the mixtures, which are
suited for practical engineering use. The methods were
chosen because they are well known and accepted or appear
potentially promising. The methods are categorized
according to the number of adjustable parameters. An
attempt has been made to check the suitability of equations
for the present experimental data fits by taking into account
the number of empirical adjustment coefficients.

The applicability and average relative deviations for each
method are discussed with the recommended method
identified.
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The equations discussed are:

Frankel®

Iogn=xflognl+x§10gnz +2xlx210gnlz (8)

Where 7 is the viscosity coefficient and #12 is the interaction
parameter.

Heric®®

Heric proposed a two parameter model of the form

IN(Myyix) =X4In(y) +Xoln(np) +3gIn(My) +3oIn(M )
-InGgMy +XoMb) +390lv1p +121 (09 -X0)] (9)
Where

M; and M, are the molecular weights of pure
components,

y12 and vy21 are the adjustable parameters.
McAllister (four-body)®

McAllister four-body interaction model is a three

parameter equation

Inv=>X"InV;, +4&%, NV,
+6XEX3 INV4 10, +4% 08 INVpp,
¢ IV, —Inx +C5 2]

(10)
—|-6Xl2 X% |n[{|-+ (I\Z/I%\/h)}]

¢ IN(M244,)

These three adjustable parameters vii12, V1122, and vzpo1 are
determined from the kinematic viscosity-composition data.
The correlating ability of equations (8-10) was tested by
calculating the average relative deviation (ARD) between
the experimental and the calculated viscosities as obtained
by relation

(1)

L
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where,

n, represents the number of data points in each set and,
k, is the number of adjustable parameters in Egs. (8-10).

The values of parameters of equations (8-10) and the ARD
values of equation (11) are given in the Table 4. Comparison
of ARD values in Table 3 reveals that these values lie in the
range (0.011-0.129) for the one-parameter model of Frankel,
(0.012-0.034) for two-parameter model of Heric, and
(0.004-0.008) for three-parameter model of McAllister (4-
body). From this it is apparent that McAllister model with
more number of adjustable parameters has the good
predictive ability as compared to one, and two parameter
models; however McAllister model is a correlative in nature,
severely limits its predictability and usefulness. This is
mainly because costly and time consuming data are required
for the determination of the adjustable parameters contained
in the model. Figure 1 shows the variation of VE of binary
mixtures at T= 303.15, 308.15, and 313.15 K

02

01 F

00 f

TE{cm? mol™)

04

X,

Figure 1. Curves of excess molar volume VE versus mole fraction
X1 for the binary mixtures butyl ethanoate + tetrahydrofuran at ( o,
303.15; 0, 308.15 ; A, 313.15) K, butyl ethanoate + 1,4-dioxane at
(%,303.15; x, 308.15; ==, 313.15) K, butyl ethanoate + anisole
at (0O, 303.15; +308.15; m, 313.15) K, butyl ethanoate + butyl
vinyl ether (¢, 303.15; A, 308.15; e, 313.15) K.

In the present study the values of VE were found to be
positive for (butyl ethanoate + tetrahydrofuran) and (butyl
ethanoate +1, 4-dioxane) systems, where as in case of (butyl
ethanoate + anisole) and (butyl ethanoate + butyl vinyl
ether) systems VE is negative over the entire range of
composition at all the temperatures studied. The effect of
temperature is noteworthy as the magnitude of VE either
increase or decrease with increase in temperature. The
positive VE values indicate the dispersive interactions
between unlike molecules are weaker than those between
like molecules.? While the negative VE values may be
attributed to charge transfer complex, dipole-dipole
interactions and structural effects that arise from proper
interstitial accommodation leading to more compact
structure and greater packing in the mixture due to higher
molar volume?? of the solvent butyl ethanoate.
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Table 3. Derived parameters of excess functions and standard deviation of binary liquid mixtures
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i T/IK Ao AL Az c
Function Butyl ethanoate (1) + tetrahydrofuran(2)
VE 303.15 0.3590 -0.0738 -0.1730 0.002
308.15 0.5294 -0.1215 -0.1159 0.002
313.15 0.7909 -0.2128 -0.1816 0.002
An 303.15 0.6309 -0.0552 0.0156 0.001
308.15 0.8929 -0.0582 -0.0020 0.001
313.15 0.1129 -0.6219 0.1673 0.001
AKs 303.15 17.360 -10.763 1.7488 0.306
308.15 16.390 -10.627 1.5757 0.257
313.15 12.645 -6.658 1.1139 0.187
LE 303.15 0.0657 -0.0401 0.0097 0.001
308.15 0.0606 -0.0392 0.0032 0.001
313.15 0.0479 -0.0260 0.0056 0.001
it 303.15 -0.1563 -0.2709 0.151 0.004
308.15 -0.1175 -0.2851 0.176 0.004
313.15 -0.0638 -0.3059 0.198 0.004
Butyl ethanoate (1) + 1, 4-dioxane(2)
VE 303.15 0.3812 -0.1567 -0.1322 0.002
308.15 0.4578 -0.2025 0.0421 0.002
313.15 0.5823 -0.2327 0.1739 0.004
An 303.15 -0.3698 0.2043 -0.0679 0.001
308.15 -0.3304 0.1817 -0.0161 0.001
313.15 -0.2905 0.1527 -0.0189 0.001
AKs 303.15 8.6603 -6.1010 -1.5477 0.118
308.15 12.1419 -6.5438 -2.2169 0.268
313.15 13.2142 -8.3458 0.2736 0.229
L& 303.15 0.0456 -0.0265 -0.0025 0.001
308.15 0.0794 -0.0299 -0.0179 0.001
313.15 0.0846 -0.0397 -0.0075 0.001
e 303.15 -1.5226 0.5562 -0.1563 0.003
308.15 -1.3132 0.4867 -0.0006 0.004
313.15 -1.2596 0.3885 -0.0864 0.004
Butyl ethanoate (1) + anisole(2)
VE 303.15 -1.4168 -0.0985 0.7042 0.003
308.15 -1.5918 -0.1146 0.2101 0.003
313.15 -1.8355 -0.1081 -0.0391 0.002
An 303.15 -0.1704 0.0338 -0.0465 0.001
308.15 -0.2009 0.0466 -0.0393 0.001
313.15 -0.2203 0.0493 -0.0698 0.001
AKs 303.15 -24.9284 -6.5334 -2.8797 0.147
308.15 -22.4828 -5.1904 -2.8797 0.151
313.15 -19.6285 -2.8968 -2.9539 0.103
LE 303.15 -0.0846 -0.0168 -0.0106 0.001
308.15 -0.0753 -0.0114 -0.0040 0.001
313.15 -0.0626 -0.0018 0.0053 0.001
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i 303.15 -0.5720 0.0831 -0.1326 0.002
308.15 -0.5908 0.0863 -0.0434 0.003
313.15 -0.6607 0.0958 -0.1189 0.003
Butyl ethanoate (1) + butyl vinyl ether(2)
VE 303.15 -1.6076 -0.2401 -0.7241 0.003
308.15 -1.4378 -0.1988 -0.5664 0.002
313.15 -1.1857 -0.0542 -0.5552 0.003
Ay 303.15 -0.1536 -0.0041 0.0700 0.001
308.15 -0.1058 0.0036 -3.97E-04 0.001
313.15 -0.0721 -0.0030 0.0288 0.001
AKs 303.15 -21.874 3.9882 -4.3763 0.261
308.15 -20.190 3.4373 2.2346 0.287
313.15 -17.867 4.1050 5.1867 0.205
LE 303.15 -0.1050 0.0011 -0.0224 0.001
308.15 -0.1004 0.0014 -0.0028 0.001
313.15 -0.0937 0.0024 0.0137 0.001
it 303.15 -0.3728 0.0554 0.1508 0.004
308.15 -0.2018 -0.0116 0.1639 0.002
313.15 -0.1714 -0.0066 0.1008 0.003

Table 4. Adjustable parameters and average relative deviations of viscosity models for binary mistures

T/K Frenkel Heric McAllister-4-body
N | % y12 | y21 | % V1112 | V1122 | V2221 | %

Butyl ethanoate (1) + tetrahydrofuran(2)

303.15 -0.540 0.011 0.3041 -0.1582 0.022 4.802 4.6988 4.5752 0.007

308.15 -0.573 0.011 0.3370 -0.1633 0.018 4.808 4.7048 4.5816 0.007

313.15 -0.615 0.014 0.4138 -0.2032 0.037 4.814 4.7116 4.5886 0.007

Butyl ethanoate (1) +1, 4-dioxane(2)

303.15 -0.349 0.119 -0.2739 0.1555 0.017 4.810 4.708 4.599 0.005

308.15 -0.421 0.113 -0.2577 0.1458 0.022 4.816 4.712 4.605 0.005

313.15 -0.464 0.097 -0.2206 0.1265 0.013 4.822 4.718 4.612 0.005

Butyl ethanoate (1) + anisole(2)

303.15 -0.3502 0.024 -0.1602 0.0820 0.025 4.849 4.795 4.750 0.004

308.15 -0.4611 0.023 -0.2256 0.0189 0.018 4.853 4.802 4.755 0.004

313.15 -0.5907 0.037 -0.3069 0.0252 0.034 4.858 4.808 4. 760 0.004
Butyl ethanoate (1) + butyl vinyl ether(2)

303.15 -0.793 0.061 -0.1707 0.051 0.051 4.881 4.879 4.867 0.009

308.15 -0.811 0.030 -0.1341 -0.012 0.049 4.887 4.885 4.8740 0.009

313.15 -0.850 0.025 -0.0509 -0.013 0.022 4.894 4.892 4.8806 0.009

Figure 2 depicts the variation of Ay with mole fraction of
butyl ethanoate. The Axn values for all the studied systems
except for (butyl ethanoate + tetrahydrofuran) are negative
at all the studied temperatures. For the mixtures of
tetrahydrofuran the Az values are positive. The minima of
the (An - x1) curves occur at about x; ~ 0.375. Like VE the
magnitude of Az values also vary with temperature
indicating the effect of temperature on Azn. In our present
case the components have different molecular structure, the
molar volume of the solvent butyl ethanoate (133.32 cm®
mol ) being large, the inclusion of smaller molecules of
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solute in the structure of larger molecules causes the Ay
values negative.

It was observed that the speed of sound values (Table 2)
for (butyl ethanoate + tetrahydrofuran) and (butyl ethanoate
+1, 4-dioxane) and (butyl ethanoate + anisole) decrease with
increase in temperature at any given concentration of ester,
while for (butyl ethanoate + butyl vinyl ether) these values
increase with increase in temperature. The decreasing trend
with increase in temperature indicates breaking of hetero
and homo molecular clusters at high temperature.?
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Figure 2. Curves of deviation in viscosity Az Vs mole fraction for
the binary mixtures. Butyl ethanoate+ tetrahydrofuran at ( o,
303.15; 0, 308.15 ; A, 313.15) K, butyl ethanoate + 1,4-dioxane
at (%, 303.15; x, 308.15 ; == 313.15) K, butyl ethanoate +
anisole at ( O, 303.15 ; +, 308.15 ; m, 313.15 ) K, butyl
ethanoate + butyl vinyl ether at ( #, 303.15; A, 308.15; e, 313.15)
K

The speed of sound will decrease if the intermolecular free
length increases with temperature and vice — versa. This
phenomenon of interdependence of intermoleculat free
length and speed of sound was explained by Kincaid and
Eyring®*

Aks/(Tpat)

Figure 3. Curves of deviations in isentropic compressibility
AKs vs mole fraction for the binary mixture butyl ethanoate +
tetrahydrofuran at ( [J, 303.15; 9, 308.15; §,313.15) K, butyl
ethanoate +1, 4-dioxane at (x,303.15; x, 308.15; ==, 313.15) K,
butyl ethanoate +anisole at (0,303.15; +, 308.15; M, 313.15)
K, butyl ethanoate + butyl vinyl ether (¢, 303.15; A, 308.15; @,
313.15) K.

Figure 3 represents the variation of AKs values with mole

the fraction of butyl ethanoate. The AKs values show
positive deviations for tetrahydrofuran and 1, 4-dioxane
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systems, while for anisole and butyl vinyl ether AKs values
show negative deviations. The magnitude of AKs values
change with rise in temperature.The negative AKs for
anisole and butyl vinyl ether systems in our present study
may be attributed to the dipole — dipole interactions.
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003 F
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Figure 4. Curves of excess intermolecular free length L& vs
mole fraction for the binary mixtures butyl ethanoate +
tetrahydrofuran at ( [J, 303.15; 0,308.15; &, 313.15) k, butyl
ethanoate + 1,4-dioxane at ( x, 303.15; x, 308.15; ==313.15)
k, butyl ethanoate +anisole at (o, 303.15 ; +,308.15 ;l,313.15) Kk,
butyl ethanoate + butyl vinyl ether (¢, 303.15; A, 308.15; e,
313.15) K.

Figure 4 shows the variation of L with x;. Like AKsthe
L values for tetrahydrofuran and 1, 4-dioxane systems are
positive, while for anisole and butyl vinyl ether the L
values are negative over the entire composition range of
butyl ethanoate. According to Ramamurthy and Sastry?® the
negative values of L indicate that sound wave has to travel
a larger distance due to the dominant nature of interactions
between unlike molecules.

. /(Nm-2)

0.5

0 0.2 04 06 08 1
X

Figure 5. Plots of excess internal pressure zi# Vs mole fraction
for the binary mixture butyl ethanoate + tetrahydrofuran at
( 00,303.15 ; 90, 308.15 ; §,313.15 ) K, butyl ethanoate+ 1,4-
dioxane at ( x, 303.15; x, 308.15 ; == 313.15)K, butyl
ethanoate + anisole at (0, 303.15; +, 308.15; M, 313.15) K,
butyl ethanoate + butyl vinyl ether (¢, 303.15; A, 308.15; @,
313.15) K.

