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Introduction

Solubility is one of the more important
physicochemical  properties of crystalline  organic
compounds as it plays such an important role in many
manufacturing processes, including solvent selection for
organic syntheses, for chemical separations by two-phase
extractions involving either an aqueous-organic or a
biphasic organic solvent system, and for purifications by
recrystallizations. For organic syntheses one must select a
suitable reaction solvent that can not only dissolve the
starting reagent materials, but also can be removed easily
after the chemical reaction is complete. Product isolation
and purification can be accomplished by evaporation in the
case of a volatile solvent media, or by filtration if the
reaction product is crystalline. Recrystallization and
extraction can be performed to remove undesired reaction
by-products and excess reactants. Considerable attention has
been afforded in recent years to measuring the solubility of
crystalline organic compounds in organic solvents, and to
developing mathematical expressions to predict the
solubility behavior of various classes of organic compounds.

This study continues our systematic examination of the
solubility behavior of substituted benzoic acids in organic

solvents of varying polarity and hydrogen-bonding character.

Substituted benzoic acids are of particular interest to us
because several of the derivatives exhibit therapeutic
properties. For example, acetylsalicylic acid (aspirin) is an
“over-the-counter” non-steroidal anti-inflammatory drug
(NSAID) taken orally to reduce fever and to relieve minor
muscle pains and aches. 2-Hydroxybenzoic acid, the main
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metabolite of acetylsalicylic acid, is an ingredient in skin
care products for the treatment of acne, psoriasis and warts.
Previous studies of reported solubility data for benzoic acid?,
2-acetylsalicylic acid?, 4-aminobenzoic acid®, 2-chloro-5-
nitrobenzoic acid*, 3-chlorobenzoic acid®, 4-chlorobenzoic
acid®, 4-chloro-3-nitrobenzoic acid*, 3,4-dichlorobenzoic
acid’, 3,5-dinitrobenzoic acid®, 3,5-dinitro-2-methylbenzoic
acid®, 2-hydroxybenzoic acid'®, 2-methoxybenzoic acid**, 4-
methoxybenzoic  acid™, 2-methylbenzoic acid®, 3-
methylbenzoic acid®, 3-nitrobenzoic acid?®, and 4-
nitrobenzoic acid'* in various organic solvents.  In the
current study solubilities of 3,4-dimethoxybenzoic acid (also
called veratric acid) were measured at 25 °C in several
alcohol, alkyl alkanoate, alkoxyalcohol, 2-alkanone and
ether solvents of varying polarity and hydrogen-bonding
characteristics. The measured solubility data is correlated
using the Abraham solvation parameter model.

Experimental

Chemicals: 3,4-Dimethoxybenzoic acid (Acros
Organics, 99+ %) and water (Aldrich, HPLC Grade) were
used as received. The purity of 3,4-dimethoxybenzoic acid
was 99.8 % (+0.2 %) as determined by nonaqueous titration
with a freshly standardized sodium methoxide solution to
the thymol blue endpoint according to the method of Fritz
and Lisicki’®, except that benzene was replaced with toluene.
Methyl acetate (Aldrich, 99.5 %, anhydrous), ethyl acetate
(Aldrich, 99.8 9%, anhydrous), propyl acetate (Aldrich,
99.5 %), butyl acetate (Aldrich, 99.7 %), pentyl acetate
(Aldrich, 99 %), methyl butyrate (Aldrich, 99 %), propylene
carbonate (Aldrich, 99+ 9%, anhydrous), diethyl ether
(Aldrich, 99+ 9%, anhydrous), diisopropyl ether (Aldrich,
99 %, anhydrous), dibutyl ether (Acros Organics, 99+ %),
1,4-dioxane (Aldrich, 99.8 %, anhydrous), tetrahydrofuran
(Aldrich, 99.9 %, anhydrous), methanol (Aldrich, 99.8 %,
anhydrous), ethanol (Aaper Alcohol and Chemical Company,
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absolute), 1-propanol (Aldrich, 99+ %, anhydrous), 1-
butanol (Aldrich, HPLC, 99.8+ %), 1-pentanol (Aldrich,
99+ %), 1-hexanol (Alfa Aesar, 99+ %), 1-heptanol (Alfa
Aesar, 99+ %), 1-octanol (Aldrich, 99+ %, anhydrous), 1-
decanol (Alfa Aesar, 99+ %), 2-propanol (Aldrich, 99+ %,
anhydrous), 2-butanol (Aldrich, 99+ %, anhydrous), 2-
methyl-1-propanol (Aldrich, 99+ %, anhydrous), 2-methyl-
2-propanol (Arco Chemical Company, 99+ %), 3-methyl-1-
butanol (Aldrich, 99 %, anhydrous), 2-pentanol (Acros
Organics, 99+ %), 2-methyl-1-butanol (Aldrich, 99 %), 4-
methyl-2-pentanol (Acros Organics, 99+ %), 2-methyl-1-
pentanol (Aldrich, 99 %), 2-propanone (Aldrich, HPLC,
99.9 %), 2-butanone (Aldrich, HPLC, 99.7 %), 2-
ethoxyethanol  (Aldrich, 99 %), 2-isopropoxyethanol
(Aldrich, 99 %), 2-butoxyethanol (Acros Organics, 99 %),
and 3-methoxy-1-butanol (Aldrich, 99 %) were stored over
molecular sieves and distilled shortly before use. Gas
chromatographic analysis showed the organic solvent
purities to be at least 99.7 mole percent.

Method: Excess solute and solvent were placed in
sealed amber glass bottles and allowed to equilibrate in a
constant temperature water bath at 25.0 + 0.1 °C for at least
72 hours (often longer) with periodic agitation. After
equilibration, the samples stood unagitated for several hours
in the constant temperature bath to allow any finely
dispersed solid particles to settle to the bottom of the
container. Attainment of equilibrium was verified both by
repetitive measurements the following day (or sometimes
after two days) and by approaching equilibrium from
supersaturation by pre-equilibrating the solutions at a
slightly higher temperature. Undissolved material from
several containers were removed and analyzed to ensure that
the equilibrium solid phase was indeed pure crystalline 3,4-
dimethoxybenzoic acid. Melting point temperatures of the
undissolved residues were identical that of recrystallized
3,4-dimethoxybenzoic acid.

Aliquots of saturated 3,4-dimethoxybenzoic acid
solutions were transferred through a coarse filter into a tared
volumetric flask to determine the mass of sample analyzed
and diluted quantitatively with  2-propanol  for
spectrophotometric analysis at 286 nm on a Milton Roy
Spectronic 1001 Plus. 2-Propanone and 2-butanone
exhibited significant absorbances at the analysis wavelength,
and it was necessary to remove the both solvents by
evaporation at 60 °C prior to dilution with 2-propanol.
Concentrations of the dilute solutions were determined from
a Beer-Lambert law absorbance versus concentration
working curve for nine standard solutions. The calculated
molar absorptivity of the standard solutions varied slightly
with concentration, € =~ 4,700 L mol?* cm™® to € = 4,900 L
mol* cm?, over the concentration range from 9.76 x 10° M
t0 3.25 x 10* M.

Experimental ~molar  concentrations  were
converted to (mass/mass) solubility fractions by multiplying
by the molar mass of 3,4-dimethoxybenzoic acid, volume(s)
of volumetric flask(s) used and any dilutions required to
place the measured absorbances on the Beer-Lambert law
absorbance versus concentration working curve, and then
dividing by the mass of the saturated solution analyzed.
Mole fraction solubilities were computed from solubility
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mass fractions using the molar masses of the solute and
solvent.  Experimental 3,4-dimethoxybenzoic acid mole
fraction solubilities, Xs®®, are listed in Table 1 for the 36
organic solvents studied Numerical values represent the
average of between four and eight independent
determinations, and were reproducible to within +2 %.
Published literature values of Li and coworkers® are
reported in the last column of Table 1. Literature values
were measured using a dynamic method with laser
monitoring to determine the temperature at which the
suspended solid particles completely dissolved. The
experimental uncertainty in the published solubility data is =
4%. Examination of the numerical entries in Table 1 reveals
that for the eight solvents for which independent literature
values are available, our observed mole fraction solubilities
are in good agreement with the published solubility data.
Differences in experimental methodologies and chemical
purities can lead to differences of a few percent between
values determined by two different research groups.

Table 1. Experimental 3,4-dimethoxybenzoic acid mole fraction
solubilities, Xs®®, in selected organic solvents at 25 °C.

Organic Solvent Xs®™P Xs®P
Methanol 0.00764

Ethanol 0.00720 0.0075316
1-Propanol 0.00643 0.0063516
1-Butanol 0.00625 0.00570%6
1-Pentanol 0.00615

1-Hexanol 0.00615

1-Heptanol 0.00617

1-Octanol 0.00616

1-Decanol 0.00577

2-Propanol 0.00618 0.006066
2-Butanol 0.00651
2-Methyl-1-propanol 0.00450 0.004131
2-Methyl-2-propanol 0.00945
3-Methyl-1-butanol 0.00560
2-Methyl-1-butanol 0.00541

2-Pentanol 0.00593
4-Methyl-2-pentanol 0.00646
2-Methyl-1-pentanol 0.00573

Methyl acetate 0.00854 0.0080216
Ethyl acetate 0.00813 0.0072316
Propyl acetate 0.00682

Butyl acetate 0.00660

Pentyl acetate 0.00654

Methyl butyrate 0.00678

Propylene carbonate 0.00799

Diethyl ether 0.00313

Diisopropyl ether 0.00143

Dibutyl ether 0.00112

1,4-Dioxane 0.02897

Tetrahydrofuran 0.03937

Propanone 0.01177

Butanone 0.01206 0.0120016
2-Ethoxyethanol 0.03037
2-1sopropoxyethanol 0.02335

2-Butoxyethanol 0.01485
3-Methoxy-1-butanol 0.02547
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As part of the experimental measurements we did
determine the solubility of 3,4-dimethoxybenzoic acid in
water at 25 °C which is needed for the Abraham model
correlations. The molar solubilty of 3,4-dimethoxybenzoic
acid in water is Cw*™ = 0.00320 M. One drop of
hydrochloric acid was added to prevent ionization.

Results and Discussion

Abraham Model: During the past 20 years there
have been numerous methods developed for predicting the
solubility of crystalline nonelectrolyte compounds in
organic solvents based on empirical and semi-empirical
quantitative structure — property relationships (QSPR) for
which the basic underlying solute-solvent molecular
interactions are not always clearly defined. While such
QSPR treatments may show some descriptive/predictive
ability, they often require large experimental data sets for
training purposes, and both the inputted solute
parameters/properties and calculated equation coefficients
encode no useful chemical information. The approach that
we have taken in recent years in describing the solubility is
based on the Abraham solvation parameter model*”'® which
contains a realistic description of how solute and solvent
molecules are believed to interact in solution. The basic
Abraham model is based on two linear free energy
relationships (LFERS) that quantify solute transfer between
two phases. The first LFER quantifies solute transfer
between two condensed phases:*’%°

log (SR or P)=cy+epE+spS+apA+byB+vpV 1)

and the second LFER describes solute transfer from the gas
phase:17-%9

log (GSR or K)=ci+ekE+skS+arA+biB+IL 2

where

P is the water-to-organic solvent partition coefficient
or alkane-to-polar organic solvent partition
coefficient, and

K is the gas-to-organic solvent partition.

For solubility predictions, the Abraham model uses the
solubility ratio which is given by the ratio of the molar
solubilities of the solute in the organic solvent, Cs™, and in
water, Cw™ (i.e., SR = Cs®/Cw*). The gas phase solubility
ratio is similarly calculated as the molar solubility in the
organic solvent divided by the solute gas phase
concentration (i.e., GSR = Cs%/Cg), the latter value
calculable from the solute vapor pressure above the solid at
the solution temperature.

The independent variables in Eqgns. 1 and 2 are the
Abraham solute descriptors defined as follows: E represents
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the solute excess molar refraction (in units of cm® mol%/10),
S denotes to the solute dipolarity/polarizability, A and B
quantify the overall solute hydrogen bond acidity and
basicity, V is the solute’s McGowan characteristic molecular
volume (in units of cm® mol-1/100) and L corresponds the
logarithm of the gas-to-hexadecane partition coefficient
measured at 298 K. The lower case regression coefficients
and constants (Cp, €p, Sp, @p, Dp, Vp, Ck, €k, Sk, ak, bk and li) in
Eqgns. 1 and 2 represent the complimentary condensed phase
property and serve to characterize the specific condensed
phase system under consideration. Solute descriptors when
combined with the respective equation coefficients describe
the contributions that each type of solute-solvent interaction
makes to the overall solute transfer process. For example,
the ap,"A and arA terms in Eqns. 1 and 2 describe the
hydrogen-bonding interactions between the H-bond donor
sites on the solute and the H-bond acceptor sites on the
solvent, while the by'B and b-B terms involve interactions
between the solute H-bond acceptor sites and solvent H-
bond donor sites.

The equation coefficients for all of the transfer
processes considered in the present study are tabulated in
Table 2. A more complete list of equation coefficients can
be found elsewhere.’® The actual numerical values of the
equation coefficients may differ slightly from values used in
our much earlier publications.  The coefficients are
periodically revised when additional experimental data
become available. Except for the practical “wet” water-to-
1-octanol and water-to-diethyl ether partition coefficients
(first two entries in Table 2), all of the listed transfer
processes pertain to the “dry” anhydrous organic solvent.
The “dry” equation coefficients are more applicable for
solubility predictions as the condensed phase is not saturated
with water as would be the case with the two “wet”
partitioning processes.

Abraham Model Predictions: The predictive applica-
tion of the Abraham model is relatively straightforward
given that we have an existing set of preliminary solute
descriptors for 3,4-dimethoxybenzoic acid (E = 0.890, S =
1.570, A = 0.580, B = 0.760, V = 1.3309, and L = 6.670)
based on measured water-to-diethyl ether, water-to-octanol,
gas-to-diethyl ether and gas-to-octanol practical partition
coefficient data and calculated fragment group values.?%?
The numerical values of the existing solute descriptors are
inserted into the sets of log SR correlations and log GSR
correlations constructed from the equation coefficients given
in Table 1. The predicted log SR values are then converted
into 3,4-dimethoxybenzoic acid molar solubilities in the
different organic solvents, Cs, (more specifically into the
logarithms of the molar solubilities, log Cs®) using a value
of log Cw* = -2.495, which is based on our measured molar
solubility of unionized 3,4-dimethoxybenzoic acid of Cw® =
0.00320. Similarly, the predicted log GSR values are
converted into log Cs* values using a value of log Cs = -
10.765.

For comparison purposes, the measured molar fraction
solubilities, Xs®P, in Table 1 were converted to molar
solubilities by dividing Xs®®, by the ideal molar volume of
the saturated solution (i.e., Cs®P =~ Xs®P /[Xs®P-Vsoiute + (1 —
XSeXp) : VSoIvent])-
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Table 2. Coefficients in Egn. (1) and Egn. (2) for various Processes?

Process/solvent c e S a b v/l

A. Water to solvent: Eqgn. (1)

1-Octanol (wet) 0.088 0.562 -1.054 0.034 -3.460 3.814
Diethyl ether (wet) 0.248 0.561 -1.016 -0.226 -4.553 4.075
Methanol (dry) 0.276 0.334 -0.714 0.243 -3.320 3.549
Ethanol (dry) 0.222 0.471 -1035 0.326 -3.596 3.857
1-Propanol (dry) 0.139 0.405 -1.029 0.247 -3.767 3.986
2-Propanol (dry) 0.099 0.344 -1.049 0.406 -3.827 4.033
1-Butanol (dry) 0.165 0.401 -1.011 0.056 -3.958 4.044
1-Pentanol (dry) 0.150 0.536 -1.229 0.141 -3.864 4.077
1-Hexanol (dry) 0.115 0.492 -1.164 0.054 -3.978 4.131
1-Heptanol (dry) 0.035 0.398 -1.063 0.002 -4.342 4.317
1-Octanol (dry) -0.034 0.489 -1.044 -0.024 -4.235 4.218
1-Decanol (dry) -0.058 0.616 -1.319 0.026 -4.153 4.279
2-Butanol (dry) 0.127 0.253 -0.976 0.158 -3.882 4114
2-Methyl-1-propanol (dry) 0.188 0.354 -1.127 0.016 -3.568 3.986
2-Methyl-2-propanol (dry) 0.211 0.171 -0.947 0.331 -4.085 4.109
3-Methyl-1-butanol (dry) 0.073 0.360 -1.273 0.090 -3.770 4.273
2-Pentanol (dry) 0.115 0.455 -1.331 0.206 -3.745 4.201
Diethyl ether (dry) 0.350 0.358 -0.820 -0.588 -4.956 4.350
1,4-Dioxane (dry) 0.123 0.347 -0.033 -0.582 -4.810 4.110
Tetrahydrofuran (dry) 0.223 0.363 -0.384 -0.238 -4.932 4.450
Propanone 0.313 0.312 -0.121 -0.608 -4.753 3.942
Butanone 0.246 0.256 -0.080 -0.767 -4.855 4.148
Methyl acetate (dry) 0.351 0.223 -0.150 -1.035 -4.527 3.972
Ethyl acetate (dry) 0.328 0.369 -0.446 -0.700 -4.904 4.150
Propyl acetate (dry)® 0.288 0.363 -0.474 -0.784 -4.939 4.216
Butyl acetate (dry) 0.248 0.356 -0.501 -0.867 -4.973 4.281
Propylene carbonate (dry) 0.004 0.168 0.504 -1.283 -4.407 3.421
(Gas to water) -0.994 0.577 2.549 3.813 4.841 -0.869
B. Gas to solvent: Eqgn. (2)

1-Octanol (wet) -0.198 0.002 0.709 3.519 1.429 0.858
Diethyl ether (wet) 0.206 -0.169 0.873 3.402 0.000 0.882
Methanol (dry) -0.039 -0.338 1.317 3.826 1.396 0.773
Ethanol (dry) 0.017 -0.232 0.867 3.894 1.192 0.846
1-Propanol (dry) -0.042 -0.246 0.749 3.888 1.076 0.874
2-Propanol (dry) -0.048 -0.324 0.713 4.036 1.055 0.884
1-Butanol (dry) -0.004 -0.285 0.768 3.705 0.879 0.890
1-Pentanol (dry) -0.002 -0.161 0.535 3.778 0.960 0.900
1-Hexanol (dry) -0.014 -0.205 0.583 3.621 0.891 0.913
1-Heptanol (dry) -0.056 -0.216 0.554 3.596 0.803 0.933
1-Octanol (dry) -0.147 -0.214 0.561 3.507 0.749 0.943
1-Decanol (dry) -0.139 -0.090 0.356 3.547 0.727 0.958
2-Butanol (dry) -0.034 -0.387 0.719 3.736 1.088 0.905
2-Methyl-1-propanol (dry) -0.003 -0.357 0.699 3.595 1.247 0.881
2-Methyl-2-propanol (dry) -0.053 -0.443 0.699 4.026 0.882 0.907
3-Methyl-1-butanol (dry) -0.052 -0.430 0.628 3.661 0.932 0.937
2-Pentanol (dry) -0.031 -0.325 0.496 3.792 1.024 0.934
Diethyl ether (dry) 0.288 -0.347 0.904 2.937 0.000 0.963
1,4-Dioxane (dry) -0.034 -0.389 1.724 2.989 0.000 0.922
Tetrahydrofuran 0.193 -0.391 1.244 3.256 0.000 0.994
Propanone 0.127 -0.387 1.733 3.060 0.000 0.866
Butanone 0.112 -0.474 1.671 2.878 0.000 0.916
Methyl acetate (dry) 0.134 -0.477 1.749 2.678 0.000 0.876
Ethyl acetate (dry) 0.182 -0.352 1.316 2.891 0.000 0.916
Propyl acetate (dry)® 0.165 -0.383 1.264 2.757 0.000 0.935
Butyl acetate (dry) 0.147 -0.414 1.212 2.623 0.000 0.954
Propylene carbonate (dry) -0.356 -0.413 2.587 2.207 0.455 0.719
(Gas to water) -1.271 0.822 2.743 3.904 4.814 -0.213

@ The dependent variable is log SR and log GSR for all of the correlations, except for 1-octanol (wet) and diethyl ether (wet) where the
practical water-to-1-octanol and water-to-diethyl ether partition coefficient was used. PThe equation coefficients for propyl acetate are
estimated as the average of the coefficients for ethyl acetate and butyl acetate.
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The molar volume of the hypothetical subcooled
liquid 3,4-dimethoxybenzoic acid, Vsolute=143.8 cm® mol,
was estimated as the molar volume of benzoic acid
(Vbenzoic acic=104.4 cm?® mol?) plus two times the molar
volume of methoxybenzene (Vmethoxybenzene = 109.1 cm?®
mol?) minus two times the molar volume of benzene
(Vbenzene = 89.4 cm®mol™?).  Any errors resulting from the
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estimation of 3,4-dimethoxybenzoic acid’s hypothetical
subcooled liquid molar volume, Vs, Or the ideal molar
volume approximation will have negligible effect of the
calculated Cs™" values because 3,4-dimethoxybenzoic
acid is not overly soluble in many of the solvents
considered. ~ From a mathematical standpoint, the
Xs™P-Vsoure term contributes very little to the molar
volumes of the saturated solutions.

Table 3. Comparison Between Observed and Back-Calculated Molar Solubilities of 3,4-Dimethoxybenzoic Acid Based Upon Eqn. (1)

and Eqn. (2), and Existing Molecular Solute Descriptors?

Equation (1)

Equation (2)

Solvent | log Cs®® log(Cs/Cw)®®  log (Cs/Cw)®° log Cst log (Cs/Cg)®™®  log(Cs/Cg)Ped  logCsPred
1-Octanol (wet) 1.480P 1.400° 9.750° 9.767°

Diethyl ether (wet) 0.880° 0.984° 9.150° 9.282°

Methanol (dry) -0.735 1.760 1.793 -0.702 10.030 10.164 -0.601
Ethanol (dry) -0.916 1.579 1.606 -0.889 9.849 9.979 -0.786
1-Propanol (dry) -1.070 1.425 1.469 -1.026 9.695 9.817 -0.948
2-Propanol (dry) -1.097 1.398 1.453 -1.042 9.668 9.822 -0.943
1-Butanol (dry) -1.169 1.326 1.341 -1.154 9.596 9.701 -1.064
1-Pentanol (dry) -1.267 1.228 1.269 -1.226 9.498 9.619 -1.146
1-Hexanol (dry) -1.309 1.186 1.231 -1.264 9.456 9.586 -1.179
1-Heptanol (dry) -1.362 1.133 1.167 -1.328 9.403 9.541 -1.224
1-Octanol (dry) -1.410 1.085 1.143 -1.352 9.355 9.436 -1.329
1-Decanol (dry) -1.501 0.994 0.973 -1.522 9.264 9.339 -1.426
2-Butanol (dry) -1.154 1.341 1.436 -1.059 9.611 9.781 -0.984
2-Methyl-1-propanol ~ -1.315 1.180 1.336 -1.159 9.450 9.686 -1.079
(dry)

2-Methyl-2-propanol ~ -1.001 1.494 1.432 -1.063 9.764 9.811 -0.954
(dry)

3-Methyl-1-butanol -1.293 1.202 1.269 -1.226 9.472 9.633 -1.132
(dry)

2-Pentanol (dry) -1.267 1.228 1.295 -1.200 9.498 9.666 -1.099
Diethyl ether (dry) -1.525 0.970 1.124 -1.371 9.240 9.417 -1.348
1,4-Dioxane (dry) -0.480 2.015 1.841 -0.654 10.285 10.161 -0.604
Tetrahydrofuran -0.328 2.167 1.954 -0.541 10.437 10.281 -0.484
(dry)

Propanone (dry) -0.803 1.692 1.682 -0.813 9.962 10.054 -0.711
Butanone (dry) -0.879 1.616 1.734 -0.761 9.886 10.093 -0.672
Methyl acetate (dry) -0.973 1.522 1.559 -0.936 9.792 9.852 -0.913
Ethyl acetate (dry) -1.085 1.410 1.346 -1.149 9.680 9.721 -1.044
Propyl acetate (dry) ~ -1.229 1.266 1.271 -1.224 9.536 9.644 -1.121
Butyl acetate (dry) -1.303 1.192 1.194 -1.301 9.462 9.566 -1.199
Propylene carbonate  -1.029 1.466 1.404 -1.091 9.736 9.644 -1.121
(dry)

Gas-to-Water 8.270 8.256 8.270 8.269

@ Numerical values of the descriptors used in these calculations are: E =0.890, S = 1.570, A = 0.580, B = 0.760, V = 1.3309 and L = 6.670.

bPractical partition coefficient.

Examination of the numerical entries in Table 3 reveals
that our existing solute descriptors provide a very reasonable
estimation of the solubility behavior of 3,4-
dimethoxybenzoic acid in diethyl ether, tetrahydrofuran,
1,4-dioxane, and in 15 alcohol and four alkyl acetate
solvents.  Standard deviations between predicted and
observed values were 0.091 and 0.134 log units for Eqgns. 1
and 2, respectively. The prediction of the practical water-to-
diethyl ether partition coefficient (log Pexp = 0.8822) and
water-to-1-octanol partition coefficient (Iog Pexp = 1.4822) is
included in the standard deviation for Eqn. 1. A predictive
error of £0.13 log units corresponds to approximately a
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35 % error in estimating the molar solubility. Standard
deviations of 0.091 and 0.134 log units are comparable to
the standard deviations associated with the transfer
coefficients for the individual solvents, which for most
solvents fell in the range of +0.12 to +0.20 log units.

Equation coefficients are available for only 25 of the
36 organic solvents studied. 3,4-Dimethoxybenzoic acid
solubilities were measured in solvents like 2-ethoxyethanol,
2-isopropoxyethanol, 2-butoxyethanol, 3-methoxy-1-butanol,
2-methyl-1-butanol,  2-methyl-1-pentanol,  4-methyl-2-
pentanol, pentyl acetate and diisopropyl ether so that we
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would have more experimental data to use in subsequent
studies to generate solute transfer correlation equations for
additional organic solvents. Predictions were not made for
dibutyl ether because past studies suggest that carboxylic
acids exhibit significant dimerization in this particular

Section A—Research Paper

solvent, in which case the measured solubility would
represent the sum of the molar concentration of monomeric
solute plus twice the molar concentration of the carboxylic
acid dimer. Our existing solute descriptors pertain to the
monomeric form of 3,4-dimethoxybenzoic acid.

Table 4. Comparison between observed and back-calculated molar solubilities of 3,4-dimethoxybenzoic acid based upon Egn. (1) and

Eqn. (2), and revised molecular solute descriptors?

Solvent log CsP log (Cs/Cw)®® Equation (1) log (Cs/Cg)®P Equation (2)
log (Cs/Cw)®* log Cs®2' log (Cs/Cg)*  log Cs
1-Octanol (wet) 1.480° 1.371 9.927 9.843
Diethyl ether (wet) 0.880° 0.967 9.327 9.371
Methanol (dry) -0.735 1.760 1.774 -0.721  10.207 10.257 -0.685
Ethanol (dry) -0.916 1.579 1.571 -0.924  10.026 10.050 -0.892
1-Propanol (dry) -1.070 1.425 1.433 -1.062 9.872 9.881 -1.061
2-Propanol (dry) -1.097 1.398 1.410 -1.085  9.845 9.878 -1.064
1-Butanol (dry) -1.169 1.326 1.309 -1.186  9.772 9.769 -1.173
1-Pentanol (dry) -1.267 1.228 1.226 -1.269  9.675 9.675 -1.267
1-Hexanol (dry) -1.309 1.186 1.193 -1.302  9.633 9.646 -1.296
1-Heptanol (dry) -1.362 1.133 1.133 -1.362  9.580 9.601 -1.341
1-Octanol (dry) -1.410 1.085 1.116 -1.379  9.532 9.499 -1.443
1-Decanol (dry) -1.501 0.994 0.932 -1.563  9.441 9.395 -1.547
2-Butanol (dry) -1.154 1.341 1.396 -1.099  9.788 9.838 -1.104
2-Methyl-1-propanol  -1.315 1.180 1.291 -1.204  9.627 9.742 -1.200
(dry)
2-Methyl-2-propanol  -1.001 1.494 1.389 -1.106  9.941 9.862 -1.080
(dry)
3-Methyl-1-butanol -1.293 1.202 1.313 -1.182  9.649 9.684 -1.258
(dry)
2-Pentanol (dry) -1.267 1.228 1.239 -1.256  9.675 9.712 -1.230
Diethyl ether (dry) -1.525 0.970 1.117 -1.378  9.417 9.499 -1.443
1,4-Dioxane (dry) -0.480 2.015 1.887 -0.608  10.462 10.307 -0.635
Tetrahydrofuran -0.328 2.167 1.975 -0.520  10.613 10.396 -0.546
(dry)
Propanone (dry) -0.803 1.692 1.723 -0.772  10.139 10.198 -0.744
Butanone (dry) -0.879 1.616 1.777 -0.718  10.063 10.232 -0.710
Methyl acetate (dry)  -0.973 1.522 1.596 -0.899  9.968 9.996 -0.946
Ethyl acetate (dry) -1.085 1.410 1.367 -1.128  9.857 9.841 -1.101
Propyl acetate (dry) -1.229 1.266 1.290 -1.205  9.713 9.760 -1.182
Butyl acetate (dry) -1.303 1.192 1.212 -1.283  9.639 9.679 -1.263
Propylene carbonate  -1.029 1.466 1.489 -1.006  9.913 9.961 -0.981
(dry)
Gas-to-Water 8.447 8.420 8.447 8.446

@ Numerical values of the descriptors used in these calculations are: E =0.950, S = 1.646, A =0.570, B = 0.755, V = 1.3309 and L = 6.746.

PPractical partition coefficient.

Revision of Solute Descriptor Values: The existing
values that we have for 3,4-dimethoxybenzoic acid do
provide very good predictions for the observed solubility
behaviour of the compound in alcohol, alkyl acetate and
ether solvents. The values were based on only two
experimental practical partition coefficients; however, and it
is desirable to have values based on a database having
greater chemical diversity. One of the criticisms that models
of this type often encounter is that one must not make
predictions outside of the chemical space used in
determining the solute descriptors and/or equation
coefficients. We can address this concern now since
experimental data are available for updating the solute
descriptors, and there is no reason for us not to perform the
few additional calculations to update the numerical values.
Combining the two sets of LFERs, log (SR or P) and log
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(GSR or K) correlations, we have a total of 54 mathematical
equations. The characteristic McGowan volume of 3,4-
dimethoxybenzoic acid is known, V = 1.3309, from the
summation of the individual atomic sizes less a contribution
for each bond in the molecule.?® The E solute descriptor is
E = 0.950, which is slightly larger than the estimate used
several years ago when our preliminary solute descriptors
were initially calculated. The set of 54 equations were then
solved using Microsoft “Solver” to yield the numerical
values of the four remaining solute descriptors that best
described the log (SR or P) and log (GSR or K) values. The
updated set of molecular solute descriptors are E = 0.950, S
= 1.646, A = 0.570, B = 0.755, V = 1.3309, and L = 6.746;
and the vapor phase concentration was log Cg = —10.942.
The updated solute descriptors differ very slightly from our
previous values. This is to be expected as our existing

582



Solubility of 3,4-dimethoxybenzoic acid in organic solvents

solute descriptors did provide a very good mathematical
description of the observed solubility behavior of 3,4-
dimethoxybenzoic acid in the alcohol, alkyl acetate, and
ether solvents. The updated solute descriptors reproduce the
experimental log (SR or P) and log (GSR or K) values to
within an overall standard deviation of 0.084 log units and
0.082 log units, respectively, as shown in Table 4.
Statistically, there is no difference between the set of 27 log
(SR and P) values and the total set of 54 log (SR or P) and
log (GSR or K) values, thus suggesting that log Cec = —
10.942 is a feasible value for the 3,4-dimethoxybenzoic acid
correlations.

The calculated solute  descriptors of  3,4-
dimethoxybenzoic acid do account very well for the
observed solubilities and partition coefficients; however, the
values must reflect chemical properties of the solute,
otherwise, the descriptors would be simply “curve-fitting
parameters”. Our solute descriptor database does contain
benzoic acid (E = 0.730, S =900, A=0.590, B=0.400, V =
0.9317 and L= 4.657) and other methoxy-substituted
benzoic acids. Hoover et al.!! previously determined solute
descriptors for 2-methoxybenzoic acid (E = 0.899, S = 1.410,
A = 0.450, B = 0.620, V = 1.3133 and L= 5.636) and 4-
methoxybenzoic acid (E = 0.899, S = 1.250, A = 0.620, B =
0.520, V = 1.3133 and L = 5.741) based largely on
experimental solubility data in neat alcohol and ether
solvents. For benzoic acid, 4-methoxybenzoic acid and 3,4-
dimethoxybenzoic acid, there is a progressive increase in the
descriptors E, S, B, V and L with each added methoxy-
functional group. The two lone electron pairs on the oxygen
atom of each methoxy-substituent provide additional H-
bond donor sites, and increase the elecron density of the
aromatic ring through resonance and/or inductive effectives.
The solute descriptors of 2-methoxybenzoic acid do not
follow this trend. The lower than expected H-bond acidity
for 2-methoxybenzoic acid is likely due to intramolecular
hydrogen-bond formation, which has been suggested by
both solution IR and proton, *C and YO NMR studies.?*8
Intramolecular H-bond formation would both reduce the H-
bond basicity of the methoxy oxygen atom and increase the
the basicity of the oxygen atom in the carboxylic —OH group.