711



Molecular interactions of butyl acetate-ether mixtures

Figure 5 shows the variation of i versus mole fraction of
butyl ethanoate, wherein it is observed that the z¥ values
except for (butyl ethanoate + tetrahydrofuran) system,
exhibit negative deviation over the entire range of
composition at all the studied temperatures. For the mixtures
of tetrahydrofuran inversion of sign of zi€ from positive to
negative occurs at about x; ~ 0.275. It is also observed that
the values of = (Table 2) except for (butyl ethanoate + butyl
vinyl ether) decrease with increase in concentration of butyl
ethanoate. The decrease in internal pressure with increase in
concentration of ester may be explained as the addition of
monomer (solute) decreases the cohesive forces of the
solvent. Whereas for butyl vinyl ether the z values increase
with increase in concentration of ester. Similar behavior has
been noticed in the earlier studies.?® 2’

Conclusions

Density, viscosity and speed of sound for the binary
mixtures of butyl ethanoate with tetrahydrofuran, 1, 4-
dioxane, anisole, and butyl vinyl ether were determined over
the entire range of composition at T=303.15, 308.15, and
313.15 K. The various excess or deviation parameters (VE,

An, AKs, L and #i) were evaluated from the measured data.

All these parameters were correlated by the Redlich-Kister
polynomial equation to derive the coefficients and standard
errors. These properties exhibit either positive or negative
deviations from ideality. The results were interpreted in
terms of intermolecular interactions and structural effects. It
is observed that the interactions involved in the present
study are mostly of dipolar-dipolar type. Finally we have
employed some of the available semi-empirical equations to
correlate the experimental viscosity data and compared their
predictive abilities. From the analysis it was concluded that
McAllister equation with three adjustable parameters has a
good predictive ability as compared to one, and two
adjustable parameter models.
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The 3-R-thieno[3,2-d]pyrimidine-2,4(1H,3H)-diones (5a-c¢) and 3-R-2-thioxo-2,3-dihydrothieno[3,2-d]pyrimidine-4(1H)-ones (5d-g) were
synthesized using methyl 3-aminothiophene-2-carboxylate and alkyl-, arylisocyanates and isothiocyanates respectively, which in turn
converted into its N- u S- alkyl derivates (8a-e, 9a-g). 2-Aminothieno[3,2-d]pyrimidin-4(3H)-one (14a-c, 16) were received as a result the

interaction the methyl 3-aminothiophene-2-carboxylate with benzoyl- and pyrimidin-2-yl cyanamides.
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Introduction

The interest for thieno[2,3-d]pyrimidines is caused by a
wide spectrum of biological activity of these compounds,
and half of these reports are revealed in the last decade.!

Synthesis of the thieno[2,3-d]pyrimidines, which include
substituents in position 2, more often realised through the
interaction of methyl 2-aminothiophene-3-carboxylates 1
with nitrile compounds®* or cyanamides®” in conditions of
acid catalysis. With the isocyanates®?? and the
isothiocyanates™*® in the absence of a catalyst formed
compounds with the substituent in position 3. Far less
reports about the synthesis of regioisomeric thieno[3,2-
d]pyrimidines.”'2 Anyway, 3-aminothiophene-2-carboxylate
2, that are necessary for it, could be obtained through the
condensation esters of mercaptoacetic acid with halogenated
propionitriles**> and now are commercially available.

It makes us hope that the synthetic approaches, realized

for the 2-aminothiophene-3-carboxylate, could be used in
the case of their regioisomers too.

N (R
@ﬁﬂ@ﬁc

NH
lab 2ab
1L2R=Me(@@, B (D)
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Experimental

Instrumentation

Melting points were determined in an open capillary tube
and are uncorrected. 'H NMR spectra were recorded on a
Bruker AC-300 instrument in DMSO-ds as solvent and TMS
as an internal standard. Elemental analyses were performed
on a Carlo Erba NA-1500 CHNS Elemental Analyzer.
Reaction progress monitored on TLC 0.2 mm silica gel 60
F-254 (Merck) plates using chlorophorme/methanol (20:1)
combination as the mobile phase and U.V. light (254 nm)
for visualization.

Density functional theory (DFT) calculations were
performed using Gaussian 03 program with the B3LYP
exchange-correlation functional. The basis (6-311++G*)
was used for all atoms. Geometry optimizations were
performed with full relaxation of all atoms. Calculations
were performed in gas phase without solvent effects.
Vibrational frequency calculations were performed to check
that the stable structures had no imaginary frequency.

General Procedure for the synthesis of 3-R-thieno[3,2-d]pyri-
midine-2,4(1H,3H)-diones (5a-c) and 3-R-2-thioxo-2,3-dihyd-
rothieno[3,2-d]pyrimidine-4(1H)-ones. (5d-g)

0.01 mole of isocyanate or isothiocyanate was added to
solution of 1.57 g (0.01 mol) methyl 3-aminothiophene-2-
carboxylate 2a in anhydrous dioxane. The reaction mixture
was heated to 60 °C during 6 h. The solvent was removed in
a rotary evaporator, 10 ml of 1M solution MeONa in
methanol was added and was heated to 60 °C during 6 h. The
solvent was removed in a rotary evaporator, the residue was
dissolved in 40 ml of water and treated with hydrochloric
acid to weak acid reaction. The formed solid product was
filtered and washed with water.
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Synthesis of methyl 3-(3-(2-chloroethyl)ureido)thiophene-2-
carboxylate. (6)

1.05 g (0.01 mol) 2-chloroethylisocyanate was added to
solution of 1.57 g (0.01 mol) methyl 3-aminothiophene-2-
carboxylate 2a in anhydrous dioxane. The reaction mixture
was heated to 70 °C during 6 h. The cooled reaction mixture
was poured onto water (500 ml). The separated white solid
product was filtered, dried and recrystallized from dioxane,
(2.26 g, 86%), m.p. 146-148 °C [139-142 °C]*%. 'H NMR
(DMSO-ds): 6 =3.78 (s, 3H, OCH3), 4.06 (t, 2H, J = 8.2 Hz,
CHy), 4.47 (t, 2H, J = 8.2 Hz, CHy), 6.32 (s, 1H, NH), 7.11
(d, 1H, J = 5.2 Hz, thiophene ring), 7.83 (d, 1H, J = 5.2 Hz,
thiophene ring), 10.54 (s, 1H, NH). Anal. Calcd. for
CoH11CIN2OsS: C, 41.15; H, 4.22; N, 10.66. Found: C,
41.08; H, 4.25; N, 10.66.

Synthesis of 6,7-dihydro-oxazolo[3,2-a]thieno[3,2-d]pyrimidine-
9-one. (7)

2.63 g (0.01 mol) compound 6 was dissolved in 10 ml
dioxane, was added 5 ml strong ammonia and was boiled the
resulting solution within 8 hours. The reaction mass was
poured in 100 ml water, treated with hydrochloric acid to
weak acid reaction and the separated white solid product
was filtered, dried and recrystallized from i-PrOH:DMF
(1:1), (1.44 g, 74 %), m.p. 182-184 °C. 'H NMR (DMSO-
de): 6=4.29 (t, 2H, J = 8.3, CHy), 4.79 (t, 2H, J = 8.3, CHy),
7.09 (d, 1H, J = 5.2, H-4 thiophene ring), 7.86 (d, 1H, J =
5.2, H-5 thiophene ring). Anal. Calcd. for CgHsN2O-S: C,
49.47; H, 3.11; N, 14.42. Found: C, 49.58; H, 3.20; N,
14.52.

General procedure for the synthesis of alkylated 3-R-thieno-
[3,2-d]pyrimidine-2,4(1H,3H)-diones (8a-e) and 3-R-2-thioxo-
2,3-dihydrothieno[3,2-d]pyrimidin-4(1H)-ones. (9a-g)

0.005 mol compound 5a-g was dissolved in 5 ml 1M
solution MeONa in metanol. The solvent was removed in a
rotary evaporator, the residue was dissolved in anhydrous
DMF and 0.005 mol alkylhalogenide was added. The
reaction mixture was heated to 100 °C during 5 min and
after 15 min was poured in 100 ml water. The separated
solid product was filtered, dried and recrystallized from i-
PrOH:DMF (1:1).

General procedure for the synthesis of 2-(pyrimidine-2-ylami-
no)thieno[3,2-d]pyrimidin-4(3H)-ones. (14a-c)

0.01 mol corresponding N-(pyrimidin-2-yl)cyanamide and
0.01 mol strong hydrochloric acid were added to solution of
1.57 g (0.01 mol) methyl 3-aminothiophene-2-carboxylate
2a in 25 ml i-PrOH, was boiled the resulting solution within
3 hours and after cooling to room temperature was poured in
100 ml water. The solution NaOH (0.6 g in 15 ml water)
was added. The separated solid product was filtered, dried
and recrystallized from i-PrOH:DMF (1:1).
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Synthesis of N-(4-oxo0-3,4-dihydrothieno[3,2-d]pyrimidine-2-
yl)benzamide. (16)

The solution of 0.785 g (0.005 mol) methyl 3-
aminothiophene-2-carboxylate 2a and 0.67 g (0.005 mol)
benzoylcyanamide in 20 ml dioxane was heated to 60 °C
during 2 h. The separated solid product was filtered, dried
and recrystallized from dioxane, (0.80 g, 59%), m.p. 241-
242 °C. 'H NMR (DMSO-dg): 6 = 7.21 (d, 1H, J = 5.2 Hz,
thiophene ring), 7.51 (t, 2H, J = 7.5 Hz, ArH), 7.62 (t, 1H, J
= 7.3 Hz, ArH), 8.03 (d, 1H, J = 5.2 Hz, thiophene ring),
8.12 (d, 2H, J = 7.9 Hz, ArH), 11.79 (br s, 1H, NH), 12.42
(br s, 1H, NH). Anal. Calcd. for C13HgN30,S: C, 57.55; H,
3.34; N, 15.49. Found: C, 57.57; H, 3.29; N, 15.52.

Spectral data of newly prepared compounds.

3-(4-Chlorophenyl)thieno[3,2-d]pyrimidine-2,4(1H,3H)-dione.
(5a)

Yield: 95 %, m.p. 345-346 °C. 'H NMR (300 MHz,
DMSO-dg+CCls) 3: 6.93 (d, 1H, J = 5.2, H-4 thiophene
ring), 7.29 (d, 2H, J = 7.5, ArH), 7.50 (d, 2H, J = 7.5, ArH),
8.01 (d, 1H, J = 5.2, H-5 thiophene ring), 11.98 (s, 1H, NH).
Anal. Calcd. for C1,H7CIN20O,S: C, 51.71; H, 2.53; N, 10.05.
Found: C, 51.68; H, 2.54; N, 10.07.

3-(2,4-Difluorophenyl)thieno[3,2-d]pyrimidine-2,4(1H,3H)-
dione. (5b)

Yield: 82 %, m.p. 344 °C. 'H NMR (300 MHz, DMSO-
ds+CCls) &: 7.05 (d, 1H, J = 5.3 Hz, H-4 thiophene ring),
7.15-7.32 (m, 2H, ArH), 7.40-7.49 (m, 1H, ArH), 8.12 (d,
1H, J = 5.3 Hz, H-5 thiophene ring), 11.88 (s, 1H, NH).
Anal. Calcd. for C12HsFN2O,S: C, 51.43; H, 2.16; N, 10.00.
Found: C, 51.38; H, 2.24; N, 9.93.

3-Isopropylthieno[3,2-d]pyrimidine-2,4(1H,3H)-dione. (5¢)

Yield: 62 %, m.p. 235-236 °C. 'H NMR (300 MHz,
DMSO-ds+CCl,) 8: 1.45 (d, 6H, J = 6.8 Hz, 2CH3), 5.12
(sept, 1H, CH), 7.24 (d, 3H, J = 5.3 Hz, H-4 thiophene ring),
8.05 (d, 1H, J = 5.3 Hz, H-5 thiophene ring) 12.11 (s, 1H,
NH). Anal. Calcd. for CgH10N20O,S: C, 51.41; H, 4.79; N,
13.32. Found: C, 51.48; H, 4.84; N, 13.37.

3-Methyl-2-thioxo-2,3-dihydrothieno[3,2-d]pyrimidine-4(1H)-
one. (5d)

Yield: 62 %, m.p. 327-328 °C. *H NMR (300 MHz,
DMSO-dg+CCly) 8: 2.58 (s, 3H, SCH3), 7.17 (d, 1H, J=5.2
Hz, H-4 thiophene ring), 7.86 (d, 1H, J = 5.2 Hz, H-5
thiophene ring), 12.04 (s, 1H, NH). Anal. Calcd. for
C7/HsN20S;: C, 42.41; H, 3.05; N, 14.13. Found: C, 42.37,
H, 3.04; N, 14.06.
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3-Phenyl-2-thioxo-2,3-dihydrothieno[3,2-d]pyrimidine-4(1H)-
one. (5e)

Yield: 94 %, m.p. 347 °C (destr.). *H NMR (300 MHz,
DMSO-ds+CCls) 8: 7.19-7.30 (m, 3H, ArH, H-4 thiophene
ring), 7.48-7.57 (m, 3H, ArH), 8.08 (d, 1H, J = 5.3 Hz, H-5
thiophene ring), 11.97 (s, 1H, NH). Anal. Calcd. for
C12HsN20S;: C, 55.36; H, 3.10; N, 10.76. Found: C, 55.36;
H, 3.18; N, 10.67.

3-(2-Fluorophenyl)-2-thioxo-2,3-dihydrothieno[3,2-d]pyrimi-
dine-4(1H)-one. (5f)

Yield: 70 %, m.p. 295-297 °C. 'H NMR (300 MHz,
DMSO-ds+CCls) 6: 7.22 (d, 3H, J = 5.2 Hz, H-4 thiophene
ring), 7.38-7.49 (m, 3H, ArH), 7.63-7.73 (m, 1H, ArH), 8.00
(d, 1H, J = 5.2 Hz, H-5 thiophene ring), 11.92 (s, 1H, NH).
Anal. Calcd. for C12H7FN2OS;: C, 51.78; H, 2.54; N, 10.06.
Found: C, 51.84; H, 2.49; N, 9.98.