Conclusion

The Abraham solvation parameter model has been used
to describe mathematically the observed solubilty data for
3,4-dimethoxybenzoic acid dissolved in alcohol, alkyl
acetate and ether solvents. The computation methodology
used to calculate the solute descriptors requires experimental
solubility data for the solute in water and in a dozen or so
other solvents for Abraham equation coefficients are known.
The solute descriptors, once calculated, can be used both to
back-calculate the measured solubility data employed in the
solute descriptor determination as well as to predict the
solute’s solubility in additional solvents for which equation
coefficients are known.
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Section A-Short Communication
SYNTHESIS AND CHARACTERIZATION OF OCTAKIS[(2-
PROPYLOXY-2-OXO-1-ETHYL)THIO]-21H, 23H-
PORPHYRAZINE FROM 1,2-DICYANO-1,2-THIOETHYLENE

Synthesis of octakis[(2-propyloxy-2-oxo-1-ethyl)thio]-21H,23H-porphyrazine

E@B

A. Yahyazadeh®* F. Sedigh Zyabaril®!

Keywords: octakis[(2-propyloxy-2-oxo-1-ethyl)thio]-21H,23H-porphyrazine, 1,2-dicyano-1,2-thioethylene, sodium cis-1,2-dicyano-
1,2-ethylenedithiolate, magnesium propoxide; 1,2-dicyano-1,2-bis(2-ethoxy-2-oxo-1-ethylthio)ethylene

The 1,2-dicyano-1,2-bis(2-ethoxy-2-oxo-1-ethylthio)ethylene has been prepared from sodium cis-1,2-dicyano-1,2-ethylenedithiolate
(NaMNT) and ethyl chloroacetate by treatment with sodium iodide in dry acetone. 2,3,7,8,12,13,17,18-octakis[(2-propyloxy-2-0xo-1-
ethyl)thio]-21H,23H-porphyrazine was obtained from 1,2-dicyano-1,2-bis(2-ethoxy-2-oxo-1-ethylthio)ethylene in magnesium propoxide

(PrOMg) and dry propanol. All compounds have been fully characterized by spectroscopic data.
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Introduction

Tetrapyrrolic macrocycles are widly used as pigments in
textiles, polymers liquid crystal and paints.®® The name
porphyrazine or in other words meso-tetraaza-substituted
porphyrin includes a wide class of macrocyclic porphyrin
analogues or heteroanalogues.*® In the all cases the Linstead
method was used.’® Various methods such as, the organic
dye photosensitization of TiO»,® peripherally bulky
annulations of porphyrazine derivatives’® and preparation
of annulated binuclear phthalocyanines® have been
developed. The modified porphyrazines possess an intensive
absorption in the blue-green region of the solar spectrum;
which can practically be applied in diverse areas as,
photodynamic therapy (PDT), degradation of pollutants,
photosensitizers, and anticancer therapy.’*” Diphthalocyanine
complexes have also gained attention due to their rich redox
chemistry and especial w-electron systems. For example,
lutetium diphthalocyanine complexes show photochemical
behaviors six orders higher than their monomeric counterpart.®

Result and Discussion

1,2-dicyano-1,2-bis(2-ethoxy-2-oxo-1-ethylthio)ethylene
(2) was prepared in high yield by reaction of the sodium cis-
1,2-dicyano-1, 2-ethylenedithiolate (NaMNT) (1) with ethyl
chloroacetate with nitrogen atmosphere in presence of a
catalytic sodium iodide in dry acetone.'*%3

It was fully characterized and the spectroscopic data
obtained were in agreement with those previously reported.
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The microanalysis results were satisfactory and the low
resolution mass spectrum gave a molecular ion peak at m/z
314[M+1]*. In the 3C NMR spectrum there were six peaks
as expected, with the carbonyl at 169.4 ppm, (-CN) at 122.4
ppm, (C=C) at 111.2 ppm, (O-CH) at 59.9 ppm, (S-CH) at
40.4 ppm, and (-CHs) at 26.0 ppm. The presences of (C-H
str) were also confirmed by band at 3000 cm™ (-CN) at 2200
cm?® (C=0) at 1730 cm™, (C=C) at 1510 cm™, (-CH; and -
CHs ben) at 1450 cm™ and 1375 cm™ in the infrared
spectrum. 1,2-Dicyano-1,2-bis(2-ethoxy-2-oxo-1-ethyl-
thio)ethylene (2) was then cyclised to 2,3,7,8,12,13,17,18-
octakis[(2-propyloxy-2-oxo-1-ethyl)thio]-21H, 23H-porphy-
razine (3) in 24 % yield by treatment with PrOMg in dry
propanol.
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Magnesium propoxide (PrOMg) has been prepared from
magnesium turnings and iodine were placed in dry propanol
and heated under reflux in nitrogen atmosphere overnight.

The elemental analysis and mass spectroscopy results
obtained on this compound (3) were satisfactory. The 'H
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NMR spectrum showed the presence of 0.97 ppm (t, 24H,
CHa), 1.23 ppm (m, 16H, -CH>—CHzs), 2.79 ppm (t, 16H,
COO-CHy), 3.21 ppm (s, 16H, S-CH,). The presences of
(N-H) stretching were also confirmed by band at 3400 cm™,

(-CH, str) at 2960 cm™, (C=0) at 1720 cm™, (-CH; and -CHs,

ben) at 1480cmand 1390 cm?, (C-N, str) at 1240 cm? in
the infrared spectrum. The UV-Vis spectrum showed the
presence of 630 nm S-Bond and 320 nm Q-Bond.8°

Experimental

All solvents purified and dried using established
procedures. The *H NMR spectra were recorded on Hitachi-
Perkin-Elmer R24B (60 MHz) or Bruker XL 500 (500
MHz) instruments (with J-values given in Hz), ®*C NMR
spectra (with DEPT 135) either on a Bruker WP 80 or
XL300 instrument, and IR spectra on a Shimadzu IR-
470 spectrophotometer. Mass spectra were recorded on a
Kratos Concept instrument. The melting points were
measured on an electrothermal digital melting point
apparatus and are uncorrected.
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ELECTROCHEMICAL AND SURFACE ANALYSIS STUDIES ON

CORROSION INHIBITION OF CARBON STEEL

J. Jeyasundari,@” S. Rajendran,! R. Sayee Kannan,[l Y. Brightson Arul Jacob!?

Keywords: Corrosion inhibition, Carbon steel, Scanning Electron Microscope, Fluorescence spectra, Nano film

The corrosion inhibition of inhibitor tris(hydroxymethyl)amino methane (THAM) and 1-hydroxyethylidenediphosphonic acid (HEDP) in
combination with a bivalent cation like Zn?* in controlling corrosion of carbon steel immersed in aqueous solution containing 60 ppm CI-
was investigated using weight loss method and electrochemical impedance spectroscopy .The combined corrosion inhibition efficiency
offered by 50 ppm of THAM, 250 ppm of HEDP, 50 ppm of Zn?" has 86%. The synergistic effect of the inhibiting compound was
calculated. The corrosion inhibition was observed due to the formation of more stable and compact protective film on the metal surface.
Fluorescence spectral analysis was used in detecting the presence of iron-inhibitor complex and the coordination sites of the metal inhibitor
with iron were determined by the FTIR spectra. The surface morphology of the protective film on the metal surface was characterized by

using Scanning Electron Microscope (SEM)
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Introduction

Corrosion is the gradual destruction of material, usually
metal, by chemical reaction with its environment.
Phosphonates in combination with zinc ions have been in
use as effective corrosion inhibitors for carbon steel in
cooling water systems for the past three decades.? Several
compounds such as nitrite, phosphate, > silicates, ® sodium
salicylate,® sodium cinnamate,” molybdate,®° phosphonic
acids, %12 polyacrylamide!® and caffeine'**> have been used
as corrosion inhibitors. Several phosphonic acids have been
used as corrosion inhibitor along with metal cation such as
Zn?* 1618 phosphonates are derivatives of phosphonic acids
that contain direct phosphorous-to carbon bonds (P-C). The
P-C bonds are more resistant to hydrolysis than the P-O-C
bonds of organic phosphates. Phosphonic acids are used as
scale inhibitors in. aqueous Systems.'®% Phosphonic acids
are extensively used now-a-days due to their complex-
forming abilities, high stability under harsh conditions and
low toxicity. The inhibition efficiency of phosphonates
depends on the number of phosphono groups in a molecule
and also on different substituents.

Electrochemical techniques have been used in corrosion
inhibition studies of mild steel by phosphonic acid. 2*-?? The
aim of the present study was to investigate synergistic
corrosion inhibition for THAM-Zn* and HEDP
combination to carbon steel immersed in aqueous solution
containing 60ppm CI-. The corrosion inhibition efficiency
was evaluated using mass loss method and the AC
impedance spectra. The protective film formed on the metal
surface characterized with the help of surface analytical
techniques such as Fluorescence Spectra, Fourier Transform

Eur. Chem. Bull., 2013, 2(9), 585-591

Infrared Spectroscopy (FTIR) and Scanning Electron
Microscopy (SEM).

Materials and Methods

Preparation of mild steel specimens

Carbon steel specimens were chosen from the same sheet
of the following composition 0.1 Percent C, 0.026 percent S,
0.06 percent P, 0.4 percent Mn and the balance Fe. Carbon
steel specimen of the dimensions 1.0 x 4.0 x 0.2 cm were
polished to more finish degreased with trichloroethylene and
used for mass loss and surface examination studies. The
environment chosen is an agueous solution containing 60
ppm CI-.

Determination of corrosion rate

The weighed specimen, in triplicate were suspended by
means of glass hooks in 100 ml beakers containing 100 ml
of an aqueous solution containing 60 ppm CI containing
various concentration of the inhibitors in the presence and
absence of Zn?* for 3 days of immersion. After 3 days of
immersion the specimens were taken out, washed in running
water, dried and weighed. From the change in weights of the
specimen corrosion rates (CR) were calculated using the
following relationship.

CR="— @

where

Am - loss in weight (mg)
S - surface area of the specimen (dm?)
t - period of immersion (days)

Corrosion inhibition efficiency (IE) was then calculated
using the equation:
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W,
IE=100|1- % 2)
W
where

W, = corrosion rate in the absence of the inhibitor and
W,= Corrosion rate in the presence of the inhibitor

AC impedance measurements

EG and G electrochemical impedance analyzer model
6310 was used to record AC impedance measurements. A
three electrode cell assembly was used. The working
electrode was a rectangular specimen of carbon steel with
one face of the electrode of constant 1cm? area exposed. A
rectangular platinum foil was used as the counter electrode.
A time interval of 5 to 10 minutes was given for the system
to attain a steady state open circuit potential. Then over this
steady state potential, an AC potential of 10 mV was
superimposed. The AC frequency was varied from 100
MHZto 100 KHZ.

The real part (Z’) and imaginary part (Z”) of the cell
impedance were measured in Ohms for frequencies. The R¢
(Charge transfer resistance) and Ca (double layer
capacitance) values were calculated. Cg value can be
calculated using the following relationship.

1

- ©)
A 27Rs friax

Surface characterization studies

The carbon steel specimens were immersed in blank, as
well as inhibitor solutions, for a period of three days. After
three days, the specimen were taken out and dried. The
nature of the film formed on the surface of the metal
specimens was analysed by various analysis techniques.

FT-IR spectra

The spectra were recorded in a perkin-Elmer 1600 spectra
photometer. The film was carefully removed, mixed
thoroughly with KBr and made in to pellets and the FTIR
spectra were recorded.

Surface analysis by fluorescence spectroscopy
Fluorescence spectra of solutions and also the films

formed on the metal surface were recorded using Jasco-F-
6300 spectra fluorometer.

SEM Analysis

SEM provides a pictorial representation in the surface to
understand the nature of the surface film in the absence and

presence of inhibitors and extent of corrosion of carbon steel.

The SEM micrographs of the surface are examined.
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Results and Discussion

The corrosion rates (CR) of carbon steel immersed in
aqueous solution containing 60 ppm CI- and also inhibition
efficiencies (IE) in the absence and presence of inhibitor
THAM and HEDP obtained by weight loss method are
given in Table 2. It is observed from Table 1 that THAM
shows some inhibition efficiency. 50 ppm of THAM has
52% inhibition efficiency and 50 ppm of Zn?* has 24% IE.
Their combination has 62% IE.

Table 1. Corrosion rates of (CR, mdd) carbon steel immersed in an
aqueous solution containing 60 ppm of ClI- and the inhibition
efficiencies (IE %) obtained by weight loss method. Immersion
period = 3 days, pH=8.84

Cl, ppm | THAM,ppm | Zn? ppm | CR, mdd IE, %
60 0 0 23 -

60 0 50 17.48 24

60 50 50 8.74 62

60 100 50 11.04 52

60 150 50 13.34 42

60 200 50 13.57 41

60 250 50 13.80 40

It is observed that when HEDP is added, the inhibition
efficiency of THAM-Zn?* system increases. The increase in
IE is more pronounced at 250 ppm of HEDP. Synergistic
effect exists between THAM-Zn?* system and HEDP (250
ppm). For example 50ppm of Zn?* and 50ppm THAM has
62% IE. Their combination [THAM (50 ppm) - Zn?* (50
ppm)-HEDP (250 ppm)] has 86% IE.

Table 2. Corrosion rates of (CR mdd) Carbon steel immersed in an
aqueous solution containing 60 ppm of CI-, and the inhibition
efficiencies (IE %) obtained by weight loss method. Immersion
period = 3days, pH = 8.84

Cl,ppm | THAM,ppm | Zn*,ppm | CR,mdd | IE, %
60 0 0 23 -

60 0 50 17.48 24

60 50 50 8.74 62

60 100 50 11.04 52

60 150 50 13.34 42

60 200 50 13.57 41

60 250 50 13.80 40

Synergism considerations

According to studies by Gomma? the synergism
parameter (S;) can be calculated using the relationship given
by Aramaki and Hackmann.?*

1-6
S @
1=0"2
where
12 = (01t 02) — (010)
6.= surface coverage for substance (HEDP)

0,= surface coverage for substance (THAM-Zn?*)

6’1+2 = surface coverage for combined substance
(THAM-Zn?* - HEDP), when 0 is the surface
coverage, 0=IE/100.
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The values of synergism parameters are given in Table 3. It
is observed that the value of synergism parameter is greater
than 1.This suggests that a synergistic effect exists between
THAM and Zn?* (50 ppm) system and HEDP (250 ppm)
when the value of synergism parameter is less than one. It is
an indication that the synergistic effect is not significant.

Table 3 Inhibition efficiencies and synergism parameters for
THAM-Zn?- HEDP systems, when carbon steel immersed in an
aqueous solution containing 60 ppm Cl-; Immersion period 3 days,
pH =28.84

Cl, ppm THAM, Zn?* ppm | CR, mdd | IE, %
ppm

60 0 0 23 -

60 0 50 17.48 24

60 50 50 8.74 62

60 100 50 11.04 52

60 150 50 13.34 42

60 200 50 13.57 41

60 250 50 13.80 40

A=HEDP System; B = Zn?* + THAM System; C = THAM-Zn?*-
HEDP System

Analysis of AC impedance spectra

AC impedance spectra of carbon steel immersed in
aqueous solution containing 60 ppm CI- in the absence and
presence of inhibitors are shown in Fig. 1 (Nyquist plots)
and Fig. 2, Fig. 3 (Bode plots). The corrosion parameters
namely charge transfer resistance and double layer
capacitance derived from Nyquist plots are given in Table 4.
The impedance (log Z ohm™) values derived from Bode
plots are also given in Table 4. It is observed that when
carbon steel immersed in an aqueous solution containing 60
ppm CI, the R; value is 428 ohm cm?. The Cg value is

1.19x10® F cm.The impedance value [logZ ohm™] is 2.683.

When inhibitors (50 ppm of THAM + 50 ppm of Zn?" +
250 ppm HEDP) are added the R;value increases from 428
to 1716 ohm cm?. The Cq value decreased from 1.19x10° to
0.297 x10°8 F cm2. The shape of the plot suggests that it is a
diffusion controlled process. The impedance value increases
from 2.683 to 3.90. This observation suggests that a
protective film is formed on the metal surface.

Table 4. Corrosion parameters of carbon steel immersed in an
aqueous solution containing 60 ppm of CI- obtained from AC
impedance spectra. Immersion period 3 days, pH = 8.84

Cl, ppm THAM, Zn%,ppm CR, mdd | IE, %
ppm
60 0 0 23 -
60 0 50 17.48 24
60 50 50 8.74 62
60 100 50 11.04 52
60 150 50 13.34 42
60 200 50 13.57 41
60 250 50 13.80 40

D = Aqueous solution containing 60 ppm CI-; E = THAM (50
ppm); Zn?* (50 ppm); HEDP (250 ppm)
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Figure 1. AC impedance spectra of carbon steel immersed in
various test solutions (Nyquist Plot); a) 60 ppm CI- (blank); b) 60
ppm CI- + THAM (50 ppm) + Zn?* (50 ppm) + HEDP (250 ppm)
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Figure 2. AC impedance spectra of carbon steel immersed in
various test solutions (Bode Plot) a) 60 ppm CI- (Blank)
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Figure 3. AC impedance spectra of carbon steel immersed in
various test solutions (Bode Plot); a) 60 ppm CI- + THAM (50
ppm) + Zn?* (50 ppm) + HEDP (250 ppm)

Analysis of the UV-Visible absorption spectra

The UV-Visible absorption a spectrum of an aqueous
solution containing THAM and Fe?* is shown in Figure 4. A
peak appears at 305 nm. This is due to formation of THAM-
Fe?* complex in solution. When HEDP solution is added to
the above solution, the intensity of the UV-Visible
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absorption spectra slightly increases at 314 nm. This peak is
due to formation of Fe?*-HEDP complex and THAM-Fe?*
complex in solution. 2526
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Figure 4. UV-absorption spectra solution containing a) THAM-
Fe-* system complex in solution; b) Fe?*-THAM and Fe?*-HEDP
complex in solution (Fe?*-THAM+HEDP solution)

Fluorescence spectra

The emission (Aex 305nm) of solution containing THAM-
Fe?*-HEDP complex is shown in Figure 5. A peak appears
at 314 nm. The emission spectrum of the film formed on the
metal surface after immersion in solution containing 50 ppm
of THAM, 50 ppm of Zn?*, 250 ppm of HEDP is shown in
Figure 5. A peak appears at 314 nm.

Hence, it is concluded that the protective film consists of
Fe?*-THAM complex and Fe?*-HEDP complex, the number
of peak obtained is only one. Hence it is informed that the
complex of somewhat highly symmetric in solution.?’

100

80 4

60

40 -

Intensity, au

20

kﬁx

a

2;0 3;0 4;0 5%0
Figure 5. Fluorescence spectra, a) THAM-Fe?*-HEDP complex in
solution; b) Film formed on metal surface after immersion in
solution containing 50 ppm of THAM and 50 ppm of Zn?* and 250
ppm of HEDP

Analysis of FTIR spectrum

The FTIR spectra have been used to analyze the film
formed on the metal surface. The FTIR spectrum of pure
THAM is shown in Figure 6. The NH stretching frequency
and —OH stretching frequency have overlapped and appears
at 3350 cm®. The CN stretching frequency appears at 1042
cml. FTIR spectrum of pure HEDP is shown in Figure 7.
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The FTIR spectrum of the film formed on the metal surface
after immersion in the solution containing 60 ppm CI-, 250
ppm HEDP 50 ppm THAM and 50 ppm of Zn?* is shown in
Figure 8. The P-O stretching frequency of HEDP has shifted
from 1119 cm? to 1071cm™.2-% This indicates that the
formation of Fe?*-HEDP complex on the metal surface. The
—OH stretching frequency has shifted from 3350 cm™ to
3403 cm™. The C-N stretching frequency has shifted form
1042 cm? to 1021cm?. This suggests that HEDP and
THAM have coordinated with Fe?*, through their polar
groups resulting in the formation of Fe?*-HEDP complex
and Fe?*-THAM complex. The peak at 1384 cm™ is due to
Zn-0O stretching. The —OH stretching frequency appears at
3350 cm™. There results suggest the formation of Zn(OH).
on metal surface.3%
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Figure 8. Film formed on carbon steel after immersion in aqueous
solution containing Zn?* + 250 ppm of HEDP

SEM analysis of metal surface

The SEM images of different magnification
(X500,X1000) of carbon steel specimen immersed in
aqueous solution contain 60 ppm of Cl- for 3 days in the
absence and presence are shown in Figure 9. This indicates
that in the presence on 50 ppm THAM and 50 ppm Zn?* and
250 ppm of HEDP, the surface coverage increases which in
turn results in the formation of insoluble complex on the
surface of the metal.® In the presence of THAM and Zn%
and HEDP system the surface is covered by a thin layer of
inhibitors which effectively control the dissolution of carbon
steel Figure 10.

Figure 9. SEM micrographs of a) Carbon steel (control);
Magnification-X 500; b ) Carbon steel (control); Magnification-X
1000

Figure 10. SEM micrographs of a) 60 ppm CI- Magnification-X
500; b) 60 ppm CI- Magnification-X 1000; ¢) THAM 50 ppm +
Zn% 50 ppm + 60 ppm CI- + HEDP 250 ppm, Magnification —
X500; d) THAM 50 ppm + Zn?" 50 ppm + 60 ppm CI- + HEDP
250 ppm Magnification —X1000

Conclusion

The results of the weight loss study shows that the
formulation consisting of 50 ppm THAM and 50 ppm of
Zn%* and 250 ppm HEDP has 86% of inhibition efficiency in
controlling corrosion of carbon steel. AC impedance spectra
reveal that the protective film formed on the metal surface.
FTIR spectra reveal that the protective film consists of Fe?*-
THAM complex and Fe?*- HEDP complex and Zn(OH),.
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When carbon steel is immersed in solution containing 60
ppm of CI, 50 ppm of THAM, 50 ppm of Zn?* and 250 ppm
of HEDP, the Zn*-THAM, Zn?**-HEDP complex diffuses
from the bulk of the solution towards metal surface.

On the metal surface Zn?*-THAM-HEDP complex is
converted in to Fe?*-THAM, Fe?-HEDP complex on the
anodic sites. Zn?* is released.

Zn?*-THAM, Zn?*-HEDP+Fe?* >
Fe?-HEDP, Fe?*-THAM+Zn?*

The released Zn?* combines with OH" to form Zn(OH), on
the cathodic sites .

Zn* + 20H - Zn(OH),
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OZONOLYSIS OF LANDFILL LEACHATE
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Old and young municipal landfill leachates samples were radiation processed with y rays at a dose rate of 1 kGy ht. The fate
of the soluble organic matter (humic substance) present in the leachates was followed by the chemical oxygen demand (COD)
measurements. The radiolysis of old landfill leachate is a not an effective process in comparison to ozonolysis but can be
enhanced significantly by the addition of H,O; to the old leachate prior to radiolysis and by bringing the pH of the leachate to
zero. Some radiolyzed sample were further ozonized to reduce to the minimum possible the COD level. Young landfill

leachate results instead more prone to radiolysis and less sensitive to 0zonolysis than the old landfill leachate.
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Introduction

Landfilling of the municipal wastes is still today one of
the major way to get rid of garbages.® However, the
landfilled wastes release for years a liquor due to the
decomposition of the organic garbages and due to the rain
waters which pass through the landfill washing away and
extracting the soluble or solubilised matter.! The black
liquor is known as landfill leachate. There is no standard
landfill leachate since its properties in terms of type and
concentration of soluble organic matter, inorganic
components vary with atmospheric conditions and ageing of
the landfill site.22 In general, in the rainy seasons the landfill
leachate presents lower concentration of soluble organic
matter and inorganic components while in the dry seasons it
occurs the opposite. Furthermore, the soluble organic matter
present in a leachate is completely different if the leachate is
coming out from a recent or an old landfill site.>® In general,
the old landfill leachate is characterized by relatively low
content of soluble organic matter as measured by the COD
(COD=Chemical Oxygen Demand) in comparison to the
very high COD levels of a young leachate.* Additionally,
the pH of an old leachate is typically weakly basic in
contrast with the COD of a young leachate which is instead
acidic.>® The relatively low COD level of the old leachate is
compensated by the fact that the soluble organic matter
present in it under the form of humic substances (HS) is
extremely refractory to oxidation even by powerful
oxidizing agents like ozone.*® It is also not biodegradable
by microorganisms because it is already the result of
methanogenic fermentation which has transformed the
soluble organic matter present in the young leachate into
methane and into a refractory HS.3 In a previous work we
have discussed about chemical structure of the HS of the old
leachate.” The reason of its resistance to chemical and
biochemical degradation must be attributed to its relatively
high molecular weight and high degree of aromatic
content.2387
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The purification of the water containing landfill leachate
represents a real challenge. A number of different treatments
have been proposed but does not exist “the dedicated
treatment” for the landfill leachate.® The problem regards
not only the degradation of the HS present in the leachate
but also the elimination of certain transition metals which
occur in the leachates3® as well as the elimination of
pathogens® which proliferate in a broth rich of nutrients as it
is especially the young landfill leachate but also the old
leachate. Therefore, the solution to the leachate problem
should take into account these three problems all together:
mineralization of the HS, elimination or reduction of
transition metals and free ammonia (for old leachates) and
sterilization of the leachate from the pathogens. In a
previous work we have examined the combined action of
activated carbon and ozone in the treatment of old leachate
with encouraging results.® Indeed, the ozonolysis of old
leachate leads to a reasonable, although unsatisfactory,
reduction of the COD and to the sterilization of the liquor,
while activated carbon is able to adsorb the oxidized HS and
even large part of the transition metals.®® In order to find
more radical solutions, we have studied also the action of
high energy radiation on old landfill leachate followed by
ozonolysis.” Water radiolysis with y radiation generates
essentially *OH radicals which are the powerful oxidizing
agents resulting also from advanced oxidation processes.>*
13 With surprise we have found that radiolysis of neat old
leachate is completely not effective on the mineralization of
HS.” The reason of this failure is certainly to be ascribed to
the high concentration of carbonate, bicarbonate ions and
free ammonia in the leachate which act as free radical
scavengers especially against the *OH radicals hindering the
effects. Furthermore, previous studies have recommended
the combined action of an oxidizing agent with radiation to
treat polluted waters and wastewater.1%-13

In the present work, the radiolysis of old landfill leachate
has been conducted in presence of H,O, as oxidizing agent
and also in acidic conditions to decompose the carbonates
and bicarbonates and to transform the free ammonia in
ammonium ion. The radiolyzed leachate samples were also
ozonized wherever possible and in any case the radiolysis
effects on COD were compared with the ozonolysis effects.
Also a sample of young landfill leachate with high COD
was radiolyzed.
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Experimental

Landfill leachate sampling

Landfill leachate sample was obtained from a municipal
landfill located in the central Italy. Three different samples
of landfill leachate were taken from the site. One sample
was taken in a site which is 67 years old and consists of an
old landfill leachate with COD = 5165 mg L. The second
sample was taken in the oldest area of the landfill site which
was about 10 years old and was characterized by a COD =
2376 mg L. The third sample was taken in another area
which has been recently land-filled and the resulting
leachate is defined as young landfill leachate with a COD =
9200 mg L™

COD (Chemical Oxygen Demand) measurements

The COD (Chemical Oxygen Demand) was measured with
the bichromate methodology according to the ISO 15705
standard test.

Irradiation procedure

The landfill leachate samples in closed vials were irradiated
in presence with a ®Co y-ray source at the CNR-IMC
facility using a dose rate of 1 kGy h.

Old and virgin landfill leachate radiolysis followed by
ozonolysis

The virgin old landfill leachate having a starting COD value
of 5165 mg L was transferred in 7 different vials which
were tighly closed with a screw cap. Each vial was filled
with 20 ml of leachate. Only 1 vial was kept as reference
and the other vials were irradiated at 12.5, 25, 50, 100, 200
and 400 kGy respectively. After the radiolysis the vials were
opened and sampled for the COD analysis and for the pH
measurements. Afterwards the radiolyzed sample were
ozonized following a standard procedure reported in a
previous work.'* After the ozonolysis the COD of each
sample was measured again.

Old landfill leachate radiolysis with H20:2 followed by
ozonolysis

In this series of experiments the old and virgin leachate had
a COD = 2376 mg L*. The addition of 1 ml of H,O; to the
leachate led the COD (after 14 days) at 1872 mg L* while
the pH remained unchaged at about 8.4. The COD value of
1872 mg L* was taken as starting value for all the following
experiments. A series of 6 vials were filled with 20 ml each
of old landfill leachate and treated with 1 ml each of H,0,
36% solution. Only 1 vial was kept as reference and the
other vials were irradiated at 12.5, 25, 50, 100, 200 and 400
kGy respectively. After the radiolysis the vials were opened
and sampled for the COD analysis and for the pH
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measurements. Afterwards the radiolyzed sample were
ozonized following a standard procedure reported in a
previous work.'* After the ozonolysis the COD of each
sample was measured again. Also the reference, non-
radiolyzed sample having a starting COD =1872 mg L was
ozonized and the COD was measured again after the
ozonolysis.

Old landfill leachate radiolysis with H2O2 at pH =0

In this series of experiments the old and virgin leachate had
a COD = 2376 mg L. The acidification of 20 ml of leachate
with 1 ml of HCI 9% brings the pH from 8.4 to nearly zero.
After the acidification the COD was found at 1990 mg L.
The addition of 1 ml of H,O; to the leachate led the COD
(after 14 days) at 1858 mg Lt while the pH=0. The COD
value of 1858 mg L was taken as starting value for all the
following experiments. A series of 6 vials were filled with
20 ml each of old landfill leachate and treated with 1 ml
each of H,O, 36% solution. Only 1 vial was kept as
reference and the other vials were irradiated at 12.5, 25, 50,
100, 200 and 400 kGy respectively. After the radiolysis the
vials were opened and sampled for the COD analysis and for
the pH measurements.

Young and virgin landfill leachate radiolysis

In this series of experiments the young and virgin leachate
with a COD = 9200 mg L was irradiated in a series of 3
vials filled with 20 ml each of the young leachate. The vials
were irradiated at 100, 200 and 400 kGy respectively. After
the radiolysis the vials were opened and sampled for the
COD analysis and for the pH measurements. Only the
reference sample was ozonized and the resulting COD
measured.

Results and Discussion

Radiolysis and ozonolysis of old landfill leachate

As discussed in a previous work’ the radiolysis of an old
landfill leachate is completely unsuccessful since the COD
of the leachate remains practically unaffected by the action
of y radiation at any dose level. Even at the very high dose
of 400 kGy (Fig. 1, blue line and circles) the radiolysis of an
old landfill leachate does not lead to any evident abatement
of the COD level. The ozonolysis of radiolyzed landfill
leachate leads to a reduction of the COD but not at the same
level reached by direct ozonolysis of pristine and not
radiolyzed leachate (Fig. 1).

The COD data can be elaborated as index values according
to the following equation:

CODngex vaive = [(COD)y/(COD)0]100 (@8]
with (COD), the chemical oxygen demand of the pristine,

virgin leachate and (COD)x the chemical oxygen demand
measured at any radiation dose level.
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Figure 1. The radiolysis of an old landfill leachate has no
effects on its COD and causes a resistance to ozonolysis

Of course, in the condition that (COD)x = (COD), then the
COD ndex valwe = 100. Then, from Fig. 2 it is possible to
observe that that after the radiolysis of the landfill leachate
up to 400 kGy the COD remained 96% of the starting value,
a really negligible reduction. The subsequent ozonolysis
reduces the COD to 74% of the original value but the direct
ozonolysis of pristine leachate (without radiolysis) leads
directly to a COD which is 72% of the starting value.

COD (Index value)
=
2
>
»
rd
/

(13 =gumiR adiolyzed

—a—Radiolyzed + Ozonized

o 50 100 160 200 250 300 350 400 450
RADIATION DOSE (kGy)

Figure 2. COD index values of radiolyzed (blue circles) and
radiolyzed + ozonized (red triangles) landfill leachate

Thus, the conclusion is that high energy radiation is not able
to degrade the organic soluble matter present in the leachate
which is composed by humic substance and consequently
such matter is considered highly refractory to degradation.”
As discussed in the introduction, the water radiolysis
generates the powerful hydroxyl radicals which are very
effective on the degradation of simple aromatic substrates
but cannot be as effective with humic acids because these
molecules are already highly polyhydroxylated.®” Another
key hindering effect occurring during the radiolysis of a
leachate is due to the presence of carbonate ions, ammonium
ions and several transition metal ions which certainly
scavenge the <OH species inhibiting the degradation
reactions expected by the hydroxyl radicals. Only in this
way it is explainable the failure of the old leachate radiolysis
process.1%13

Furthermore, Fig. 2 shows an increased resistance of
the landfill leachate to ozonolysis after the radiation
processing. Such effect is particularly evident at the low
radiation dose of 12,5 and 25 kGy and becomes less evident
at higher doses.

Eur. Chem. Bull. 2013, 2(9), 592-597

DOI: 10.17628/ecb.2013.2.592-597

Section B-Research Paper

For example, at 25 kGy the ozonolysis leads the COD to
83% of the pristine leachate while the direct ozonolysis
without radiation processing leads to 72% of the starting
value. This fact can be explained in terms of crosslinking
reactions occurring in the humic substance especially at low
radiation doses making the substrate less prone to react with
ozone. After all, it is well known that the radiation
processing of macromolecules has a double effect of causing
crosslinking reactions and chain scission reactions.® For the
humic substance present in the landfill leachate it appears
that at low radiation dose in weakly alkaline conditions the
crosslinking reaction is prevalent reducing the sites where
0zone can exert its oxidative degradation action.

Radiolysis and ozononolysis of old landfill leachate after H202
addition and pH adjustment

Because of the disappointing results from the straight
radiolysis of the landfill leachate, it was thought to add an
oxidant to the leachate prior to the radiolysis.** It was
expected that the combined action of an oxidant with the
radiation will improve the effects of the latter. As described
in the experimental section, a new sample of old landfill
leachate having lower COD value than that reported in the
previous section, was treated with H,O; and then submitted
to radiolysis at the usual radiation doses. The starting COD
value of the pristine sample was 2376 mg L' and the
addition of H»,O, without radiation lowered the COD to
1872 mg L which was taken as the real starting value for
this series of experiments. The series of experiments on old
landfill leachate have shown that the pH of the leachate is
not affected by the radiation treatment. In fact, the pH of
the leachate was 8.5 in the pristine sample and it was found
at the same level also after 400 kGy. Instead, the leachate
pre-treated with H>O, and then radiolyzed shows a clear
trend toward a reduction in the pH value (Fig.3).
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Figure 3. Reduction of the pH as function of the radiation dose:
old landfill leachate with H202

Old landfill leachate is characterized by a weak alkaline
pH usually comprised between 8 and 9. Basic pH is due to
the presence of free ammonia in the leachate. As shown in
Fig. 3, the leachate radiolysis in presence of H,O; leads to a
pH reduction from weak basicity toward neutrality. This
trend could be explained in terms of reduction of the free
ammonia concentration because of its reaction with *OH
radicals with formation of hydroxylamine NH,OH or other
oxidation products like nitrite and nitrates.'
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Even more interesting than the pH trend as function of the
radiation dose is the COD trend in the leachate radiolyzed
with H;0.. Fig. 4 shows clearly a trend to lower COD
although an induction threshold is also evident till 50 kGy.
In other words, the COD level of the H,O; treated leachate
remains practically unchanged till a threshold of 50 kGy,
showing afterwards, at higher radiation doses, a clear trend
to lower COD values never seen in the case of the radiolysis
of the virgin leachate as shown in Fig. 1 and 2.
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Figure 4. COD values of landfill leachate radiolyzed in presence or
without H202; note the pH=0 effects

Therefore, it can be affirmed that the idea to add H»O; to the
leachate prior to the radiolysis was successful in the
effectiveness of the partial mineralization of the soluble

organic matter. In Fig. 5 the COD reduction occurred in Fig.

4 was indexed according to eg. 1 considering 100 the
starting COD level of the leachate treated with H20..

==Radiolyzed with H202
100 R ad d with H202 and pH = 0

=o=Radiolyzed with H202 + Ozonized

COD (index Value)

L] 50 100 150 200 250 300 350 400 450

RADIATION DOSE (kGy)

Figure 5. COD data in the ordinate of Fig. 4 are reported as index
value by putting 100 the COD of the pristine landifill leachate.

At 200 kGy (Fig. 5) the COD was reduced to 89% of the
starting value and at 400 kGy to 71% of the starting value.
These results were never reached with the virgin leachate
radiolyzed to these dose levels in the absence of H,O,
(compare Fig. 2 with Fig.5). The radiolyzed samples treated
with H,O, after radiolysis (at any dose used) did not show
any residual level of unreacted H,O, suggesting that it was
consumed completely in the oxidation process of the soluble
humic matter. To assess the complete consumption of H,0,
an assay of each radiolyzed sample was treated with a small
amount of catalase, the enzyme which specifically
decomposes hydrogen peroxide. There were no evidences of
O: liberation after the addition of catalase, confirming the
decomposition of all H,O, originally added. The ozonolysis
of the radiolyzed samples brought the COD level between

Eur. Chem. Bull. 2013, 2(9), 592-597

DOI: 10.17628/ecb.2013.2.592-597

Section B-Research Paper

65% to 58% of the starting value respectively at the lowest
and highest radiation dose employed (Fig. 5). These results
are significantly better than the results obtained from the
direct ozonolysis of the landfill leachate treated with H,O>
but not radiolyzed where the COD abatement was stopped to
only 69% of the starting value. The ozonolysis results in the
COD abatement of the H,O,-treated and radiolyzed leachate
samples are even better than the ozonolysis results of the
radiolyzed virgin leachate samples. In the former case (Fig.
5) the best result is the COD reduction to 58% of the starting
value while in the latter case (Fig. 2) the COD reduction due
to radiolysis + ozonolysis stopped at 75% of the starting
value at 400 kGy for both cases. Furthermore, even at low
radiation dose the leachate + H,O, shows a good tendency to
undergo the ozonolysis without showing the phenomenon of
ozonolysis resistance observed and discussed for the virgin
leachate in Fig. 1 and 2 attributable to a prevalent
crosslinking reaction at low radiation doses. Thus, the
addition of H,0- is beneficial also in this regard.

Fig. 4 and 5 show also the COD reduction occurred to a
landfill leachate sample treated with H>O, and also treated
with HCI to pH=0 prior to radiolysis. The acidification
causes the release of CO; by the decomposition of
carbonates and bicarbonates and the locking of free
ammonia into the ammonium ion. As mentioned previously,
the CO3% and HCOs ions are among the most effective
inhibitors and scavengers of the *OH radicals.2*® Their
elimination with the acidification of the leachate makes the
combined effects of the H,O, with the y radiation more
effective in the mineralization of the humic substances.
Indeed the COD abatement as function of the radiation dose
as shown in Fig. 4 and 5 is immediately measurable even at
very low radiation doses, without the dose induction effect
observed in the previous case (leachate + H,O, without pH
adjustement). At 50 kGy the COD is 90% of the starting
value dropping to 80% at 200 kGy and to 62% the starting
value at 400 kGy. These results are significantly better than
those obtained at the same doses without the pH adjustments
(see Fig. 4 and 5). Thus, it is confirmed that the elimination
of COs% and HCOg ions is a necessary operation to enhance
the effect of hydroxyl ions.

Quantitative evaluation of the COD abatement efficiency

In order to quantify the radiolysis efficiency in the COD
abatement in the various conditions adopted, we have used
the eq.2:

COD _
In (COD)x pt

= 2

(coD), n (2

where the meaning of (COD)yx and (COD), was already
defined in the case of eq.1 and D is the radiation dose in
kGy. Therefore n is expressed in kGy! and is a
measurement of the efficiency in the COD abatement as
function of the radiation dose. By plotting
In[(COD)x/(COD)o] against the dose D the graphs of Fig. 6
are obtained and the slopes of the experimental data fitted
with a line gives 0, the efficiency of a given treatment in the
COD abatement in the leachate. All the results of such
analysis are reported in Table 1.
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Table 1. Efficiency 1 in the COD abatement and residual COD levels

N [eq.2] n index Residual COD at
400 kGy [eq.1]
Old Landfill Leachate Radiolysis 1.08x10 100 96.1%
Old Landfill Leachate + H202 + Radiolysis 9.67x10* 895 71.4%
Old Landfill Leachate + pH =0 + H202 + Radiolysis 1.21x10°3 1120 61.9%
Young Landfill Leachate Radiolysis 4.22x10° 3910 59.8%
Old Landfill Leachate Ozonolysis only n.a. n.a. 72.0% (*)
Old Landfill Leachate Radiolysis followed by ozonolysis 2.70x10* 350(**) 74.1%
Old Landfill Leachate + H202 + Ozonolysis only n.a. n.a. 69.3% (*)
Old Landfill Leachate + H202 + Radiolysis followed by ozonolysis 3.64x10* 1232(**) 56.7%
Young Landfill Leachate Ozonolysis only n.a. n.a. 85.1% (*)

n.a. = not applicable; (*) Residual COD after ozonolysis without radiolysis, thus not at 400 kGy; (**)Derived from the sum of n radiolysis

with that of ozonolysis

The elaboration of the experimental data to obtain the 7 is
shown in Fig. 6 as example.
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Figure 6. Evaluation of the efficiency n in the COD abatement
evaluated according to Eq. 2

As already said, all the data concerning the efficiency of the
COD abatement are reported in Table 1.

The radiolysis of old and virgin leachate gives 1 = 1.08 x
10* kGy*. The addition of H2O: to the old landfill leachate
gives 1 = 9.67 x 10* kGy™. In this case, the first three data
points were not considered in the calculation of the slope
because of the presence of a threshold effect: only above 50
kGy are evident the effects of radiation on the COD (see
also Fig.6). The adjustement of the pH=0 in combination
with H,O; yields n = 1.21 x 10 kGy. As summarized in
Table 1, putting as 100 the n value in the COD abatement
efficiency in the radiolysis of virgin leachate, the addition of
H>0, gives an improvement of a factor 8.95 in 1, about one
order of magnitude and the results are even above one order
of magnitude when the leachate pH is brought to zero
together with the addition of H,O,, the improvement factor
becomes 1.12.

Radiolysis of young leachate

Young landfill leachate is an immature form of landfill
leachate with very high COD levels, much higher than those
of the old leachate as can be found in Fig. 7.1 The young
landfill leachate is one or two years old and it is
characterized by an acid pH, its COD level although very
high is not stabilized and can change with time. Furthermore,
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the young leachate is in a phase when the methanogenic
fermentation has not yet been started, thus the soluble
organic matter has not yet reached the complex polymeric
chemical structure typical of the humic substances which are
found in the old leachates. In the young leachate the soluble
organic matter has lower molecular weight, it is more
saturated and less aromatic than the humic substance of the
old, mature leachate. Consequently, the young leachate is
much less reactive with ozone than the old landfill leachate.
In Table 1 it is shown that the COD abatement due to the
ozonolysis of a virgin young leachate leads to 85.1% of the
starting value while for old and mature leachate the
ozonolysis reaches to 72% of the starting COD value. On
the other hand the young leachate appears much more
sensitive to the radiolysis since, as shown in Fig. 7 the COD
undergoes a rapid drop as function of the radiation dose
even without the addition of an oxidizing agent.
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Figure 7. Radiolysis of a young, acidic landfill leachate having an
high COD value.

The drop in COD is immediate already at low doses and
largely overcomes the COD abatement reachable by simple
ozonolysis. In fact, as shown in Table 1, with radiolysis the
COD is reduced to 59.8% of the starting value against the
85.1% reachable by using ozonolysis only. Another
distinguishable feature of the young landfill leachate regards
the fact the maximum of COD abatement is achieved with
about 100 kGy. Further radiolysis does not lead to any
improvements in the COD even at 400 kGy (see Fig. 7). On
the other hand the old landfill leachate with H,O, and even
better at pH=0 tends to have a linear response in the COD
abatement as function of the radiation dose in the entire dose
range explored, i.e. up to 400 kGy.
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Using equation 2 and limiting the evaluation in the COD
abatement efficiency up to 100 kGy, the young landfill
leachate yields 1 = 4.22x 10 kGy! which, as shown in
Table 1 corresponds to 3.91 times the n value measured in
the radiolysis of virgin and old landfill leachate.

Conclusions

The data in Table 1 clearly show that the radiolysis of virgin
old landfill leachate cannot compete with direct ozonolysis
since the maximum COD abatement with radiolysis is
96.1% against 72,0% of the original value achieved with
ozonolysis.

It was shown that the radiolysis of the landfill leachate in
presence of an oxidizing agent like H2O greatly improves
the COD abatement and the response to the radiation dose.
With H,0; and radiolysis the COD abatement is reduced to
71.4% of the starting value and hence is comparable to the
COD abatement obtained by the combined action of H;0,
and ozone without radiolysis: 69.3%. The ozonolysis of the
radiolyzed leachate additionated with H.O, leads to a
residual COD 56.7% the starting value.

The water radiolysis generates *OH radicals which are
scavenged by a series of ions and chemical species present
in the leachate. Old landfill leachate is naturally weakly
basic and contains free ammonia, carbonate and
hydrogencarbonate anions. All these species are known to
be excellent scavengers of the *OH radicals. This is the
reason why the radiolysis of old and pristine landfill
leachate is an unsuccessful process and becomes satisfactory
only when an oxidant like H2O; is added as a further source
of *OH radicals. The present work as demonstrated that the
acidification to pH=0 of an old landfill leachate combined
with the H,O; addition and with radiolysis leads to further
improvements in the mineralization of the soluble organic
matter as suggested by a residual COD at 400 kGy of 61.9%
in comparison to 71.4% when the radiolysis of the leachate
is conducted with H,O, but in weakly alkaline medium and
against 96.1% reached in weakly alkaline medium and in the
absence of H,0,.

Young landfill leachate is naturally acidic and the soluble
organic matter present in it has not reached the degree of
complexity and aromaticity of that present in the old, mature
landfill leachate. Thanks to the acidic ambient and to a less
“refractory” soluble organic matter, the young landfill
leachate is radiolyzed more easily than the old type yielding
satisfactory results in the COD reduction already at
relatively low dose.
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For example, the COD level is reduced to 59.8% with only
100 kGy whereas for the old landfill leachate we have
reported previously the results achieved at 400 kGy.
Radiolysis is more effective than ozonolysis in the case of
virgin young landfill leachate since the radiolysis leads to a
residual COD 59.8% of the starting value while the
ozonolysis stops at 85.1%. This result is opposite to that
with virgin and old landfill leachate which instead is more
responsive to ozonolysis (72% residual COD vs starting
value) than radiolysis (96.1% residual COD vs starting
value).
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A series containing eight 1-phenyl-3(5-bromothiophen-2-yl)-5-(substituted phenyl)-2-pyrazoline derivatives have been synthesized by
microwave assisted, solid acidic green catalyst SiO2-HsPO4 catalyzed cyclization of 5-bromo-2-thienyl chalcones and phenyl hydrazine
hydrochloride under solvent free conditions. The yields of the pyrazolines were more than 85%. The purities of these pyrazolines were
checked by their physical constant, micro analysis, Infrared, Nuclear magnetic resonance and Mass spectroscopic data published earlier in
literature. From the spectral frequencies, infrared v(cm™) of C=N, C-S, C-Br, *H and 3C NMR chemical shifts (5, ppm) of pyrazoline ring
proton, carbon and C=N carbons were assigned and correlated with Hammett substituent constants, F and R parameters. From the results

of statistical analysis the effects of substituent on the spectral frequencies have been discussed.
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INTRODUCTION

The H pyrazolines are well-known important di-nitrogen
containing five membered heterocyclic stereo-bioorganic
molecules. Hydrazine hydrate or phenylhydrazine hydrate or
phenylhydrazine hydrochloride were used for synthesis of
pyrazoles derivatives by cyclization of enones. The
pyrazoline ring protons were bonded with carbon atoms
spatially different environment. The o,B-unsaturated
ketones can play the role of versatile precursors in the
synthesis of the corresponding pyrazolines.'® Numerous
solvent assisted and solvent-free methods have been
reported for the preparation of pyrazoline derivatives.
Cyclization of chalcones with phenyl hydrazine
hydrochloride using ultrasonic sound assisted synthesis of
pyrazolines was reported by, Li et al.,.” The KCOs-
mediated microwave irradiation has been shown to be an
efficient method for the synthesis of pyrazolines.® The
regioselective  formation of pyrazolines have been
synthesized by the reaction of substituted hydrazine with a,
B-unsaturated ketones.>!® Many solvent free catalysts and
methods such as solution phase MWI,'! K,COs/Basic
alumina,'? Surfactant THAC,® KF/Al,03,** HSBM,*® fly-
ash:H,S04,'® Thermal solvent-freel” heating were available
for synthesis of pyrazoline derivatives. These pyrazolines
used widely in the current decades due to various biological
and pharmacological activities such as analgesic,*® anti-
inflammatory,'® 2° anti-microbial,* anti-amoebic,?* 2 anti-
tubercular,®?  hypoglycemic,?® anti-coagulant,?’  anti-
depressant, 2830 pesticides,® fungicides,® anti-bacterial
and anti-con-vulsant activities.3* Recent report shows some
new pyrazoline substituted thiazolone based compounds
exhibit anti-cancer activity.®® Apart  from  biological
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activities, pyrazolines are also extensively used as synthons
in organic synthesis,®-% optical brightening agent for
textiles, paper, fabrics, and as a hole-conveying medium in
photoconductive materials, 343

Spectroscopic data is useful for predicting the ground state
equilibrium of organic compounds.*+4" The ultraviolet
spectroscopic data of absorption maxima (Amax, nm) is also
applied for prediction of effects of substituent.® In
pyrazoline molecules (*H pyrazoles), the infrared spectra is
used for predicting the effects of substituents on the
vibrations of C=N, C-H, N-H. From NMR spectroscopy,
the spatial arrangements of the protons Ha, Hb and Hc or
Ha, Hb, Hc and Hd of the types shown in Fig. 1 were
predictable by their frequencies with multiplicities viz.,
doublet or triplet or doublet of doublets. Based on the
geometry, the chemical shift of the protons of respective
pyrazoles has been predicted and the effects of substituents
will be studied. The effects of substituents on the pyrazoline
ring protons were studied first by Sakthinathan et. al.* In
their study, they synthesized some 2-naphthyl based
pyrazolines and characterized by infrared and NMR
spectroscopic data.

R Hd

/ /

N N Hc N N Hc

/ . /

Ar Ar Ar Ar

Ha Hb Ha Hb

Figure 1. General structure of pyrazoles

From infrared spectra, the C=N stretches(cm™) have been
assigned and these vibrations were correlated with
Hammett substituent constants. In this correlations they
observed satisfactory r values. From *H NMR chemical
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shifts of these pyrazolines the H,, Hy, and Hc values were
assigned and studied the effects of substituents by
correlation with these frequencies and Hammett substituent
constants, F and R values. Similarly the *C chemical shifts
(8, ppm) of these pyrazolines also correlated. In this present
study the authors have taken efforts to synthesis some 1-
aryl-3(5-substituted  aryl-2-yl)-5-(substituted  phenyl)-2-
pyrazolines from various chalcones and phenyl hydrazine
hydrochloride in presence of SiO,-HsPO.. The purities of
these pyrazolines were checked by their physical constants
and spectral data published earlier in literature. The
infrared and nuclear magnetic resonance spectral group
frequencies of 5-bromo-2-thienyl based pyrazolines have
been assigned and correlated with Hammett substituent
constants, F and R parameters.

EXPERIMENTAL

Materials and methods

All chemicals used were procured from Sigma-Aldrich
and E-Merck companies. Melting points of all pyrazoliones
have been determined in open glass capillaries on Mettler
FP51 melting point apparatus and are uncorrected. Infrared
spectra (KBr, 4000-400 cm™) have been recorded on
BRUKER  (Thermo  Nicolet)  Fourier  transform
spectrophotometer. The NMR spectra of all pyrazolines
have been recorded on Bruker AV400 spectrometer
operating at 400 MHz for recording *H and 100 MHz for *C
spectra in CDCls solvent using TMS as internal standard.
Mass spectra have been recorded on SHIMADZU
spectrometer using chemical ionization technique.

Preparation of solid SiO2-H3POj4 catalyst

In a 50mL Borosil beaker, 2g of silica (10-20p) 2mL of
ortho phosphoric acid were taken and mixed thoroughly
with glass rod. This mixture was heated on a hot air oven at
85°C for 1h, cooled to room temperature, stored in a borosil
bottle and tightly capped. This was characterized by infrared
spectra and SEM analysis.*®

Infrared spectral data of SiO,-HsPOs were v(cm™):
3437(P-OH); 2932, 2849 (P-O-H); 1747, (O=P-OH);
1091(P=0), 800(P-0).

Synthesis of pyrazoline derivatives

An appropriate equi-molar quantities of chalcones (2
mmol), phenyl hydrazine hydrochloride (2 mmol) and SiO»-
HsPO4 (0.5 g) have been taken in borosil tube and tightly
capped. The mixture has been subjected to microwave
irradiation for 6-8 minutes in a microwave oven at 550 watts,
2540 MHz frequency (Scheme 1) (Samsung Grill, GW73BD
Microwave oven, 230V A/c, 50Hz, 2450Hz, 100-750W
(IEC-705), and then cooled to room temperature. After
separating the organic layer with dichloromethane the solid
product has been obtained on evaporation. The solid, on
recrystallization from benzene-hexane mixture afforded
glittering product. The insoluble catalyst has been recycled
by washing with ethyl acetate (8 mL) followed by drying in
an oven at 100°C for 1h and reused for further reactions.
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Scheme 1. Synthesis of pyrazolines

RESULTS AND DISCUSSION

In our organic chemistry research laboratory, we attempts
to synthesize  pyrazoline derivatives by cyclization of
electron withdrawing as well as electron donating group
substituted chalcones and phenylhydrazine hydrochloride
in the presence of acidic catalyst SiO,-H3PO, in microwave
irradiation. Hence the authors have synthesized the
pyrazoline derivatives by the cyclization of 2 mmole of
chalcone, 2 mmole of phenylhydrazine hydrochloride in
microwave irradiation with 0.5g of SiO,-H3PO, catalyst at
550W, 6-8 minutes (Samsung Grill, GW73BD Microwave
oven, 230V Al/c, 50Hz, 2450Hz, 100-750W (IEC-705),
(Scheme 1). During the course of this reaction SiO,-H3PO4
catalyzes  cyclization between aryl enones and
phenylhydrazine hydrochloride  to elimination of water
followed by proton transfer gave the pyrazoline derivatives.
The yields of the pyrazolines in this reaction are more than
85%. The proposed general mechanism of this reaction is
given in Scheme 2. Further we have investigated this
cyclization reaction with equimolar quantities of the styryl-
5-bromo-2-thienyl ketones (entry 21) and phenylhydrazine
hydrochloride.

95
%
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Figure 2. Effect of catalyst loading

In this reaction the obtained yield was 91%. The effect of
catalyst on this reaction was studied by varying the catalyst
quantity from 0.1 to 1g. As the catalyst quantity is increased
from 0.1 to 1g, the percentage of yield of product is
increased from 75 to 91%. Further increase the catalyst
amount, there is no significant increasing of the percentage
of product.
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Scheme 2. Proposed mechanism for synthesis of pyrazolines by cyclization of chalcones and phenylhydrazine hydrochloride in presence

of SiO2:H3PO4 under microwave irradiation

This catalytic effect is shown in (Fig. 2). The optimum
quantity of catalyst loading was found to be 0.4g. We have
carried out this reaction with various aryl chalcones and
phenyl hydrazine hydrochloride. There is no significant
effect of substituents on the cyclization reaction. The results,
analytical and mass spectral data are summarized in Table 1.
The reusability of this catalyst was studied the cyclization of
5-bromo-2-thienyl  chalcone and phenyl hydrazine
hydrochloride ( entry 21) and is presented in Table 2.

From the Table 2, first two runs gave 91% product. The
third, fourth and fifth runs of reactions gave the yields
90.5%, 90.5% and 90% of pyrazolines. There was no
appreciable loss in its effect of catalytic activity were
observed up to fifth run. The effect of solvents on the yield
also studied with methanol, ethanol, dichloromethane and
tetrahydrofuran from each component of the catalyst (entry
21). Similarly the effect of microwave irradiation was
studied on the each component of the catalysts. The effect
of solvents on the yields of pyrazolines were presented in
Table 3. From the table highest yield of the pyrazolines
obtained from the condensation of chalcone and
phenylhydrazine hydrochloride with catalyst SiO2:H3PO4 in
microwave irradiation.

IR SPECTRAL STUDY

The synthesis of pyrazoline derivative is shown in Scheme
1. In the present study, the authors have chosen a series of
pyrazoline derivatives namely 1-phenyl-3(5-bromothiophen-
2-yl)-5-(substituted phenyl)-2-pyrazolines (entries 21-27)
for studying the effects of substituent on the spectral group
frequencies.
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The infrared vC=N stretching frequencies (cm™) of these
pyrazolines have been recorded and are presented in Table 4.
These data are correlated with Hammett substituent
constants**“° and Swain-Lupton’s®® parameters. In this
correlation the structure parameter Hammett equation
employed is as shown in equation (1).

V=pc+ Vo (D)

where v, is the frequency for the parent member of the series.

The observed vC=N stretching frequencies (cm™) are
correlated with various Hammett substituent constants and F
and R parameters through single and multi-regression
analyses including Swain-Lupton’s®! parameters. The results
of statistical analysis of single parameter correlation are
shown in Table 5.

The correlation of vC=N (cm™) frequencies of pyrazolines
with R parameter was satisfactorily (r=0.907). The
remaining Hammett substituent constants and F parameter
were found to be poor in correlation. A satisfactory
correlation was obtained for vC-S(cm™?) frequencies of
pyrazolines with Hammett substituents and F parameter.
The R parameter was fail in correlation. All correlations
produce positive p values. This implies that there is a normal
substituent effect operates in all systems. The correlation of
vC-Br (cm) frequencies of pyrazolines with Hammett
substituent constants, F and R parameters were gave poor
correlation.  This failure in  correlation was due to the
absence of inductive and polar effects of the substituent and
is associated with the conjugated structure shown in Fig.3.
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Table 1. Analytical and mass spectral data of pyrazolines synthesized by solvent-free cyclization of chalcones and phenylhydrazine

hydrochloride reaction of the type

Section A-Research Paper

o s 1 /
N—N 4
JH Si0y:HaPO, / .
Ar + PhNHNH,HCI o  Ar Ar
" MW, 600W 3 p 5
H4 H4
Entry Ar Ar' M.W. Yield (%) M.p. (°C) Mass (m/z)
1 CsHs CsHs 298 90 134-135; (134-135)[7] 298[M*]
2 CsHs 3-BrCsHas 376 89 142-143; (141-143)[7] 376[M*], 378[M*?]
3 CsHs 2-CICsHa 333 87 135-136; (134-135)[7] 333[M*], 335[M*?]
4 CsHs 3-CICsHa 333 87 133-134; (134-136)[7] 333[M*], 335[M*?]
5 CsHs 4-ClCsHa4 333 87 134-135; (135-136)[7] 333[M*], 335[M*?]
6 CsHs 4-N(CHs)2 CeHa 341 85 219-220; (220)[11] 341[M*]
7 CesHs 2-OHCsH4 314 87 192-193; (192)[11] 314[M*]
8 CesHs 4-OCH3CsHa 328 87 112-113; (110-112)[7] 328[M*]
9 CesHs 4-NO2CsHa 343 66 157-158 (trace)[7] (225)[11] 343[M*]
10 4-CICeHa4 CesHs 333 87 144-145; (143-145)[11] 333[M"]
11 4-OHCeH4 CesHs 314 88 279-280; (281) [11] 314[M"]
12 4-OHCeH4 4-CICsHa 348 86 234-235; (234) [11] 348[M*], 350[M*?]
13 4-OHCeH4 4-N(CHs)2 CeHa 357 87 265-266; (265) [11] 357[M*]
14 4-OHCeH4 2-OHCsH4 330 86 195-196; (194) [11] 330[M*]
15 4-OHCeH4 4-NO2CsH4 359 89 196-197; (198) [11] 359[M*]
16 3-NO2CeHs  CeHs 343 90 132-133(trace) [7] 343[M*]
17 C4H3S CsHs 349 92 164-165; (161-165) [6d] 349[M*]
18 C4H3S 4-BrCeH4 382 91 249-250; (241-252) [6d] 382[M*], 384[M*?]
19 C4HsS 4-N(CHs)2 CsH4 347 89 212-213; (212-215) [6d] 347[M*]
20 C4HsS 2,4,5-(OCHas)s CsH2 394 88 170-171; (170-174) [6d] 394[M"]
21 C4H2BrsS CesHs 383 91 152-153; (152-153)[16] 383[M"]
22 C4H2BrsS 4-BrCesH4 462 92 148-149; (148-149)[16] 462[M™], 466[M*?], 468[M*?]
23 C4H2BrsS 2-CICe¢Ha4 417 90 142-144; (142-144)[16] 417[M™], 419[M*2], 421[M*3]
24 C4H2BrsS 4-CICeHa 417 93 147-149; (147-149)[16] 417[M™], 419[M*2], 421[M*3]
25 C4H2BrS 4-1CsH4 509 91 146-148; (146-148)[16] 509[M*], 511[M*?], 513[M*3]
26 C4H2BrS 4-OCH3CeH4 413 90 128-130; (128-130)[16] 413[M*], 415[M*3]
27 C4H2BrS 4-CH3CeH4 397 93 148-149; (148-149)[16] 397[M*], 379[M*3]
28 C4H2BrS 3,4-(OCHz)2 CeHs 443 92 140-142; (140-142)[16] 443[M™], 445[M*3]
29 CioH7 CesHs 348 92 116-117; (116-117)[44] 348[M*]
30 CioH7 3-BrCsHa4 426 89 64-65; (64-65)[44] 426[M™], 428[M*?]
31 CioH7 4-ClCsHa4 383 91 62-68; (62-68)[44] 383[M*], 385[M*?]
32 CioH7 2-OCH3CsH4 378 87 104-105; (104-105)[44] 378[M*]
33 3-CH3CsHs  CeHs 326 93 110-111; (110-111)[50] 326[M*]
34 3-CH3CsHs4  3-BrCeHa 391 92 60-61; (60-61)[50] 391[M*], 393[M*?3]
35 3-CH3CsHa  3-CICeH4 346 90 54-55; (54-55)[50] 346[M*], 348[M*?]
36 3-CH3CsHsa  4-NO2CsH4 326 91 58-59; (58-59)[50] 326[M*], 328[M*?]

Table 2. Reusability of catalyst on cyclization of styryl 5-bromo-2-thienyl ketone (2 mmol) and phenylhydrazine hydrochloride (2 mmol)

under microwave irradiation (entry 21).

Run 1

Yield, % 91

91

90.5

90.5

90

Table 3. The effect of solvents in conventional heating and without solvent in microwave irradiation on yield of pyrazoline (entry 21)

Solvents Microwave irradiation
MeOH EtOH DCM THF
Si02  PA  SiO2PA | SiO2 PA  SiO2:PA Si02  PA SiO2PA | Si02 PA  SiO2PA Si02 PA  SiO2:PA
73 77 78 74 75 80 73 80 80 75 81 81 82 80 91

MeOH=Methanol; EtOH=Ethanol; DCM= Dichloromethane; THF=Tetrahydrofuran; PA=Phosphoric acid

Eur. Chem. Bull., 2013, 2(9), 598-605 DOI: 10.17628/ecb.2013.2.598-605
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Table 4. The infrared v(cm™) of C=N, C-S, C-Br, H and *C NMR chemical shifts (8, ppm) of pyrazoline ring proton, carbons of 1-
phenyl-3(5-bromothiophen-2-yl)-5-(substituted phenyl)-2-pyrazolines(entries 21-28)

Entry  Substituent vC=N vC-S VvC-Br dHs & Hy d Hs 6 Cs 8 Cs Cs 4 C=N
21 H 1593 679 562 3.06 3.77 5.25 155.60 43.66 64.68 154.56
22 4-Br 1596 685 562 3.07 3.82 5.26 155.56 43.53 64.10 155.56
23 2-Cl 1595 690 566 3.01 3.93 5.66 157.50 42.08 61.50 157.50
24 4-Cl 1594 688 531 3.10 3.80 5.28 155.82 43.70 64.75 155.82
25 4-1 1595 680 531 3.04 3.78 5.21 156.11 43.52 64.21 156.11
26 4-OCHs 1596 670 553 3.07 3.77 5.24 155.81 43.75 64.29 159.13
27 4-CHs 1594 680 546 3.07 3.77 5.24 156.10 43.72 64.47 156.10

The single parameter correlations of vC=N, C-S and C-Br
(cmY) frequencies with Hammett substituent constants of
resonance and inductive effects fail. So, the authors think
that it is worthwhile to seek the multi regression analysis
and which produce a satisfactory correlation with Resonance,
Field and Swain-Lupton’s®! constants. The corresponding
equations are given in (2-7).

ven(em) = 1593.76(:0.553) + 3.80501(+1.627) +
2.5840r(£1.611)  (2)
(R=0.978, P> 95%, n=7)

ven(em?) = 1593.06(0.512) + 2.388F (+1.429) —
4173R (£1.714)  (3)
(R=0.998, P > 95%, n=7)

ves(cm™) = 677.98(+1.947) + 7.6800; (£1.535) +
24.399 og (£5.668) (4)
(R=0.931, P> 90%, n=7)

ves(em) = 682.05(+3.402) + 24.577F (£9.496) +
31.947R (£11.386) (5)
(R=0.985, P > 95%, n=7)

ves(cm) = 552.39(11.595) - 6.5150) (£3.407) +
5.965 or (£3.337)  (6)
(R=0.915, P> 90%, n=7)

vee(cml) = 554.19(£13.979) + 13.627F (+3.972) +
0.576R (£0.041)  (7)
(R=0.918, P > 95%, n=7)

!H NMR SPECTRAL STUDY

The 'H NMR spectra of seven pyrazoline derivatives
under investigation have been recorded in deuterio-
chloroform solution employing tetramethylsilane (TMS) as
internal standard. The signals of the pyrazoline ring protons
have been assigned. They have been calculated as AB or
AA' systems respectively. The chemical shifts (3, ppm) of
Ha are at higher fields than those of Hs4 and Hs in this series
of pyrazolines. This is due to the deshielding of Hs and Hs
which are in different chemical as well as magnetic
environment.. These H4 protons gave an AB pattern and the
Hy4 proton doublet of doublet in most cases was well
separated from the signals Hsand the aromatic protons. The
assigned chemical shifts (8, ppm) of the pyrazoline ring Ha,
H4 and Hs protons are presented in Table 4.

Eur. Chem. Bull., 2013, 2(9), 598-605

In nuclear magnetic resonance spectra, the *H or the *C
chemical shifts (6, ppm) depend on the -electronic
environment of the nuclei concerned. These chemical shifts
have been correlated with reactivity parameters. Thus the
Hammett equation may be used in the form as shown in (8).

log 6= 0g &0 + po (8)

where & is the chemical shift of the corresponding parent
compound.

The assigned Has, Harand Hs proton chemical shifts (ppm)
of pyrazoline ring have been correlated with various
Hammett sigma constants.*° The results of statistical
analysis are presented in Table 5.

The H4 proton chemical shifts (ppm) with Hammett ¢*
and R parameters gave satisfactory correlation. The
remaining substituent constants and F parameters were fail
in correlation. The failure in correlation is associated with
the conjugative structure shown in Fig. 3.

Ph

N——nN

|\/_

S H

Q——CH;,

Br

Figure 3. Resonance-conjugative structure

The results of statistical analysis of Ha proton chemical
shifts (3, ppm) with Hammett substituents are shown in
Table 5. The Hy proton chemical shifts(d, ppm) with
Hammett  substituent constants and F parameters gave
satisfactory correlation excluding 2-CI  and 3-OCHs
substituents. The R parameter was fail in correlation. This
is due to the absence of resonance effect of substituents on
the H4 proton chemical shifts and it is associated with the
conjugative structure shown in Fig. 3.

The results of statistical analysis of Hs proton chemical
shifts (ppm) with Hammett substituents are presented in
Table 5. The Hs proton chemical shifts with Hammett 6, %,
or constants and F parameters gave satisfactory excluding
2-Cl substituent. All correlations produce positive p values.
This means that the normal substituent effect operates in all
systems. This failure in correlation is associated with
conjugative structure shown in Fig. 3.

DOI: 10.17628/ecb.2013.2.598-605 602



Eco-friendly synthesis and spectral properties of substituted pyrazolines Section A-Research Paper

Table 5. Results of statistical analysis of v(cm™) of C=N, C-S, C-Br bands, *H and *C NMR chemical shifts (8, ppm) of
pyrazoline ring protons, carbons of 1-Ph-3(5-bromothiophen-2-yl)-5-(aryl)-2-pyrazolines, Hammett o, ¢*, o1, or constants
and F and R parameters(entries 21-28).