3-(4-Methoxyphenyl)-2-thioxo-2,3-dihydrothieno[3,2-d]pyrimi-
dine-4(1H)-one. (59)

Yield: 35 %, m.p. 278-280 °C. *H NMR (300 MHz,
DMSO-ds+CCl4) 8: 3.87 (s, 3H, OCH3), 7.11 (d, 2H, J=7.8
Hz, ArH), 7.25 (d, 1H, J = 5.3 Hz, H-4 thiophene ring), 7.29
(d, 2H, J = 7.8 Hz, ArH), 8.12 (d, 1H, J = 5.3 Hz, H-5
thiophene ring), 12.06 (s, 1H, NH). Anal. Calcd. for
C13H10N20,S;: C, 53.77; H, 3.47; N, 9.65. Found: C, 53.84;
H, 3.42; N, 9.66.

2-(3-(4-Chlorophenyl)-2,4-dioxo-3,4-dihydrothieno[3,2-d]pyri-
midine-1(2H)-yl)acetonitrile. (8a)

Yield: 64 %, m.p. 189 °C. 'H NMR (300 MHz, DMSO-
de+CCls) 8: 5.22 (s, 2H, CHy), 7.30 (d, 2H, J = 7.3 Hz,
ArH), 7.44-7.51 (m, 3H, ArH, H-4 thiophene ring), 8.12 (d,
1H, J = 5.3 Hz, H-5 thiophene ring). Anal. Calcd. for
C14sHsCIN3O,S: C, 52.92; H, 2.54; N, 13.22. Found: C,
52.84; H, 2.43; N, 13.16.

3-(2,4-Difluorophenyl)-1-methylthieno[3,2-d]pyrimidine-
2,4(1H,3H)-dione. (8b)

Yield: 72 %, m.p. 262 °C. 'H NMR (300 MHz, DMSO-
de+CCly4) 8: 3.61 (s, 3H, CHs), 7.04-7.20 (m, 2H, ArH), 7.29
(d, 1H, J = 5.3 Hz, H-4 thiophene ring), 7.30-7.45 (m, 1H,
ArH), 8.06 (d, 1H, J = 5.3 Hz, H-5 thiophene ring). Anal.
Calcd. for CisHgF2N20O,S: C, 53.06; H, 2.74; N, 9.52.
Found: C, 53.17; H, 2.62; N, 9.44.

3-(2,4-Difluorophenyl)-1-(2-oxopropyl)thieno[3,2-d]pyrimidine-
2,4(1H,3H)-dione. (8c)

Yield: 48 %, m.p. 166-168 °C. *H NMR (300 MHz,
DMSO-ds+CCly) 8: 2.29 (s, 3H, CHa), 5.02 (s, 2H, CHy),
7.05-7.19 (m, 2H, ArH), 7.22 (d, 1H, J = 5.3 Hz, H-4
thiophene ring), 7.30-7.41 (m, 1H, ArH), 8.05 (d, 1H, J =
53 Hz, H-5 thiophene ring). Anal. Calcd. for
CisH1o0F2N203S: C, 53.57; H, 3.00; N, 8.33. Found: C,
53.47; H, 2.99; N, 8.26.
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3-Isopropyl-1-methylthieno[3,2-d]pyrimidine-2,4(1H,3H)-dione.
(8d)

Yield: 68 %, m.p. 115-116 °C. *H NMR (300 MHz,
DMSO-ds+CCly) 6: 1.41 (d, 6H, J = 6.8 Hz, 2CH3), 3.50 (s,
3H, CHs), 5.17 (sept, 1H, CH), 7.18 (d, 3H, J = 5.3 Hz, H-4
thiophene ring), 7.97 (d, 1H, J = 5.3 Hz, H-5 thiophene
ring). Anal. Calcd. for C10H12N20,S: C, 53.55; H, 5.39; N,
12.49. Found: C, 53.42; H, 5.34; N, 12.35.

4-((3-1sopropyl-2,4-dioxo-3,4-dihydrothieno[3,2-d]pyrimidine-
1(2H)-yl)methyl)benzonitrile. (8e)

Yield: 77 %, m.p. 204-205 °C. *H NMR (300 MHz,
DMSO-de+CCly) 6: 1.50 (d, 6H, J = 6.8 Hz, 2CH3), 5.21
(sept, 1H, CH), 5.32 (s, 2H, CHy), 7.10 (d, 3H, J = 5.3 Hz,
H-4 thiophene ring), 7.51 (d, 2H, J = 7.4 Hz, ArH), 7.70 (d,
2H, J = 7.4 Hz, ArH), 7.90 (d, 1H, J = 5.3 Hz, H-5
thiophene ring). Anal. Calcd. for C17H1sN30,S: C, 62.75; H,
4.65; N, 12.91. Found: C, 62.87; H, 4.77; N, 13.01.

3-Methyl-2-(methylthio)thieno[3,2-d]pyrimidine-4(3H)-one.
(92)

Yield: 64 %, m.p. 196-197 °C. 'H NMR (300 MHz,
DMSO-ds+CCly) 8: 2.62 (s, 3H, SCHa), 3.54 (s, 3H, NCHs3),
7.21 (d, 1H, J = 5.2 Hz, H-4 thiophene ring), 7.99 (d, 1H, J
= 5.2 Hz, H-5 thiophene ring). Anal. Calcd. for CgHsN2OS,:
C, 45.26; H, 3.80; N, 13.20. Found: C, 45.30; H, 3.80; N,
13.27.

2-(Methylthio)-3-phenylthieno[3,2-d]pyrimidine-4(3H)-one.
(9b)

Yield: 54 %, m.p. 182-183 °C. 'H NMR (300 MHz,
DMSO-ds+CCly) 8: 2.47 (s, 3H, SCH3), 7.23-7.34 (m, 3H,
ArH, H-4 thiophene ring), 7.52-7.61 (m, 3H, ArH), 7.97 (d,
1H, J = 5.3 Hz, H-5 thiophene ring). Anal. Calcd. for
C13H10N20S;: C, 56.91; H, 3.67; N, 10.21. Found: C, 56.86;
H, 3.63; N, 10.25.

2-(4-Oxo0-3-phenyl-3,4-dihydrothieno[3,2-d]pyrimidine-2-
ylthio)acetonitrile. (9¢)

Yield: 52 %, m.p. 194-195 °C. 'H NMR (300 MHz,
DMSO-ds+CCls) 8: 4.09 (s, 2H, CHp), 7.31-7.43 (m, 3H,
ArH, H-4 thiophene ring), 7.55-7.63 (m, 3H, ArH), 8.08 (d,
1H, J = 5.3 Hz, H-5 thiophene ring). Anal. Calcd. for
C14HoN30S;: C, 56.17; H, 3.03; N, 14.04. Found: C, 56.11;
H, 3.11; N, 13.97.

3-(2-Fluorophenyl)-2-(methylthio)thieno[3,2-d]pyrimidine-
4(3H)-one. (9d)

Yield: 54 %, m.p. 137-139 °C. 'H NMR (300 MHz,
DMSO-ds+CCly) 8: 2.52 (s, 3H, SCH3), 7.30 (d, 3H, J =5.2
Hz, H-4 thiophene ring), 7.35-7.47 (m, 3H, ArH), 7.57-7.65
(m, 1H, ArH), 8.08 (d, 1H, J = 5.2 Hz, H-5 thiophene ring).
Anal. Calcd. for C13HgFN2OS;: C, 53.41; H, 3.10; N, 9.58.
Found: C, 53.35; H, 3.15; N, 9.64.
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2-(3-(2-Fluorophenyl)-4-oxo0-3,4-dihydrothieno[3,2-d]pyrimi-
dine-2-ylthio)acetonitrile. (%)

Yield: 20 %, m.p. 117-118 °C. *H NMR (300 MHz,
DMSO-ds+CCls) 6: 4.15 (s, 2H, CHy), 7.36-7.47 (m, 3H,
ArH, H-4 thiophene ring), 7.54 (t, 1H, J = 7.8 Hz, ArH),
7.63-7.71 (m, 1H, ArH), 8.11 (d, 1H, J = 5.2 Hz, H-5
thiophene ring). Anal. Calcd. for C14HgFN30S;: C, 52.98; H,
2.54; N, 13.24. Found: C, 53.06; H, 2.50; N, 13.32.

Methyl 2-(3-(2-fluorophenyl)-4-oxo-3,4-dihydrothieno-[3,2-d]-
pyrimidin-2-ylthio)acetate. (9f)

Yield: 64 %, m.p. 177-178 °C. 'H NMR (300 MHz,
DMSO-ds+CCls) 6: 3.71 (s, 3H, OCHa), 3.96 (s, 2H, CH>),
7.25 (d, 1H, J = 5.2 Hz, H-4 thiophene ring), 7.36-7.44 (m,
2H, ArH), 7.48 (t, 1H, J = 7.8 Hz, ArH), 7.60-7.68 (m, 1H,
ArH), 8.06 (d, 1H, J = 5.2 Hz, H-5 thiophene ring). Anal.
Calcd. for CisH11FN2O3Sp: C, 51.42; H, 3.16; N, 7.99.
Found: C, 51.36; H, 3.09; N, 8.09.

3-(4-Methoxyphenyl)-2-(2-oxopropylthio)thieno[3,2-d]pyrimi-
dine-4(3H)-one. (99)

Yield: 66 %, m.p. 161-163 °C. *H NMR (300 MHz,
DMSO-ds+CCls) 6: 2.29 (s, 3H, CHs), 3.89 (s, 3H, OCHy),
3.96 (s, 2H, CHy), 7.09 (d, 2H, J = 7.8 Hz, ArH), 7.20 (d,
1H, J = 5.3 Hz, H-4 thiophene ring), 7.25 (d, 2H, J = 7.8 Hz,
ArH), 7.99 (d, 1H, J = 5.3 Hz, H-5 thiophene ring). Anal.
Calcd. for C16H14N203S;: C, 55.47; H, 4.07; N, 8.09. Found:
C, 55.39; H, 4.10; N, 8.13.

2-(Pyrimidin-2-ylamino)thieno[3,2-d]pyrimidin-4(3H)-one.
(14a)

Yield: 37 %, m.p. 278-279 °C. *H NMR (300 MHz,
DMSO-ds) 8: 7.10-7.15 (m, 2H, H-5 pyrimidine ring, H-4
thiophene ring), 7.92 (d, 1H, J = 5.2 Hz, H-5 thiophene
ring), 8.71 (d, 2H, J = 5.2 Hz, H-4, H-6 pyrimidine ring),
10.98 (br s, 1H, NH), 13.11 (br s, 1H, NH). Anal. Calcd. for
C10H7Ns0S: C, 48.97; H, 2.88; N, 28.55. Found: C, 49.07;
H, 2.86; N, 28.55.

2-(4,6-Dimethylpyrimidin-2-ylamino)thieno[3,2-d]pyrimidine-
4(3H)-one. (14b)

Yield: 42 %, m.p. 271-272 °C. *H NMR (300 MHz,
DMSO-ds) &: 2.47 (s, 6H, CH3), 6.81 (s, 1H, H-5 pyrimidine
ring), 7.12 (d, 1H, J = 5.2 Hz, thiophene ring), 7.85 (d, 1H, J
= 5.2 Hz, thiophene ring), 10.51 (br s, 1H, NH), 13.39 (br s,
1H, NH). Anal. Calcd. for C12H11NsOS: C, 52.73; H, 4.06;
N, 25.62. Found: C, 52.81; H, 4.10; N, 25.70.

2-(4-Phenylpyrimidin-2-ylamino)thieno[3,2-d]pyrimidin-4(3H)-
one. (14c)

Yield: 88 %, m.p. 256-258 °C. *H NMR (300 MHz,
DMSO-ds) 8: 7.20 (d, 1H, J = 5.2 Hz, thiophene ring), 7.56-
7.62 (m, 3H, ArH), 7.68 (d, 1H, J = 5.3 Hz, H-5 pyrimidine
ring), 7.20 (d, 1H, J = 5.2 Hz, thiophene ring), 8.04 (d, 1H, J
= 5.2 Hz, thiophene ring), 8.16-8.22 (m, 2H, ArH), 8.74 (d,
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1H, J = 5.3 Hz, H-6 pyrimidine ring), 11.04 (br s, 1H, NH),
13.35 (br s, 1H, NH). Anal. Calcd. for C16H11Ns0S: C,
59.80; H, 3.45; N, 21.79. Found: C, 59.87; H, 3.47; N,
21.87.

Results and Discussion

Reaction of isocyanates and isothiocyanates with
aminoester 1 as well as their isomers with 2 begins with the
formation of the corresponding urea or thiourea, which is
the product of nucleophilic attack on the carbon atom of the
isocyanate or isothiocyanate groups of the amino nitrogen
atom. Further in basic catalysis conditions the interaction
resulting urea nitrogen or thiourea with a carbonyl group
carbon atom of the ester group and the pyrimidine ring
closure of an annelated. Under the conditions of acid
catalysis generated thiourea result thieno[1,3]thiazin-4-
one.’®!” Thus the cyclization involves an amino group and
the carbonyl carbon of the ester group. However their
reactivity apparently depends on the position of the
thiophene ring. In fact, pK, for thiophene-2-carboxylic acid
(3.53) is 0,57 lower than for thiophene-3-carboxylic acid
(4.10),'8 in other words carboxyl group position 2 has more
acid than in position 3. In the same way the protonation of
the oxygen atom in thiophene-3-carboxamide is esaier,*® so
it is more basic than in amide group in position 2.

The same result is shown by our quantum-chemical
calculations with the GAUSSIAN 03 program.? Payment of
charges made by the method of Merz-Singh-Kollman,?
which, in our opinion, the most adequately reflects the
reactivity of the atoms in the processes occurring under the
charge control. Thus, the data in Table 1 demonstrate that
the amino compound 2a more nucleophilic and electrophilic
carbonyl group is more than the compound 1a.

Table 1. The charge on the amino nitrogen atom and the carbonyl
group of compounds 1a, 2a, and methyl anthranilate.