Functionality Constants r | p S n Correlated derivatives
vC=N o 0.806 1594.71 0.032 1.21 7 H, 4-CHs, 2-Cl, 4-Cl, 4-Br, 4-1, 4-OCHs
c* 0.805 1594.71 0.153 1.21 7 H, 4-CHjs, 2-Cl, 4-Cl, 4-Br, 4-1, 4-OCHs
ol 0.806 1593.84 3.000 0.97 7 H, 4-CHs, 2-Cl, 4-Cl, 4-Br, 4-1, 4-OCHs
OR 0.802 1594.80 1.432 1.16 7 H, 4-CHs, 2-Cl, 4-Cl, 4-Br, 4-1, 4-OCHs
F 0.866 1593.65 3.703 0.91 7 H, 4-CHs, 2-Cl, 4-Cl, 4-Br, 4-1, 4-OCHs
R 0.907 1593.49 5.255 0.75 6 H, 4-CHjs, 2-Cl, 4-Cl, 4-I, 4-OCHs
vC-§ o 0.908 680.24 27.109 3.95 7 H, 4-CHs, 2-Cl, 4-Cl, 4-Br, 4-1, 4-OCHs
c* 0.981 681.82 13.765 3.47 7 H, 4-CHjs, 2-Cl, 4-Cl, 4-Br, 4-1, 4-OCHs
ol 0.905 677.30 15.206 3.32 5 2-Cl, 4-Cl, 4-Br, 4-1, 4-OCHs
OR 0.989 680.07 26.720 3.01 5 2-Cl, 4-Cl, 4-Br, 4-1, 4-OCHs
F 0.904 697.57 14,510 3.06 7 H, 4-CHs, 2-Cl, 4-Cl, 4-Br, 4-1, 4-OCHs
R 0.705 686.53 20.815 6.28 7 H, 4-CHs, 2-Cl, 4-Cl, 4-Br, 4-1, 4-OCHs
vC-Br o 0.701 550.52 -7.121 15.98 7 H, 4-CHs, 2-Cl, 4-Cl, 4-Br, 4-1, 4-OCHs
c* 0.701 550.13 5623 15.84 7 H, 4-CHs, 2-Cl, 4-Cl, 4-Br, 4-1, 4-OCHs
ol 0.782 552.56 -8.355 15.93 7 H, 4-CHs, 2-Cl, 4-Cl, 4-Br, 4-1, 4-OCHs
OR 0.821 550.63 7.931 15.94 7 H, 4-CHs, 2-Cl, 4-Cl, 4-Br, 4-1, 4-OCHs
F 0.789 554.10 -13.810 15.78 7 H, 4-CHs, 2-Cl, 4-Cl, 4-Br, 4-1, 4-OCHs
R 0.707 551.70 6.752 16.02 7 H, 4-CHjs, 2-Cl, 4-Cl, 4-Br, 4-1, 4-OCHs
0Ha4 c 0.802 3.061 -0.026 0.03 7 H, 4-CHjs, 2-Cl, 4-Cl, 4-Br, 4-1, 4-OCHs
c* 0.903 3.068 -0.025 0.02 5 H, 4-CHs, 2-Cl, 4-Cl, 4-I
ol 0.781 3.065 -0.020 0.03 7 H, 4-CHjs, 2-Cl, 4-Cl, 4-Br, 4-1, 4-OCHs
OR 0.812 3.062 0.033 0.02 7 H, 4-CHjs, 2-Cl, 4-Cl, 4-Br, 4-1, 4-OCHs
F 0.715 3.066 -0.021 0.03 7 H, 4-CHs, 2-Cl, 4-Cl, 4-Br, 4-1, 4-OCHs
0.902 3.058 -0.005 0.02 5 4-CHjs, 2-Cl, 4-Cl, 4-Br, 4-1
OHa4 c 0.905 3.797 0.147 0.05 6 H, 4-CHs, 4-Cl, 4-Br, 4-1, 4-OCHs
c* 0.906 3.805 0.087 0.04 6 H, 4-CHs, 2-Cl, 4-Cl, 4-1, 4-OCHs
ol 0.906 3.763 0.147 0.05 6 H, 4-CHs, 4-Cl, 4-Br, 4-1, 4-OCHs
OR 0.904 3.797 0.178 0.05 6 H, 4-CHs, 2-Cl, 4-Cl, 4-Br, 4-1
F 0.901 3.763 0.145 0.05 6 H, 4-CHs, 2-Cl, 4-Cl, 4-Br, 4-I
0.803 3.808 0.171 0.06 7 H, 4-CHs, 2-Cl, 4-Cl, 4-Br, 4-1, 4-OCHs
oHs c 0.903 5.297 1.257 0.16 6 H, 4-CHs, 4-ClI, 4-Br, 4-1, 4-OCHs
c* 0.904 5.308 1.025 0.15 6 H, 4-CHjs, 2-Cl, 4-Cl, 4-1, 4-OCHs
ol 0.903 5.228 1.266 0.15 6 H, 4-CHs, 4-Cl, 4-Br, 4-1, 4-OCHs
OR 0.801 5.289 1.271 0.15 7 H, 4-CHjs, 2-Cl, 4-Cl, 4-Br, 4-1, 4-OCHs
F 0.903 5.236 0.246 0.16 6 H, 4-CHs, 4-Cl, 4-Br, 4-1, 4-OCHs
R 0.803 5.312 0.036 0.17 7 H, 4-CHs, 2-Cl, 4-Cl, 4-Br, 4-1, 4-OCHs
dCN c 0.822 156.03 0.722 0.712 7 H, 4-CHs, 2-Cl, 4-Cl, 4-Br, 4-1, 4-OCHs
c* 0.823 156.07 0.511 0.681 7 H, 4-CHs, 2-Cl, 4-Cl, 4-Br, 4-1, 4-OCHs
ol 0.729 155.82 0.861 0.697 7 H, 4-CHjs, 2-Cl, 4-Cl, 4-Br, 4-1, 4-OCHs
OR 0.703 156.00 1.166 0.674 7 H, 4-CHs, 2-Cl, 4-Cl, 4-Br, 4-1, 4-OCHs
F 0.825 155.82 0.858 0.704 7 H, 4-CHs, 2-Cl, 4-Cl, 4-Br, 4-1, 4-OCHs
R 0.805 156.02 0.245 0.728 7 H, 4-CHs, 2-Cl, 4-Cl, 4-Br, 4-1, 4-OCHs
6Ca c 0.841 43.48 -1.181 0.59 7 H, 4-CHjs, 2-Cl, 4-Cl, 4-Br, 4-1, 4-OCHs
c* 0.751 43.42 -0.783 0.54 7 H, 4-CHs, 2-Cl, 4-Cl, 4-Br, 4-1, 4-OCHs
ol 0.742 43.75 -1.129 0.59 7 H, 4-CHjs, 2-Cl, 4-Cl, 4-Br, 4-1, 4-OCHs
OR 0.900 43.49 1.761 0.58 6 H, 4-CHgs, 2-Cl, 4-Cl, 4-Br, 4-1
F 0.903 43.73 1.095 0.61 6 H, 4-CHs, 4-ClI, 4-Br, 4-1, 4-OCHs
R 0.900 43.35 0.145 0.65 6 H, 4-CHs, 4-ClI, 4-Br, 4-1, 4-OCHs
8Cs c 0.735 64.09 1.671 1.17 7 H, 4-CHgs, 2-Cl, 4-ClI, 4-Br, 4-1, 4-OCHjs
c* 0.704 64.00 1121 1.09 7 H, 4-CHjs, 2-Cl, 4-Cl, 4-Br, 4-1, 4-OCHs
ol 0.904 64.61 2.137 111 6 H, 4-CHs, 4-ClI, 4-Br, 4-1, 4-OCHs
OR 0.803 64.10 1.974 1.16 7 H, 4-CHjs, 2-Cl, 4-Cl, 4-Br, 4-1, 4-OCHs
F 0.937 64.61 2.145 1.14 6 H, 4-CHs, 4-ClI, 4-Br, 4-1, 4-OCHs
R 0.904 64.15 0.685 1.22 6 H, 4-CHs, 4-Cl, 4-Br, 4-1, 4-OCHs
r = correlation coefficient; p = slope; | = intercept; s = standard deviation; n = number of substituents
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In view of the inability of the Hammett ¢ constants to
produce individually satisfactory correlation, the authors
think that it is worthwhile to seek multiple correlations
involving either o, and or constants or Swain-Lupton’s®!
F and R parameters. The correlation equations for Hs— Hs
protons are given in (9-14).

Sna(ppm) = 3.065 (0.021) - 0.119 (+0.006)c; +
0.290 (£0.005)cr 9)
(R=0.927, P> 90%, n=7)

Sna(ppm) = 3.063(20.260) - 0.247 (+0.007)F +
0.158 (£0.002)R (10)
(R=0.917, P > 90%, n=7)

Sua(ppm) = 3.765(x0.341) - 0.119(£0.007) 0 +
0.929 (+0.004)0r (11)
(R=0.966, P> 95%, n=7)

Sna(ppm) = 3.777(£0.046) + 0.173 (£0.001)F +
0.960 (£0.015)R (12)
(R=0.955, P > 95%, n=7)

Ss(ppm) = 5.234(20.111) + 0.202(£0.0326)1—
0.207 (£0.002)cr (13)
(R=0.947, P> 90%, n=7)

SHs(ppm) = 5.297(+0.143) +0.292 (£0.004)F +
0.162 (+0.002) R (14)
(R=0.934, P > 90%, n=7)

13C NMR SPECTRA

Spectroscopic  chemists and organic chemistry
researchers*-° have made extensive study of 3C NMR
spectra for a large number of different ketones, styrenes
and keto-epoxides. They have studied linear correlation
of the chemical shifts (8, ppm) of C,, Cpgand CO carbons
with Hammett o constants in alkenes, alkynes, acid
chlorides and styrenes. In the present study, the chemical
shifts (8, ppm) of pyrazoline ring Cs (C=N), C4, and Cs
carbon, have been assigned and are presented in Table 4.
Attempts have been made to correlate the above said
carbon chemical shifts (3, ppm) with Hammett substituent
constants, field and resonance parameters, with the help
of single and multi-regression analyses to study the
reactivity through the effect of substituents.

The chemical shifts (8, ppm) observed for the
8C3(C=N), Ca4, and Cs have been correlated with Hammett
substituent constants and the results of statistical analysis
are presented in Table 5. The 8C=N chemical shifts (5,
ppm) gave poor correlation with Hammett substituent
constants and F and R parameters.  Here the polar,
inductive and resonance effects were incapable for
predicting their effects on the C=N carbon chemical
shifts(d, ppm). The chemical shifts (5, ppm) observed for
the 8Cs carbon have been correlated satisfactorily with
Hammett or constant, F and R parameters. Here the polar
and inductive effects were incapable for predicting their
effects on the C4 carbon chemical shifts (8, ppm). The
chemical shifts (8, ppm) observed for the 8Cs carbon
have been correlated satisfactorily with Hammett o,
constant, F and R parameters. Here the polar and
resonance effects were incapable for predicting their
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effects on the Cscarbon chemical shifts (8, ppm). This is
due to the reason stated earlier and it is associated with
the resonance - conjugative structure shown in Fig. 3.

In view of inability of some of the ¢ constants to
produce individually satisfactory correlation, the authors
think that it is worthwhile to seek multiple correlation
involving all o), or, F and R parameters. The correlation
equations are given in (15 and 20).

Scn(ppm) = 155.848(+0.480)+0.560(+1.411)c)—
0.991 (£0.137)0r (15)
(R=0.943, P> 90%, n=7)

Scn(ppm) =155.852(+ 0.623)+9.235 (£0.173)F +
0.198 (+0.002)R (16)
(R=0.926, P> 90%, n=7)

Sca(ppm) = 43.724(0.480) — 0.845 (+0.111) F +
0.920 (+0.010)R 17
(R=0.953, P> 95%, n=7)

Sca(ppm) =43.281(% 1.024)  +0.525(x1.424)0,—
0.981 (£0.125)0r (18)
(R=0.916, P> 90%, n=7)

CONCLUSION

A series of some aryl pyrazolines including 1-phenyl-
3-(5-bromothiophen-2-yl)-5-(substituted phenyl)-2-
pyrazoline derivatives have been synthesized by
microwave assisted, solid acidic green catalyst SiO,-
HsPO, catalyzed cyclization of 5-bromo-2-thienyl
chalcones and phenyl hydrazine hydrochloride under
solvent free conditions. The yields of the pyrazolines
were more than 85%. The spectral frequencies, infrared
v(cm™) of C=N, C-S, C-Br, *H and *C NMR chemical
shifts (8, ppm) of pyrazoline ring proton, carbon and C=N
carbons were assigned and correlated with Hammett
substituent constants, F and R parameters. From the
results of statistical analysis the effects of substituents on
the spectral frequencies have been discussed.
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PHASE BEHAVIOR AND PHYSICOCHEMICAL PROPERTIES
E B OF WATER/CETYLTRIMETHYLAMMONIUM BROMIDE/N-
PROPANOL/ALLYLBENZENE MICELLAR SYSTEMS
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Water/n-propanol/cetyltrimethylammonium bromide/allylbenzene micellar systems were formulated. The ratio (w/w) of n-propanol/
cetyltrimethylammonium bromide equals 2/1. The extent of the micellar region as function of temperature was determined. The micellar
systems were characterized by the volumetric parameters, density, excess volume, ultrasonic velocity and isentropic compressibility. The
micellar densities increase with the increase in the water volume fraction. Excess volumes increase with the water volume fraction and
temperature. Ultrasonic velocities increase with water volume fraction up to 0.8 then decrease. Ultrasonic velocities increase with
temperature for water volume fractions below 0.8 and increase for water volume fractions above 0.8. Isentropic compressibilities decrease
with the water volume fraction up to 0.8 then increase. Isentropic compressibilities increase with temperature for water volume fractions
below 0.8 and decrease for water volume fractions above 0.8. Structural transitions from water-in-oil to bicontineous to oil-in-water occur
along the micellar phase. The particle hydrodynamic diameter of the oil-in-water micellar systems decrease with temperature. In the diluted

region nanoemulsions systems were observed.
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Introduction

Nanoemulsions have homogeneous and very tiny droplet
sizes, usually in the range of 20-500 nm.}? Use of
nanoemulsions in industrial applications is very attractive
since they do not require a high concentration of surfactants.
These systems can be prepared using moderate surfactant
concentrations (in the range of 4-8 wt%). The properties of
these systems that are kinetically stable, with low viscosity
and optical transparency make them very attractive systems
for many industrial applications.3° Nanoemulsions are used
as drug delivery systems3* in personal care and
cosmetics®® and also as reaction media.”° In this study, we
report on the use of the ultrasonic velocity measurement and
dynamic light scattering techniques for analysis of a
pseudoternary system consisting of allylbenzene as the oil
phase, the cationic surfactant, cetyltrimethylammonium
bromide, a cosurfactant (n-propanol), and water. Changes in
the ultrasonic velocity and in the density were measured as a
function of water volume fraction and temperature. The
particle sizes of the diluted systems (i.e., at water volume
fractions above 0.90) were determined.
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Experimental
Materials

Allylbenzene  (ALB), n-propanol (n-PrOH), and
cetyltrimethylammonium bromide (CTAB), were purchsed
from from Sigma-Aldrich Chemical Company. All of the
components were used as supplied without further
purification. Triply distilled water was used for all
experiments.

Methods

Sample preparation for pseudoternary phase diagram at
constant temperature

The behavior of a four-component system is described in
pseudoternary phase diagrams in which the weight ratio of
surfactant/co-surfactant is fixed. The determination of the
phase diagram was performed in a thermostated bath
(T£0.1 K). Ten weighted samples composed of mixtures of
(surfactant + co-surfactant) and oil were prepared in culture
tubes sealed with viton -lined screw caps at predetermined
weight ratios of surfactant/co-surfactant/oil. The mixtures
were titrated with water along dilution lines drawn to the
aqueous phase apex from the opposite side of the triangle. In
all of the samples tested, evaporative losses were negligible.
Nearly all samples were equilibrated during a time interval
of up to 24 h. The different phases were determined visually
and by optical (crossed polarizers) methods. Appearance of
turbidity was considered as an indication for phase
separation. The phase behavior of such samples was
determined only after sharp interfaces had become visible.
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The completion of this process was accelerated by
centrifuging the samples. Every sample that remained
transparent and homogeneous after vigorous vortexing was
considered as a one phase region in the phase diagram.%?

The solubilization capacity was determined for the one
phase region of the relevant pseudoternary phase diagrams.
Li et al.®® proposed the total one phase area in the phase
diagram as a solubilization parameter. We call this area Ar.
The relative error in determining the At was estimated to be
+ 2% for all systems studied.

Ultrasonic velocity and density

The ultrasonic velocity and density of the various one
phase transperent samples were measured using a density
and sound velocity analyzer (DSA 500M- Anton Paar,
Austria) with a sound velocity resolution of 0.5 ms? and
density resolution of (5*10° g cm™. A 3 ml degassed sample
is introduced using Hamilton glass syringe into a U-shaped
borosilicate glass tube that is being excited electronically to
vibrate at its characteristic frequency. The characteristic
frequency (high frequency (above 100 kHz) acoustic waves)
changes depending on the density of the sample. Through
precise determination of the characteristic frequency and a
mathematical conversion, the density of the sample can be
calculated. The measuring cell is closed by an ultrasonic
transmitter on the one side and by a receiver on the other
side. The transmitter sends sound waves of a known
frequency through the sample. The velocity of sound was
calculated by determining of the period of received sound
waves and by considering the distance between transmitter
and receiver. Due to the high dependency of the density and
velocity of sound values on the temperature, the measuring
cells have to be thermostated precisely with two integrated
Pt 100 platinum thermometers together with Peltier elements
provide an precise thermostating of the sample that equals
+0.01°C. Viscosity-related errors were automatically
corrected over the full viscosity range by measuring the
damping effect of the viscous sample followed by a
mathematical correction of the density value. The
instrument automatically detects gas bubbles in the density
measuring cell by an advanced analysis of its oscillation
pattern and generates a warning message. Each sample was
degassed before placing it in the analyzer. Measurements
were made at 298, 310, 318 K.

Dynamic light scattering

Zetasizer Nano S (ZEN 1600) by Malvern Instruments Ltd.

(Worcestershire, United Kingdom) for the measurements of
the size of diluted micellar particles. The equipment
includes a 4mW, 633nm He-Ne laser. Size measurement
range between 0.6nm to 6 pm, size measurement angle
equals 173° 1.5 ml micellar sample was introduced in a
disposable  polystyrene cuvettes and measured at
temperatures range between 303 and 323 K by steps of 5 K.
The particle hydrodynamic diameter was calculated from the
translational diffusion coefficient (D) using the Stokes-
Einstein relationship:

6znD

dy @
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where
du is the hydrodynamic diameter,
ks is Boltzmann’s constant,
T is the absolute temperature and
n is the solvent viscosity.

The results are averages of 3 experiments.

Results and Discussion

Phase behavior

Figure 1 presents the phase behavior of water/
cetyltrimethylammonium bromide/n-propanol/allylbenzene
systems at 298 K. The ratio (w/w) of n-propanol/surfactant
equals 2/1. As shown in the Figure 1, the phase behavior of
the cationic surfactant cetyltrimethylammonium bromide is
similar to that of the anionic sodium dodecyl sulfate and is
different from that observed with the nonionic surfactants
sucrose monolaurate presented elsewhere, 121415

n-ProH/CATB=2/1

\ N80

Water ALB

Figure 1. Pseudoternary phase diagram of the water/n-propanol/
cetyltrimethylammonium bromide/allylbenzene system at 298 K.
The mixing ratio (w/w) of n-propanol/surfactant equals 2/1. The
isotropic one phase region is designated by 1®, and the multiple
phase regions are designated by (M®). N80 is the dilution line
where the weight ratio of (surfactant + propanol)/allylbenzene
equals 4/1.

In the case of the cetyltrimethylammonium bromide, the
transparent micellar region appears after the addition of
about 10 wt. % of water. Similar findings on the behavior of
cetyltrimethylammonium bromide in the presence of other
aromatic oils were reported.'14%” The area of the one phase
region varies very slightly with temperature.

Volumetric properties

The ultrasonic wave propagates through materials and as
it transverses a sample, compressions and decompressions in
the ultrasonic wave change the distance between molecules
within the material, which, in turn, respond by
intermolecular repulsions and attractions and probes the
elastic properties of samples.’®2° Figure 2 represent the
variation in the density as function of the water volume
fraction for the water/n-propanol/ cetyl trimethylammonium
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Figure 2. Variation of the density as function of water volume
fraction along N80 for the micellar system presented in Figure 1.

bromide /allylbenzene systems. The relation (2) can evaluate
the excess volume of micelle formation, keeping in view the
additivity of volumes of micellar, aqueous and oil phase,

VE Ve - Ta, @

where
VE is the excess volume,
Vmic is the measured micellar specific volume,

¢i is the volume fraction of component i in the
micellar system and

V; is the specific volume of component i.

VE*10® (m*lkg)

'5 T T T T
0.0 0.2 0.4 0.6 0.8 1.0

water volume fraction (¢)

Figure 3. Variation of the excess volume as function of water
volume fraction along N80 for the micellar system presented in
Figure 1.

Figure 3 presents the variation in the excess volume as
function of water volume fraction. In the case of the
cationic surfactant cetyltrimethyl ammonium bromide the
excess volume increases with the water volume fraction.
The excess volume values are negative indicating that the
system contracts upon addition of water. Similar behaviors
of excess volume with ionic and nonionc surfactants were
presented elsewhere.?1415 The values of excess volume
were also determined as function of temperature and it was
found that excess volume increases with temperature
indicating expansion of the micellar systems with
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Figure 4. Variation of the ultrasonic velocity as function of water
volume fraction along N80 for the micellar system presented in
Figure 1.

temperature. This behavior could be related to breakage of
hydrogen bonds or to dissociation of ionic head groups.
Figure 4 repersents the variation of the ultasonic velocity as
function of the water volume fraction for the water/n-
propanol/cetyltrimethyl ammonium bromide/allylbenzene
systems. The ultrasonic velocity increases with the water
volume fraction upto 0.8 thereafter decreases. The variation
in the values of ultarsonic velocity as function of water
volume fraction provides information on the state of water.
At low water volume fraction the properties of water are
very different from those of bulk water indicating the
entrapment of water in the micellar core suggesting the
presence of water-in-oil microstructure. The increase in the
values of ultrasonic velocity upon addition of water
indicates structural transitions along the water dilution line.
For water volume fraction above 0.8 the ultrasonic velocity
approches that of pure water indictaing that water is the
continuous phase and oil-in-water microstructure is present.
Since ultrasonic velocity is determined by the change of
physical properties at the interface between the particle core
and the continuous medium, the ultrasonic velocity
variation shall also be correlated to the variation of the size
of the particle core. In order to better understand these
results, we analyzed the ultrasonic velocity in terms of
isentropic compressibility ks, which represents a relative
change of volume per unit of pressure applied at constant
entropy. ks is much more sensitive to structural changes
than the velocity and can provide qualitative information
about the physical nature of the aggregates. The isentropic
compressibility ks values have been evaluated with the help
of the Laplace equation:?*2

1
Ks=—72— )
utp

Figure 5 presents the wvariation of the isentropic
compressibility ks as function of the water volume fraction.
The isentropic compressibility decreases with the water
volume fraction below 0.8 and increases thereafter. The
variation in the values of isentropic compressibility as
function of increasing water volume fraction indicates
structural transitions from water-in-oil to bicontinuous to
oil-in-water microstructure. The values of the isentropic
compressibility were determined as function of temperature
(see Figure 6) and found to increase with temperature for
water volume fractions below 0.8 while for water volume
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Figure 5. Variation of the isentropic compressibility as function of
water volume fraction along N80 for the micellar system presented
in Figure 1.
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Figure 6. Variation of the isentropic compressibility as function of
temperature along N80 for the micellar system presented in Figure
1.

fraction above 0.8 the isentropic compressibility values
decrease. Possible microstructure transitions in the studied
micellar system are presented schematically in Figure 7.
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Figure 7. Schematic presentation (not for scale ) of the structural
transions along N80 for the micellar system presented in Figure 1.
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Diffusion properties

For diluted micellar systems consisting of closed ag-
gregates the diffusion of the aggregated components is given
solely by the aggregate diffusion. At water volume fraction of
0.90 and on the assumption that exchange processes are
negligible for the surfactant, we can estimate the
hydrodynamic diameter (dw) of the micelles in the water-
rich region at water volume fraction about 0.90 using
equation 1. The variation in the values of the hydrodynamic
diameter (dn) at water volume fraction of 0.90 for the
different systems used in this study as function of
temperature are shown in Figure 8. As shown in Figure 8
the hydrodynamic diameter decreases with temperature from
299 nm at 303K to 256 nm at 318K. The valuse of the
hydrodynamic diameter indictes that the micellar systems
formed with cetyltrimethyl ammonium bromide are
nanoemulsions.

300

290
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(nm)

= 2704

D

260

250 T T T
300 305 310 315 320

Temperature (K)

Figure 8. Variation of the particle hydrodynamic diameter as
function of temperature along N80 for the diluted micellar system
presented in Figure 1.

Conclusion

Temperature insensitive micellar systems were formulated
for performing reactions with hydrophobic reagents that will
lead to a significant reduction in the vast amount of organic
solvents used currently in organic syntheses, and
consequently increase the safety and diminish the cost of
chemical processes. Quantitative analysis of the studied
properties enabled the characterization of structural
transition along the micellar phase. Nanoemulsion system
were revealed by the determination of the particle size
diameters of the diluted systems. Since the particle size of
the micellar system is an important parameter in
determining the yield of isomerization reaction of
allylbenzene, the results presented in this study recommend
performing these reactions at water volume fractions above
0.85 or at surfactant contents slightly above the critical
micelle concentration and at high temperatures.
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SYNTHESIS OF AZETIDINONE DERIVATIVES OF 2-AMINO-5-
E B NITROTHIAZOLE AND THEIR MEDICINAL IMPORTANCE

Section A-Research Paper

Pushkal Samadhiya*, Ritu Sharma, Santosh K. Srivastava

Keywords: Synthesis, 2-amino-5-nitrothiazole, azetidinone, antimicrobial, antitubercular, antiinflammatory.

New series of N-[3-(2-amino-5-nitrothiazolyl)-propyl]-4-(substitutedphenyl)-3-chloro-2-oxo-1-azetidine-carboxamide, compounds 4a-4j
have been synthesized and characterized by chemical and spectral analyses such as IR, *H NMR, *C NMR and FAB-Mass. All the
synthesized compounds 4a-4j were screened for their antibacterial and antifungal activities against some selected bacteria and fungi with
their MIC values and antitubercular activity screened against M. tuberculosis. Anti-inflammatory activity was in vivo screened against

albino rats. Some compounds of the series showed good activities.
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INTRODUCTION

Bacterial and fungal infection is most common problem of
the world. Some serious and life threating diseases also
caused by bacterial or fungal infection. Tuberculosis is one
of the most common infectious diseases. According to
World Health Organization (WHO), 196 countries reported
2.6 million new smear positive TB cases in 2008, of which
1.78 million people died from it. Another hand
inflammation is also major problem of all over the world
because many people die every year cause of inflammation.
In case of accident and organ transplantation or surgery
microbial infection is also common problem. From the last
decade, researchers made a continuous effort to fight these
diseases.

Several new classes of chemotherapeutic agents have been
introduced in the last decade. Several azole or azetidine
constitute containing drugs displayed promising results.
Benzotriazole derivatives are also member of significant
class of chemistry because of their wide use in organic
synthesis and pharmaceutical chemistry. Thiazole is one of
the most intensively investigated class of aromatic five
membered heterocyclic system has been employed as a
anticonvulsant?, fungicidal?>. Some of the thiazole analogues
are also used as antibiological®, antibacterial*. All these
facts were driving force to develop novel thiazole
derivatives with wide structure variations.

2-Azetidinone derivatives play a vital role owing to their
wide range biological activity and industrial importance®.
Recently found application in drug development for the
treatment of antimicrobial’, anticonvulsant?,
antiinflammatory?®, antibacterial’®. As part of interest in
heterocycles that have been explored for developing
pharmaceutically important molecules.

The biological activities of both 2-oxo-azetidine and

thiazole aroused our interest in the synthesis of 2-oxo-
azetidine derivatives of 2-amino-5-nitrothiazole (scheme 1).
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All synthesized compounds were screened against some
selected bacteria and fungi for their antimicrobial activity
and antitubercular activity screened against M. tuberculosis
using H37Rv strain. Anti-inflammatory activity was in vivo
screened against albino rats. The structures of all the newly
synthesized compounds were confirmed by elemental
analysis, IR, *H NMR, *C NMR, and FAB-Mass.

EXPERIMENTAL

Melting points were taken in open capillaries and are
uncorrected. Progress of reaction was monitored by silica
gel-G coated TLC plates using MeOH: CHCI; system (2:8).
The spot was visualized by exposing dry plate at iodine
vapours chamber. IR spectra were recorded in KBr disc on a
Schimadzu 8201 PC, FTIR spectrophotometer (vmax in cm)
and *H NMR and ¥C NMR spectra were measured on a
Brucker DRX-300 spectrometer in CDCI; at 300 and 75
MHz using TMS as an internal standard respectively. All
chemical shifts were reported on & scales. The FAB-Mass
spectra were recorded on a Jeol SX-102 mass spectrometer.
Elemental analyses were performed on a Carlo Erba-1108
analyzer. The analytical data of all the compounds were
highly  satisfactory. For column  chromatographic
purification of the products, Merck silica Gel 60 (230-400
Mesh) was used. The reagent grade chemicals were purchased
from the commercial sources and further purified before use.

Biological importance
Antimicrobial activity

The MIC values of compounds 4a-4j have been
determined using the filter paper disc diffusion method and
the concentrations have been used in pg/mL. All the final
synthesized compounds 4a-4j have been screened for their
antibacterial activity against B. subtilis, E. coli, S. aureus
and K. pneumoniae and screened for their antifungal activity
against A. niger, A. flavus, F. oxisporium and C. albicans.
The MIC values of standard Streptomycin and Griseofulvin
for all bacteria and fungi were in the range of 1.25-3.25 and
6.25-12.5 ng/mL respectively. The MIC values of the
compounds 4a-4j were presented in Table 1.
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Antitubercular activity

The synthesized compounds 4a-4j were screened against
M. tuberculosis (H37Rv strain) using L. J. medium
(Conventional) method at 50 pg/mL and lower
concentrations. The standard antitubercular drugs Isoniazid
and Rifampicin (MIC range 2-4 pg/mL) were taken as
standards. The results were showing in Table 2.

Antiinflammatory activity

Carageenan induced rat paw oedema method was
employed for evaluating the antiinflammatory activity of
compounds at a dose 50 mg/ kg bw in albino rats (weighing
80-110 gm, each group contain 5 animal) using
phenylbutazone as a standard drug for comparison at a dose
30 mg/ kg bw. The percentage inhibition of inflammation
was calculated by applying Newbould formula. Results of
some active compounds were given in Table 3.

Synthesis of 1-(3-chloropropyl)-2-amino-5-nitrothiazole, (1)

2-Amino-5-nitrothiazole (0.345 mole) and 1-bromo-3-
chloropropane (0.345 mole) in methanol (100 ml) were
stirred on a magnetic stirrer for about 6.30 hours at room
temperature. The completion of the reaction was monitored
by silica gel-G coated TLC plates. After the completion of
the reaction the product was filtered and purified over a
silica gel packed column chromatography using CHCIs :
CH3OH (8 : 2 v/v) system as eluant (120 ml). The purified
product was dried under vacuo and recrystallized from
ethanol at room temperature to yield compound 1 (Figure 1).

o,N

‘ />_,:|,/\/\

N
1

Figure 1. Structure of compound 1.

1-(3-Chloropropyl)-2-amino-5-nitrothiazole (1): Yield:
62%; m.p. 173-175 °C; IR (cm-1): 727 (C-Cl), 881 (C-S),
968 (C-NO), 1313 (N-CH2), 1362, 1532 (NO2), 1559
(C=C), 1436, 2832, 2897 (CH2), 3009 (CH-Ar), 3388 (NH);
'H NMR (300 MHz, CDCls, TMS) 8: 1.91-1.95 (m, 2H H-8),
3.27 (t, 2H, J = 7.35 Hz, H-9), 3.85-3.89 (m, 2H, H-7), 7.71
(s, 1H, H-4), 7.83 (br, s, 1H, H-6); *C NMR (75 MHz,
CDCls, TMS) &: 34.4 (C-8), 41.7 (C-9), 45.9 (C-7), 134.2
(C-4), 137.8 (C-5), 166.5 (C-2); FAB-Mass (m/z): 221
[M+]; Anal. Calcd. for CsHgN3O,SCI: C; 32.51, H; 3.63, N;
18.95; Found: C; 32.49, H; 3.59, N; 18.87.

Synthesis of N-[3-(2-amino-5-nitrothiazolyl)-propyl]-urea, (2)

Compound 1 (0.2256 mol) and urea (0.2256 mol) in
methanol (100 ml) were stirred on a magnetic stirrer for
about 6.30 hours at room temperature. The completion of
the reaction was monitored by silica gel-G coated TLC
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plates. After the completion of the reaction the product was
filtered and purified over a silica gel packed column
chromatography using CHCI3 : CH3OH (8 : 2 v/v) system as
eluant (120 ml). The purified product was dried under vacuo
and recrystallized from ethanol at room temperature to yield
compound 2 (Figure 2).

O,N 0

DI
‘/>—NH 2™N\H,

N

2

Figure 2. Structure of compound 2.

N-[3-(2-Amino-5-nitrothiazolyl)propylJurea (2): Yield:
70%; m.p. 153-155 °C; IR (cm): 879 (C-S), 966 (C-NO),
1324 (N-CHy), 1360, 1533 (NO3), 1559 (C=C), 1662 (C=0),
1432, 2885, 2918 (CH.), 3021 (CH-Ar), 3387 (NH), 3452
(NH2); *H NMR (300 MHz, CDCls, TMS) &: 2.08-2.12 (m,
2H, H-8), 3.19-3.24 (m, 2H, H-9), 3.82-3.90 (m, 2H, H-7),
5.67 (s, 1H, H-17), 5.97 (br s, 2H, H-3"), 7.65 (s, 1H, H-4),
7.80 (br, s, 1H, H-6); *C NMR (75 MHz, CDCl;, TMS) :
33.4 (C-8), 38.6 (C-9), 44.1 (C-7), 133.8 (C-4), 138.5 (C-5),
163.4 (C-2%), 165.3 (C-2); FAB-Mass (m/z): 245 [M*]; Anal.
Calcd. for C7H11NsOsS: C; 34.28, H; 4.52, N; 28.55; Found:
C; 34.25, H; 4.48, N; 28.51.

Synthesis of N-[3-(1H-2-amino-5-nitrothiazolyl)propyl]-N’-
[phenylmethylidene]urea, compound 3a:

The compound 2 (0.0330 mole) and benzaldehyde (0.0330
mole) in methanol (100 ml) in the presence of 2-4 drops of
glacial acetic acid were first stirred on a magnetic stirrer for
about 2.00 hours followed by reflux on a steam bath for
about 3.30 hours. The completion of the reaction was
monitored by silica gel-G coated TLC plates. The product
was filtered and cooled at room temperature. The filtered
product was purified over a silica gel packed column
chromatography using CHsOH : CHCIs (7 : 3 v/v) as eluant
(75 ml). The purified product was dried under vacuo and
recrystallized from ethanol at room temperature to furnish
compound 3a (Figure 3).

Compounds 3b-3j have also been synthesized by using
similar method as above.

O,N O “
wll s
3(a)

Figure 3. Structure of compound 3a-3j.

N-[3-(2-Amino-5-nitrothiazolyl)-propyl]-N -[(phenyl)methylide-
ne]urea (3a): Yield: 62%; m.p. 148-149°C; IR (cm™): 856 (C-
S), 961 (C-NO), 1329 (N-CH.), 1356, 1531 (NOz), 1547
(C=C), 1565 (N=CH), 1661 (C=0), 1427, 2878, 2912 (CHy>),
3016 (CH-Ar), 3382 (NH); *H NMR (300 MHz, CDCls,
TMS) 6: 2.02-2.07 (m, 2H, H-8), 3.20-3.25 (m, 2H, H-9),
3.80-3.85 (M, 2H, H-7), 5.60 (s, 1H, H-17), 7.24 (s, 1H, H-4),
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7.89 (s, 1H, H-6), 8.02 (s, 1H, H-10), 6.75-7.84 (m, 5H, Ar-
H); 3C NMR (75 MHz, CDCl;, TMS) &: 28.2 (C-8), 36.5
(C-9), 42.4 (C-7), 126.7 (C-12 and C-16), 128.4 (C-14),
129.3 (C-13 and C-15), 130.7 (C-4), 136.6 (C-5), 137.2 (C-
11), 147.4 (C-10), 160.5 (C-2’), 168.8 (C-2); Anal. Calcd.
for C14H1sNsOsS: C; 50.44, H; 4.53, N; 21.00; Found: C;
50.35, H; 4.55, N; 20.95; FAB-Mass (m/z): 333 [M*].

N-[3-(2-Amino-5-nitrothiazolyl)propyl]-N-[(4-chloro-
phenyl)methylidene]urea (3b): Yield: 62%; m.p 178-179°C;
IR (cm™): IR: 744 (C-Cl), 870 (C-S), 968 (C-NO), 1342 (N-
CHy), 1365, 1541 (NOy), 1556 (C=C), 1568 (N=CH), 1670
(C=0), 1430, 2884, 2917 (CHy), 3022 (CH-Ar), 3390 (NH);
'H NMR (300 MHz, CDCls, TMS) §: 2.11-2.15 (m, 2H, H-
8), 3.22-3.27 (m, 2H, H-9), 3.83-3.88 (m, 2H, H-7), 5.64 (s,
1H, H-1°), 7.89 (s, 1H, H-4), 7.98 (s, 1H, H-6), 8.13 (s, 1H,
H-10), 6.94-7.65 (m, 4H, Ar-H); **C NMR (75 MHz, CDCls,
TMS) §: 28.6 (C-8), 40.1 (C-9), 43.2 (C-7), 126.6 (C-12 and
C-16), 128.9 (C-14), 129.6 (C-13 and C-15), 130.9 (C-4),
135.2 (C-5), 141.4 (C-11), 147.7 (C-10), 160.2 (C-2"), 168.4
(C-2); FAB-Mass (m/z): 367 [M*]; Anal. Calcd. for
C14H1aNsO3SCI: C; 45.71, H; 3.83, N; 19.04; Found: C;
45.60, H; 3.81, N; 19.01.

N-[3-(2-Amino-5-nitrothiazolyl)-propyl]-N-[(3-chloro-
phenyl)methylidene]urea (3c): Yield: 62%; m.p 174-175°C;
IR (cm?): 745 (C-Cl), 866 (C-S), 977 (C-NO), 1336 (N-
CHy), 1360, 1536 (NOy), 1550 (C=C), 1558 (N=CH), 1667
(C=0),1434, 2892, 2930 (CH), 3026 (CH-Ar), 3386 (NH);
IH NMR (300 MHz, CDCls, TMS) &: 2.11-2.15 (m, 2H, H-
8), 3.28-3.32 (m, 2H, H-9), 3.84-3.89 (m, 2H, H-7), 5.72 (s,
1H, H-17), 7.30 (s, 1H, H-4), 7.95 (s, 1H, H-6), 8.14 (s, 1H,
H-10), 6.82-7.93 (m, 4H, Ar-H); 3C NMR (75 MHz, CDCls,
TMS) &: 30.3 (C-8), 39.6 (C-9), 43.5 (C-7), 127.7 (C-12),
128.4 (C-16), 129.4 (C-14), 130.3 (C-13), 131.7 (C-15),
133.4 (C-4), 137.1 (C-5), 141.9 (C-11), 151.2 (C-10), 161.3
(C-2%), 169.8 (C-2); FAB-Mass (m/z): 367 [M*]; Anal.
Calcd. for C14H1sNsOsSCI: C; 45.71, H; 3.83, N; 19.04;
Found: C; 45.67, H; 3.77, N; 18.98.

N-[3-(2-Amino-5-nitrothiazolyl)propyl]-N-[(2-chloro-
phenyl)methylidene]urea (3d): Yield: 62%; m.p 172-173°C;
IR (cm): 747 (C-Cl), 860 (C-S), 962 (C-NO), 1330 (N-
CHy), 1358, 1534 (NOy), 1549 (C=C), 1566 (N=CH), 1663
(C=0), 1428, 2880, 2913 (CH2), 3017 (CH-Ar), 3384 (NH);
!H NMR (300 MHz, CDCls, TMS) &: 2.08-2.12 (m, 2H, H-
8), 3.30-3.35 (m, 2H, H-9), 3.82-3.86 (m, 2H, H-7), 5.70 (s,
1H, H-17), 7.31 (s, 1H, H-4), 7.91 (s, 1H, H-6), 8.18 (s, 1H,
H-10), 6.86-7.84 (m, 4H, Ar-H); 3C NMR (75 MHz, CDCl3,
TMS) 6: 31.2 (C-8), 38.8 (C-9), 44.7 (C-7), 127.3 (C-12),
128.6 (C-16), 129.7 (C-14), 130.4 (C-13), 132.5 (C-15),
134.5 (C-4), 138.2 (C-11), 138.9 (C-5), 151.6 (C-10), 162.4
(C-2"), 169.3 (C-2), (Ar); FAB-Mass (m/z): 367 [M*]; Anal.
Calcd. for C14H1aNsOsSCI: C; 45.71, H; 3.83, N; 19.04;
Found: C; 45.65, H; 3.75, N; 19.02.

N-[3-(2-Amino-5-nitrothiazolyl)-propyl]-N-[ (4-bromo-
phenyl)methylidene]urea (3e): Yield: 62%; m.p 170-171°C;
IR (cm?): 638 (C-Br), 858 (C-S), 970 (C-NO), 1335 (N-
CHy), 1370, 1537 (NO,), 1551 (C=C), 1575 (N=CH), 1674
(C=0), 1440, 2886, 2921 (CH>), 3019 (CH-Ar), 3387 (NH);
IH NMR (300 MHz, CDCl3, TMS) &: 2.07-2.12 (m, 2H, H-
8), 3.29-3.34 (m, 2H, H-9), 3.81-3.85 (m, 2H, H-7), 5.73 (s,
1H, H-17), 7.28 (s, 1H, H-4), 7.91 (s, 1H, H-6), 8.20 (s, 1H,
H-10), 6.70-7.85 (m, 4H, Ar-H); 3C NMR (75 MHz, CDCls,
TMS) 6: 29.3 (C-8), 36.8 (C-9), 42.6 (C-7), 128.6 (C-12 and
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C-16), 130.5 (C-14), 131.2 (C-13 and C-15), 132.2 (C-4),
136.3 (C-5), 138.8 (C-11), 150.7 (C-10), 162.1 (C-27), 170.4
(C-2); FAB-Mass (m/z): 412 [M*]; Anal. Calcd. for
C14H14Ns03SBr: C; 40.78, H; 3.42, N; 16.98; Found: C;
45.75, H; 3.39, N; 6.92.

N-[3-(2-Amino-5-nitrothiazolyl)-propyl]-N-[(3-bromo-
phenyl)methylidene]urea (3f): Yield: 62%; m.p 169-170°C;
IR (cm™): 643 (C-Br), 860 (C-S), 963 (C-NO), 1337 (N-
CHy), 1374, 1540 (NOy), 1554 (C=C), 1571 (N=CH), 1671
(C=0), 1432, 2888, 2922 (CH>), 3025 (CH-Ar), 3388 (NH);
H NMR (300 MHz, CDCl3, TMS) &: 2.10-2.17 (m, 2H, H-
8), 3.30-3.36 (m, 2H, H-9), 3.87-3.92 (m, 2H, H-7), 5.67 (s,
1H, H-17), 7.39 (s, 1H, H-4), 7.99 (s, 1H, H-6), 8.16 (s, 1H,
H-10), 6.69-7.81 (m, 4H, Ar-H); 3C NMR (75 MHz, CDCls,
TMS) &: 31.8 (C-8), 37.2 (C-9), 45.4 (C-7), 128.3 (C-12),
128.7 (C-16), 130.8 (C-14), 131.6 (C-13), 132.7 (C-4),
133.8 (C-15), 136.4 (C-5), 139.4 (C-11), 148.6 (C-10),
161.9 (C-27), 170.7 (C-2); FAB-Mass (m/z): 412 [M*]; Anal.
Calcd. for C14H1aNsOsBrS: C; 40.78, H; 3.42, N; 16.98;
Found: C; 40.73, H; 3.37, N; 16.94.

N-[3-(2-Amino-5-nitrothiazolyl)-propyl]-N-[(2-bromo-
phenyl)methylidene]urea (3g): Yield: 62%; m.p 165-167°C;
IR (cm™): 645 (C-Br), 871 (C-S), 965 (C-NO), 1332 (N-
CHy), 1359, 1533 (NOy), 1552 (C=C), 1560 (N=CH), 1664
(C=0), 1437, 2883, 2914 (CH2), 3024 (CH-Ar), 3385 (NH);
!H NMR (300 MHz, CDCl3, TMS) &: 2.11-2.16 (m, 2H, H-
8), 3.25-3.29 (m, 2H, H-9), 3.88-3.93 (m, 2H, H-7), 5.71 (s,
1H, H-17), 7.40 (s, 1H, H-4), 7.94 (s, 1H, H-6), 8.14 (s, 1H,
H-10), 6.71-7.89 (m, 4H, Ar-H); 3C NMR (75 MHz, CDCls,
TMS) &: 31.5 (C-8), 37.6 (C-9), 45.8 (C-7), 129.4 (C-12),
130.6 (C-16), 131.3 (C-14), 132.1 (C-13), 133.7 (C-15),
133.9 (C-4), 137.5 (C-5), 140.6 (C-11), 148.9 (C-10), 163.6
(C-2%), 1714 (C-2); FAB-Mass (m/z): 412 [M*]; Anal.
Calcd. for C14sH14NsO3BrS: C; 40.78, H; 3.42, N; 16.98;
Found: C; 40.70, H; 3.36, N; 16.93.

N-[3-(2-amino-5-nitrothiazolyl)-propyl]-N -[ (4-nitro-
phenyl)-methylidene]urea (3h): Yield: 62%; m.p 167-168°C;
IR (cm™): 865 (C-S), 974 (C-NO), 1340 (N-CHy), 1367,
1532 (NOy), 1560 (C=C), 1573 (N=CH), 1673 (C=0), 1435,
2891, 2925 (CHy), 3021 (CH-Ar), 3393 (NH); *H NMR (300
MHz, CDCls, TMS) 6: 2.12-2.15 (m, 2H, H-8), 3.24-3.30 (m,
2H, H-9), 3.91-3.96 (m, 2H, H-7), 5.65 (s, 1H, H-1"), 7.32 (s,
1H, H-4), 7.99 (s, 1H, H-6), 8.17 (s, 1H, H-10), 6.74-7.95
(m, 4H, Ar-H); 3C NMR (75 MHz, CDCl;, TMS) §: 29.8
(C-8), 40.4 (C-9), 44.5 (C-7), 129.8 (C-12 and C-16), 131.2
(C-14), 132.7 (C-13 and C-15), 134.8 (C-4), 138.6 (C-5),
140.3 (C-11), 150.7 (C-10), 160.4 (C-27), 171.3 (C-2); FAB-
Mass (m/z): 378 [M*]; Anal. Calcd. for C14H14NgOsS: C;
44.44, H; 3.72, N; 22.21; Found: C; 44.40, H; 3.69, N;
22.19.

N-[3-(2-Amino-5-nitrothiazolyl)-propyl]-N’-[(3-nitro-
phenyl)methylidene]urea (3i): Yield: 62%; m.p 165-166°C;
IR (cm™): 859 (C-S), 972 (C-NO), 1338 (N-CHy), 1371,
1545 (NOy), 1557 (C=C), 1563 (N=CH), 1665 (C=0), 1431,
2894, 2927 (CH>), 3030 (CH-Ar), 3394 (NH); *H NMR (300
MHz, CDCls, TMS) 8: 2.11-2.15 (m, 2H, H-8), 3.29-3.33 (m,
2H, H-9), 3.85-3.89 (m, 2H, H-7), 5.66 (s, 1H, H-1"), 7.33 (s,
1H, H-4), 7.92 (s, 1H, H-6), 8.15 (s, 1H, H-10), 6.78-7.86
(m, 4H, Ar-H); 3C NMR (75 MHz, CDClz, TMS) &: 30.7
(C-8), 38.3 (C-9), 45.8 (C-7), 131.4 (C-4), 130.1 (C-12),
130.9 (C-16), 132.6 (C-14), 133.4 (C-13), 134.1 (C-15),
136.9 (C-5), 137.5 (C-11), 149.2 (C-10), 163.6 (C-2°), 172.7

613



Synthesis of azetidinone derivatives of 2-amino-5-nitrothiazole

(C-2); FAB-Mass (m/z): 378 [M*]; Anal. Calcd. for
C14H14N6OsS: C; 44.44, H; 3.72, N; 22.21; Found: C; 44.38,
H; 3.66, N; 22.17.

N-[3-(2-Amino-5-nitrothiazolyl)-propyl]-N’-[(2-nitro-
phenyl)methylidene]urea (3j): Yield: 62%; m.p 162-
163°C; IR (cm?): 864 (C-S), 976 (C-NO), 1341 (N-CH,),
1369, 1541 (NOy), 1553 (C=C), 1561 (N=CH), 1669 (C=0),
1438, 2890, 2924 (CH), 3028 (CH-Ar), 3397 (NH); H
NMR (300 MHz, CDCls, TMS) &: 2.15-2.19 (m, 2H, H-8),
3.20-3.26 (m, 2H, H-9), 3.87-3.93 (m, 2H, H-7), 5.68 (s, 1H,
H-17), 7.36 (s, 1H, H-4), 7.96 (s, 1H, H-6), 8.10 (s, 1H, H-
10), 6.80-7.90 (m, 4H, Ar-H); 3C NMR (75 MHz, CDCls,
TMS) &: 30.7 (C-8), 39.7 (C-9), 44.5 (C-7), 131.8 (C-4),
130.5 (C-12), 131.6 (C-16), 132.4 (C-14), 133.6 (C-13),
1345 (C-15), 137.3 (C-5), 139.7 (C-11), 149.9 (C-10),
163.2 (C-27), 172.1 (C-2); FAB-Mass (m/z): 378 [M*]; Anal.
Calcd. for CusH14NeOsS: C; 44.44, H; 3.72, N; 22.21;
Found: C; 44.35, H; 3.70, N; 22.18.

Synthesis of N-[3-(2-amino-5-nitrothiazolyl)-propyl]-4-phenyl-
3-chloro-2-oxo-1-azetidine-carboxamide (4a):

The compound 3a (0.009 mole) and chloroacetyl chloride
(0.009 mole) in methanol (100 ml) in the presence of EtsN
(0.009 mole) were allowed to react at room temperature.
The reaction mixture was first stirred on a magnetic stirrer
for about 2.00 hours followed by reflux on a steam bath for
about 3.30 hours. The completion of the reaction was
monitored by silica gel-G coated TLC plates. The product
was filtered and cooled at room temperature. The filtered
product was purified over a silica gel packed column
chromatography using CH3OH : CHCls (7 : 3 v/v) as eluant
(90 ml). The purified product was dried under vacuo and
recrystallized from acetone at room temperature to furnish
compound 4a (Figure 4).

Compounds 4b-4j have also been synthesized by using
similar method as above.

4(a)

Figure 4. Structure of compound 4a-4j.

N-[3-(2-Amino-5-nitrothiazolyl)-propyl]-4-(phenyl)-3-

chloro-2-oxo-1-azetidinecarboxamide (4a): Yield: 61%; m.p.

169-170 °C; IR (cm™): 860 (C-S), 964 (C-NO), 1335 (N-
CHy), 1360, 1536 (NO2), 1551 (C=C), 1666 (C=0), 1736
(CO cyclic), 1432, 2884, 2917 (CH,), 2957 (CH-CI), 3021
(CH-Ar), 3385 (NH); *H NMR (300 MHz, CDCls, TMS) &
2.07-2.11 (m, 2H, H-8), 3.22-3.29 (m, 2H, H-9), 3.88-3.94
(m, 2H, H-7), 4.36 (d, 1H, J = 4.80 Hz, H-3”), 5.12 (d, 1H,
J = 4.80Hz, H-4"), 5.65 (s, 1H, H-1"), 7.81 (s, 1H, H-4),
7.94 (s, 1H, H-6), 6.72-7.96 (m, 5H, Ar-H); 3C NMR (75
MHz, CDCls, TMS) &: 29.1 (C-8), 37.5 (C-9), 44.9 (C-7),
50.2 (C-3), 59.4 (C-4”), 128.1 (C-11 and C-16), 128.5 (C-
15), 129.7 (C-12 and C-14), 132.7 (C-4), 136.6 (C-5), 138.5
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(C-10), 161.5 (C-2°), 169.2 (C-2), 170.2 (C-2”); Mass
(FAB)Z 409M+; Anal. Calcd. for CleH16N504SC|: C; 46.88,
H; 3.93, N; 17.08%; Found: C; 46.82, H; 3.91, N; 17.02%;

N-[3-(2-Amino-5-nitrothiazolyl)-propyl]-4-(4-chloro-
phenyl)-3-chloro-2-oxo-1-azetidinecarboxamide (4b):
Yield: 64%; m.p 178-179 °C; IR (cm't): 758 (C-Cl), 863 (C-
S), 966 (C-NO), 1345 (N-CH2), 1362, 1540 (NO), 1560
(C=C), 1667 (C=0), 1742 (CO cyclic), 1436, 2887, 2921
(CHy), 2960 (CH-CI), 3026 (CH-Ar), 3391 (NH); *H NMR
(300 MHz, CDCls, TMS) &: 2.12-2.16 (m, 2H, H-8), 3.25-
3.31 (m, 2H, H-9), 3.88-3.90 (m, 2H, H-7), 4.38 (d, 1H, J =
4.80Hz, H-3), 5.15 (d, 1H, J = 4.80Hz, H-4), 5.66 (s, 1H,
H-1°), 7.92 (s, 1H, H-4), 7.95 (s, 1H, H-6), 6.83-7.97 (m, 4H,
Ar-H); ¥C NMR (CDCls, 75 MHz) §: 29.6 (C-8), 38.3 (C-9),
45.1 (C-7), 52.6 (C-3”), 60.2 (C-4”), 128.6 (C-11 and C-16),
129.1 (C-15), 129.9 (C-12 and C-14), 135.2 (C-4), 138.8 (C-
10), 139.5 (C-5), 163.5 (C-27), 179.2 (C-2), 170.6 (C-2");
Mass (FAB): 444M*. Anal. Calcd. for C16H1sNsO4SCly: C;
43.25, H; 3.40, N; 15.76%; Found: C; 43.23, H; 3.34, N;
15.68%.

N-[3-(2-Amino-5-nitrothiazolyl)-propyl]-4-(3-chloro-
phenyl)-3-chloro-2-oxo-1-azetidinecarboxamide (4c):
Yield: 65%; m.p 182-183 °C; IR (cm't): 763 (C-CI), 866 (C-
S), 973 (C-NO), 1336 (N-CH), 1363, 1541 (NOy), 1557
(C=C), 1674 (C=0), 1740 (CO cyclic), 1434, 2890, 2919
(CH>), 2968 (CH-CI), 3025 (CH-Ar), 3395 (NH); *H NMR
(300 MHz, CDCl3, TMS) &: 2.15-2.18 (m, 2H, H-8), 3.31-
3.36 (m, 2H, H-9), 3.89-3.92 (m, 2H, H-7), 4.40 (d, 1H, J =
4.80Hz, H-3”), 5.16 (d, 1H, J = 4.80Hz, H-4"), 5.68 (s, 1H,
H-1°), 7.95 (s, 1H, H-4), 7.97 (s, 1H, H-6), 6.74-7.80 (m, 4H,
Ar-H); ¥C NMR (CDCls, 75 MHz) §: 30.4 (C-8), 38.7 (C-9),
46.2 (C-7), 54.2 (C-3"), 61.3 (C-4”), 127.9 (C-11), 128.5
(C-16), 129.4 (C-15), 130.8 (C-12), 131.3 (C-14), 133.6 (C-
4), 138.4 (C-5), 142.2 (C-10), 163.7 (C-2°), 171.4 (C-2),
1725 (C-2”); Mass (FAB): 444M*. Anal. Calcd. for
C16H1sNs04SCly: C; 43.25, H; 3.40, N; 15.76%; Found: C;
43.19, H; 3.35, N; 15.71%.

N-[3-(2-Amino-5-nitrothiazolyl)-propyl]-4-(2-chloro-
phenyl)-3-chloro-2-oxo-1-azetidinecarboxamide (4d):
Yield: 67%; m.p 188-189 °C; IR (cmt): 765 (C-Cl), 867 (C-
S), 974 (C-NO), 1337 (N-CHy), 1368, 1537 (NO.), 1554
(C=C), 1668 (C=0), 1743 (CO cyclic), 1441, 2893, 2927
(CHy), 2966 (CH-CI), 3022 (CH-Ar), 3389 (NH); *H NMR
(300 MHz, CDCl3, TMS) &: 2.19-2.20 (m, 2H, H-8), 3.30-
3.34 (m, 2H, H-9), 3.92-3.97 (m, 2H, H-7), 4.45 (d, 1H, J =
4.75Hz, H-3"), 5.19 (d, 1H, J = 4.75Hz, H-4"), 5.72 (s, 1H,
H-17), 7.86 (s, 1H, H-4), 7.98 (s, 1H, H-6), 6.65-7.98 (m, 4H,
Ar-H);33C NMR (CDCls, 75 MHz) &: 30.8 (C-8), 39.3 (C-9),
46.8 (C-7), 51.3 (C-37), 61.8 (C-47), 128.6 (C-11), 129.8
(C-16), 130.2 (C-15), 130.8 (C-12), 131.7 (C-14), 134.0 (C-
4), 137.6 (C-5), 139.1 (C-10), 164.2 (C-2%), 171.9 (C-2),
172.8 (C-2”); Mass (FAB): 444M*. Anal. Calcd. for
C16H1sNs04SCly: C; 43.25, H; 3.40, N; 15.76%; Found: C;
43.21, H; 3.38, N; 15.73%.

N-[3-(2-Amino-5-nitrothiazolyl)-propyl]-4-(4-bromo-
phenyl)-3-chloro-2-oxo-1-azetidinecarboxamide (4e):
Yield: 66%; m.p 186-187 °C; IR (cm™): 567 (C-Br), 871 (C-
S), 965 (C-NO), 1342 (N-CH), 1364, 1546 (NOz), 1563
(C=C), 1672 (C=0), 1737 (CO cyclic), 1439, 2894, 2926
(CHy), 2963 (CH-CI), 3024 (CH-Ar), 3396 (NH); *H NMR
(300 MHz, CDCl3, TMS) &: 2.15-2.20 (m, 2H, H-8), 3.32-
3.38 (m, 2H, H-9), 3.94-3.98 (m, 2H, H-7), 4.42 (d, 1H, J =
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4.80Hz, H-3”), 5.30 (d, 1H, J = 4.80Hz, H-4), 5.69 (s, 1H,
H-1°), 7.88 (s, 1H, H-4), 8.01 (s, 1H, H-6), 6.6-7.73 (m, 4H,
Ar-H); 3C NMR (CDCI3, 75 MHz) &: 31.5 (C-8), 37.9 (C-
9), 44.8 (C-7), 54.7 (C-3”), 62.1 (C-4), 129.3 (C-11 and C-
16), 130.6 (C-15), 131.2 (C-12 and C-14), 134.4 (C-4),
139.5 (C-10), 140.7 (C-5), 164.8 (C-2"), 170.5 (C-2), 171.1
(C-2”); Mass (FAB): 489M*. Anal. Calcd. for
C16H1sNsO4SBrCl: C; 39.31, H; 3.09, N; 14.32%; Found:
C; 39.26, H; 3.06, N; 14.24%.

N-[3-(2-Amino-5-nitrothiazolyl)-propyl]-4-(3-bromo-
phenyl)-3-chloro-2-oxo-1-azetidinecarboxamide (41):
Yield: 68%; m.p 184-185 °C; IR (cm™): 565 (C-Br), 871 (C-
S), 967 (C-NO), 1340 (N-CH2), 1366, 1539 (NO), 1553
(C=C), 1650 (C=0), 1736 (CO cyclic), 1441, 2829 (CHy),
2910 (CHy), 2964 (CH-CI), 3043 (CH-Ar), 3352 (NH); H
NMR (300 MHz, CDCls, TMS) &: 2.12-2.16 (m, 2H, H-8),
3.34-3.39 (m, 2H, H-9), 3.96-3.99 (m, 2H, H-7), 4.43 (d, 1H,
J = 4.75Hz, H-3”), 5.22 (d, 1H, J = 4.75Hz, H-4”), 5.70 (s,
1H, H-17), 7.95 (s, 1H, H-4), 8.04 (s, 1H, H-6), 6.72-7.01 (m,
4H, Ar-H); **C NMR (CDCls, 75 MHz) &: 31.7 (C-8), 41.8
(C-9), 48.2 (C-7), 52.4 (C-3”), 62.5 (C-4), 130.7 (C-11),
131.5 (C-16), 132.1 (C-4), 132.7 (C-15), 133.4 (C-12),
134.9 (C-14), 137.5 (C-5), 142.0 (C-10), 162.6 (C-2"), 169.8
(C-2), 170.9 (C-2”) (6C, Ar); Mass (FAB): 444M*. Anal.
Calcd. for C16H15Ns04SBrCI: C; 39.31, H; 3.09, N; 14.32%;
Found: C; 39.27, H; 3.01, N; 14.29%.

N-[3-(2-Amino-5-nitrothiazolyl)-propyl]-4-(2-bromo-
phenyl)-3-chloro-2-oxo-1-azetidinecarboxamide (49):
Yield: 67%; m.p 179-180 °C; IR (cm™): 572 (C-Br), 864 (C-
S), 980 (C-NO), 1346 (N-CH), 1369, 1542 (NO), 1553
(C=C), 1663 (C=0), 1741 (CO cyclic), 1438, 2892 (CH),
2924, 2965 (CH-CI), 3029 (CH-Ar), 3394 (NH); 'H NMR
(300 MHz, CDCls, TMS) &: 2.07-2.10 (m, 2H, H-8), 3.31-
3.35 (m, 2H, H-9), 3.89-3.93 (m, 2H, H-7), 4.39 (d, 1H, J =
4.70Hz, H-3"), 5.23 (d, 1H, J = 4.70Hz, H-4"), 5.72 (s, 1H,
H-17), 7.89 (s, 1H, H-4), 8.05 (s, 1H, H-6), 6.75-7.76 (m, 4H,
Ar-H); 3C NMR (CDCI3, 75 MHz) &: 32.3 (C-8), 41.4 (C-
9), 45.7 (C-7), 50.6 (C-3”), 63.8 (C-47), 129.7 (C-11), 130.5
(C-16), 131.4 (C-15), 131.7 (C-4), 132.4 (C-12), 133.7 (C-
14), 138.6 (C-5), 140.2 (C-10), 162.9 (C-27), 171.7 (C-2),
172.3 (C-27) (6C, Ar); Mass (FAB): 444M*. Anal. Calcd.
for Ci6Hi1sNs04SBrCl: C; 39.31, H; 3.09, N; 14.32%;
Found: C; 39.28, H; 3.05, N; 14.28%.

N-[3-(2-Amino-5-nitrothiazolyl)-propyl]-4-(4-nitro-
phenyl)-3-chloro-2-oxo-1-azetidinecarboxamide (4h):
Yield: 65%; m.p 178-179 °C; IR (cm™): 870 (C-S), 975 (C-
NO), 1339 (N-CH,), 1367, 1543 (NOy), 1554 (C=C), 1665
(C=0), 1746 (CO cyclic), 1440, 2891, 2918 (CHy), 2961
(CH-CI), 3021 (CH-Ar), 3399 (NH); *H NMR (300 MHz,
CDCls, TMS) 8: 2.16-2.18 (m, 2H, H-8), 3.32-3.36 (m, 2H,
H-9), 3.90-3.94 (m, 2H, H-7), 4.47 (d, 1H, J = 4.70Hz, H-
3”),5.25(d, 1H, J = 4.70Hz, H-4”), 5.76 (s, 1H, H-17), 7.90
(s, 1H, H-4), 8.07 (s, 1H, H-6), 6.78-7.80 (m, 4H, Ar-H); 13C
NMR (CDCls, 75 MHz) 6: 33.4 (C-8), 41.9 (C-9), 46.8 (C-
7), 52.3 (C-3), 63.7 (C-4), 126.9 (C-11 and C-16), 128.2
(C-15), 130.5 (C-12 and C-14), 137.9 (C-4), 139.6 (C-5),
143.7 (C-10), 161.8 (C-2°), 170.9 (C-2), 171.2 (C-2”); Mass
(FAB): 454M*. Anal. Calcd. for C16H1sNgO6SCI: C; 42.25,
H; 3.32, N; 18.47%; Found: C; 42.14, H; 3.22, N; 18.41%.
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N-[3-(2-Amino-5-nitrothiazolyl)-propyl]-4-(3-nitro-
phenyl)-3-chloro-2-oxo-1-azetidinecarboxamide (41):
Yield: 69%; m.p 177-178 °C; IR (cm™): 865 (C-S), 969 (C-
NO), 1343 (N-CH,), 1365, 1544 (NO,), 1561 (C=C), 1670
(C=0), 1739 (CO cyclic), 1442, 2888, 2925 (CHy), 2958
(CH-CI), 3028 (CH-Ar), 3392 (NH); 'H NMR (300 MHz,
CDCls, TMS) 3: 2.09-2.12 (m, 2H, H-8), 3.31-3.37 (m, 2H,
H-9), 3.90-3.97 (m, 2H, H-7), 4.48 (d, 1H, J = 4.80Hz, H-
3”),5.26 (d, 1H, J = 4.80Hz, H-4”), 5.76 (s, 1H, H-1"), 7.92
(s, 1H, H-4), 8.10 (s, 1H, H-6), 6.77-7.83 (m, 4H, Ar-H); °C
NMR (CDCls, 75 MHz) &: 33.2 (C-8), 39.8 (C-9), 47.7 (C-
7), 53.4 (C-37), 64.7 (C-4”), 130.4 (C-11), 131.7 (C-16),
1325 (C-15), 132.9 (C-12), 133.6 (C-14), 136.8 (C-4),
139.4 (C-5), 140.8 (C-10), 162.2 (C-2"), 172.8 (C-2), 173.6
(C-2”); Mass (FAB): 454M*. Anal. Calcd. for
Ci16H1sN6O6SCI: C; 42.25, H; 3.32, N; 18.47%; Found: C;
42.15, H; 3.26, N; 18.43%.

N-[3-(2-Amino-5-nitrothiazolyl)-propyl]-4-(2-nitrophe-
nyl)-3-chloro-2-oxo-1-azetidinecarboxamide (4j): Yield:
62%; m.p 180-181 °C; IR (cm™): 869 (C-S), 971 (C-NO),
1350 (N-CHy), 1370, 1538 (NO>), 1556 (C=C), 1671 (C=0),
1741 (CO cyclic), 1437, 2889, 2920 (CHy), 2959 (CH-CI),
3023 (CH-Ar), 3387 (NH); *H NMR (300 MHz, CDCls,
TMS) &: 2.11-2.15 (m, 2H, H-8), 3.30-3.34 (m, 2H, H-9),
3.94-3.98 (m, 2H, H-7), 4.49 (d, 1H, J = 4.75Hz, H-37),
5.28 (d, 1H, J = 4.75Hz, H-4"), 5.78 (s, 1H, H-1"), 7.94 (s,
1H, H-4), 8.12 (s, 1H, H-6), 6.90-7.84 (m, 4H, Ar-H); °C
NMR (CDCls, 75 MHz) &: 33.5 (C-8), 40.7 (C-9), 48.6 (C-
7), 51.5 (C-3"), 64.1 (C-4”), 131.1 (C-11), 132.2 (C-16),
132.7 (C-15), 133.4 (C-12), 133.9 (C-4), 134.3 (C-14),
136.3 (C-5), 141.4 (C-10), 163.2 (C-2"), 170.7 (C-2), 171.5
(C-2”); Mass (FAB): 454M*. Anal. Calcd. for
Ci16H1sNsO6SCI: C; 42.25, H; 3.32, N; 18.47%; Found: C;
42.18, H; 3.29, N; 18.44%.

RESULTS AND DISCUSSION

N-[3-(2-amino-5-nitrothiazolyl)-propyl]-4-(substituted
phenyl)-3-chloro-2-oxo-1-azetidine-carboxamide, compo-
unds 4a-4j were synthesized in four different steps: 2-
amino-5-nitrothiazole on reaction with CI(CH>)sBr at room
temperature to afford  1-(3-chloropropyl)-2-amino-5-
nitrothiazole, compound 1. IR spectrum of compound 1
displayed absorption at 1313 and 727 cm for (N-CH) and
(C-CI) respectively. In the FAB-Mass spectrum of
compound 1 parent ion peak found at 221 M*. The
compound 1 on reaction with urea at room temperature
yielded N-[3-(2-amino-5-nitrothiazolyl)-propyl]-urea,
compound 2. IR spectrum of compound 2 showed
absorption for NH at 3387 and for CO at 1662 cm™ while
absorption of (C-ClI) has been disappeared.