Functional la 2a methyl
group anthranilate
-NH2 -0.703 -0.776 -0.776
-C(O)OMe 0.614 0.785 0.601

Furthermore, the optimal conformation aminoester la
formed in the intramolecular hydrogen bond between the
hydrogen atom of the amino group and the carbonyl oxygen
stabilizing the initial state. In the methyl 3-aminothiophene-
2-carboxylate the formation of such a connection 2a is
difficult as the ester group undergoes steric hindrance by
volume of sulfur, which leads to the formation of weak
hydrogen bond between the hydrogen atom of the amino
group and the bridging nitrogen atom of the ester group, a
carbonyl atom and not oxygen, as in the case la. Thus, in
aminoester 2a aminogroup is a more nucleophilic and
carbonyl more electrophilic than methyl 2-aminothiophene-
3-carboxylate la. The interaction of compound 2a with
isocyanates and isothioscyanates 3a-g also initially leads to
carbamides or thiocarbamides 4a-g, alkaline treatment of
which leads to pyrimidinediones 5a-c or 2-thioxopyrimidin-
4-ones 5d-g (Scheme 1).
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X=8 R=Me(d), Ph(e), 2FCe (), 4MeCCeHs (9)
Scheme 1.
Due to interaction of compound 2a with 2-

chloroethylisocyanates methyl 3-(3-(2-chloroethyl)ureido)
thiophene-2-carboxylate 6 was received with potential
antihypertensive activity.®> Our attempt to obtain 3-(2-
chloroethyl) thieno[3,2-d]pyrimidine-2,4(1H,3H)-dione A in
the conditions similar to the conditions of getting 3-(2-
chloroethyl)quinazolin-2,4(1H,3H)-dione,?? shows that the
reaction proceeds very slowly. In more complicated
conditions (two-day boiling ammonia-dioxane solution)
leads to the tricyclic compounds 7 (Scheme 2).

u
O |,
Lok + dy—»dm
70°C,6h Aeh P
o) H o
2a
(0] onane
NHOH
@@3
Scheme 2. 7

Pyrimidinediones 5a-¢, due to a movable hydrogen atom
at position 1, are able to join the reaction of alkylation, just
as 3-R-quinazolin-2,4(1H,3H)-diones?® and thieno[2,3-
d]pyrimidine-2,4(1H,3H)-diones.?* Treatment of a solution
of 1M sodium methoxide in methanol solution was
transferred to their corresponding sodium salts. After
removal of methanol on a rotary evaporator, the salt was
dissolved in dimethylacetamide and treated with a solution
of the alkyl halide. The brief heating leads to the forming of
alkyl derivatives 8a-e (Scheme 3).

(0] (0] o R
R R
N MeoNa NT R &LN
@6( MeCH @E:;&O NaHd \ ﬁl\zlrgo
Sac 8ae
8 R=4-0C¢H, Rl =CHN(a),
R=24FCgHs, Rt=Me (b), GHO0CH (0,
R=i-Pr, RL=Me (d), CHCeHiON (@)
Scheme 3.

2-Thioxopyrimidin-4-ones 5d-g, is like the isomeric 2-
thioxo-2,3-dihydrothieno[2,3-d]pyrimidin-4(1H)-ones!325-26
alkylated at the sulfur atom. In this case, the compound 5d-g
are also converted into its sodium salt, which under mild
conditions with good yields subjected to alkylation (Scheme

@@ e e o

9 R=R=Me(@);R= PhR1 Me (b), GHHON(0);

Scheme 4. R=4MeOCHy, R =
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Structural analog of isocyanates and isothiocyanates are
cyanamides. Describes the reaction of substituted ethyl 2-
aminothiophene-3-carboxylates 10a-d and a dialkyl- and
diarylcyanamides, catalyzed anhydrous HCI (Scheme 5).5
Dialkyl cyanamides vyield 2-dialkylaminothieno [2,3-d]-
pyrimidin-4(3H)-ones under these reaction conditions.
However, when N-monoarylcyanamides were used two
isomeric thienopyrimidin-4-ones 11 and 12 have been
obtained as the condensation products of their dry HCI
catalyzed reaction with thiophene o-aminoesters 10a-d. The
reaction proceeds via the transient guanidine intermediate B,
which cyclizes through two alternate pathways to afford the
isomeric 2-aminothieno[2,3-d]pyrimidin-4 (3H)-ones.

RlIOOEt Mo RL%;(}\'\HZ RL@ELNJQ

/ o
RO R
SO ‘L@@w

Rl R2 (O'b)4(a) (O'E)ZN(O-de-B)O-b(b)Rl Re=Me(c), Rt =Cet, RR=H(d);
G MeOCath, 4-QCaHs, 2

Scheme 5.

We used the N-pyrimidin-2-ylcyanamides 13a-c and
benzoylcyanamide 15. Previously, we have shown?-?° that
these cyanamides reacted with esters of anthranilic acid to
form quinazolin-4(3H)-ones similar to compound 11.
Structure of the reaction product of methyl anthranilate with
cyanamide 13b is confirmed RSA.* Quantum-chemical
calculation results given above indicate that 3-
aminothiophene-2-carboxylates 2 largely similar
anthranilate than 2-aminothiophene-3-carboxylates 1. This
suggests that the main product cyclization are just
compounds 14a-c and 16 (Scheme 6). Indeed, in the H
NMR spectrum of compounds 14a-c singlets observed in the
10.5-11.0 ppm and 13.1-13.5 ppm, which corresponds to
sufficiently "sour" magnetically nonequivalent protons of
NH groups. In the case of a structure similar to the structure
of the compounds 12, in the spectrum of protons expected
signal group NH. In the *H NMR spectrum of compound 16
are also present singlets 11.79 and 12.45 ppm

o R 1)iPCH Ha
%ﬁ“ * zjj'iu/ e @@ﬁ(

1314 R=R2=R3=H(g); Rl =F8=Mg, R2= H(b)'Rl Ph RR=RB=H(Q)
7 ¢ N doxare
+
Qoe (W o o ey
2 15
Scheme 6.
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Conclusion
The interaction of methyl 3-aminothiophene-2-
carboxylate with isocyanates, isothiocyanates and the

cyanamides leads to 2- and 3-substituted thieno[3,2-
d]pyrimidine-4(1H)-ones (5a-g, 14a-c, 16). The 3-R-
thieno[3,2-d]pyrimidine-2,4(1H,3H)-diones (5a-c) and 3-R-
2-thioxo-2,3-dihydrothieno[3,2-d]pyrimidine-4(1H)-ones
(5d-g) are suitable scaffolds for getting various N- u S-alkyl
derivatives. Use of 2-chloroethyl isocyanate allows to obtain
tricyclic 6,7-dihydro-oxazolo[3,2-a]thieno[3,2-d]pyrimidin-
9-one (7). The interaction of methyl 3-aminothiophene-2-
carboxylate with cyanamides is a regioselective process and
it leads to N-2-substituted 2-aminothieno[3,2-d]pyrimidine-
4(3H)-ones (14a-c).
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Potassium carbonate was found to be an efficient catalyst for synthesis of novel 2-thioxoquinazolin-4(1H)-one derivatives via a one-pot
condensation of isatoic anhydride with primary amines and phenyl isothiocyanate in water at room temperature
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INTRODUCTION

Quinazolinones are very important structural units found
as the main constituents of several bioactive molecules
displaying a wide range of biological and pharmacological
activities.! Owing to the promised properties of
quinazolinones such as anti-inflammatory,? antimalarial,?
antihypertensive,* anticonvulsant,® anti-HIV.,® and anti-
cancer’ activities, a plethora of research efforts were
rewarded to their synthesis. As a consequence, there are a
number of synthetic methods available for preparation of
quinazolinones.®18

The most common route resorted for synthesis of 4(3H)-
quinazolinones involves the amidation of 2-aminobenzoic
acid or its derivatives, followed by a oxidative ring
closure.’®?2 Other synthetic methods include the cyclization
of anthranil amides with aldehydes? or ketones or even with
acid chlorides under acidic or basic conditions.?*?> However,
most of the reported methods involve multistep processes
requiring prolong experimental procedures or toxic reagents
for giving poor yields.

Moreover, very few methods are available for the
synthesis of 2-thioxoquinazolin-4-ones whilst most of the
reported methods were developed for synthesis of
quinazolin-2,4(1H,3H)-diones.?®

Recently, a base-catalyzed intramolecular nucleophilic
cyclization of substituted thioureas in DMF for synthesis of
2-thioxoquinazolin-4-ones was reported.?” In addition, solid-
phase syntheses were developed for preparation of many
libraries of 2-thioxoquinazolin-4-one derivatives.?8-3
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EXPERIMENTAL SECTION

Materials, methods and instruments

All the chemicals were obtained from Merck or Fluka
without further purifications. Melting points were
determined on an Electrothermal 9100 melting point
apparatus. Silica gel 60rzs4 plates were used for TLC. IR
spectra were measured on a Shimadzu IR-470 spectrometer.
'H NMR and **C NMR spectra were determined on Bruker
500 DRX AVANCE instrument at 500 and 125 MHz,
respectively. The elemental analyses (C, H, N) were
obtained from a Carlo ERBA Model EA 1108 analyzer
carried out on Perkin-Elmer 240c analyzer. Mass spectra
were recorded on a FINNIGAN-MAT 8430 Mass
spectrometer operating at an ionization potential of 70 eV.

Typical synthesis of compounds (4a-h)

To a magnetically stirred mixture of isatoic anhydride (2
mmol) in 10 mL of water was added a proper primary amine
(2 mmol). When the addition was complete, the mixture
retained stirring for additional 2 hours at room temperature.
After that time, the mixture became milky and phenyl
isothiocyanate (2 mmol) and potassium carbonate (0.1 g)
were added to it. The mixture was stirred further for nearly 1
hour at room temperature to complete the reaction. Each
time the progress of the reaction was monitored by TLC. At
the end of reaction, the mixture was diluted with CH,Cl, and
washed with water and the organic layer was dried over
MgSQ,. Evaporation of the solvent under reduced pressure
provided a residue which was purified by column
chromatography (using n-hexane:ethylacetate in the ratio of
8:2 as eluents) to afford the desired 2-thioxoquinazolin-
4(1H)-one products (4a-h).

2,3-Dihydro-3-phenyl-2-thioxoquinazolin-4(1H)-one (4a).

White powder, m.p. 307-309 °C; IR: (Vmaxiem2): 3247 (N-
H), 3068 (C-H), 1664 (C=0), 1197 (C=S); H NMR (500
MHz, DMSO): 8= 7.27-7.96 (m, 9H , Ar), 13.03 (s, 1H,
NH); 3C NMR (125 MHz, DMSO): 115.6, 116.1, 124.3,
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127.3,128.0, 128.8, 128.9, 135.5, 139.2, 139.6, 159.7, 176.0
ppm. MS (m/z, %): 254 (M%*). Anal. Calcd. For
C14H10N20S: C, 66.12; H, 3.96; N, 11.02. Found: C, 65.92;
H, 3.90; N, 11.13.

3-(4-Chlorobenzyl)-2,3-dihydro-2-thioxoquinazolin-4(1H)-one
(4b).

White powder, m.p. 317-319 °C; IR: (Vmaxem™>): 3054 (N-
H), 2932 (C-H), 1664 (C=0), 1224 (C=S); 'H NMR (500
MHz, DMSO): 4= 5.06 (s, 2H), 7.16-7.59 (m, 8H , Ar),
12.03 (s, 1H, NH); C NMR (125 MHz, DMSO): 43.2,
114.6, 125.3, 127.0, 127.4, 128.2, 133.9, 134.7, 137.2, 142.0,
149.6, 159.7 ppm. MS (m/z, %): 302 (M*). Anal. Calcd. For
C1sH1:CIN20S: C, 59.50; H, 3.66; N, 9.25. Found: C, 59.41;
H, 3.72; N, 9.19.

7-Chloro-2,3-dihydro-3-phenyl-2-thioxoquinazolin-4(1H)-one,
(4c).

White powder, m.p. 324-326 °C; IR: (Vmaxem™): 3159 (N-
H), 3005 (C-H), 1717 (C=0), 1180 (C=S); *H NMR (500
MHz, DMSO): &= 7.29-7.90 (m, 8H , Ar), 13.06 (s, 1H,
NH); $3C NMR (125 MHz, DMSO): 14.9, 56.6, 115.5, 116.4,
1245, 125.6, 126.3, 126.9, 127.9, 135.4, 138.8, 140.3, 158.3,
176.5 ppm. MS (m/z, %): 288 (M*). Anal. Calcd. For
C14HoCIN,OS: C, 58.23; H, 3.14; N, 9.70. Found: C, 58.34;
H, 3.17; N, 9.58.

2,3-Dihydro-3-(1-phenylethyl)-2-thioxoquinazolin-4(1H)-one
(4d).

White powder, m.p. 264-266 °C; IR: (Vmaxem™): 3310 (N-
H), 3025 (C-Harom), 1666 (C=0), 1198 (C=S); 'H NMR
(500 MHz, DMSO): =1.85 (d, J = 7.1 Hz, 3H), 2.08 (q, J =
7.1 Hz, H), 7.18-7.80 (m, 9H , Ar), 12.96 (s, 1H, NH); *3C
NMR (125 MHz, DMSO0): 31.8, 47.0, 55.5, 112.0, 112.3,
115.5, 115.6, 120.4, 124.5, 127.2, 130.8, 135.4, 139.0, 147.4,
148.7, 159.1, 174.9, ppm. MS (m/z, %): 282 (M*). Anal.
Calcd. For CiH14N20S: C, 68.06; H, 5.00; N, 9.92.
Found:C, 68.12; H, 5.04; N, 9.80.

3-(3,4-Dimethoxyphenethyl)-2,3-dihydro-2-thioxoquinazolin-
4(1H)-one (4e).