ON

_ ON N
=\ BrCH,CH,CH,Cl =\ NHZCONH, =\
N N7
HN
CIH,CH,CH,CHN HaNOCHNH ,CH,CH,CHN
oN
/7/\ ACHO
\(V 0N
HCH,CH,CH,NHCO y— CHAr EtaN+CICH2COC! —
4(ad) H D 7

o NHCH2CH2CH2NHCON=CHAr

. . 3@
Ar= substituted phenyl ring
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Table 1. Antibacterial and antifungal activities of compounds 4(a-j).
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Compd. B.subtilis E.coli  S.aureus K.pneumoniae A. niger A. flavus  F. oxisporium  C. albicans
4a 10.25 135 7.25 135 >25 >25 135 >25
4b 155 7.25 7.25 9.25 135 >25 135 >25
4c 5.25 6.25 4.25 7.25 7.5 7.5 10.5 135
4d 6.25 7.50 7.25 7.25 8.25 10.5 10.25 12.75
4e 8.25 4.25 7.25 7.25 10.5 9.5 8.5 12.5
4f 4.25 7.25 6.25 6.25 9.5 8.75 10.25 13.25
49 7.25 135 7.25 7.25 135 12.5 13.5 135
4h 4.25 4.25 7.25 4.25 7.50 8.5 8.5 12.75
4i 4.25 4.25 4.25 6.25 8.25 6.75 8.75 12.5
4j 4.25 6.25 4.25 4.25 7.50 7.25 8.5 12.5
Streptomycin  1.25 2.25 3.25 2.75 - - - -
Griseofulvin - - - - 7.25 6.25 8.50 12.5

The *H NMR spectrum of compound 2 displayed signal of
(CH2-N) appear at & 3.19-3.24 ppm and its **C NMR value
of CO group appeared at & 163.4 ppm. In the FAB-MS
spectrum of compound 2 parent ion peaks found at (m/z)
245. The compound 2 on further reaction with selected
several substituted aromatic aldehydes produced N-[3-(1H-2-
amino-5-nitrothiazolyl)-propyl]-N’-[(substituted phenyl)-
methylidene]urea, compounds 3a-3j. For the compounds 3a-
3j characteristic absorption for Schiff base (N=CH) in IR
spectra appeared in the range of 1558-1575cm™ and in the
'H NMR chemical shift at § 8.02-8.20 ppm while in its °C
NMR signal found at & 147.4-151.6 ppm. In the *H NMR a
broad signal of NH; has been disappeared at 6 5.96 ppm. In
the FAB-Mass spectrum of 3a parent ion peak found at
(m/z) 333.

The compounds 3a-j on treatment with CICH,COCI in the
presence of EtsN furnished final products compounds 4a-4;j.
In the spectra of compounds 4a-4j carbonyl group of B-
lactam ring showed characteristic absorptions in the range of
1736-1746 cm? and 'H NMR spectrum two doublet
appeared for (N-CH) and (CH-CI) in the range of & 5.12-
5.30 and 4.36-4.49 ppm respectively with coupling constant
J 5.00 Hz but in the 3C NMR spectra three signals appeared
for (N-CH), (CH-CI) and (CO cyclic) at (8) 59.4-64.7, 50.2-
54.7 and 170.2-173.6 ppm respectively. The IR absorption
'H and C NMR signal of (N=CH) have been disappeared.
The results of the all described activities (antibacterial,
antifungal, antitubercular and antiinflammatory) were
summarized in Tables 1, 2 and 3.

Table 2. Antitubercular activity of compounds 4a-j.

Compound Concentration Compound Concentration
4a 6.50 4f 2.75
4b 2.25 49 3.50
4c 2.75 4h 2.25
4d 3.25 4i 2.25
4e 3.25 4j 2.50

The results of the antimicrobial screening data revealed
that all the compounds 4a-4j showed considerable and
varied activity against the selected microorganism. A new
series of N-[3-(2-amino-5-nitrothiazolyl)-propyl]-4-
(substituted phenyl)-3-chloro-2-oxo-1-azetidine-carboxami-
de, compounds 4a-4j were prepared and screened for their
antimicrobial, antitubercular and anti-inflammatory activities
data (as shown in Table 1 and 2) revealed that all the
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synthesized compounds 4a-4j have a structure activity
relationship (SAR) because activities of compounds varies
with substitution. Nitro group containing compounds (4h, 4i
and 4j) showed higher activity than chloro (4c, 4d), or bromo
group containing compounds (4e, 4f).

Table 3. Anti-inflammatory activity of compounds 4(a-j).

Compo- Paw volume Paw volume  Inhibi-
und (cmd)2 (cmd)P tion,%
4a 0.66 = 0.02 0.15+0.02 50.00
4b 0.68 £0.02 0.14 £0.02 53.33
4c 0.65+0.02 0.13+0.01 56.67
4d 0.66 +=0.02 0.13+0.02 56.67
4e 0.68 +0.02 0.12 £0.01 60.00
4f 0.69 = 0.03 0.13 £0.02 56.67
4q 0.65+0.02 0.13+0.01 56.67
4h 0.67 =0.03 0.12+0.02 60.00
4i 0.68 +0.02 0.11 £0.03 63.33
4j 0.6 +0.03 0.11+0.01 63.33
Control 0.69 +0.02 0.30+0.01 -
Standard® 0.70 +£0.03 0.10 +£0.02 66.67

a) Before carageenan administration; (mean + SEM) b) Total
increase in paw volume after 5 hours (mean = SEM); c)
phenylbutazone standard

Chloro and bromo derivatives also have higher activity than
other rested compounds. On the basis of SAR, concluded that
the activity of compounds depends on electron withdrawing
nature of the substituted groups. The sequence of the activity is
following

NO,> Cl > Br > OH > OCHs > CHj3

The investigation of antimicrobial (antibacterial, antifungal
and antitubercular) data revealed that the compounds 4c, 4d, 4e,
4f, 4h, 4i and 4j displayed high activity in the series, the
compounds 4b and 4g showed moderate activity and rest
compounds showed less activity against all the strains
compared with standard drugs. In the anti-inflammatory
activity (Table 3) compounds 4c, 4d, 4e, 4f, 4h, 4i and 4j
showed high activity while rested compounds displayed
moderate to less activity.
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CONCLUSION

Concluded that all compounds have been synthesized
successfully and screened for antimicrobial, antitubercular and
anti-inflammatory activities data of compounds (shown in
Table 1, 2 and 3) revealed that the compounds shows
moderate to good activities against all the strains compared
with standard drugs.
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The reaction of 3-cyano-2-diazo-4,5,6,7-tetrahydrobenzo[b]thiophene (1) with active methylene reagents 2a-e gave the respective
hydrazono derivatives 3a-e. The reactivity of the latter derivatives towards different chemical reagents was studied. The antimicrobial
activity of the newly obtained products was studied and evaluated in terms of minimal inhibitory concentration (MIC) in ug mL™. The
results showed that compounds 3b, 7a and 15a are the most active compounds towards E. coli ECT 101; compounds 5f, 13b, 17a and 23
are active towards B. Cereus CECT 148; while 10, 19a and 19b towards B. subtilis CECT 498 and 3c, 5c and 13b towards C. albicans

CECT 1394.
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Introduction

2-Aminothiophene derivatives are an important class of
heterocycles found in several biologically active and natural
compounds. This class of compounds has demonstrated a
broad spectrum of activities and applications as
pharmaceuticals and agrochemicals, dyes, biodiagnostics,
and electronic and optoelectronic devices.! They have been
reported to exert antitubercular,? anti-inflammatory,?
antimicrobial* and antianxiety® properties. A survey of the
literature also reveals that substituted 2-aminothiophenes are
potent and selective inhibitors of human leukocyte elastase,®
kinesin spindle protein (KSP),” tubulin® and tyrosine kinases
of the fibroblast growth factor receptors (FGRF),® as well as
adenosine Al receptor allosteric enhancers.’® Antifungal!
and antitumor'? properties have also been extensively
described, resulting in marketed antifungal agents such as
sertaconazol.

The synthetic strategy of the investigated dyes and their
cyclized products depended on the competition of the
reaction  pathways  which  followed  nucleophilic
displacement,’3* pB-attack, Gewald type reaction,> 16
dinucleophilic bielectrophilic attack, dipolar cyclization and
condensation reactions. This led to the diversity of the
reaction products.

Within the scope of these diverse synthetic methods and
the utility of thiophene-based systems and in continuation to
our interest in the design of bioactive heterocycles,'”-2' we
focused our efforts to synthesized a series of hydrazono
dyes 3a-e based on the key precursor 3-cyano-4,5,6,7-
tetrahydrobenzo[b]thiophene-2-diazonium chloride (1)
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which coupled with some active methylene reagents. The
antimicrobial activity of the new systems was studied and
evaluated.

Experimental

All melting points were determined on an Electrothermal
digital melting point apparatus and are uncorrected. IR
spectra (KBr discs) were recorded on a FTIR plus 460 or
Pye Unicam SP-1000 spectro-photometer. *H-NMR spectra
were recorded with Varian Gemini-200 (200 MHz) (Cairo
University) instrument in DMSO-d6 as solvent using TMS
as internal standard and chemical shifts are expressed as &
ppm. The mass spectra were recorded with Hewlett Packard
5988 A GC/MS system and GCMS-QP 1000 Ex Shimadzu
instruments. Analytical data were obtained from the Micro-
analytical Data Unit at Cairo University and were performed
on Vario EL 111 Elemental CHNS analyzer.

Synthesis of 3-cyano-4,5,6,7-tetrahydrobenzo[b]thio-
phen-2-yl-hydrazono derivatives (3a-¢)

General procedure: To a cold solution (05 °C) of 2-
cyano-N-phenyl-acetamide 2a (1.60 g, 0.01 mol), malonic
acid diethyl ester 2b (1.60 g, 0.01 mol), N-(4-chloro-
phenyl)-2-cyano-acetamide 2¢ (1.94 g, 0.01 mol), 2-cyano-
N-(4-methoxy-phenyl)-acetamide 2d (1.90 g, 0.01 mol) and
2-cyano-N-p-tolyl-acetamide 2e (1.74 g, 0.01 mol) in
ethanol (20 mL) containing sodium hydroxide (1.00 g) an
equimolar amount of diazotized 2-amino-4,5,6,7-
tetrahydrobenzo[b]thiophene-3-carbonitrile 1 [which was
prepared by adding NaNO; (0.7 g, 0.01 mol) solution to a
cold solution of 2-amino-4,5,6,7-tetrahydro-
benzo[b]thiophene-3-carbonitrile?> (1.78 g, 0.01 mol) in
acetic acid (20 mL), HCI (6.0 mL)] was gradually added
while stirring. The solid product formed upon cooling in an
ice-bath was collected by filtration, washed with water and
crystallized from acetic acid.
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2-Cyano-2-[3-cyano-4,5,6,7-tetrahydrobenzo[b]thiophen-2-yl)-
hydrazono]-N-phenyl-acetamide (3a)

Reddish brown crystals, m.p. 138-140 °C, yield: 3.04 g
(87%); Anal. for CigH1sNsOS (349.41), (% Calcd./Found):
61.87/61.50 (C), 4.33/3.99 (H), 20.04/19.70 (N), 9.18/8.80
(S); IR (v, cm™): 3431 (2NH), 3050 (CH aromatic), 2935
(CHy), 2219, 2200 (2CN), 1687 (C=0), 1596, 1496 (C=C),
1531(=N-NH); H-NMR (5, ppm): 1.76-1.98 (m, 4H,
cyclohexene 2CH), 2.20-2.89 (m, 4H, cyclohexene 2CH>),
6.80-7.80 (m, 5H, Cg¢Hs), 8.40 (s, 1H, NH), 9.40 (s, 1H,
NH); MS m/z (%): 349 [M*] (63.41), 348 [M*-1] (67.07),
328 (100.00), 76 (75.61).

2-[3-Cyano-4,5,6,7-tetrahydrobenzo[b]thiophen-2-yl)-hydr-
azono]-malonic acid diethyl ester (3b)

Pale brown crystals, m.p. 98-100 °C, yield: 2.51 g (72%);
Anal. for CigHigN3OsS (349.40), (% Calcd./Found):
55.00/55.38 (C), 5.48/5.10 (H), 12.03/12.40 (N), 9.18/9.50
(S); IR (v, cm™): 3434 (2NH), 3100 (CH aromatic), 2935
(CHz, CHs), 2215 (CN), 1682, 1680 (2C=0), 1540, 1441
(C=C), 1530 (=N-NH); 'H-NMR (3, ppm): 1.14-1.21 (2t, 6H,
2CHa); 1.71-1.92 (m, 4H, cyclohexene 2CHy), 1.99-2.92 (m,
4H, cyclohexene 2CHy), 4.10-4.20 (2q, 4H, 4CHy), 6.91 (s,
1H, NH); MS m/z (%): 350 [M*+1] (3.54), 349 [M*] (3.73),
178 (68.13), 177 (47.73).

N-(4-Chloro-penta-2,4-dienyl)-2-cyano-2-[3-cyano-4,5,6,7-tet-
rahydrobenzo[b]thiophen-2-yl)-hydrazono]-acetamide (3c)

Pale brown crystals, m.p. 108-110 °C, vyield: 3.45 g
(90%); Anal. for CisHusNsOSCI  (383.85), (%
Calcd./Found): 56.32/55.92 (C), 3.68/3.99 (H), 18.24/17.84
(N), 8.35/8.70 (S); IR (v, cm™): 3433 (2NH), 3100 (CH
aromatic), 2935 (CH,), 2215, 2190 (2CN), 1687 (C=0),
1589, 1494 (C=C), 1533 (=N-NH); *H-NMR (3, ppm): 1.76-
1.98 (m, 4H, cyclohexene 2CHj), 2.40-2.90 (m, 4H,
cyclohexene 2CHy), 7.45-7.83 (m, 4H, CsHa), 8.40 (s, 1H,
NH), 10.50 (s, 1H, NH); MS m/z (%): 382 [M*-1] (1.72),
381 [M*-2] (3.00), 127 (100.00), 176 (2.30).

2-Cyano-2-[3-cyano-4,5,6,7-tetrahydrobenzo[b]thiophen-2-yl)-
hydrazono]-N-(4-methoxy-phenyl)-acetamide (3d)

Brown crystals, m.p. 101-103 °C, yield: 3.42 g (90%);
Anal. for CigH17NsO.S (379.44), (% Calcd./Found):
60.14/59.75 (C), 4.52/4.58 (H), 18.46/18.06 (N), 8.45/8.84
(S); IR (v, cm™): 3420 (2NH), 3100 (CH aromatic), 2934
(CHy), 2213-2191 (2CN), 1682 (C=0), 1601, 1445 (C=C),
1510 (=N-NH); *H-NMR (3, ppm): 1.23 (s, 3H, CH3), 1.71-
1.98 (m, 4H, cyclohexene 2CHj), 2.13-2.82 (m, 4H,
cyclohexene 2CHy), 6.89-7.64 (m, 4H, CsHa), 8.30 (s, 1H,
NH), 10.10 (s, 1H, NH); MS m/z (%): 381 [M*-2] (0.37),
380 [M*+1] (0.15), 379 [M*] (0.14), 77 [CeHs]*, 64 (100.00).

2-Cyano-2-[3-cyano-4,5,6,7-tetrahydrobenzo[b]thiophen-2-yl)-
hydrazono]-N-p-tolyl-acetamide (3¢)
Pale brown crystals, m.p. 103-105 °C, vyield: 3.38 g

(93%); Anal. for C19H17NsOS (363.44), (% Calcd./Found):
62.79/62.44 (C), 4.71/5.10 (H), 19.27/18.88 (N), 8.82/9.20
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(S); IR (v, cm™): 3433 (2NH), 3090 (CH aromatic), 2934
(CHy), 2214, 2192 (2CN), 1685 (C=0), 1591, 1410 (C=C),
1520 (=N-NH); *H-NMR (8, ppm): 1.23 (s, 3H, CH3), 1.77-
1.98 (m, 4H, cyclohexene 2CH)), 2.19-2.89 (m, 4H,
cyclohexene 2CHy), 6.98-7.48 (m, 4H, CeH.), 8.30 (s, 1H,
NH), 10.30 (s, 1H, NH); MS m/z (%): 365 [M*+2] (0.18),
364 [M*+1] (0.11), 363 [M*] (0.26), 107 (100.00), 77
[CeHs]* (47.77).

Synthesis of 3-cyano-4,5,6,7-tetrahydrobenzo[b]thio-
phen-2-yl-functionalized pyridazine carboxylic acid
derivatives (5a-f)

General procedure: To a solution of either compound 3a
(3.49 g, 0.01 mol), 3c (3.83 g, 0.01 mol) or 3d (3.79 g, 0.01
mol) in 1,4-dioxane (35 mL) containing triethylamine (1.00
mL), either malononitrile 4a (0.66 g, 0.01 mol) or ethyl
cyanoacetate 4b (1.13 g, 0.01 mol) was added. The reaction
mixture was heated under reflux for 5 h, then cooled and
neutralized by pouring onto ice/water mixture containing
few drops of hydrochloric acid. The solid product formed in
each case was collected by filtration and crystallized from
1,4-dioxane.

4-Amino-5-cyano-1-(3-cyano-4,5,6,7-tetrahydrobenzo[b]thio-
phen-2-yl)-6-imino-1,6-dihydro-pyridazine-3-carboxylic acid
phenylamide (5a)

Dark brown crystals, m.p. 198-200 °C, yield: 3.49 g
(84%); Anal. for Cy1H17N;OS (415.47), (% Calcd./Found):
60.71/60.35 (C), 4.12/3.89 (H), 23.60/23.22 (N), 7.72/8.10
(S); IR (v, cm™): 3429-3300 (2NH, NH;), 3100 (CH
aromatic), 2932 (CHy), 2298, 2201 (2CN), 1685 (C=0),
1588, 1435 (C=C); H-NMR (3, ppm): 1.81-2.27 (m, 4H,
cyclohexene 2CHy), 2.57-2.94 (m, 4H, cyclohexene 2CHy>),
4.44 (s, 2H, NHy), 6.91-7.40 (m, 5H, C¢Hs), 8.30 (s, 1H,
NH), 8.40 (s, 1H, NH); MS m/z (%): 415 [M*] (3.01), 77
[CeHs]* (22.35), 64 (100.00), 50 (6.40).

5-Amino-2-(3-cyano-4,5,6,7-tetrahydrobenzo[b]thiophen-2-yl)-
3-imino-6-phenylcarbamoyl-2,3-dihydro-pyridazine-4-carbo-
xylic acid ethyl ester (5b)

Dark brown crystals, m.p. 143-145 °C, yield: 4.21 g
(91%); Anal. for Ca3H22NsOsS (462.52), (% Calcd./Found):
59.73/59.68 (C), 4.79/4.96 (H), 18.17/17.80 (N), 6.93/7.30
(S); IR (v, cm™): 3431-3200 (2NH, NHj), 3100 (CH
aromatic), 2931 (CHz, CHs), 2203 (CN), 1734, 1689 (2C=0),
1523, 1440 (C=C); H-NMR (3, ppm): 1.06 (t, 3H. CHjy),
1.15-1.78 (m, 4H, cyclohexene 2CH;), 2.61-2.73 (m, 4H,
cyclohexene 2CHy), 4.00 (s, 2H, NH>), 4.20 (q, 2H, CH,),
6.80-7.90 (m, 5H, CeHs), 8.29 (s, 1H, NH), 9.90 (s, 1H,
NH); MS m/z (%): 463 [M*+1] (0.03), 462 [M*] (0.03), 135
(100.00), 77 [CeHs]* (20.94).

4-Amino-5-cyano-1-(3-cyano-4,5,6,7-tetrahydrobenzo[b]thio-
phen-2-yl)-6-imino-1,6-dihydro-pyridazine-3-carboxylic acid
(4-chloro-phenyl)-amide (5c)

Pale brown crystals, m.p. 178-180 °C, yield: 3.82 g

(85%), Anal. for C21H16N7OSCI (44992), (%
Calcd./Found): 56.06/56.19 (C), 3.58/3.63 (H), 21.79/21.40
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(N), 7.13/6.78 (S); IR (v, cm™): 3329-3209 (2NH, NHy),
3090 (CH aromatic), 2922-2850 (CHy), 2260, 2199 (2CN),
1685 (C=0), 1520, 1435 (C=C); H-NMR (3, ppm): 1.16-
2.40 (m, 4H, cyclohexene 2CHj), 2.56-2.89 (m, 4H,
cyclohexene 2CHy), 3.57 (s, 2H, NHy), 7.15-7.76 (m, 4H,
CsHa), 8.29 (s, 1H, NH), 9.40 (s, 1H, NH); MS m/z (%): 451
[M*+1] (12.50), 450 [M*] (10.96), 76 [CsH4]" (35.77), 57
(100.00).

5-Amino-6-(4-chloro-phenylcarbamoyl)-2-(3-cyano-4,5,6,7-
tetrahydrobenzo[b]thiophen-2-yl)-3-imino-2,3-dihydro-
pyridazine-4-carboxylic acid ethyl ester (5d)

Pale brown crystals, m.p. 248-250 °C, yield: 4.62 g
(93%); Anal. for C23H2NsO3SCI  (496.97), (%
Calcd./Found): 55.59/55.16 (C), 4.26/3.88 (H), 16.91/16.55
(N), 6.45/6.14 (S); IR (v, cm™): 3433 (2NH, NH), 3100
(CH aromatic), 2927 (CH,, CHz), 2207 (CN), 1684, 1682
(2C=0), 1610, 1438 (C=C); *H-NMR (3, ppm): 1.05 (t, 3H,
CHzs), 1.21-2.33 (m, 4H, cyclohexene 2CH>), 2.63-2.95 (m,
4H, cyclohexene 2CHy), 3.57 (s, 2H, NHy), 3.99 (g, 2H,
CHy), 6.00 (s, 1H, NH), 6.60 (s, 1H, NH), 6.90-7.60 (m, 4H,
CeHa); MS m/z (%): 496 [M*-1] (0.72), 495 [M*-2] (0.96),
105 (100.00), 76 [CeHa]™ (5.36).

4-Amino-5-cyano-1-(3-cyano-4,5,6,7-tetrahydrobenzo[b]thio-
phen-2-yl)-6-imino-1,6-dihydro-pyridazine-3-carboxylic acid
(4-methoxy-phenyl)-amide (5e)

Brown crystals, m.p. over 300 °C, yield: 3.43 g (77%);
Anal. for CgHigN;O,S (445.50), (% Calcd./Found):
59.31/58.99 (C), 4.30/3.90 (H), 22.01/21.70 (N), 7.20/6.80
(S); IR (v, cm™): 3431 (2NH, NHy), 3100 (CH aromatic),
2930 (CHy), 2200, 2190 (2CN), 1687 (C=0), 1590, 1431
(C=C); *H-NMR (3, ppm): 1.22 (s, 3H, CH3), 1.82-2.40 (m,
4H, cyclohexene 2CH,), 2.56-2.90 (m, 4H, cyclohexene
2CHy), 3.99 (s, 2H, NHy), 6.00 (s, 1H, NH), 6.89-7.23 (m,
4H, CeHa), 8.10 (s, 1H, NH); MS m/z (%): 445 [M*] (10.75),
444 [M*-1] (2.04), 76 [CeHa]* (12.24), 55 (100.00).

5-Amino-2-(3-cyano-4,5,6,7-tetrahydrobenzo[b]thiophen-2-yl)-
3-imino-6-(4-methoxy-phenylcarbamoyl)-2,3-di-hydro-pyrid-
azine-4-carboxylic acid ethyl ester (5f)

Brown crystals, m.p. 248-250 °C, yield: 3.69 g (75%);
Anal. for CaHNeO4sS (492.55), (% Calcd./Found):
58.52/58.20 (C), 4.91/4.55 (H), 17.06/16.70 (N), 6.51/6.16
(S); IR (v, cm™): 3434 (2NH, NH;), 3090 (CH aromatic),
2930 (CHy, CHs), 2208 (CN), 1686, 1680 (2C=0), 15009,
1450 (C=C); H-NMR (3, ppm): 1.19 (t, 3H, CHg3), 1.77-
244 (m, 4H, cyclohexene 2CH,), 2.55-2.97 (m, 4H,
cyclohexene 2CH,), 4.00 (s, 2H, NH>), 4.10 (g, 2H, CHy),
6.91-7.70 (m, 4H, Ce¢Has), 7.90 (s, 1H, NH), 8.30 (s, 1H,
NH); MS m/z (%): 492 [M*] (23.47), 491 [M*-1] (20.58), 64
(100.00).

Synthesis of 3-cyano-4,5,6,7-tetrahydrobenzo[b]thio-
phen-2-yl- functionalized 3-thioxo-2,3,4,5-tetrahydro-
[1,2,4]triazine-6-carboxylic acid derivatives, 7a-c

General procedure: Equimolar amounts of 3a (3.49 g, 0.01
mol), 3b (3.49 g, 0.01 mol), 3d (3.79 g, 0.01 mol) and
phenylisothiocyanate 6 (1.35 g, 0.01 mol) in 1,4-dioxane (35
mL) containing triethylamine (1.0 mL) were heated under
reflux for 5h. After cooling, the reaction mixture in each
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case was acidified by hydrochloric acid and the crude
product was precipitated, collected by filtration and
crystallized from 1,4-dioxane .

2-(3-Cyano-4,5,6,7-tetrahydrobenzo[b]thiophen-2-yl)-5-
imino-4-phenyl-3-thioxo-2,3,4,5-tetrahydro-
[1,2,4]triazine-6-carboxy-lic acid phenylamide (7a)

Reddish brown crystals, m.p. 203-205 °C, yield: 3.49 g
(72%); Anal. for CasH20N6OS; (484.60), (% Calcd./Found):
61.96/61.72 (C), 4.16/4.47 (H), 17.34/17.00 (N),
13.23/13.39 (S); IR (v, cm™): 3355 (2NH), 3100 (CH
aromatic), 2930 (CH2, CHz), 2206 (CN), 1680 (C=0), 1592,
1499 (C=C), 1317, 1239 (C=S); H-NMR (5, ppm): 1.18-
243 (m, 4H, cyclohexene 2CH;), 2.56-2.89 (m, 4H,
cyclohexene 2CHy), 7.12-7.50 (m, 10H, 2CsHs), 8.29 (s, 1H,
NH), 9.80 (s, 1H, NH); MS m/z (%): 486 [M*+2] (26.80),
485 [M*+1] (53.09), 484 [M*] (44.85), 483 [M*-1] (31.96),
82 (100.00).

2-(3-Cyano-4,5,6,7-tetrahydrobenzo[b]thiophen-2-yl)-5-ox0-4-
phenyl-3-thioxo-2,3,4,5-tetrahydro-[1,2,4]triazine-6-carboxy-
lic acid ethyl ester (7b)

Reddish brown crystals, m.p. 233-235 °C, yield: 3.46 g
(79%); Anal. for C21H18N4O3S; (438.52), (% Calcd./Found):
57.52/57.15 (C), 4.14/413 (H), 12.78/13.18 (N),
14.62/14.65 (S); IR (v, cm™): 3429 (NH), 3090 (CH
aromatic), 2930 (CHy), 2207 (CN), 1686, 1682 (2C=0),
1593, 1439 (C=C), 1320, 1257 (C=S); H-NMR (3, ppm):
1.03 (t, 3H, CHs), 1.14-1.98 (m, 4H, cyclohexene 2CH,),
2.03-2.89 (m, 4H, cyclohexene 2CH,), 4.30 (q, 2H, CHy),
6.61-7.80 (m, 10H, 2C¢Hs), 8.29 (s, 1H, NH); MS m/z (%):
440 [M*+2] (18.07), 439 [M*+1] (18.99), 438 [M*] (16.85),
437 [M*-1] (25.88), 77 [CsHs]" (32.01), 78 (100.00).

2-(3-Cyano-4,5,6,7-tetrahydrobenzo[b]thiophen-2-yl)-5-imino-
4-phenyl-3-thioxo-2,3,4,5-tetrahydro-[1,2,4]triazine-6-carboxy-
lic acid (4-methoxy-phenyl)-amide (7c)

Reddish brown crystals, m.p. 188-190 °C, yield: 3.76 g
(73%); Anal. for CzsH22Ns0.S; (514.62), (% C&lCd./FOUﬂd)Z
60.68/60.33 (C), 4.31/4.00 (H), 16.33/15.99 (N),
12.46/12.15 (S); IR (v, cm™): 3430 (2NH), 3100 (CH
aromatic), 2929 (CH», CHs), 2204 (CN), 1686 (C=0), 1595,
1436 (C=C), 1320, 1242 (C=S); H-NMR (5, ppm): 1.14 (s,
3H, CH3), 1.16-1.98 (m, 4H, cyclohexene 2CH>), 2.04-2.73
(m, 4H, cyclohexene 2CHy>), 6.53-7.50 (m, 9H, CgHa, CgHs),
8.29 (s, 1H, NH), 9.80 (s, 1H, NH); MS m/z (%): 516
[M*+2] (32.45), 515 [M*+1] (23.51), 514 [M*] (0.99), 70
(100.00).

Synthesis of 4-amino-1-(3-cyano-4,5,6,7-tetrahydrobenzo[b]-
thiophen-2-yl)-6-oxo0-1,6-dihydropyridazine-3-carboxylic acid
phenylamide (9)

To a solution of 3a (3.49 g, 0.01 mol) in acetic acid/acetic
anhydride (10: 3 mL) was added. The reaction mixture was
heated under reflux for 1 h. The solid product formed upon
pouring onto ice/water mixture was collected by filtration,
washed with water and crystallized from 1,4-dioxane.
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Brown crystals, m.p. 104-106 °C, yield: 3.56 g (91%);
Anal. For CypHi7NsO2S (391.45), (% Calcd./Found):
61.37/60.99 (C), 4.38/4.00 (H), 17.89/17.55 (N), 8.19/7.80
(S); IR (v, cm™): 3431 (NH, NH), 3050 (CH aromatic),
2931 (CHy), 2213 (CN), 1685, 1682 (2C=0), 1545, 1437
(C=C); *H-NMR (5, ppm): 1.74-2.43 (m, 4H, cyclohexene
2CHy), 2.57-2.96 (m, 4H, cyclohexene 2CHy), 3.42 (s, 2H,
NH), 3.90 (s, 1H, pyridazine CH-5), 7.12-7.82 (m, 5H,
CeHs), 8.29 (s, 1H, NH); MS m/z (%): 393 [M*+2] (0.39),
392 [M*+1] (4.92), 391 [M*] (3.60), 381 (100.00).

Synthesis of 2-[(3-cyano-4,5,6,7-tetrahydrobenzo[b]thiophen-2-
yl)hydrazono]-N-(4-methoxy-phenyl)-malonamide (10)

Equimolar amounts of 3d (3.79 g, 0.01 mol) in ethanolic
hydrochloric acid (30: 10 mL) were heated under reflux for
10h. The solid product formed upon pouring onto ice/water
mixture was collected by filtration, washed with water and
crystallized from ethanol.

Brown crystals, m.p. 168-170 °C, yield: 3.10 g (78%);
Anal. for CigHi1oNsOsS (397.45), (% Calcd./Found):
57.42/57.47 (C), 4.82/4.55 (H), 17.62/17.22 (N), 8.07/8.40
(S); IR (v, cm™): 3412 (2NH, NHy), 3110 (CH aromatic),
2930-2850 (CH2, CHs), 2211 (CN), 1689, 1680 (2C=0),
1513, 1440 (C=C); H-NMR (3, ppm): 1.20 (s, 3H, CHj3),
1.75-2.50 (m, 4H, cyclohexene 2CHy), 2.51-2.86 (m, 4H,
cyclohexene 2CHy), 3.60 (s, 2H, NHy), 6.86-7.34 (m, 4H,
CeHa), 8.29 (s, 1H, NH), 9.30 (s, 1H, NH); MS m/z (%): 397
[M*] (14.52), 369 [M*+1] (15.26), 395 [M*-2] (5.88), 80
(100.00).

Synthesis of 4,5,6,7-tetrahydrobenzo[b]thiophene-3-
carbonitrile derivatives 12a-d

General procedure: To a solution of compound 3a (3.49 g,
0.01 mol) or 3b (3.49 g, 0.01 mol) in 1,4-dioxane (25 mL),
either hydrazine hydrate 11a (0.50 g, 0.01 mol), or phenyl
hydrazine 11b (1.08 g, 0.01 mol) was added. The reaction
mixture, in each case, was heated under reflux for 5 h. The
solid products formed, in each case, upon pouring onto
ice/water mixture containing few drops of hydrochloric acid
were collected by filtration, and crystallized from 1,4-
dioxane.

2-[N'-(3-Amino-5-phenylimino-1,5-dihydro-pyrazol-4-ylidene)-
hydrazino]-4,5,6,7-tetrahydrobenzo[b]thiophene-3-carbonitrile
(12a)

Brown crystals, m.p. 153-155 °C, yield: 3.13 g (86%);
Anal. for CigHi7N/S  (363.44), (% Calcd./Found):
59.49/59.22 (C), 4.71/4.70 (H), 26.98/26.58 (N), 8.82/9.20
(S); IR (v, cm™): 3400-3328 (2NH, NHy), 3100 (CH
aromatic), 2932-2854 (CHy), 2208 (CN), 1597, 1441 (C=C),
1520 (=N-NH); H-NMR (8, ppm): 1.71-2.40 (m, 4H,
cyclohexene 2CH,), 2.61-2.91 (m, 4H, cyclohexene 2CH>),
6.91 (s, 1H, pyrazole NH), 7.09-7.36 (m, 5H, CgHs), 8.29 (s,
1H, NH); MS m/z (%): 365 [M*+2] (0.25), 364 [M*+1]
(0.33), 361 [M*-2] (0.31), 77 [CeHs]™ (8.70), 80 (100.00).
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2-[N'-(3-Amino-1-phenyl-5-phenylimino-1,5-dihydro-pyrazol-
4-ylidene)hydrazino]-4,5,6,7-tetrahydrobenzo[b]thiophene-3-
carbonitrile (12b)

Brown crystals, m.p. 178-180 °C, yield: 2.77 g (63%);
Anal. for CuH2iN/S (439.54), (% Calcd./Found):
65.58/65.20 (C), 4.82/4.77 (H), 22.31/21.98 (N), 7.30/7.70
(S); IR (v, cm™): 3426 (NH,NH), 3050 (CH aromatic),
2928 (CHy), 2205 (CN), 1590, 1431 (C=C), 1513 (=N-NH);
H-NMR (3, ppm): 1.81-2.49 (m, 4H, cyclohexene 2CH,),
2.79-2.94 (m, 4H, cyclohexene 2CH,), 3.57 (s, 2H, NHy),
6.00-7.80 (m, 10H, 2C¢Hs), 8.20 (s, 1H, NH), 8.90 (s, 1H,
NH); MS m/z (%): 441 [M*+2] (0.20), 440 [M*+1] (0.15),
438 [M*-1] (0.26), 77 [CeHs]* (5.10), 57 (100.00).

2-[N'-(3-Hydroxy-5-0x0-1,5-dihydro-pyrazol-4-ylidene)hyd-
razino]-4,5,6,7-tetrahydrobenzo[b]thiophene-3-carbonitrile
(12¢)

Dark brown crystals, m.p. 158-160 °C, yield: 2.02 g
(72%); Anal. For C12H11NsO,S (289.31), (% Calcd./Found):
49.82/50.20 (C), 3.83/420 (H), 24.21/23.83 (N),
11.08/11.44 (S); IR (v, cm™): 3432-3196 (2NH, OH), 2933
(CHy), 2210 (CN), 1685 (C=0), 1600, 1402 (C=C); 'H-
NMR (3, ppm): 1.71-2.49 (m, 4H, cyclohexene 2CHy), 2.57-
2.89 (m, 4H, cyclohexene 2CHy), 7.10 (s, 1H, pyrazole NH),
7.30 (s, 1H, NH), 8.29 (s, 1H, OH); MS m/z (%): 291
[M*+2] (0.82), 290 [M*+1] (0.32), 289 [M*] (0.33), 288
[M*-1] (0.10), 150 (100.00).

2-[N'-(3-Hydroxy-5-ox0-1-phenyl-1,5-dihydro-pyrazol-4-ylid-
ene)hydrazino]-4,5,6,7-tetrahydrobenzo[b]thiophene-3-carbo-
nitrile (12d)

Brown crystals, m.p. 213-215 °C, yield: 2.37 g (65%);
Anal. for CigHisNsO.S (365.41), (% Calcd./Found):
59.16/58.77 (C), 4.14/4.30 (H), 19.17/18.80 (N), 8.78/9.10
(S); IR (v, cm™): 3426 (NH, OH), 3050 (CH aromatic),
2931-2859 (CH,), 2206 (CN), 1687 (C=0), 1592, 1438
(C=C),1530 (=N-NH); *H-NMR (3, ppm): 1.51-2.32 (m, 4H,
cyclohexene 2CHy), 2.61-2.89 (m, 4H, cyclohexene 2CH>),
6.93 (s, 1H, NH), 7.10-7.55 (m, 5H, CgHs), 8.00 (s, 1H,
OH); MS m/z (%): 366 [M*+1] (2.94), 365 [M*] (0.58), 364
[M*-1] (1.00), 51 (100.00).

Synthesis of the 2,3,4,5-tetrahydro-[1,2,4]triazine-6-carboxylic
acid hydrazide and phenylhydrazide derivatives 13a,b

General procedure: Equimolar amounts of 7b (4.38 g, 0.01
mol) and either hydrazine hydrate 11a (0.50 g, 0.01 mol), or
phenyl hydrazine 11b (1.08g, 0.01 mol) in 1,4-dioxane (25
mL) were heated under reflux for 5 h. The reaction mixture,
in each case, pouring onto ice/water mixture containing few
drops of hydrochloric acid was collected by filtration, and
crystallized from 1,4-dioxane.

2-(3-Cyano-4,5,6,7-tetrahydrobenzo[b]thiophen-2-yl)-3-

hydrazono-5-oxo-4-phenyl-2,3,4,5-tetrahydro-[1,2,4]tri-
azine-6-carboxylic acid hydrazide (13a)

Brown crystals, m.p. 243-245 °C, yield: 3.69 g (87%);
Anal. for CyoHigsNgO,S (422.46), (% Calcd./Found):
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54.02/54.40 (C), 4.29/4.14 (H), 26.52/26.14 (N), 7.59/7.90
(S); IR (v, cm™): 3424 (NH, 2NHy), 3100 (CH aromatic),
2930 (CHy), 2206 (CN), 1684, 1682 (2C=0), 1557, 1436
(C=C); *H-NMR (5, ppm): 1.17-2.32 (m, 4H, cyclohexene
2CHy), 2.62-2.89 (m, 4H, cyclohexene 2CHy), 3.60 (s, 2H,
NH>), 4.00 (s, 2H, NHy), 6.91-7.62 (m, 5H, CsHs), 8.30 (s,
1H, NH); MS m/z (%): 424 [M*+2] (5.58), 423 [M*+1]
(2.66), 422 [M*] (7.81), 77 [CeHs]* (45.42), 174 (100.00).

2-(3-Cyano-4,5,6,7-tetrahydrobenzo[b]thiophen-2-yl)-5-ox0-4-
phenyl-3-(phenyl-hydrazono)-2,3,4,5-tetrahydro-[1,2,4]tri-
azine-6-carboxylic acid N’-phenyl-hydrazide (13b)

Reddish brown crystals, m.p. 183-185 °C, yield: 4.40 g
(88%); Anal. for Cs1H26NsO,S (574.66), (% Calcd./Found):
64.79/64.40 (C), 4.56/4.20 (H), 19.50/19.88 (N), 5.58/5.98
(S); IR (v, cm™): 3427 (3NH), 3100 (CH aromatic), 2930-
2850 (CHy), 2207 (CN), 1688, 16820 (2C=0), 1563, 1440
(C=C); 'H-NMR (3, ppm): 1.17-1.91 (m, 4H, cyclohexene
2CHy), 2.08-2.89 (m, 4H, cyclohexene 2CH), 6.92-7.44 (m,
10H, 2C¢Hs), 7.95 (s, 1H, NH), 8.10 (s, 1H, NH), 8.30 (s,
1H, NH); MS m/z (%): 573 [M*-1] (21.83), 572 [M*-2]
(24.65), 188 (100.00).

Synthesis of 2-(4-oxo0-4,5-dihydro-thiazol-2-yl)-acetamide and
N-phenyl-acetamide derivatives (15a, b)

General procedure: To a solution of 3a (3.49 g, 0.01 mol) or
3c (3.83 g, 0.01 mol) in acetic acid (30 mL), thioglycolic
acid 14 (0.92 g, 0.01 mol) was added. The reaction mixture
was heated under reflux for 5 h. The solid product formed
upon pouring onto ice/water mixture was collected by
filtration, washed with water and crystallized from acetic
acid.

2-[(3-Cyano-4,5,6,7-tetrahydrobenzo[b]thiophen-2-yl)-hydra-
zono]2-(4-oxo-4,5-dihydro-thiazol-2-yl)-N-phenyl-acetamide
(15a)

Brown crystals, m.p. 218-220 °C, yield: 2.79 g (66%);
Anal. for CyHi17NsO.S; (423.51), (% Calcd./Found):
56.72/56.37 (C), 4.05/4.27 (H), 16.54/16.22 (N),
15.14/15.06 (S); IR (v, cm™): 3406 (2NH), 3050 (CH
aromatic), 2932 (CH), 2211 (CN), 1688, 1681 (2C=0),
1530, 1435 (C=C); *H-NMR (3, ppm): 1.80-2.43 (m, 4H,
cyclohexene 2CHy), 2.57-2.99 (m, 4H, cyclohexene 2CHy>),
3.65 (s, 2H, thiazole C5-H), 7.39-7.70 (m, 5H, CsHs), 8.30
(s, 1H, NH), 10.50 (s, 1H, NH); MS m/z (%): 423 [M*]
(0.51), 422 [M*-1] (0.49), 421 [M*=2] (0.75), 77 [CeHs]*
(3.31), 69 (100.00).

N-(4-Chloro-phenyl)-2-[(3-cyano-4,5,6,7-tetrahydrobenzo[b]-
thiophen-2-yl)-hydrazono]2-(4-oxo-4,5-dihydro-thiazol-2-yl)-
acetamide (15b)

Dark brown crystals, m.p. 228-230 °C, yield: 2.98 g
(65%); Anal. for C20H16N50252C| (457.96), (%
Calcd./Found): 52.45/52.85 (C), 3.52/3.82 (H), 15.29/14.90
(N), 14.00/13.66 (S); IR (v, cm™): 3428 (2NH), 3050 (CH
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aromatic), 2929 (CHy), 2205 (CN), 1690, 1683 (2C=0),
1588, 1490 (C=C); H-NMR (§, ppm): 1.51-2.32 (m, 4H,
cyclohexene 2CHy), 2.73-2.99 (m, 4H, cyclohexene 2CH>),
3.99 (s, 2H, thiazole C5-H), 6.00 (s, 1H, NH), 6.92 (s, 1H,
NH), 7.03-7.80 (m, 4H, CeHs); MS m/z (%): 460 [M*+2]
(3.50), 459 [M*+1] (3.08), 458 [M*] (5.41), 135 (100.00), 76
[CeHa]* (4.98).

Synthesis of the pyridazine carboxylic acid amide and
the ethyl ester derivatives 17a,b

General procedure: To a solution of 3¢ (3.83 g, 0.01 mol)
in 1,4-dioxane (30 mL) containing triethylamine (1.00 mL),
either a-cyanocinnamonitrile 16a (1.54 g, 0.01 mol) or ethyl
cyanocinnamate 16b (2.01 g, 0.01 mol) was added. The
reaction mixture, in each case, was heated under reflux for 5
h, then cooled and neutralized by pouring onto ice/water
mixture containing few drops of hydrochloric acid. The
solid product formed, in each case, was filtered off and
crystallized from 1,4-dioxane.

5-Cyano-1-(3-cyano-5-propyl-thiophen-2-yl)-4-imino-6-phenyl-
1,4-dihydro-pyridazine-3-carboxylic acid (4-chloro-phenyl)-
amide (17a)

Brown crystals, m.p. 223-225 °C, yield: 3.58 g (70%);
Anal. for Cy»HisNgOSCI (511.00), (% Calcd./Found):
63.46/63.47 (C), 3.75/4.03 (H), 16.45/16.40 (N), 6.27/6.60
(S); IR (v, cm™): 3434(2NH), 3040 (CH aromatic), 2930
(CHs), 2255, 2202 (2CN), 1688 (C=0), 1593, 1435 (C=C);
H-NMR (8, ppm): 1.71-2.40 (m, 4H, cyclohexene 2CH,),
2.49-2.89 (m, 4H, cyclohexene 2CH,), 7.08-7.98 (m, 9H,
CeHa, CgHs), 8.29 (s, 1H, NH), 8.70 (s, 1H, NH); MS m/z
(%): 511 [M*] (0.17), 510 [M*-1] (0.35), 77 [CeHs]* (7.15),
69 (100.00).

6-(4-Chloro-phenylcarbamoyl)-2-(3-cyano-4,5,6,7-tetrahydro-
benzo[b]thiophen-2-yl)-5-imino-3-phenyl-2,5-dihydro-pyrid-
azine-4-carboxylic acid ethyl ester (17b)

Dark brown crystals, m.p. 228-230 °C, yield: 3.96 g
(71%); Anal. for CxH2NsOsSCI  (558.05), (%
Calcd./Found): 62.42/62.11 (C), 4.33/3.96 (H), 12.55/12.58
(N), 5.75/6.10 (S); IR (v, cm™): 3430 (2NH), 3100 (CH
aromatic), 2931 (CH2, CHs), 2205 (CN), 1690, 1683 (2C=0),
1555, 1438 (C=C); H-NMR (3, ppm): 1.03 (t, 3H, CH3);
1.18-1.91 (m, 4H, cyclohexene 2CHy), 2.06-2.91 (m, 4H,
cyclohexene 2CHy), 4.36 (g, 2H, CHy), 6.00-8.19 (m, 9H,
CeHa, CsHs), 8.29 (s, 1H, NH), 8.40 (s, 1H, NH); MS m/z
(%): 558 [M*] (19.35), 557 [M*-1] (15.87), 77 [CeHs]*
(63.09), 55 (100.00).

Synthesis of the 4,5,6,7-tetrahydrobenzo[b]thiophene-3-
carbonitrile derivatives 19a,b

General procedure: Equimolar amounts of 3b (3.49 g, 0.01
mol) and either urea 18a (0.60 g, 0.01 mol), or thiourea 18b
(0.76 g, 0.01 mol) in sodium ethoxide solution [prepared by
adding metallic sodium (0.23 g, 0.01 mol) in absolute
ethanol (30 mL)] were heated under reflux for 5 h. The
reaction mixture, in each case, pouring onto ice/water
mixture containing few drops of hydrochloric acid and the
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formed solid product was collected by filtration and
crystallized from 1,4-dioxane.

2-[N"(2,4,6-Trioxo-tetrahydro-pyrimidin-5-ylidene)hydrazino]-
4,5,6,7-tetrahydrobenzo[b]thiophene-3-carbonitrile (19a)

Brown crystals, m.p. 243-245 °C, yield: 2.44 g (77%);
Anal. for Ci3H11NsOsS (317.32), (% Calcd./Found):
49.21/49.60 (C), 3.49/3.89 (H), 22.07/21.70 (N),
10.10/10.46 (S); IR (v, cm™): 3430 (3NH), 2927 (CHa),
2210 (CN), 1685, 1683-1680 (3C=0), 1510, 1434 (C=C);
IH-NMR (3, ppm): 1.76-1.78 (m, 4H, cyclohexene 2CH,),
2.60-2.72 (m, 4H, cyclohexene 2CHy), 6.99 (s, 1H, NH),
7.16 (s, 1H, NH), 7.33 (s, 1H, NH); MS m/z (%): 319
[M*+2] (0.13), 318 [M*+1] (0.15), 317 [M*] (0.13), 64
(100.00).

2-[N(,4,6-Dioxo-2-thioxo-tetrahydro-pyrimidin-5-ylidene)-
hydrazino]-4,5,6,7-tetrahydrobenzo[b]thiophene-3-carbonitrile
(19b)

Brown crystals, m.p. 203-205 °C, yield: 3.00 g (90%);
Anal.  for Ci3HuNsO2S;  (333.39), (Calcd./Found):
46.83/47.22 (C), 3.33/3.70 (H), 21.01/20.70 (N),
19.24/18.88 (S); IR (v, cm™): 3423 (3NH), 2930 (CHg),
2205 (CN), 1690, 1683 (2C=0), 1564, 1435 (C=C), 1320,
1278 (C=S); H-NMR (5, ppm): 1.43-250 (m, 4H,
cyclohexene 2CH,), 2.60-2.72 (m, 4H, cyclohexene 2CH>),
7.34 (s, 1H, NH), 7.77 (s, 1H, NH), 8.29 (s, 1H, NH); MS
m/z (%): 335 [M*+2] (0.12), 334 [M*+1] (0.12), 333 [M*]
(0.10), 78 (100.00).

Synthesis of the malonic acid diethyl ester derivatives,
21a,b

General procedure: To a solution of compound 3b (3.49 g,
0.01 mol) in 1,4-dioxane (30 mL), either ethyl chloroacetate
20a (1.22 g, 0.01 mol), or chloroacetone 20b (0.92 g, 0.01
mol) was added in the presence of a catalytic amount of
potassium carbonate. The reaction mixture, in each case,
was heated under reflux for 5 h. The solid products formed,
in each case, upon pouring onto ice/water mixture
containing few drops of hydrochloric acid were collected by
filtration, and crystallized from 1,4-dioxane.

1-(3-Cyano-4,5,6,7-tetrahydrobenzo[b]thiophen-2-yl)-4-
hydroxy-1H-pyrazole-3,5-dicarboxylic acid diethyl ester (21a)

Brown crystals, m.p. 220-222 °C, yield: 3.46 g (89%);
Anal. for CigHi9N3OsS (389.43), (% Calcd./Found):
55.52/55.23 (C), 4.92/5.30 (H), 10.79/11.10 (N), 8.23/8.60
(S); IR (v, cm™): 3433 (OH), 2929 (CHy, CHs), 2210 (CN),
1723, 1684 (2C=0), 1600, 1436 (C=C); *H-NMR (5, ppm):
1.03 (t, 3H, CHg), 1.19 (t, 3H, CH3) 1.51-2.27 (m, 4H,
cyclohexene 2CH,), 2.58-2.95 (m, 4H, cyclohexene 2CH,),
3.85 (g, 2H, CHy), 4.15 (g, 2H, CHy), 8.29 (s, 1H, OH); MS
m/iz (%): 391 [M*+2] (25.39), 387 [M*-2] (17.02), 78
(100.00).
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5-Acetyl-1-(3-cyano-4,5,6,7-tetrahydrobenzo[b]thiophen-2-yl)-
4-hydroxy-1H-pyrazole-3-carboxylic acid ethyl ester (21b)

Dark brown crystals, m.p. 148-150 °C, yield: 3.13 g
(87%); Anal. for C17H17N304S (359.40), (% Calcd./Found):
56.81/57.20 (C), 4.77/4.88 (H), 11.69/11.99 (N), 8.92/9.32
(S); IR (v, cm™): 3429 (OH), 2929 (CH>, CHs), 2208 (CN),
1724, 1684 (2C=0), 1591, 1438 (C=C); H-NMR (3,
ppm):1.03 (t, 3H, CH3), 1.20 (s, 3H, CH3) 1.71-2.40 (m, 4H,
cyclohexene 2CHy), 2.60-2.79 (m, 4H, cyclohexene 2CH>),
4.10 (g, 2H, CHy), 8.28 (s, 1H, OH); MS m/z (%): 360
[M*+1] (11.53), 201 (93.30), 57 (100.00).

Synthesis of 2-[(3-cyano-4,5,6,7-tetrahydrobenzo[b]thiophen-2-
yl-)hydrazono]-N-phenyl-malonamic acid ethyl ester (23)

To a solution of 3b (3.49 g, 0.01 mol) in 1,4-dioxane (30
mL), aniline 22 (0.93 g, 0.01 mol) was added. The reaction
mixture was heated under reflux for 5 h. The solid product
formed upon pouring onto ice/water mixture was collected
by filtration, washed with water and crystallized from 1,4-
dioxane.

Brown crystals, m.p. 223-225 °C, yield: 3.49 g (88%);
Anal. for CxH2NsO3S (396.46), (% Calcd./Found):
60.59/60.22 (C), 5.08/4.69 (H), 14.13/14.53 (N), 8.09/8.44
(S); IR (v, cm™): 3698-3426 (2NH), 2932 (CHz, CHs), 2209
(CN), 1688, 1683 (2C=0), 1588, 1496 (C=C); H-NMR (3,
ppm): 1.24 (t, 3H, CHs); 1.76-2.43 (m, 4H, cyclohexene
2CHy), 2.57-2.89 (m, 4H, cyclohexene 2CH>), 3.57 (q, 2H,
CHy), 6.00 (s, 1H, NH), 6.90 (s, 1H, NH), 7.10-8.30 (m, 5H,
CeHs); MS m/z (%): 397 [M*+1] (0.75), 396 [M*] (0.72), 77
[CeHs]* (14.38), 367 (100.00).

Antimicrobial activity of the newly synthesized
compounds

Microorganisms used were obtained from Microbial
Chemistry Department, National Research Center, Cairo,
Egypt. For the in vitro antimicrobial activity evaluation,
microorganism suspensions were prepared to contain
approximately 108 cfu/mL and the plates were inoculated. A
stock solution of each of the synthesized compounds (1000
ug mLt) in DMSO was prepared and graded dilutions of the
tested compounds were incorporated in a cavity (depth 3
mm, diameter 4 mm) made in the center of the Petri dish
(nutrient agar for bacteria and Sabouraud vs. dextrose agar
medium for fungi).

The plates were incubated in duplicates for 24 h at 37 °C
(for bacteria) and at 30 °C (for fungi). A positive control
using only inoculation and a negative control using only
DMSO in the cavity were carried out. The results of
antimicrobial screening of the synthesized and standard
antibiotics are given in Table I.

Results and discussion

3-Cyano-4,5,6,7-tetrahydrobenzo[b]thiophene-2-diazoni-
um chloride (1) reacted with the active methylene reagents
(XCH.Y, X=CN, Y=CONHPh; X=Y=CO.Et; X=CN,
Y=CONH[CsH4(4-CI)]; X=CN, Y=CONH[CsH4(4-OCHj);
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X=CN, Y=CONH[Ce¢H4(4-CH3)] (2a-e) to give the
hydrazone derivatives 3a-e (Scheme 1). The analytical and
spectral data of the products were in analogous with their
respective structures. Thus, the mass spectral data for
compounds 3a-e revealed a molecular formula C1gH15Ns0S
(m/z 349 [M+]), C16H19N304S (m/z 349 [M+]),
C18H14N508C| (m/z 382 [M+-1]), C19H17N50,S (m/z 379
[M*]) and Ci9H17NsOS (m/z 363 [M*]), respectively which
confirmed their structures. Compounds 3a, 3c and 3d
reacted with the cyanomethylene reagents (XCH.Y,
X=Y=CN; X=CN, Y=CO;Et) (4a, b) to give the
iminopyridazine derivatives 5a-f (Scheme 2) .

CN

] 4
+ H,C (0}
. - Ny
S N==N clI

N; Y= CONHPh \

)

ooooy
XXX X

c
Y= CO,Et
CN; Y= CONH[CgH,(4-Cl)]
CN; Y= CONH[CgH,(4-OCH)]
CN; Y= CONH[CgH,(4-CHa)]

1

CN

3a, X= CN; Y= CONHPh
b, X= Y= CO,Et

¢, X= CN; Y= CONH[C4H,(4-Cl)]

d, X= CN; Y= CONH[CgH,(4-OCH)]
€, X= CN; Y= CONH[CH(4-CHa)]

(i) CHyOH, NaOH, NaNO,, H,0, CH3COOH/HCI, (0-5°C) stirring.

Scheme 1. Synthesis of the hydrazono derivatives 3a-e

CN
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< H7’\‘:\/CN+ HZC/CN (i)
Y

N 1,4-dipolar cyclization with 1,2»dipole‘
X

3a, Y= CONHPh
¢, Y= CONH[CgH4(4-Cl)]
d, Y= CONH[CgH,(4-OCHg)]

4a, X=CN
b, X= CO,Et

]
S N/N\ Y

Z

HN N

X

CN; Y= CONHPh
CO,Et; Y= CONHPh

CN; Y= CONH[CgH,(4-Cl)]
CO,Et; Y= CONH[CgH4(4-Cl)
CN; Y= CONH[CH4(4-OCHj)]
CO,Et; Y= CONH[CgH,4(4-OCHS3)]

Sooo0oTR
ﬁxxxxx

(i) 1,4-Dioxane, Et3N, reflux 5h.
Scheme 2. Synthesis of the pyridazine derivatives 5a-f

The reaction involved 1,4-dipolar cyclization of compounds
3a, 3c and 3d with 1,2-dipoles (4a, b). The structures of the
latter products were based on their respective analytical and
spectral data. Thus, 'H-NMR spectrum of 5a showed two
multiplets about 6 1.81-2.27 ppm and & 2.57-2.94 ppm that
integrated for four cyclohexene CH; protons, & 4.44 ppm for
NH; protons, multiplets at & 6.91-7.40 ppm for phenyl
moiety and at 6 8.30 and 8.40 for 2NH protons. Mass
spectra of 5a, 5b, 5c, 5d, 5e and 5f exhibited a molecular
ions m/z 415 [M*], m/z 462 [M*], m/z 450 [M*], 496 [M*-1],
m/z 445 [M*] and m/z 492 [M*] corresponding to their
molecular formulae, respectively.
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On the other hand the reaction of either compounds 3a, 3b
or 3d with phenylisothiocyanate (6) gave the triazine
derivatives 7a-c (Scheme 3). The reaction took place via
nucleophilic attack of NH moiety of compounds 3a,3b or 3d
on isocyanate C=S terminal followed by 1,6-dipolar
cyclization. The analytical and spectral data of 7a-c are
consistent with their corresponding structures (see
experimental section). As an example, the appearance of
two C=0 stretching modes about 1600 and 1620 cm™ region
cited for triazene oxo function and ethoxy carbonyl in the IR
spectrum of 7b. Also, the mass spectrum of 7b showed
molecular ion m/z 438 corresponding to molecular formula
C2H1gN4OsS;.  Treatment  of  3a  with  acetic
anyhydride/AcOH mixture under refluxing conditions gave
pyridazine-3-one derivative 9.

CN

| |
s N—N:<X+ PhN=C=5 [0}
Y
6 ‘
CN
S
S N/ I
S%N X
!
7a, X= (=NH); Y= CONHPh

b, X= (=0); Y= CO,Et
€. X= (=NH); Y= CONH[CgH,(4-OCHg)]

3a, X= CN; Y= CONHPh
b, X= Y= CO,Et
d, X= CN; Y= CONH[CgHy(4-OCHy)]

o
Il CN

HyC—C,
3a + q N\ (ii) O‘\—/‘[
/o — oN
Hic—c  -CHyCOOH s N—N=<

o COCH; CONHPh

8
j Intramolecular 1,6-dipolar
cyclization
CN

m N CONHPh
s N/ AN

Z

o NH,

9
CN

il
s N—N:<
H
CONHOOCHQ
10

(i) 1,4-Dioxane, Et;N, reflux 5h; (ii) CH3COOH, reflux 1h;(iii) CH3CH,OH, reflux 10h.

Scheme 3. Synthesis of the triazine 7a-c, pyridazinone 9 and
diamido 10 derivatives

The reaction took place through formation of the
intermediate 8 followed by 1,6-dipolar intramolecular
cyclization to give 9. *H-NMR spectrum of compound 9
showed two multiplets about & 1.74-2.43 ppm and 6 2.57-
2.96 ppm for four cyclohexene CH; protons, & 3.42 ppm for
NH protons, pyridazine C5-H protons at 6 3.90 ppm,
multiplets at & 7.12-7.82 ppm for phenyl moiety and a
singlet at & 8.29 integrated for NH proton. The mass
spectrum of 9 exhibited a molecular ion m/z 391 [M7]
corresponding to  molecular formula  CzH17Ns02S.
Compound 3d underwent ready hydrolysis in HCI/EtOH to
give the diamido derivative 10. Microanalysis, IR and ‘H-
NMR of 10 are fully consistent with the proposed structure.
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Next, we moved towards studying the reactivity of the
hydrazone derivatives 3a and 3b towards hydrazines (HzN-
NHR, R=H; R=Ph) namely hydrazine hydrate (11a) and
phenylhydrazine (11b) to afford the respective pyrazole
derivatives 12a-d (Scheme 4). The reaction involved
intermolecular cyclization of 1,3-bielectrophilic compounds
3a, b with 1,2-dinucleophiles (11a) and (11b). The
analytical and spectral data of the latter products were the
basis of their structural elucidation.

CN

Suly |
S HfN:< + HN—/NHR 0

Intermolecular cyclization of \

Y 11a,R=H 1,3-bi'E with 1,2-di Nu

3a, X= CN; Y= CONHPh b.R=Ph
b, X= Y= COZEt
CN
w |
S N—N.
H Xy
12a, X= (NHy); Y= (=N-Ph); Z= H /
b, X= (NHy); Y= (=N-Ph); Z= Ph N
¢, X= (OH): Y= (=0); Z=H N\
d, X= (OH); Y= (=0); = Ph ¥ z

CN

- CC\(

[
N X
s N I
Y)\N o
Ph
13a, X= CONHNHy; Y= (=N-NHy)
b, X= CONHNHPh; Y= (=N-NHPh)

7b +  H,N—NHR

1la,R=H
b, R=Ph

(i) = (ii) 1,4-Dioxane, reflux 5h.

Scheme 4. Synthesis of pyrazole 12a-d and triazine 13a, b
derivatives

Thus, *H-NMR spectrum of 12a (as an example) showed
two multiplets about & 1.71-2.40 ppm and 6 2.61-2.91 ppm
for four cyclohexene CH; protons, 8 3.39 ppm for singlet
NH> protons, a singlet pyrazole NH proton at 6 6.92 ppm,
multiplets at & 7.09-7.36 ppm for phenyl moiety and a
singlet NH proton at ¢ 8.29 ppm.

CN

i
::‘: /i N SH o \() !
/ 1,3-dipolar cyclization
S H*N:< + HC with 1,2-dipole
Y COOH

3a, Y= CONHPh 14

¢, Y= CONH[CgH4(4-CI)] CN 0
S/Y
| =
s N—N

H
15a, Y= CONHPh
b, Y= CONH[CsH4(4-Ch]
cN
Ph—C=—C )
~
H X

3c +

p—attack followed by intramolecular

16a, X= CN 1,6-dipolar cyclization

b, X= COEt
CN
@ N, CONH Cl
s N/ AN < >
Ph ~ NH

X
17a, X=CN
b, X= CO,Et
(i) CHsCOOH, reflux 5h; (ii) 1,4-Dioxane, EtsN, 5h.

Scheme 5. Synthesis of the thiazolone 15a, b and pyridazine 17a,b
derivatives.
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In the mass spectra of 12a-d the existing [M*+1] ions
(m/z=364, m/z=440) and [M*] ions (m/z=289, m/z=365),
confirmed their respective molecular weights. The absence
of C=0 absorption in the 1600-1800 cm™ region confirmed
the assignment for pyrazole structures 12a and 12b. The
appearance of C=0 and a broad OH bands in the regions
1625, 1620 and 3432, 3426 cm, respectively confirmed the
structures of 12c and 12d.

The reaction of the pyridazine derivative 7b with either
hydrazine hydrate (11a) or phenylhydrazine (11b) gave the
hydrazide derivatives 13a and 13b, respectively (Scheme 4).
The reaction involved the loss of H,S and two moles of
EtOH. the mass spectra of 13a and 13b showed molecular
ion peaks [M*]=424 and [M*-1]=499 corresponding to their
respective  molecular  formulae  Ci9H16NsO2S2  and
CasH20N602S:.

Interestingly, the reaction of either of compounds 3a or 3c
with thioglycollic acid (14) gave the thiazole derivatives 15a
and 15b, respectively (Scheme 5). The reactions took place
through 1,3-dipolar cyclization with 1,2-dipole via
nucleophilic attack by SH group on the cyano moiety in 3a
or 3c followed by water elimination.

I (i)

3b + H,;N—C—NH,
Intermolecular cyclization of 1,3-bi-E*
18a, X=0 with 1,3-di-Nu via loss of 2 moles of EtOH
b, X=8
CN
O,
| N
S N—N X
H
NH
19a,X=0 O
b, X=S8

CN

a
® o+ nel @ | |
Ny -HCl
S N—N

20a, X= CO,Et \
b, X= COCHg X COOE
21a, X= CO,Et
b, X= COCHg OH
CN
3b + PhNH, — D
CONHPh
22
S N—N
H
23 CO,Et

(i) NaOEt, reflux 5h; (i) 1,4-Dioxane, K,COg3, reflux 5h; (iii) 1,4-Dioxane, reflux 5h.

Scheme 6. Synthesis of the pyrimidine 19a, b, 4-hydroxy-pyrazole
21a, b and hydrazono-malonamic acid ethyl ester 23 derivatives

Next, we studied the reaction of 3c with cinnamonitrile
derivatives (16a, b) (PhCH=C(CN)X, X=CN; X=CO.Et)
with the aim of formation of biologically active pyridazine
derivatives.Z2?® Thus, the reaction of 3c with either o-
cyanocinnamonitrile (16a) or ethyl cyanocinnamate (16b) in
refluxing 1,4-dioxane containing a cartalytic amount of
triethylamine afforded the pyridazine derivatives 17a and
17b, respectively (Scheme 5). The reaction occurs via f3-
attack followed by 1,6-dipolar intramolecular cyclization.
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Table 1. Antimicrobial activity data of the synthesized compounds in terms of MIC in pg mL™.

Compound No. E. coli ECT 101 B. Cereus CECT 148 B. subtilis CECT 498 C. albicans CECT 1394
3a Not active 4.62 8.39 12.62
3b 0.46 8.66 25.33 12.22
3c Not active 12.34 6.13 0.40
3d Not active 6.05 12.42 4.55
3e Not active 6.22 12.89 18.42
ba Not active 8.42 10.29 16.02
5b 2.66 4,73 12.8 11.32
5¢c Not active 18.32 6.22 0.40
5d Not active 20.15 23.16 100
5e 10.46 8.66 25.33 12.22
5f Not active 0.08 5.23 8.44
7a 0.81 6.46 20.63 10.22
7b Not active 7.39 4.33 12.77
7c Not active 10.23 2.56 28.60
9 6.82 4.92 211 10.39
10 Not active 7.03 0.68 20.50
12a 2.77 4.66 12.33 8.41
12b 2.46 8.55 18.33 12.42
12¢ 12.46 10.66 2.33 10.22
12d 10.12 6.13 2.22 10.25
13a Not active 25 23 26
13b Not active 0.05 3.13 0.61
15a 0.86 244 15.92 10.11
15b Not active 12.32 16.32 14.40
17a 16.64 0.06 6.33 50
17b Not active 12.30 4.22 12.55
19a 8.22 5.23 0.22 16.22
19b Not active 22.01 0.48 25.60
2la Not active 6.25 20 30
21b 12.50 20 6.25 8.65
23 Not active 0.08 2.22 6.44
Ampicillin 6.25 3.13 12.50 -
cycloheximide - - - 12.50

Thus, *H-NMR of 17a and 17b revealed signals due to
two NH protons at about & 8.29-8.70 ppm. Signals
integrated for ester protons in compound 17b were also
observed in their respective fields. The mass spectra of 17a
and 17b exhibited molecular ion peaks [M*] at m/z 511 and
m/z 558 respectively corresponding to their molecular
formulae.

The high vyield of 3b encouraged us to synthesize
biologically active systems via reaction with some chemical
reagents. Thus, compound 3b reacted with either urea (18a)
or thiourea (18b) in sodium ethoxide solution to give
pyrimidine derivatives 19a and 19b, respectively (Scheme
6). The reaction took place via 1,3-intermolecular
cyclization of compound 3b with 1,3-dinucleophiles 18a
and 18b via loss of two moles of ethanol. The analytical
and spectral data of the latter products were based on
analytical and spectral data. Thus, *H-NMR spectrum of 19a
showed two multiplets about & 1.76-1.78 ppm and & 2.60-
2.72 ppm for four cyclohexene CH; protons and three
singlets at & 6.99, 7.16 and 7.33 for 3NH protons. The
appearance of three C=0 stretching about 1600, 1634 and
1660 cm? cited for pyrimidine oxo functions and the
presence of C=S stretching bands at 1320 and 1278 cm™ in
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the IR spectra of 19a and 19b proved the proposed
structures.

Moreover, the reaction of 3b with a-halocarbonyl reagents
(XCH.CI,  X=CO;Et; X=COCHs;) namely ethyl
chloroacetate (20a) and a-chloroacetone (20b) gave the
pyrazole derivatives 21a and 21b, respectively (Scheme 6).
The reaction took place through 1,5-dipolar intramolecular
cyclization via loss of ethanol. The mass spectra of 21a and
21b displayed molecular ions [M*+2] at m/z 391 and
[M*-1] at m/z 360 corresponding to their respective
molecular formulae.