White powder, m.p. 302-305 °C; IR: (Vmaxem™): 3180 (N-
H), 3040 (C-H), 1686 (C=0), 1145 (C=S); 'H NMR (500
MHz, DMSO): 8= 2.51 (t, J = 7.5 Hz, 2H), 3.74 (s, 6H),
457 (t, J = 7.5 Hz, 2H), 7.79-7.97 (m, 7TH , Ar), 13.03 (s, 1H,
NH); 33C NMR (125 MHz, DMSO): 158.5, 152.3, 145.4,
138.3, 135.6, 131.4, 128.3, 126.5, 125.5, 124.8, 118.5, 21.0,
13.1, 9.0 ppm. MS (m/z, %): 342 (M*). Anal. Calcd. For
CisH18N20sS: C, 63.14; H, 5.30; N, 8.18. Found: C, 63.21;
H, 5.36; N, 8.03.

2,3-Dihydro-3-((pyridin-2-yl)methyl)-2-thioxoquinazolin-
4(1H)-one, (4f)

White powder, m.p. 294-297 °C; IR: (Vmaxem™): 3268 (N-

H), 3071(C-H), 1664 (C=0), 1171 (C=S); 'H NMR (500
MHz, DMSO): &= 5.77 (s, 2H), 7.22-8.41 (m, 8H , Ar),
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13.04 (s, 1H, NH); C NMR (125 MHz, DMSO): 50.0,
115.4,115.7, 120.6, 121.9, 124.5, 127.3, 135.5, 136.5, 139.2,
148.8, 155.3, 159.4, 175.6 ppm. MS (m/z, %): 269 (M™).
Anal. Calcd. For C14H11N30OS: C, 62.43; H, 4.12; N, 15.60.
Found: C, 62.48; H, 4.08; N, 15.56.

3-((Furan-3-yl)methyl)-2,3-dihydro-2-thioxoquinazolin-4(1H)-
one, (49)

White powder, m.p. 278-280 °C; IR: (Vmaxem2): 3246 (N-
H), 3044 (C-H), 1658 (C=0), 1162 (C=S); *H NMR (500
MHz, DMSO): 5= 5.65 (s, 2H), 7.35-7.98 (m, 8H , Ar),
13.03 (s, 1H, NH); C NMR (125 MHz, DMSO): 42.2,
108.3, 110.5, 115.3, 115.7, 124.6, 127.3, 135.7, 139.0, 142.0,
149.6, 159.0, 175.0 ppm. MS (m/z, %): 258 (M*). Anal.
Calcd. For CisHioN20.S: C, 60.45; H, 3.90; N, 10.85.
Found: C, 60.39; H, 3.81; N, 10.93.

3-Benzyl-2,3-dihydro-2-thioxoquinazolin-4(1H)-one, (4h)

White powder, m.p. 253-256 °C; IR: (Vmaxiem™): 3200 (N-
H), 3073(C-H), 1688 (C=0), 1177 (C=S); *H NMR (500
MHz, DMSO): &= 5.67 (s, 2H), 7.23-7.96 (m, 8H , CH),
13.06 (s, 1H, NH); 3C NMR (125 MHz, DMSO): 48.7,
115.4,115.7, 124.6, 126.9, 127.1, 127.3, 128.2, 135.6, 136.5,
139.1, 159.3, 175.5 ppm. MS (m/z, %): 268 (M*). Anal.
Calcd. For C1sH12N20S: C, 67.14; H, 4.51; N, 10.44. Found:
C,67.23; H,4.47; N, 10.38.

RESULTS AND DISCUSSION

As mentioned above, synthesis of quinazolines have long
been the subject of numerous studies and over the years of
study several methods have been proposed for their
synthesis. However, despite of this vast investigation there
is scarce methods on synthesis of quinazolines in water
using environmental friendly reagents. Organic reactions in
watery solutions or without the use of harmful organic
solvents have long been attracting much attention, because
water is a very cheap, safe, and environmentally benign
solvent. We describe here our findings regarding the
synthesis of 2-thioxoquinazolin-4(1H)-one derivatives via
condensation of isatoic anhydride, primary amines and
phenylisothiocyanate in water by using potassium carbonate

as catalyst at room temperature (Scheme 1).
R D
& S
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Scheme 1. Synthesis of 2-thioxoquinazolin-4(1H)-ones via
reaction of isatoic  anhydride, primary amine and
phenylisothiocyanate

1) RN
2 KO0z, FINCS

The synthesis was simply commenced by the reaction of
isatoic anhydride and a primary amine in water to give the
intermediate  2-aminobenzanilide, which subsequently
subjected to reaction with phenylisothiocyanate to yield the
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Table 1. Synthesis of various 2-thioxoquinazolin-4(1H)-ones from reaction of isatoic anhydride with different primary amines and

isothiocyanates at room temperature in water.

Entry R! R? MP (°C) Yields (%0) Reaction Time (h)
4a H phenyl 307-309 75 3

4b H 4-chlorobenzyl 317-319 71 3

4c meta-Cl phenyl 324-325 70 315

4d H CeHsCH(CHs) 264-266 68 4

4e H 3,4-(Me0)2CsH3CH: 302-305 72 5

4f H 2-pyridylmethyl 294-297 69 4.5

49 H 3-furylmethyl 278-280 66 4

4h H benzyl 253-256 74 4

expected intermediate 2-[(anilinocarbonothioyl)amino]-N- CONCLUSION

phenylbenzamide (Scheme 2). Removal of a proton from the
later intermediate by K,COs; promotes the intramolecular
transimidation in this compound and accompanies with
liberation of aniline to afford the 2-thioxoquinazolin-4(1H)-
one products. All these processes were completed within
nearly 3 hours under nitrogen at room temperature in water.

The IR spectrum of 4a, for example, shows the
characteristic vibration of N-H bond at 3247 cm?, the
absorption band corresponding to vibration of aromatic C-H
bonds at around 3067 cm, and an strong band originating
from C=0 bond at 1664 cm. The vibration of C=S bond
appeared at 1197 cm, which is relatively at higher wave
number compared to the parent thiourea. 'H NMR spectrum
of this product shows a characteristic broad singlet for N-H
at 8 13.03 in addition to the signals due to aromatic protons
at & 7.27-7.96 ppm. In 3C NMR spectrum of compound 4a
the characteristic peak for C=S carbon appears downfield
compared to that of C=O, in contrast to the trend in
thioureas and ureas where the C=0O carbon resonates at
relatively lower field respect to the C=S carbon, hence for
this product the resonance of C=S appeared at & 176.0 and
that of C=0 appeared at 6 159.7 ppm.

(@) O
RL RL
~0 1) RNH S NR2
- o T P
\ KoQO;3, PANCS
(0] Rl o
Z S Z N Fh
N

Scheme 2. The reaction of isatoic anhydride, primary
amine and phenyl isothiocyanate

Application of other ordinary bases such as NaOH and
KOH to this reaction instead of K,COs in water led to lower
yields, perhaps due to their advanced side reaction with
phenylisothiocyanate. Variously substituted isothiocyanates
were condensed with isatoic anhydride, a primary amine and
phenylisothiocyanate in water by using potassium carbonate
to give the desired 2-thioxoquinazolin-4(1H)-one derivatives
in 66-75% yields completing within 3-5 hours (Table 1).

Eur. Chem. Bull., 2014, 3(7), 719-722.

DOI: 10.17628/ecb.2014.3.719-722

In summary, we have developed a facile and efficient
method for synthesis of 2-thioxoquinazolin-4(1H)-one
derivatives through reaction of isatoic anhydride, a primary
amine and an isothiocyanate in water with the aid of K,COs
as an available and cheap catalyst to afford excellent yields
of the products.

This method also has the advantage to employ a
homogeneous and environment friendly catalyst and
therefore is ideal for industrial applications.
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DERIVED FROM 4-(4-AMINO-5-MERCAPTO-4H-1,2,4-
TRIAZOL-3-YL)PHTHALAZIN-1(2H)-ONE

M. R. Mahmoud,[® W. S. I. Abou-Elmagd,® M. M. El-Shahawil® and M. H.
Hekalll”

Keywords: triazolothiadiazole; triazolothiadiazine; spiro thiadiazole derivatives; phthalazin-1(2H)-ones; 4-amino-5-mercapto-1,2,4-
triazoles.

Some new fused heterocyclic systems such as 1,2,4-triazolo[3,4-b]1,3,4-thiadiazoles and 1,3,4-thiadiazines were synthesized through the
reaction of the starting material 4-(4-amino-5-mercapto-4H-1,2,4-triazol-3-yl)phthalazin-1(2H)-one with triethyl orthoformate, furoyl
chloride, thiophene-2-aldehyde, phenylisothiocyanate, chloroacetonitrile, and p-nitro-2-bromoacetophenone. Also spiro systems were
achieved from reaction of the starting compound with isatine, and fluorenone. The newly synthesized 1,3,4-thiadiazoles and 1,3,4-

thiadiazines were obtained in good yields and their structures were elucidated by spectral data and elemental analysis.

* Corresponding Authors
E-Mail: mohahekal2007 @yahoo.com

[a] Chemistry Department, Faculty of Science, Ain Shams
University, Abbassia, Cairo, Egypt, post code 11566

Introduction

A survey of the literature revealed that compounds
bearing 1,2,4-triazole ring are well known as antimicrobial,
anticonvulsant, antidepressant, antihypertensive,
antitumarial and analgesic agents.*® Moreover, some 1,2,4-
triazolo[3,4-b]1,3,4-thiadiazoles and triazolo-1,3,4-
thiadiazines derived from 4-amino-3-mercapto-1,2,4-
triazoles are associated with diverse pharmacological
activities.*® On the other hand, phthalazines and
phthalazinones are N-heterocycles with a wide range of
biological activities.”*3

Continuing our efforts directed toward the synthesis of
new heterocyclic compounds with anticipated biological
activities.'*?® Much attention has been directed in our
laboratory for synthesis of heterocycles containing the
phthalazine and triazolothiadiazole or triazolothiadiazine
rings.

Results and discussions

We previously reported'® that hydrazinolysis of the
lactone 1 with hydrazine hydrate afforded the hydrazide 2
(unexpected product) which when treated with carbon
disulphide in ethanol containing potassium hydroxide gave
the corresponding potassium dithiocarbazate 3, finally
treatment of compound 3 with hydrazine hydrate in
refluxing water afforded 4-(4-amino-5-mercapto-4H-1,2,4-
triazol-3-yl)phthalazin-1(2H)-one 4. (Scheme 1)
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The structure of 4 was deduced from the spectroscopic
and analytical data. Thus, IR spectrum of compound 4
displayed vnuz, N1 at 3245, 3162, 3108 cm, vc=o at 1665
cmt. Moreover *H-NMR spectrum of compound 4 exhibited
signals at & (ppm) 14.2 (s, 1H, SH, exchangeable with D,0),
13.27 (s, 1H, NH, exchangeable with D,0), 8.33 (d, 1Harom.,
J = 1.5 Hz), 7.95 (dd, 2Haom, J = 10.8 Hz), 7.82 (d, 1Harom.,
J =3.6 Hz) and 5.74 (brs, 2H, NH,, exchangeable with D,0).
Furthermore, the mass spectrum show the correct molecular
ion peak at m/z = 260 (100 %) which represent the base peak.

A plausible mechanism for the formation of compound 4
is shown in Scheme 2.

o o N_s
128 1
NN Y O N N/Np‘c\\s NN —— S ’8N+Ni
N N S +HS _N \N
® N N
ldmzaio%g
NN - N HOMN/'\H
A | H _ A | ’\\P:s HO A V\\P:S
NN NN N
N @ N N
Scheme 2

723



Novel fused and spiro heterocyclic compounds

The functionalities in 4-amino-5-mercapto-3-substituted-
1,2,4-triazoles made them valuable key precursors for the
formation of fused heterocyclic compounds containing
1,2 4-triazolo[3,4-b]  1,3,4-thiadiazoles and  1,3,4-
thiadiazines.?* 2! Treatment of 4 with thiophene-2-aldehyde
in refluxing DMF vyielded 4-[6-(thiophen-2-yl)-5,6-di-
hydro[1,2,4]triazolo[3,4-b]1,3,4-thiadiazol-3-yl] phthalazin-
1(2H)-one 5. (Scheme 3)

O
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Y o N-N A N
s o /\34@—<\ )
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Scheme 3

Treatment of compound 4 with cyclic ketone and isatin
was found to give spiro thiadiazole derivatives. Thus, the
reaction of 4-amino-5-mercapto-3-substituted-1,2,4-triazole
4 with fluorenone and/or isatin in refluxing DMF in the
presence of the catalytic amount of p-toluene sulphonic acid
[PTSA] resulted in the formation of 4-(5H-spiro-1,2,4-
triazolo[3,4-b]1,3,4-thiadizole-6,9'-fluorene-3-yl] phthal-
azin-1(2H)-one 6 and 3-(4-oxo-3,4-dihydro-phthalazin-1-
yl)-5H-spiro-1,2,4-triazolo[3,4-b]1,3,4-thiadizole-6,3'-indo-
lin-2'-one 7, respectively. (Scheme 3)

The conversion of 4 to compounds 5, 6 and 7 could be
explained on the basis of nucleophilic addition by the
nitrogen nucleophile of the amino group on the carbonyl
group to give the corresponding Schiff’s bases followed by
cyclization process via the nucleophilic addition for the thiol
group on the azomethine to give 5 and spiro compounds 6
and 7. (Scheme 4)
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The reaction of compound 4 with one carbon donors such
as TEOF (triethyl orthoformate) and phenylisothiocyanate
has been investigated. Thus, treatment of compound 4 with
TEOF in freshly distilled acetic anhydride yielded the
unexpected product which identified as 4-(6-ethoxy-
[1,2,4]triazolo[3,4-b][1,3,4]thiadiazol-3-yl)phthalazin-
1(2H)-one 8.2 (Scheme 5)

The structure 8 was confirmed using the analytical and
spectroscopic data (IR and *H-NMR). The IR spectrum of 8
displayed vnn at 3214, 3159 cm™ and vc-o at 1667 cm™. The
'H-NMR of this unexpected product confirmed the structure
8, a result of possible formation of 8 indicated the presence
of quartet and triplet of ethoxy protons and the absence of a
signal corresponding to the thiol and formyl protons. The
IH-NMR exhibited signals at & (ppm) 13.3 (s, 1H, NH,
exchangeable with D,0), 8.96 (d, 1Hawom, J = 7.8 Hz), 8.35
(d,2Harom., J = 6.9 Hz), 8.06 (dd, 1Harom), 7.9 (dd, 1Harom),
3.38 (g, 2H, CH2, J =75 Hz) and 1.4 (t, 3H, CH3, J =75
Hz).

Refluxing compound 4 with phenylisothiocyanate in the
presence of sodium hydroxide in DMF afforded 4-(6-
(phenylamino)-[1,2,4]triazolo[3,4-b][1,3,4]thiadiazol-3-yl)
phthalazin-1(2H)-one 9. (Scheme 5)
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Stirring compound 4 with furoyl chloride in dry
dimethylformamide in the presence of triethyl amine at
room temperature followed by acidification yielded the
triazolothiadiazole derivative 10. (Scheme 5).

The formation of compound 10 could be formulated as
shown in Scheme 6.

W‘* ;fzjq

W*

I-N
%
é

Scheme 6

724



Novel fused and spiro heterocyclic compounds

Carboethoxymethylation of 4 with ethyl chloroacetate in
boiling dioxane in the presence of fused sodium acetate for
2 hrs resulted in the S-alkylation and afforded the uncyclized
product 11 rather than the cyclized product 12 or 13.
(Scheme 7)

The uncyclized nature of 11 was confirmed from its
elemental analysis which was consistent with the molecular
formula C14H14NsO3S and the existence of VNH2, NH at 3315,
3217, 3160, 3106 cm™, vc-oesten at 1734 cm? in the IR
spectrum. Moreover, the presence of one singlet in H-
NMR spectrum at § 6.108 ppm integrated for two protons
disappeared in DO corresponding to the NH; protons which
ruled out the existence of the cyclized compound 12 and 13.

Furthermore, the recorded peaks in the mass spectrum at
m/z = 346 (20.4 %) and m/z = 273 (100%) represent the
molecular ion peak and the base peak [M-C;H4, -CO3]
which completely in accord with the assigned structure.

Cyanomethylation of 4 with chloroacetonitrile in boiling
dioxane in the presence of fused sodium acetate for 10 hrs
yielded the cyclized product 4-[6-amino-6,7-dihydro-5H-
1,2 4-triazolo[3,4-b]1,3,4-thiadiazin-3-yl]phthalazin-1(2H)-
one 14. (Scheme 7)

The absence of the stretching absorption band for the
nitrile group in the IR spectrum ruled out the uncyclized
product.
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Scheme 7

4-[6-(4-Nitrophenyl)-7H-1,2,4-triazolo[3,4-b]1,3,4-thiadi-
azin-3-yl]phthalazin-1(2H)-one 15 was prepared in
quantitative yield upon treatment of compound 4 with p-
nitro-2-bromoacetophenone in refluxing dioxane. (Scheme
7)

The absence of the stretching absorption bands for NH; in
the IR and *H-NMR confirm the cyclized structure 15. The
IR spectrum of 15 displayed one absorption band for NH
group at 3301 cm™ and one absorption band for carbonyl
group (phthalazinone) at 1674 cm™. The formation of
compound 14 and 15 may proceed via nucleophilic
substitution reaction (Sn2) followed by 1,6-exo-dig and exo-
trig cyclization, respectively. (Scheme 8)
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Antimicrobial evaluation

The antibiotic resistance is a growing problem; this is due
the overuse of antibiotics in human, and the use of
antibiotics as growth promoters in food of animals, so there
is a growing demand for new antibiotics. Some selected
examples were evaluated for their in vitro antimicrobial
activity against two strains of bacteria and two fungus
strains; tetracycline was used as standard drug for bacteria
and amphotericin was used as standard drug for fungi.
Preliminary screening of the synthetic derivatives and
standard drugs were performed at fixed concentration 20
mg/ ml, inhibition was recorded by measuring the diameter
of the inhibition zoon at the end of 18hrs for bacteria.

Based on the results of the inhibition zoon, data in table 1
revealed that compounds 4, 5, 9, 10 and 11 exhibited
moderate antibacterial and antifungal activities compared
with the standard drugs. Compounds 6, 7, 8 and 14 exhibited
no antimicrobial activity.

Experimental

All melting points were taken on Griffin and Geory
melting point apparatus and are uncorrected. IR spectra were
recorded on Pye Unicam SP1200 spectrophotometer using
KBr Wafer technique. *H-NMR spectra were determined on
a Varian Gemini 300 MHz using TMS as internal standard
(chemical shifts in 3-scale). EI-MS were measured on a
Schimadzu-GC-MS operating at 70 eV. Elemental analyses
were carried out on a Perkin-Elmer 2400 CHN elemental
analyzer and satisfactory analytical data (+ 0.4) were
obtained for all compounds.
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Biological activities were carried out at microanalytical
center, Faculty of Science, Cairo University. The
homogeneity of the synthesized compounds was controlled
by TLC [Using TLC aluminum sheets silica gel Fosa
(Merck)].

Table 1. Antimicrobial screening results of the tested compounds
against Escherichia coli (G+), Staphylococcus aureus (G-),
Aspergillus flavus and Candida albicans

Sample Inhibition zone diameter (mm mg)
E. S. A C. albi-
coli aureus  flavus cans

Control(DMSO) 0.0 0.0 0.0 0.0

4 9 9 0.0 9

5 10 0.0 0.0 0.0

6 0.0 0.0 0.0 0.0

7 0.0 0.0 0.0 0.0

8 0.0 0.0 0.0 0.0

9 10 12 0.0 9

10 12 0.0 0.0 0.0

11 11 12 33 12

14 0.0 0.0 0.0 0.0

Tetracycline 32 30 0.0 0.0

AmphotericinB 0.0 0.0 18 20

G: Gram reaction; Solvent: DMSO; 0.0: no activity (inhibition
zone less than 7 mm); 7-10 mm - weak activity; 11-15 mm -
moderate activity; more than 15 mm - strong activity

Synthesis of 4-(4-amino-5-mercapto-4H-1,2,4-triazol-3-yl)-
phthalazin-1(2H)-one, 4

To a stirred solution of 4-oxo-3,4-dihydrophthalazine-1-
carbohydrazide 2 (2 g, 10 mmol) and potassium hydroxide
(0.84 g, 15 mmol) in absolute ethanol (30 mL), carbon
disulfide (0.88 mL, 15 mmol) was added dropwise and the
mixture was stirred at room temperature for 6 h. The
precipitated potassium dithiocarbazate salt 3 was collected

by filtration, washed with dry ether, and dried under vacuum.

This salt was obtained in quantitative yield and was used
in the next step without further purification. To a suspension
of the potassium salt 3 (1 g, 2.8 mmol) in water (10 mL),
hydrazine hydrate (0.28 mL, 5.7 mmol) was added and the
whole mixture then heated under reflux until all hydrogen
sulfide evolved. The reaction mixture was cooled then
acidified with cold dilute hydrochloric acid and the
precipitated product was filtered off, dried, and then
recrystallized from EtOH/dioxane to give 4 as beige
crystals; mp: 240-2 °C, yield: 65 %. IR (v/cm™): 3245, 3162,
3108 (NH2, NH), 1665 (C=0). MS m/z (%): 260 (M*; 100),
172 (38.7), 145 (4.5), 115 (18), 102 (15.2), 89 (11.4). H-
NMR (DMSO-ds) 6 (ppm): 14.2 (s, 1H, SH, exchangeable
with D;0), 13.27 (s, 1H, NH, exchangeable with D,0), 8.33
(d, 1Harom., J = 1.5 Hz), 7.95 (dd, 2Harom, J = 10.8 Hz), 7.82
(d, 1Harom, J = 3.6 Hz), 5.74 (brs, 2H, NH,, exchangeable
with D,0). Anal. Calcd. for C10HgNsOS (260.28): C, 46.15;
H, 3.10; N, 32.29; S, 12.32. Found: C, 46.03; H, 2.98; N,
32.11; S, 12.21.
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Synthesis of 4-[6-(thiophen-2-yl)-5,6-dihydro[1,2,4]triazolo[3,4-
b]1,3,4-thiadiazol-3-yl] phthalazin-1(2H)-one, 5

A mixture of 4 (1 g, 3 mmol), thiophene-2-aldehyde (0.4
mL, 3 mmol) and catalytic amount of p-toluene sulphonic
acid (0.3 g) in DMF (20 mL) was heated under reflux for 16
hrs. The reaction mixture was concentrated and then poured
onto cold water and the deposited solid was collected by
filtration and recrystallized from EtOH/dioxane to give 5 as
pale yellow crystals; mp: 334-336 °C, vyield: 72 %. IR
(v/em™): 3142, 3101 (NH), 1649 (C=0). MS m/z (%): 354
(M+; 7.3), 245 (100), 109 (93.1), 101 (16.3). *H-NMR
(DMSO-ds) 6 (ppm): 14.2 (s, 1H, NH, exchangeable with
D;0), 13.2 (s, 1H, NH, exchangeable with D,0), 9.9
(brs,1H), 8.3 (d, 1H, Cs-Huhiophene ringy J = 1.2 Hz), 8.0-7.75
(m, 4Harom,), 77 (d, 1H, C2'chiophene rings J = 12 HZ), 72 (dd,
lH, C3'chi0phene rings \] = 36 HZ) Anal Ca|Cd fOI‘
Ci1sH10N6OS; (354.41): C, 50.83; H, 2.84; N, 23.71; S, 18.09.
Found: C, 50.77; H, 2.63; N, 23.55; S, 18.12.

Synthesis of 4-(5H-spiro-1,2,4-triazolo[3,4-b]1,3,4-thiadizole-
6,9'-fluorene-3-yl]phthalazin-1(2H)-one, 6

A mixture of 4 (1 g, 3 mmol), fluorenone (0.69 g, 3 mmol)
and catalytic amount of p-toluene sulphonic acid (0.3 g) in
DMF (20 mL) was heated under reflux for 18 hrs. The
reaction mixture was concentrated and then poured onto
cold water and the precipitated product was filtered off,
dried and recrystallized from dioxane/DMF to give 6 as
yellow crystals; mp: >300 °C, yield: 78 %. IR (v/cm™): 3372
(NH), 1700 (C=0), 1666 (C=N). MS m/z (%): 422 (M-*; 0.8),
421 (72.9), 366 (67), 173 (100), 145 (58.7). 'H-NMR
(DMSO-ds) 6 (ppm): 12.9 (s, 1H, NH, exchangeable with
D;0), 11.3 (s, 1H, NH, exchangeable with D,0), 8.8-7.6 (m,
12Harom.). Anal. Calcd. for C23H14N6OS (422.46): C, 65.39;
H, 3.34; N, 19.89; S, 7.59. Found: C, 65.45; H, 3.23; N,
19.76; S, 7.49.

Synthesis of 3-(4-oxo0-3,4-dihydrophthalazin-1-yl)-5H-spiro-
1,2,4-triazolo[3,4-b]1,3,4-thiadizole-6,3'-indolin-2'-one, 7

A mixture of 4 (1 g, 3 mmol), isatin (0.56 g, 3 mmol) and
catalytic amount of p-toluene sulphonic acid (0.3 g) in DMF
(20 mL) was heated under reflux for 3 hrs. The deposited
solid on hot was filtered off, dried and recrystallized from
DMF to give 7 as white crystals; mp: >300 °C, yield: 55 %.
IR (v/em™): 3157, 3113 (NH), 1671 (C=0). MS m/z (%):
387 (M-2; 75), 245 (50), 172 (87.5), 129 (87.5), 102 (75), 57
(100). *H-NMR (DMSO-ds) & (ppm): 13.2 (s, 1H, NH,
exchangeable with D,0), 11.0 (s, 1H, NH, exchangeable
with D;0), 9.1 (s, 1H, NH, exchangeable with D;0), 8.8-7.4
(m, 8Harom.). Anal. Calcd. for CigH11N7O,S (389.39): C,
55.52; H, 2.85; N, 25.18; S, 8.23. Found: C, 55.46; H, 2.72;
N, 25.03; S, 8.15.

Synthesis of 4-(6-ethoxy-[1,2,4]triazolo[3,4-b][1,3,4]thiadiazol-
3-yl)phthalazin-1(2H)-one, 8
A mixture of 4 (1 g, 3 mmol), triethyl orthoformate (10

mL) and freshly distilled acetic anhydride (10 mL) was
heated under reflux for 10 hrs.
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The reaction mixture was concentrated and the deposited
product was filtered off, washed with petroleum ether (b.p.
60-80°C ), dried and recrystallized from dioxane to give 8 as
beige crystals; mp: > 300 °C, yield: 48 %. IR (v/cm™): 3214,
3159 (NH), 1667 (C=0). MS m/z (%): 314 (M*; 23.6), 286
(17.7), 270 (38.8), 171 (91.3), 145 (100), 119 (12.6). H-
NMR (DMSO-ds) & (ppm): 13.3 (s, 1H, NH, exchangeable
with D;0), 8.96 (d, 1Harom., J = 7.8 Hz), 8.35 (d, 1Harom, J =
6.9 Hz), 8.06 (d, 1Harom, J = 3.7 Hz), 7.9 (d, 1Harom, J = 2.9
Hz), 3.38 (g, 2H, CH2,J =75 Hz), 1.4 (t, 3H, CH3,J =75
Hz). Anal. Calcd. for C13H10NeO2S (314.32): C, 49.67; H,
3.21; N, 26.74; S, 10.20. Found: C, 49.55; H, 3.11; N, 26.60;
S, 10.03.

Synthesis of 4-(6-(phenylamino)-[1,2,4] triazolo[3,4-b][1,3,4]-
thiadiazol-3-yl)phthalazin-1(2H)-one, 9

A mixture of 4 (1 g, 3 mmol), phenylisothiocyanate (0.4
mL, 3 mmol) and sodium hydroxide (0.8 g) in DMF (25
mL) was heated under reflux for 4 hrs. The reaction mixture
was acidified with cold dilute hydrochloric acid and the
precipitated solid was filtered off, dried, and recrystallized
from dioxane to give 9 as beige crystals; mp: >300 °C, yield:
51 %. IR (v/cm™): 3160 (NH), 1687 (C=0). MS m/z (%):
361 (M*; 13.5), 171 (35.1), 128 (70.3), 102 (37.8), 92 (21.6),
91 (45.9), 64 (100). *H-NMR (DMSO-ds) & (ppm): 13.1 (s,
1H, NH, exchangeable with D;0), 9.8 (s, 1H, NH,
exchangeable with D;0), 8.9-7.6 (m, 9Haom). Anal. Calcd.
for C17H11N;OS (361.83): C, 56.50; H, 3.07; N, 27.13; S,
8.87. Found: C, 56.39; H, 2.97; N, 27.02; S, 8.72.

Synthesis of 4-(6-chloro-6-(furan-2-yl)-5,6-dihydro-[1,2,4]tri-
azolo[3,4-b][1,3,4] thiadiazol-3-yl)phthalazin-1(2H)-one, 10

To a solution of 4 (1 g, 3 mmol) and triethyl amine (0.5
mL) in DMF (10 mL), furoyl chloride (0.3 mL, 3 mmol)
was added dropwise in ice bath and the mixture was stirred
at room temperature for 2 hrs. The reaction mixture was
acidified with cold dilute hydrochloric acid and the
precipitated product was filtered off, dried, and then
recrystallized from EtOH/dioxane to give 10 as beige
crystals; mp: 290-292 °C, yield: 43 %. IR (v/cm™): 3160,
3108 (NH), 1688 (C=0). MS m/z (%): 370 (M-2; 2), 246
(100), 186 (58.2), 145 (15.2), 102 (52.0). Anal. Calcd. for
C1sHoN6O,SCI (372.79): C, 48.33; H, 2.43; N, 22.54; S,
8.60; ClI, 9.51. Found: C, 48.23; H, 2.29; N, 22.48; S, 8.50;
Cl, 9.44.

Synthesis of ethyl 2-(4-amino-5-(4-ox0-3,4-dihydrophthalazin-
1-yl)-4H-1,2,4-triazol-3-ylthio) acetate, 11

A mixture of 4 (1 g, 3 mmol), ethyl chloroacetate (0.37
mL, 3 mmol) in dioxane (20 mL) in the presence of fused
sodium acetate (0.5 g) was heated under reflux for 2 hrs.
The reaction mixture was concentrated and then poured onto
cold water and the precipitated product was filtered off,
dried and recrystallized from EtOH/dioxane to give 11 as
beige crystals; mp: 194-196 °C, yield: 80 %. IR (v/cm™):
3315, 3217, 3160, 3106 (NH2, NH), 1734 (C=Oester). MS
m/z (%): 346 (M*; 20.4), 300 (21.7), 273 (100), 172 (55.4),
145 (16.5), 130 (21.8), 115 (31.1). *H-NMR (DMSO-ds) &
(ppm): 13.38 (s, 1H, NH, exchangeable with D,0), 8.93 (d,
1Harom, J = 7.8 Hz), 8.3 (d, 1Harom, J = 7.8 Hz), 8.07-7.9 (dd,
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2Harom), 6.1 (s, 2H, NH,, exchangeable with D,0), 4.3 (s,
2H, SCHy), 4.21-4.14 (q, 2H, CH,J = 7.2 Hz, J= 3.6 Hz),
1.23 (t, 3H,CHs3,J=7.2 HZ). Anal. Calcd. for C14H14NeO3S
(346.36): C, 48.55; H, 4.07; N, 24.26; S, 9.26. Found: C,
48.31; H, 3.97; N, 24.13; S, 9.11.

Synthesis of 4-[6-amino-6,7-dihydro-5H-1,2,4-triazolo[3,4-b]-
1,3,4-thiadiazin-3-yl]phthalazin-1(2H)-one, 14

A mixture of 4 (1 g, 3 mmol), chloroacetonitrile (0.22 mL,
3 mmol) in dioxane (20 mL) in the presence of fused sodium
acetate (0.5 g) was refluxed for 10 hrs. The reaction mixture
was concentrated and then poured onto cold water and the
precipitated product was filtered off, dried and recrystallized
from dioxane/DMF to give 14 as white crystals; mp:254-256
°C, yield: 59 %. IR (v/em™): 3347, 3287, 3161 (NH;, NH),
1662 (C=0). MS m/z (%): 299 (M-*; 70.8), 283 (63.2), 258
(11), 228 (14.7), 198 (24.6), 172 (100), 130 (34.2), 114 (70),
88 (62.3), 50 (33.6). *H-NMR (DMSO-ds) & (ppm): 13.9 (s,
1H, NH, exchangeable with D,0), 8.38-7.93 (M, 4Harom),
6.17 (s, 2H, NH,, exchangeable with D,0), 4.39 (s, 2H,
CHy). Anal. Calcd. for Ci12H9N;OS (299.31): C, 48.15; H,
3.03; N, 32.76; S, 10.71. Found: C, 48.03; H, 2.91; N, 32.58;
S, 10.64.

Synthesis of 4-[6-(4-nitrophenyl)-7H-1,2,4-triazolo[3,4-b]1,3,4-
thiadiazin-3-yl]phthalazin-1(2H)-one, 15

A mixture of 4 (1 g, 3 mmol) and p-nitro-2-
bromoacetophenone (0.73 g, 3 mmol) in dioxane (20 mL)
was heated under reflux for 6 hrs. The reaction mixture was
cooled and the deposited solid was filtered off, dried and
recrystallized from dioxane/DMF to give 15 as beige
crystals; mp: 246-248 °C, yield: 71 %. IR (v/em™): 3301
(NH), 1674 (C=0). *H-NMR (DMSO-ds) & (ppm): 13.36 (s,
1H, NH, exchangeable with D,0), 8.9-8.3 (dd, 4Harom.), 8.3-
7.9 (M, 4Haom), 5.3 (s, 2H, CH2). Anal. Calcd. for
Ci1sH11N703S (405.39): C, 53.33; H, 2.73; N, 24.19; S, 7.91.
Found: C, 53.24; H, 2.62; N, 24.03; S, 7.80.

Conclusion

From the foregoing survey, it seems that functionalities in
4-amino-5-mercapto-3-substituted-1,2,4-triazoles provide a
useful and convenient strategy for synthesis of numerous
fused heterocyclic compounds containing 1,2,4-triazolo[3,4-
b]1,3,4-thiadiazole and 1,3,4-thiadiazine derivatives. The
subject of such reactions is still ongoing and undoubtedly
will provide new fused functionalized 1,3,4-thiadiazoles of
both industrial and biological interests.
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KINETICS OF THE OXIDATIVE DECOLORIZATION OF
AMARANTH RED BY ACIDIC BROMATE
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The kinetics of the oxidative decolorization of amaranth with KBrOs acidified by H2SO4 was followed up by monitoring the decrease of the
absorbance of amaranth at Amax = 520 nm. The reaction was carried out under pseudo-first-order conditions. The concentration of BrOs  was
ca 300 greater than that of amaranth. The rate of reaction increased with increasing concentration of H.SO4 and BrOz", while amaranth had
no effect on the rate of reaction. The effects of the ions, Cl-, Br- and SO4~ were investigated and the reaction rate increased with increasing
concentrations of chloride and bromide while it decreased with increasing concentration of SO4. A reaction mechanism has been proposed.
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Introduction

Wastewater treatment is one of the major problems facing
the chemical, petrochemical, pharmaceutical, and textile
industries. These industries generate large quantities of
organic pollutants that cause environmental and health
problems. Biological (biodegradation),® physical>  and
chemical methods (chlorination, ozonation)® are the most
frequently used methods for removal of dyes from effluent
water streams. But, these traditional processes for treatment
of the effluents prove to be insufficient to purify waste water
after the different operations of waste waters dyeing and
washing.

Advanced oxidation processes (AOPs) are alternative
methods for the complete degradation of dye. The usage of
the advanced oxidation processes (AOPS) have improved
during the last decade since they are able to eliminate the
problem of dye destruction in aqueous systems. AOPs were
based on the generation of very reactive species such as
hydroxyl radicals (*OH)(E = 2.8V vs NHE) that oxidize a
broad range of pollutants quickly and non-selectively. AOPs
such as Fenton and Photo-Fenton catalytic reactions,*®
H,0,/UV processes.®

Potassium bromate is powerful oxidizing agent.” It is used
in oxidation of organic and inorganic compounds.®®
Literature survey shows that bromate is used as an oxidizing
agent for various dyes. The oxidation of dyes received
attention for last decade.%*? Although previous studies have
taken important steps forward in generating empirical rules
for oxidation, further intensive study is still required to
understanding the mechanism of oxidation by bromate.

Azo dyes are used extensively in textile industry.
Amaranth as example for azo dyes is used as cosmetic dye
and can applied for natural and synthetic fibers, leather,
paper, phenol formaldehyde resins.*?
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Number of studies is published on oxidation of amaranth
by various oxidizing agents.**® Quick look in literature
oxidation of amaranth by bromate has not yet reported.

The aim of this study is investigation of the kinetic aspects
of the oxidative decolorization of amaranth with acidic
bromate solution. It also describes the effect of temperature,
and foreign ions on the oxidation of amaranth by bromate.

Experimental
Materials

All chemicals were of high grade quality, they were used
as received. The standard solutions and dilution were made
using bidistilled water. Amaranth, trisodium(4E)-3-o0xo-4-
[(4-sulfonato-1-naphthyl)-hydrazono]-naphthalene-2,7-di-
sulfonate, was obtained from Aldrich. For the daily Kinetic
runs a stock solution of dye (10-® mol dm) was prepared.
The flask containing the dye solution was wrapped in
aluminium foil and stored in the dark to minimize exposure
to light. KBrOs; was supplied from Merck and its initial
concentration was standardized iodometrically using starch
as an indicator.” The desired concentration of KBrOs was
obtained by successive dilutions from the standard stock
solution.

Kinetic measurements

The kinetic  measurements were carried out
spectrophotometrically using 292 Cecil spectrophotometer
was equipped with constant temperature cell holder attached
to thermostatic controlled bath with temperature stability of
+0.1°C.

The kinetics of reaction were carried out by mixing
solutions of (KBrOs&H»SO4) and placed in a thermostatic
bath at desirable temperature. The reaction started by adding
thermostatted dye solution. The progress of the reaction was
monitored at Ama = 520 nm. Pseudo first-order conditions
were maintained in all runs by using a large excess of
bromate over amaranth.
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Results and discussion

In the present study the oxidizing property of the acidified
KBrOs (redox potential of 1.5 V at 25 “C was considered as
a tool for color removal of organic dyes in the industrial
wastewater stream.

When amaranth was added to the acid-free KBrOs
solution no changes in the absorbance spectra have been
observed. The reaction was initiated when the dye solution
was allowed to react with the acidified KBrOs. The
absorbance of amaranth at Amax = 520 nm decreased with
time as shown in Figure 1.

70

Figure 1. Zero order plots for the decolorization of amaranth b
acidified KBrOs at different temperatures. [dye; =5x10"° mol dm,
[KBrOs] = 1.5x102 mol dm, [H2S04] = 8x10"2 mol dm3

The plot of the absorbance vs. time was linear as shown in
Figure 1. This indicates the zero-order Kinetics of the
reaction with respect to the amaranth concentration.

Effect of potassium bromate concentration

The effect of the initial concentration, [KBrOs]o, on the
reaction rate was investigated at constant [amaranth], 5x 10-°
mol dm, and in the presence of 0.08 mol dm= of H,SO,.
Figure 2 shows linear relation between rate constant and
[BrOs7]o, which indicates that the reaction follows first-order
kinetics with respect to the [KBrOs] (plotting of In k, versus
In[BrO37] yields straight line of slope equals the unity). This
is in good agreement with earlier results®%® while
Nasiruddin Khana et al?® reported that the reaction followed
zero order kinetics with respect to the [KBrOs].

The intercept of abscissa means that no reaction takes
place at [BrOs] below 0.015 mol dm. This means that the
concentration of the generated active species is very small
and unable to oxidize the amaranth. It has been reported that
the system involved various acidified oxybromo species
such as: H,BrOs*, BrOz , HOBr and BrO;.??* These
species could be competed with bromated ion in the
oxidation and decolorization of organic dyes.
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Figure 2. Variation of observed rate constant with [KBrOz]. [dye]
= 5x10°5 mol dm3, [H2S04] = 8x10-2 mol dm™3, at 35 °C

Effect of sulfuric acid concentration

The effect of [H2SO4] on the reaction rate was
investigated by keeping the [amaranth] and [KBrOs]
constant while the concentration of the acid was varied in
range of 0.04-0.4 mol dm, Figure 3.
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Figure 3. Variation of observed rate constant with [H2SO4]. [dye]
=5x10° mol dm3, [KBrOs] = 1.5x10-2 mol dm3, at 35 °C

Figure 3 shows that the reaction rate is very slow at
[H2SO4] lower than about 0.04 mol dm=, and then it is
gradually increased. Plot In k, versus In [H2SO.] vyields
straight line with slope of unity indicates that the order of
reaction with respect to the H,SOy is first order.

Again, the slower rate obtained at lower concentrations of
the acid can be attributed to the formation of the
intermediates active species contributed in the oxidation
reaction needed a high acid concentrations, i.e., the
acid/bromate ratio should be equal to or more than 3 as can
be seen from Figure 4.

Effect of amaranth concentration
The influence of the initial concentration of dye on the
reaction rate was investigated, in range of 3x10° - 8x10°

mol dm. The [KBrO3] and [H2SO,] were kept constant at
0.03 mol dm and 0.08 mol dm respectively.
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Under this condition, the reaction obeyed zero-order
kinetics with respect to [amaranth]. As shown in Figure 5,
increasing the [amaranth] led to soft increase in the reaction
rate.

0[dy=]=3x10-5 M
* [Gyel=4x10-5 M
A [dy=]=5x10-5M
m [Gy=]=6x10-5 M
® [Gy=]=8x10-5 M

0 5 10 15 20 25 30
time / min

Figure 5. Zero order plots for the decolorization of amaranth by
acidified KBrOs at different dye concentrations. [KBrOs] = 3x102
mol dm-3, [H2S04] = 8x10-2 mol dm™ at 35 °C

It was reported earlier that the reaction obeyed first order
kinetics,*81° while other study showed that reactions obeyed
third order kinetics.

Effect of some additive ions

It is well known in the textile industry that in order to
accelerate or increase the fixation of dyes onto the fibers, it
is necessary to use high electrolyte concentration in dye bath
to decrease the negative charged barrier between the
cellulose and anionic dyes.?* Therefore, the textile industry
wastewaters are almost heavily charged with unconsumed
dyes, different types of electrolytes and other chemicals.
Taking into consideration that in effluents of textile dye
industry, chloride and sulfate ions are naturally occurring
anions, the oxidative decolorization reaction of amaranth
was monitored in the presence of NaCl , NaBr and Na,SO.

Effect of sodium chloride concentration

The influence of chloride ions, NaCl, on the reaction rate
was studied. The [NaCl] was varied in range of the 0.4x102
-2x102 mol dm, whereas the concentrations of the other
reactants were kept constant. A plot of k, vs. [NaCl] gave
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straight line which indicates the first-order kinetics with
respect [CI]. Furthermore, the increase ko, with increasing
[CI], Figure 6, indicates that the reaction is catalyzed by CI-.
Increasing the concentration of NaCl increases the ionic
strength which indicates the reaction between species of the
same charge. Also the great increase in rate constant as the
[CI] increased can be attributed to the formation of active
chloride species such as: ClI-, Cl;, HOCI and CIO-, which
could work as powerful oxidizing species.'®

L

35

k, x 10’ mol dms"!

0.015 0.02

0 0.005 0.01
[NaCl] / mol dm

0.025

Figure 6. Variation of observed rate constant with [NaCl]. [dye] =
5x10°5 mol dm'3, [KBrOs] = 1.5x102 mol dm3, [H2S04] = 8x102
mol dm3, at 40 °C

Effect of sodium bromide concentration

The effect of the initial concentrations of bromide ion as
common ion effect on the reaction rate was also studied. The
[KBrOs], [H2SO4], and [amaranth] were kept constant at
0.015 mol dm?3, 0.08 mol dm?3, and 5x10° mol dm?,
respectively, while the [NaBr] was varied from 1.2x10° to
4x10°mol dm3, Figure 7. Figure 7 shows that the oxidation
rate of amaranth is greatly accelerated with increasing [Br].
This is good evidence that the [Br] catalyzed the
decolorization of amaranth. The experimental value of
observed rate constant in absence of bromide (0.43x10- mol
dm3s?) is coincident with the intercept of Figure7 (0.391x
10 mol dm3s?). It has been reported that the addition of
[Br] in the reaction medium containing acidified KBrOs
facilitated the generation of bromine and hypobromous acid
species** which work as oxidizing species.?
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Figure 7. Variation of observed rate constant with [NaBr]. [dye] =
5x10°5 mol dm'3, [KBrOs] = 1.5x102 mol dm, [H2SO4] = 8x102
mol dm3, at 40 °C
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Effect of sodium sulfate concentration

The effect of the initial concentrations of sulfate ions was
also investigated. The concentration of the reactants was
held constant, while the concentration of Na;SO4 was varied
from 0.004 to 0.024 mol dm3. The value of k, in absence
sulphate (8.62x10* mol dms?) decreased to 4.1x10* mol
dm3s?tin presence of 0.024 mol dm of Na,SO.. This could
be ascribed to the decreasing hydrogen ions concentration in
the reaction medium through the decrease of ionization
constant of H,SO;4 with increasing [SO4%].%

Effect of temperature

The kinetic measurements of the reaction were carried out
at various temperatures in 303-318 K range. A plot of
Arrhenius equation was applied and the activation energy,
E. was deduced. The other activation parameters were
determined and are listed in Table 1. The AH* positive value
indicates that the oxidative decolorization of amaranth is
endothermic.

Table 1. Thermodynamic parameters for decolorization of
Amaranth by bromate

Parameters Value

Ea 71.5 kI mol?
AH* 68.94 kJ mol*!
AS* -85.24 J mol! K1
AG* 95.22 kJ mol*!

Reaction mechanism
Based on the above results and discussion, the proposed

mechanism of the oxidation of amaranth red, (D), by
acidified bromate is

H+ + BrOy —X4— HBrO; @)
HBIOs + Dreg —2—3 Br + Dox 2
BrOs + Br + H* —4—3 Br, + H,0 +0, (slow) (3)

Bry + Dreg  — 23 2Br + Dox (4)

where (red) and (ox) are reduction and oxidation reactions
respectively.

The rate of reaction can be written as

Rate=ks[Br][BrOs][H*] (5)

Applying steady state approximation principle for HBrO3
and Br-, Egn. 5 becomes

Rate = ki[H*][BrO37] (6)
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This is in good agreement with the experimental findings
that the reaction follows first-order kinetics with respect to
BrOs7, H* and zero-order kinetics with respect to the [dye].

Conclusion

The oxidative decolorization of amaranth red dye by
potassium bromate acidified with H,SO4 was studied. The
reaction followed zero-order Kinetics with respect to
amaranth and first order with respect to both KBrO; and
H,SO4. The decolorization rate was enhanced with
increasing the concentrations of Br and CI- while it
decreases with increasing SO4% concentration.
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Corrosion resistance of galvanized steel (GS) in Simulated concrete pore solution (SCPS) prepared in sea water, in the presence of sodium
tungstate and succinic acid has been investigated by polarization study. Inclusion of sodium tungstate and also succinic acid in SCPS
reduces the corrosion resistance of GS, Hence it is concluded use of sodium tungstate or succinic acid shall be avoided while GS rebar are

used in construction of buildings, bridges especially in marine environment.
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Introduction

Several methods have been used in order to reduce the
concrete reinforcement corrosion.They include cathodic
protection,coatings, addition of inhibitors to concrete and a
combination of these mrthods.! Corrosion inhibitors have
been successfully used in steel pipelines, tanks etc, for many
decades.™2 Their use in concrete field is more recent, but is
of an increasing interest®7 since it can be considered as a
promising technique offereing an easy practice with reduced
costs. For this reason, a large range of inhibitors is,
nowadays, available for the customer. However, there is still
a controversy regarding the inhibitors protection efficiency.®
Some authors reports that inhibitors are effective in reducing
corrosion rate in concrete contaminated with chlorides.® The
most frequently used technique is adding the inhibitors to
the mixing water of concrete as admixtures for new
structures. Calcium nitrite was the most extensively tested
corrosion inhibitor.® Nitrite acts by stabilizing the passive
film and its effectiveness had interestingly been proved
however environmental limitations have highly reduced its
use.l? Laboratory studies of the preventive inhibitive action
carried out on monofluorophospahte (MFP) showed that a
critical concentration ratio MFP/chlorides greater than 1 had
to be achieved; otherwise the reduction in corrosion rate was
not significant.!* Furthermore, in solutions based on
Ca(OH), MFP is reported to react with th calcium ion and as
a result, its active substance disappear from solution due to
precipitation.
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The amino-alcohols are common inhibitors based on
mixtures of alkanolamines and amines or alternatively on
organic acids.* They were widely applied and rapidly
established in the market since they are non toxic and cost
attractive. Furthermore, amino-alcohols can be applied for
different purposes. In fact, Wombacher et al.*? reported that
amino-alcohols based mixed inhibitors can be used either as
concrete admixtures or in repair products for existing
structures.’? They transport mechanism through the concrete
cover had been studied by Tritthart'® who demonstrated that
the amino-alcohol compound is not bound by cement but
remains largely dissolved in the pore liquid which provides
optimal conditions for high mobility. However, according to
another study carried out by Tritthart’* on cement paste
samples, he found that in the case of surfaces application
only a very small amount of amino-alcohol penetrated from
mixed inhibitors which suggested that the penetration is
inhibited by some mechanisms such as the clogging of the
pores by solidification of other compounds of the mixed
inhibitor.

Experimental

Preparation of Simulated Concrete pore solution (SCPS)

Simulated concrete pore solution is mainly consisted of
saturated calcium hydroxide (Ca(OH),, sodium hydroxide
(NaOH) and potassium hydroxide (KOH) with the pH ~
13.5.1% However in numerous studies of rebar corrosion,
saturated Ca(OH), has been used as a substitute for pore
solution.®® A saturated calcium hydroxide solution is used in
present study, as SCP solution with the pH ~ 12.5.

Metal specimen
Galvanized Steel (18% Cr, 12% Ni, 2.5% Mo < 0.03 C)

and balance iron wires of 1mm diameter are used in the
present study.
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The parameter of sea water used in the present study is
given in Table 1.

Table 1. Parameters of sea water
Parameter Results
pH 7.06
Total dissolved solids 30539 ppm
Electrical conductivity 44910 pQlcm?
Total Hardness as CaCOs 100ppm
Calcium as Ca 19ppm
Magnesium as Mg 12ppm
Chloride as Cl 11400ppm
Fluoride as F 0
Sulphate as SO4 6708ppm

Result and Discussion

Analysis of Polarization curves

Corrosion resistance of galvanized steel (GS) in simulated
concrete pore solution (SCPS) prepared in natural sea water,
in presence of sodium tungstate and succinic acid has been
evaluated by polarization method. Polarization study has
been used to evaluate the corrosion resistance of metals. If
corrosion resistance increases, linear polarization resistance
(LPR) value increases and corrosion current (lcorr) value
decreases.t’-30

Table 2. Corrosion paramaters of galvanised steel (GS) in
simulated concrete pore solution (SCPS) prepared in natural sea
water, in presence and absence of inhibitors, obtained from
polarization study.

System Ecorr, be ba LPR lcorr
mV ohmcm? | Acm?
vs.SCE mV decade?
SCPS -843 150 267 18561 2.249x10°
SCPS+A  -887 148 301 11985 3.603x10°®
SCPS+B  -874 146 246 4975 8.020x10°®

A=sodium tungstate 50 ppm, B=succinic acid 50 ppm
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Figure 1. Polarisation curve of galvanized steel immersed in SCPS
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Figure 2. Polarization curve of galvanized steel in immersed in
SCPS+ sodium tungstate 50 ppm
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Figure 3. Polarization curve of galvanized steel in immersed in
SCPS+ succinic acid 50 ppm

The polarization curves of GS, immersed in SCPS in the
absence and presence of inhibitors, namely sodium tungstate
and succinic acid are shown in Figure 1 to 3. The corrosion
parameters, namely corrosion potential (Ecorr), Tafel slope
(bc=cathodic;b,=anodic) linear polarization resistance (LPR)
and corrosion current(lcorr) values are given in Table 2.

When GS is immersed in SCPS prepared in sea water, the
corrosion potential is -843 mV vs SCE. The LPR value is
18561 ohmcm? and the corrosion current is 2.249x10-6
Acm??,

Influence of sodium tungstate on corrosion resistance of GS

When 50 ppm of sodium tungstate is added to the SCPS,
the corrosion resistance of GS decreases. This is revealed by
the fact that LPR value decreases from 18561 to 11985
ohmcm?, Further, the corrosion current value increases from
2.249x10°® to 3.603x10° A cm. This may be artibuted to
the fact that when sodium tungstate is added SCPS which is
a saturated solution of Ca(OH),,(pH=13.9), calcium is
precipited as calcium tungstate. Hence calcium is not
available for the formationCaCOs; and CaO on the metal
surface, which is the usual case in the absence of any
foreign inhibitors. This accounts for the weakening of the
protective layer, decrease in LPR value and increase in
corrosion current value. Another factor to be considered is
that the protective film formed on the metal surface is
porous and amorphous.

735



Na2WO4 and succinic acid as corrosion inhibitors for galvanized steel

Through the pores of the film the corrosive ions, such as
chloride ion, present in sea water diffuse towards the metal
surface and enhance the corrosion of the metal. Hence
decreases in LPR value and increase in corrosion current
value.

Another aspect to be considered is that the experimental
condition, dezincification may take place from galvanized
steel, which may be enhanced due to the formation of zinc
tungstate.

Influence of succinic acid on the corrosion resistance of GS

When succinic acid is added to SCPS, the corrosion
resistance further decreases to a great extent and the
corrosion current increases from 2.249x10°6 to 8.020x10°¢ A
cm. This is artibuted to the fact that, succinic acid, being a
dicarboxylic acid, consists of succinate anions in the basic
medium(pH=13.9).Moreover it forms insoluble salt of
calcium succinate in the bulk of the solution. Hence calcium
is not available to be transported towards the metal surface,
to form Ca(OH),, CaO and CaCOs. Other Factors include
porous and amorphous nature of the protective film and
dezincification process of galvanized steel which is
enhanced by the formation of Zinc succinate is the bulk of
the solution.

Analysis of the corrosion potential values indicate that in
the presence of sodium tungstate and also at succinic acid,
the corrosion potential is shifted to the cathodic side. This is
due to the release of Zn?* ion from galvanized steel because
of dezincification process. The cathodic Tafel slopes and not
affected very much. That is reduction of oxygen molecules
into hydroxide ion is not altered very much during
polarization process. However, the anodic slopes are very
much. This is due to the dissolution of protective films
formed on the anodic sites of the metal surface by addition
of sodium tungstate and also succinic acid. The ion tungstate
and ion succinate formed as protective film formed on the
anodic sites go in to the solution. Hence the anodic slopes
are changed when sodium tungstate and succinic acid are
added to SCPS which galvanized steel is used as rebar.

Conclusion

Corrosion resistance of galvanized Steel (GS) in simulated
concrete pore solution (SCPS) prepared in sea water, in the
presence of sodium tungstate and succinic acid has been
investigates by polarization study. Inclusion of sodium
tungstate and also succinic acid in SCPS, reduces the
corrosion resistance of GS, Hence it is concluded that use of
sodium tungstate or succinic acid shall be avoided while GS
rebar are used in construction of buildings, bridges
especially in marine environment.
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