Finally the reaction of 3b with aniline (22) gave the
anilide derivative 23 (Scheme 6). The analytical and spectral
data of compound 23 were in agreement with its respective
structure (see experimental section).

In vitro evaluation of antibacterial and antifungal
activities.

The synthesized compounds were screened in vitro for
their antimicrobial activity against a variety of bacterial and
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fungal isolates. Evaluation of the antibacterial activity
against Gram-negative (Escherichia coli ECT 101 and
Pseudomonas aeruginosa) and Gram-positive bacteria
(Bacillus subtilis CECT 498 and Bacillus cereus CECT 148)
and the antifungal activity against Candida albicans CECT
1394 as a representative species of fungi were assessed for
the synthesized compounds. The minimal inhibitory
concentration (MIC in pg mL™) was determined using an
adaptation of agar streak dilution method based on radial
diffusion.?” 2 Different concentrated solutions of ampicillin
(antibacterial) and cycloheximide (antifungal) were used as
standards. The MIC was considered to be the lowest
concentration of the tested compounds which inhibits
growth of bacteria or fungi on the plate.

The results indicated that most of the synthesized
compounds exhibited noticeable antimicrobial activity, and
that the bacterial isolates were less active to the synthesized
compounds than the fungal species.

Gram-negative bacteria (Escherichia coli ECT 101 and
Pseudomonas aeruginosa) showed low activity than Gram-
positive bacteria (Bacillus subtilis CECT 498 and Bacillus
cereus CECT 148), where all the compounds tested were not
active against Pseudomonas aeruginosa starting from
DMSO solutions of 1000 pg mL* of each compound.

Compounds 3b, 7a and 15a exhibited the highest
inhibitory activity against Escherichia coli ECT 101,
compounds 5f, 13b, 17a and 23 are highly active against
Bacillus cereus CECT 148, compounds 10, 19a and 19b
showed the highest inhibitory activity towards Bacillus
subtilis CECT 498, while compounds 3c, 5¢ and 13b
demonstrated the highest inhibitory activity against the
fungal species C. albicans CECT 1394. It is noteworthy that
all the aforementioned compounds showed higher inhibitory
activity than the selected standards (ampicillin and
cycloheximide).

On the other hand, compounds 5e, 12c, 12d, 17a and 21b
showed the lowest inhibitory activity against Escherichia
coli ECT 101, compounds 3c, 5¢, 5d, 13a, 15b, 17b, 19b
and 21b are less active towards Bacillus cereus CECT 148,
compounds 3b, 5d, 5e, 7a, 12b, 13a, 15a, 15b and 2la
exhibited the lowest inhibitory activity towards Bacillus
subtilis CECT 498. Compounds 5d, 7c, 10, 13a, 17a, 19b
and 2la showed lower inhibitory activity against C.
albicans CECT 1394 compared with the standard itself. The
rest of compounds showed moderate inhibitory activity.

It was also observed that while compound 13b is totally
active against tested Gram-positive bacteria and fungi, it is
inactive against Gram-negative bacteria used. Compound 5d
is totally inactive towards all tested bacteria and fungi
isolates.

Comparing compounds 13a and 13b indicated that 13b
(X=CONHNHPh) showed higher inhibitory effect against
Gram-positive bacteria and fungi used than 13a
(X=CONHNHYy). Similarly for compounds 15a and 15b it is
obvious that compound 15a (Y=CONHPh) showed higher
inhibitory activity than 15b (Y=CONH[C¢H4(4-CI)]).

On the other hand, compound 17a (X=CN) showed high
inhibitory effect towards all tested bacteria than 17b
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(X=CO2Et). Also, compound 19a (X=0) indicated higher
inhibitory activity than 19b (X=S).

Conclusion

We have reported a convenient synthesis of a variety of
bioactive dyes (3a-e) from 3-cyano-2-diazo-4,5,6,7-
tetrahydrobenzo[b]thiophene (1) which coupled with active
methylene reagents (2a-e). The reactivity of bioactive dyes
(3a-e) towards different chemical reagents were studied.
Most of the synthesized systems were found to be promising
antibacterial agents and hence deserve further
pharmacological  investigation.  Currently, we are
investigating the potential antitumor activity of the
synthesized systems and related derivatives. The results of
these investigation will be published in due time.
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MAGNETIC FIELD INDUCED ENHANCED ADSORPTION

EFFICIENCY OF IRON OXIDE NANOPARTICLES BASED
MAGNETIC FERROFLUID: A PRELIMINARY INVESTIGATION
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Solid state synthesis approach was used to prepare magnetic ferrofluid loaded with maghemite nanoparticles. This magnetic material was
then used to study adsorptive removal of zinc ions in presence of applied magnetic field. Studies revealed that application of magnetic field

results in remarkably increased adsorption efficiency of these ferrofluids.
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Introduction

Magnetic nanoparticles with a proper surface coating acts
as a glue to keep the magnetic core together. These magnetic
nanoparticles can be dispersed into suitable solvents,
forming homogeneous suspensions called ferrofluids.!
Although a variety of examples exist for the use of bare
magnetic particles for species extraction in effluent
processing and metal ion removal, other recent studies have
demonstrated that nanomaterials usually enhance removal of
toxic metals from wastewater.®

In present work, monocrystalline iron oxide nanoparticles
based ferrofluid (maghemite, synthesized by the method
described elsewhere*) was used as possible adsorbent for the
removal of zinc metal. In order to study the influence of
magnetic field environment, the work has been done in
absence and presence of magnetic field. Contact time and
adsorption isotherms in presence of magnetic field have also
been discussed.

Experimental

Following reagents were used in appropriate proportions:
FeCls(Anhydrous, Loba), FeS0..7H.O (Extrapure AR,
Merck ), KCI, KOH (both Merck) etc.

Synthesis of maghemite nanoparticles was done by mixing
powders of 0.81 g FeCls (0.005 M), 0.70 g of FeSO..7H,0
(0.0025 M) and 3.9 g of KCI in a mortar at room
temperature for 30 minutes followed by addition of 1.12 g
(0.02 M) KOH powder and further grinding for another 30
minutes at room temperature. Finally, a dark brown
transparent colloid was obtained with a loading of y — Fe,O3
nanoparticles. The pH value of the colloid was between 4
and 5. To obtain a powder sample the colloid was
centrifuged, dried at 50 °C for 6 h, and then cooled down to
room temperature.
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Wastewater containing zinc ions was collected from
IFFCO, Phulpur, Allahabad. Batch adsorption studies were
carried out taking a certain amount of maghemite and 50 mL
solution of zinc ion and observations were recorded in the
presence (vertical field of ~1.0 tesla applied with the help of
1"x1"x3" bar magnets) and absence of magnetic field. A
mechanical shaker operating at 120 rpm was used for
agitation. Metal concentration was determined by Atomic
Absorption Spectrophotometer (AAS, ECIL - 4141) using
the standard method.

The removal efficiency ¢ was calculated by the following
equation;

P

@

where, A and B are the initial and final metal ion

concentrations (mg L) respectively.

Results and discussion

Adsorption of heavy metals from aqueous solutions
depends on the properties of adsorbent and transfer of
molecules, ions of adsorbate from the solution to the solid
phase. Adsorption efficiency of heavy metals is strongly
sensitive to pH of the solution. It has also been reported that
as the solution pH increases, sorption also increases.® The
adsorption efficiency of maghemite nanoparticles for zinc
ions at different pH (pH=2-7) in the presence of magnetic
field and without magnetic field is shown in Figure 1, which
suggests that the maghemite possessed maximum sorption
efficiency for the zinc ions at pH value 3 in both the cases.
In contrast to this, it has been found that the adsorption
efficiency of maghemite for zinc ions was 97.10 % in the
presence of magnetic field but it was 85.34 %, without
applying magnetic field.

Kinetic study revealed that maximum adsorption
efficiency/metal removal efficiency for zinc was achieved
generally in the first 60 minutes of contact. Metal removal
was rapid during this period, after that, it reaches
equilibrium.
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Figure 1. Effect of pH on Zn(Il) removal using maghemite
ferrofluid in presence and absence of magnetic field.
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Figure 2. The linearized Langmuir adsorption plot for Zn(ll) on
maghemite nanoparticles in presence of magnetic field at 25°C

Data in presence of magnetic field was also fitted to the
classical Freundlich and Langmuir isotherm equations. The
linearized forms of isotherm equations used are (see
supporting information for more detail):

1
Iong:IogK+;IogCe (2)

(Freundlich equation)

Plot of log Qe versus log C. gives a straight line of slope
1/n and intercept log K. The correlation coefficient (R?) was
found to be 0.9872.

C 1 C
Ce _ L _Ce

= ®)
Qe QmaxP  Cmax

(Langmuir Equation)

Plot of the specific sorption C./Q. against equilibrium
concentration C., as shown in Figure 2, gave the linear
isotherm parameters Qmax and b. The correlation coefficient
(R?) in this case was found to be 0.9799.
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An essential characteristic of the Langmuir isotherm can
be expressed in terms of a dimensionless constant,
separation factor or equilibrium parameter, R.. The Rp
values between 0 and 1 indicate favourable adsorption.® In
the present study the R. were 0.1159, 0.0615, 0.0419,
0.0317 and 0.0255, for the initial concentrations of zinc ions
from 5-25 mg L indicating that the adsorption of zinc ions
on maghemite nanoparticles was favourable.

Figure 3. SEM image of maghemite nanoparticles

Scanning electron microscopy (SEM) was used for
analysis of the samples morphology. SEM image of
maghemite nanoparticles (Fig. 3) indicates the presence of
granular structure of various sizes for these nanoparticles.

Conclusion

In present work, the adsorption of zinc from industrial
wastewater by magnetic nanoparticles, i.e., maghemite
loaded ferrofluid, was carried out in the presence of
magnetic field. Equilibrium was attained within 60 minutes
of contact time between maghemite and zinc sample. It was
observed that maximum removal of zinc from wastewater
occurred at pH 3. The experimental results were examined
using Freundlich and Langmuir isotherms over the studied
concentration range.

Acknowledgements

The authors are thankful for the financial assistance
received from the University Grants Commission (UGC).

References
'Gupta, A. K. ; Gupta, M.; Biomaterials, 2005, 26, 3995-4021.

2Hristovski, K. D. ; Westerhoff, P. K. ; Crittenden, J. C.; Olson, L.
W.; Environ. Sci. Technol., 2008, 42, 3786-3790.

SFilip, J.; Zboril, R.; Schneeweiss, O.; Zeman, Z.; Cernik, M.;
Kvapil, P.; Otyepka, M.; Environ. Sci. Technol., 2007, 41,
4367-4374.

Lu, J.; Yang, S. .; Ng, K. M. ; Su, C.H. ; Yen, C.S .; Wu Y.N. ;
Sheieh, D.B. ; Nanotechnology, 2006, 17, 5812-20.

5YinP.H.; Yu, Q. M. ; Ling, Z.; Water Res., 1999, 33, 1960-1963.

6Ahalya, N.; Kanamadi, R. D.; Ramachandra, T. V. ;
Chem. Technol., 2006, 13, 122-127.

Received: 31.03.2013.
Accepted: 18.04.2013.

Indian J.

630



Synthesis and characterization of polyimines based on a flexible diamine

SYNTHESIS AND CHARACTERIZATION OF POLYIMIDES

Section A-Research Paper

BASED ON A FLEXIBLE DIAMINE
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The diamine 1,4-phenylenedi(oxy-4,4'-aniline) was prepared via the nucleophilic substitution reaction and polymerized with different
dianhydrides either by a one step solution polymerization reaction or a two steps procedure. These polymers had inherent viscosities
ranging from 0.64-0.83 dL g. Few of the polymers were soluble in most of the organic solvents such as DMSO, DMF, DMAc, NMP and
m-cresol even at room temperature and some were soluble on heating. The degradation temperature of the resultant polymers falls in the
ranges from 300-450 °C in nitrogen (with only 10% weight loss). The specific heat capacity at 200 °C ranges -4.0322-2.4059 J gt KL, The
maximum degradation temperature ranges from 550-600 °C. Ty values of the polyimides were found from 207 to 228 °C. The activation
energy and enthalpy of the polyimides were found in the range of 36.6-94.5 and 34.8-92.5 kJ mole and the moisture absorption from 0.24-

0.75%.
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Introduction

Aromatic polyimides have excellent reputation as high
performance materials based on their excellent thermal
stability, chemical resistance and mechanical properties.
Because of above mentioned properties polyimides can be
used in a wide variety of applications such as polymer
matrices for high temperature advanced composites,
membranes for the low temperature energy separation of
industrial gases, interlayer dielectrics, high temperature
adhesive and coatings.** Despite their widespread use, most
of them have high melting or softening temperatures and
limited solubility in most of the organic solvents because of
their rigid backbones and strong intermolecular interactions
which may restrict their use in some fields. For such
difficulties to be overcome, polymer structure modifications
become necessary. Considerable research efforts have been
done in designing and synthesizing new dianhydrides® and
diamines®!! thus producing a great variety of soluble and
processable polyimides for various purposes. Since 1960,
essentially the beginning of the search for high temperature
polymers, more attention was focused on the polyimides
than any other high performance/high temperature polymers.
This is primarily due to the availability of the polyimide
monomers  (particularly  aromatic  diamines  and
dianhydrides), the ease of polymer synthesis, and their
unique combination of physical and mechanical properties.
However, most fully aromatic polyimides are insoluble in
any organic solvent, and they have very high glass transition
temperatures, often higher than their decomposition
temperatures, which greatly limits their usefulness for many
applications. Therefore, much work has been done to
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improve the processability of aromatic polyimides while
maintaining their excellent level of thermal and mechanical
properties.!?!®> To meet these aims, by balancing
processability and performance, a number of approaches for
structural modifications have been pursued such as
incorporation of additional ether, ester, urethane, or amide
linkages onto the polymer backbone.*" Incorporation of
aryl ether unit is particularly successful method for
improving solubility with slight reduction in thermal
properties.’®® In the present study the diamine 1,4-
phenylenedi(oxy-4,4'-aniline) was synthesized and used to
prepare a series of polyimides using various dianhydrides.
Due to the presence of flexible moiety in the polyimide
backbone, a decrease in the rigidity of the polymer chain
would be expected which could improve the solubility of the
polymers.

Experimental

Materials

Hydroquinone, p-fluoronitrobenzene, potassium carbonate,
3,3',4,4'-benzophenonetetracarboxylic  acid  dianhydride
(BP), 4,4'-(hexafluoroisopropylidene)diphthalic anhydride
(HF), 3,4,9,10-perylenetetracarboxylic acid dianhydride
(PD) and pyromellitic dianhydrides (PMDA) of analytical
grade from Aldrich were used as received. All the other
reagents and solvents were of analytical grade and used
without further purification.

Measurements

!H and 3C NMR spectra were obtained on instrument Jeol
270 spectrophotometer in DMSO using tetramethylsilane as
an internal reference. Infrared measurements (KBr pellets)
were recorded in the range of 400-4000 cm™ on Bio-Rad
Excalibur FTIR Model FTS 3000 MX. Melting points were
recorded on Electrothermal 1A 9000 series digital melting
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point apparatus. Inherent viscosities were obtained using
Gilmount falling ball viscometer at 0.2 g dL* in DMSO and
H2SO4. Thermal and DSC analysis were carried out using
Perkin Elmer TGA-7 and DSC 404C Netzsch under nitrogen
atmosphere. Elemental analysis was carried out using Perkin
Elmer CHNS/O 2400. Wide-angle diffractograms were
obtained using 3040/60 X’Pert PRO diffractrometer.
Moisture absorption was determined by weighing the
changes of the dried pellets before and after immersion in
distilled water at 25 °C for 24 hours. Activation energy,
entropy and enthalpy were calculated using Horowitz and
Metzger method.?

Monomer Synthesis

1,4-Phenylenedi(oxy-4,4’-nitrobenzene) PONB (1)

A mixture of 2.0g (0.018 mol) of hydroquinone, 5.0g
(0.036 mol) of anhydrous K,COj3 and 3.81 ml (0.036 mol) of
4-fluoronitrobenzne in a two neck round bottom flask
having 70 ml of DMAc was heated at 100 °C for 20 h under
nitrogen atmosphere. The colour of the solution changes
from yellow to dark brown as the reaction proceeded. After
cooling to room temperature, the reaction mixture was
poured in 800 ml of water to form yellow solid which was
washed thoroughly with water and then separated by
filtration. The crude product was recrystallized from ethanol.
Yield 87 %, m.p. 238 °C. Elemental analysis calculated for
Ci1sH12N206 (352): C = 61.36%, H = 3.409%, N = 7.95%
and found C = 61.02%, H = 3.69%, N = 7.45%. FTIR (KBr
pellet) in cm™: 1589 (aromatic C=C), 1506 and 1340 (NO),
1235 (C-0O-C). 'H-NMR (DMSO-dg) in §(ppm) and J(H,):
722 (4H, d, Jap=Jap=9.30), 7.3(4H, s), 8.31 (4H, d,
Jba=Jya=9.30). *C-NMR (DMSO-dg) in & (ppm): 116.093
(2C, Cb), 125.82 (4C, C3, 3'), 127.31 (4C, C6, 6'), 145.469
(4C, C2, 2'), 149.625 (2C, C4), 163.24 (2C, C1). Yield
87 %, m.p. 238 °C. Crystal data: almost colorless crystal
grown during slow crystallization in ethanol/water (4:1) v/v ,
0.38 mm x 0.11 mm x 0.10 mm, triclinic, P1 with
a=7.2861(6), b=10.1381(9), c=12.0838(11) A, 0=91.973(7),
B=106.497(7), y=110.152(6)° where Dy = 1.472 Mg m?3 for
Z =2 and volume (V) = 794.74 (12) A3, 2

2 3 6 b
2 3 & ¢ b @

1,4-Phenylenedi(oxy-4,4’-aniline) POA (2)

A 250 ml two neck flask was charged with 1.0g (2.84
mmol) of (1), 10 ml of hydrazine monohydrate, 80 ml of
ethanol and 0.06g of 5% palladium on carbon (Pd—C). The
mixture was refluxed for 16 hours and then filtered to
remove Pd—C and the solvent was evaporated and the crude
solid was recrystallized from ethanol to yield 85% of the
theoretically calculated yield, m.p. 182 °C. Elemental
analysis calculated for C1gH16N20s (MW=292): C = 73.97%,
H =5.47%, N = 9.58 and found C = 73.75%, H = 5.12%, N
= 9.79%. FTIR (KBr pellet) in cm: 3400 and 3312 (NH,),
1639 (N-H bending), 1213 (C-O-C), 1495 (NH
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deformation). *H NMR (DMSO-dg) in & (ppm) and J (Hz):
5.08 (4H, s), 6.51 (4H, d, Ja»=Javy=8.27), 6.82 (4H, d,
Jba=Jya=8.28), 6.91 (4H, s). ¥*C NMR (DMSO-ds) in &
(ppm): 115.885 (4C, C3, 3'), 118.856 (4C, C6, 6'), 126.328
(4C, C2, 2"), 145.49 (2C, C1) 147.55 (2C, C5), 156.58 (2C,
C4). Yield 85%, m.p. 182°C. Crystal data: almost colorless
crystal grown during slow crystallization in ethanol/water
(4:1) viv, 0.42mm x 0.40mm x 0.20 mm, monoclinic, P21/c
with a=6.9579(9), b=22.664(3), c=5.1202(7) A , p=111.287
(2)° where Dx=1.290 Mg/m?® for Z = 2 and volume (V) =
752.34 (7) A3,

2 3 6 b
5 3 6 ¢ b a

Polymer Synthesis

To a stirred solution of POA (0.36 g, 1.238 mmol) in 8 ml
of DMAc was added 3,3',4,4'-benzophenonetetracarboxylic
acid dianhydride (BP) (0.4 g, 1.238 mmol). The mixture was
stirred at room temperature for 2 hours under argon
atmosphere to form a polyamic acid (precursor). The film
was casted onto a glass plate by heating polyamic acid
solution for 18 hours at 80 °C, 2 hours at 150 °C, 2 hours at
200 °C, 2 hours at 250 °C and 2 hours at 280 °C which
converted polyamic acid into polyimide films. The same
procedure was adopted for the polymerization of POA with
4,4'-hexafluoroisopropylidene diphthalic anhydride (HF)
and pyromellitic dianhydride (PMDA) however, the
polymerization with perylene dianhydride (PD) was carried
out by following procedure. In a 250 ml two neck round
bottom flask fitted with nitrogen inlet and outlet the diamine
POA [(0.37g, 1.27 mmol), dianhydride (0.5g, 1.27 mmol)],
m-cresol (20 ml) and isoquinoline (1 ml) were added. The
mixture was heated to 180-200 °C under nitrogen for 6
hours and then cooled to room temperature. The resulting
dark red solution was poured into 300 ml of acetone and the
resulting solid was washed with (1 N) sodium hydroxide
followed by water. After drying at 150 °C overnight,
polyimide was obtained as dark red solid. The inherent
viscosities of the polymers were subsequently determined at
concentration 0.2 g dL* at 25 °C in DMSO and H,SO..

Results and Discussion

Monomer Synthesis

The diamine POA was synthesized according to the well
developed method (Scheme-1) The first step is Williamsons
etherification® reaction of 1,4-dihydroxybenzene and p-
fluoronitrobenzene in the presence of potassium carbonate
in DMAc, followed by stirring of the mixture at 100 °C for
20 h. The diamine POA was readily obtained in good yield
by the catalytic reduction of the intermediate dinitro
compound with hydrazine hydrate and Pd—C catalyst in
refluxing ethanol. The schematic diagram of diamine
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Figure 1. Schematic diagram for
phenylenedi(oxy-4,4'-aniline)

the synthesis of 1,4-

synthesis is shown in the Fig. 1. Elemental, FTIR and NMR
analysis were carried out to confirm the structures of
intermediate and diamine. The nitro group of intermediate
compound gave two absorption band at 1506 and 1340 cm™
(NO2 a symmetric and symmetric stretching). The PONB
crystallizes with two half-molecules in the asymmetric unit.
All molecules lie on a centre of inversion. The dihedral
angles between the central and terminal benzene rings are
74.75(4) and 85.25(5)° for the two molecules in the
asymmetric unit.?? After reduction the characteristic
absorption of the nitro compound disappeared, and the
amino group showed a pair of N—H stretching bands in the
region of 3300-3500 cm~. The diamine POA is located on a
crystallographic inversion center and the terminal
aminophenoxy rings are almost perpendicular to the central
benzene ring with a dihedral angle of 85.40(4)°. The
molecular conformation is stabilized by N—H---O and N—
H---N intermolecular hydrogen-bonding interactions.?® All
the spectroscopic data obtained was in good agreement with
the expected structure.

Polymer Synthesis

The diamine monomers were polymerized with four
different aromatic  dianhydrides namely  3,3',4,4'-
benzophenone tetracarboxylic acid dianhydride (BP), 4,4'-
hexafluoroisopropylene)diphthalic anhydride (HF), 3,4,9,10-
perylene tetracarboxylic acid dianhydride (PD) and
pyromellitic dianhydride (PMDA) as shown in Fig. 2. The
polyimides of BP, HF and PMDA were prepared by
following a conventional two step procedure which includes
the ring-opening polyaddition at room temperature to poly
(amic acid), followed by sequential heating to 280 °C. The
polyimide of perylene dianhydride was prepared by a
different method. The polyamic acid precursors were
prepared by the addition of dianhydride to the diamine
solution gradually. The molecular weights were high enough
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to cast tough and transparent polyimide films. A rapid
temperature elevation resulted in cracked or brittle films.
The inherent viscosities determined for some polymer films
give values in the range of 0.64-0.83 dL g™at concentration
of 0.2 g dL? at 25 °C which indicates high molecular
weights of the polymers as shown in Table-2. The
polyimides obtained were subjected to solubility and
thermal studies. Some of the thermally cured polyimides
exhibited excellent solubility in polar solvents such as
DMSO, DMF and DMAc. The formation of polyimides was
confirmed by IR and elemental analysis (Table-1). All the
polyimides exhibited the characteristic imide group
absorption around 1780 and 1725 cm™ (typical of imide
carbonyl (symmetric and asymmetric stretching), 1380 cm=
(C-N stretch) and 1100 and 730 cm™ (imide ring
deformation). The disappearance of the amide and carboxyl
bands indicated a virtually complete conversion of the poly
(amic acid) precursor into polyimides. The results of the
elemental analysis of all the synthesized polyimides are
listed in Table 1. The values found were in good agreement
with the calculated one.

BP=3,3',4,4'-Benzophenone-
tetracarboxylic acid

o dianhydride

R HF=4,4’-(Hexafluoroiso-

§ propylidene)dipthalic
;©/C€©i anhydride

PD= 3,4,9,10-Perylenetetra-
carboxylic acid dianhydride

PD

XX

Figure 2. Four different acid dianhydrides used for polymerization.

PMDA=Pyromellitic
dianhydride

Organo Solubility and Moisture Absorption.

The inherent viscosities determined for polymer films
except POA-BP gave values in the range of 0.64-0.83 dLg™,
reflecting high molecular weight of the polymers. The
solubility of the polyimides was determined qualitatively
and the results are listed in Table 2. The solvents like
DMSO, DMF, DMAc, m-cresol and THF were tested. Some
polymers are found soluble on heating while others are
slightly soluble and some are insoluble. The organo
solubility behaviour of the polymers is generally depended
on their chain packing ability and intermolecular
interactions that was affected by the rigidity, symmetry and
the regularity of the backbone. From the Table 2 it was
noticed that the introduction of fluorinated dianhydride
component (HF) is especially effective for the high
solubility, irrespective of the diamine component. This
increase in solubility might be attributed to the molecular
asymmetry and the presence of bulky trifluoromethyl groups,
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Table 1.  Elemental Analysis of the polymers
Polyimide Formula of the Repeat Unit  |C% H% N%
(Formula Wt.) Calc.(Found) Calc. (Found) Calc. (Found)

POA-BP CasH1sN207 (578) 72.66 (71.95) 3.11 (3.20) 4.84 (4.48)

POA-HF Cs7H1sN206Fs (700) 63.42 (63.14) 2.57 (2.61) 4.00 (3.79)

POA-PD Ca2H20N206 (648) 77.77 (77.01) 3.08 (3.29) 4.32 (4.10)

POA-PMDA Ca28H14N206 (474) 70.88 (71.83) 2.95 (3.10) 5.90 (6.58)

Table 2. Inherent Viscosity, solubility and moisture absorption of polymers
Polymer DMSO DMF DMAc m-cresol  THF H2SO4 ninn, dL g Moisture ab-

sorption® %

POA-BP - - - - - + - 0.61
POA-HF +++ +++ +++ +++ - +++ 0.832 0.24
POA-PD + + + + - ++ 0.64P 0.75
POA-PMDA - - - - - ++ 0.71° 0.51

+++ = soluble at room temperature , ++ = soluble on heating; + =slightly soluble on heating , — = insoluble; a) measured from 0.2 g dL* at

25°C in DMSO; b) measured from 0.2 g dL* at 25 °C in H2SOs; ¢) moisture absorption was measured at 25+1 °C for 24 hours

which increase the disorder in the chains and hinders the
dense chain stacking, thereby reducing the interchain
interactions and so enhancing solubility. The poor solubility
of the remaining polyimides might be attributed to
crosslinking within polymer chain or the tight chain packing
and aggregation during imidization at elevated temperature.
The moisture absorption of the synthesized polyimides was
found in the range of 0.24-0.61 %. The fluorinated
polyimide was found to absorb lowest absorption as
compared to other polyimides because the trifluoromethyl
group possesses the amphiprotic feature, which inhibits the
absorption of moisture molecules on the surface of the
fluorinated polyimides.?*

100 s00 600 700

Figure 3. TGA curves of the synthesized polyimides

X-ray Diffraction Data

All the polyimides were characterized with WAXD
studies. The WAXD pattern is shown in Figure 4. All
polyimides except POA-HF, displayed a semicrystalline
pattern where as POA-HF displayed nearly completely
amorphous pattern because of the bulky CFz group which
disrupted the symmetry or dense chain packing leading to
highly ordered regions. The bulky CFs also induces looser
chain packing and reveals a large decrease in crystallinity
leading to highly ordered regions.?*
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Thermal Properties

Thermal properties of the polyimides were investigated by
the thermogravimetric analysis (TGA) and differential
scanning calorimetry (DSC) at heating rate of 10 °C min™.
Table 3 presents the thermal properties of the polyimides.
The results of the TGA analysis showed no significant
weight loss below 300 °C in nitrogen. The maximum
degradation temperature (Tmax) for most of the polymers lies
between 550-600 °C.

The thermal stability of the polymers was also evaluated
in term of 10 % weight loss (T10), maximum degradation
temperature (Tmax) and residual weight at 600 °C as listed in
Table 3. It has been seen by comparing T of the polymers
that the introduction of the diacid PD is especially effective
to improve the thermal stability of the polyimides regardless
of the diamine component. This increase in thermal stability
is attributed to rigid and bulky PD unit which inhibit the
rotation of bonds, resulting in an increase in chain stiffness
while the polyimides having HF unit are less thermally
stable than PD unit which is probably due to the different
packing density of the polymer aggregation and the
interaction of the polymer chain. The presence of bulky CFs;
group reduces the chain interactions and causes the poor
packing of the polymer chain and lowers the thermal
stability. This thermal behaviour is in agreement with the
literature.?

The thermal degradation kinetics for the polymers was
calculated from TGA curves and the activation energy of the
pyrolysis was obtained using the Horowitz and Metzger
method which is an integral method for the determination of
kinetic parameters. In this method, double logarithm of the
reciprocal of the weight fraction of the reactant was plotted
against the temperature difference and the kinetic
parameters were calculated by some mathematical
calculations using battery programme based on Horowitz
and Metzger method. The thermal degradation of the
polyimides in the absence of the oxygen was believed to
involve the direct cleavage of the C-N bond. The specific
heat capacity ranges from -4.0322 to 2.4059 J g~ K™* at
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Table 3. Thermal behaviour of pPolymers in nitrogen flow.

Specific heat Thermal Reoo Tg Activation Entropy, Enthalpy
Polymer capacity? at Stability® (%0)° (cC)f energy, kJ mol- kJ mol*

200 °C, Tao Tmax kJ mol-! 1K

J g—l K-1 (oc)c (oC)d
POA-BP 2.4059 350 550 80.5 228 53.8 0.265 52.0
POA-HF 0.5162 300 580 66.0 225 48.8 0.213 40
POA-PD -4.0322 450 600 85.6 - 94.5 0.672 925
POA-PMDA 2.3949 300 600 62.8 207 36.6 0.093 34.8

a) Measured from DSC under nitrogen at heating rate of 10 °C min%; b) Measured from TGA under nitrogen at heating rate of 10 °C
min; ¢) Temperature at 10% weight loss; d) Maximum degradation temperature obtained from differential curves; e) Residual weight at

600°C; ) Tq (glass transition temperature)
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Figure 4. Wide-angle X-ray diffractograms of the prepared

polymers
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200 °C. T4 values of the polyimides ranged from 207 to 228
°C. The activation energy and enthalpy of the polyimides are
in the range of 36.6-94.5 % and 34.8-92.5 kJ mol?,
respectively, and are comparable with the literature.

Conclusions

The diamine POA was successfully prepared in high
purity and high yield and was polymerized with four
different aromatic dianhydrides to obtain moderate to high
molecular weight polyimides. Polyimides with 3,3',4,4'-
benzophenone tetracarboxylic acid dianhydride , 4,4'-
(hexafluoroisopropylidene) diphthalic anhydride and
pyromellitic dianhydrides could be thermally converted into
tough and flexible polyimide films. Few polyimides
synthesized were soluble in most of the organic solvents
such as DMSO, DMF, DMAc and m-cresol. The
degradation for 10% weight loss ranges from 300-450°C.
The maximum degradation temperature ranges from 550-
600 °C and specific heat capacity -4.0322 to 2.2.4059 J g~*
K1 at 200 °C. Tg values of the polyimides ranged from 207
to 257 °C. All polyimides show semicrystalline pattern
except POA-HF which shows completely amorphous pattern.
The moisture absorption of the polyimides is in the range of
0.24-0.75%. Activation energy and enthalpy of the
polyimides is in the range of 36.6-94.5 kJ mol* and 34.8-
92.5 kJ mol?, respectively. These polyimides could be
considered as processable high performance polymeric
materials.
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a-AMINO ACIDS AND HETEROCYCLIC COMPOUNDS
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thiadiazolopyrimidines, bezoxazinones, fused quinoxalinylquinazolinones

Utility of (E)-4-(acetylamino)phenyl-4-oxo-2-butenoic acid with new sulfur reagents e.g. 2-amino-5-aryl-thiadiazoles 2 to afford the
corresponding adducts (3, 4, 5, 6). Reaction of the latter compounds with different electrophilic and nucleophilic reagents affords some
important heterocycle such as various furanones, thiadiazoles, pyridazinones, imidazolo[2,3-b]1,3,4-thiadiazoles, thiadiazolopyrimidines,

bezoxazinones, fused quinoxalinylquinazolinones
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[a] Chemistry department , Science Faculty , Ain-Shams
University

INTRODUCTION

Amino acids are the smallest units of proteins and are
useful components in a variety of metabolic activities. There
are numerous advantages of taking amino acids as dietary
supplements, also provide many useful biological activities
In vitro data [1] about amino acids include muscle protein
maintenance, potentiation of immune function, affecting
neuronal activities in the brain, tissue repair acceleration,
protecting liver from toxic agents, pain relief effect,
lowering blood pressure, modulating cholesterol metabolism,
stimulating insulin of growth hormone secretion and so on.
It is important to be note that they are part of complex
pathway and biological systems. Amino acids have proven
to play a significant role in the synthesis of  novel drug
candidate with the use of non-proteinogenic and unnatural
amino acids #7. Over the last decade the synthesis of non-
proteinogenic unnatural amino acids has received significant
attention of organic chemists, who have tried to find out cost
effective and less time consuming synthetic pathways. From
this point of view the authors have made an attempt to
investigate the reaction of 4-aryl-4oxo-but-2-enoic acids
with 2-amino-1,3,4-thiadiazole under aza-michael reaction
conditions which produced adducts 3-6 as a-amino acid
types with acetic anhydride at different condition and N2H4
to give the corresponding furanone, imidazolo[2,3-b]1,3,4-
thiadiazole, 1,3,4-thiadiazolopyrimidine and pyridazinone
derivatives, respectively with an aim to obtain some
interesting heterocyclic compounds with non-mixing and
mixing system. Hence, keeping these reports in view and
continuation of our earlier search work® for aza-Michael
adducts.

EXPERIMENTS

All melting points are uncorrected. Elemental analyses
were carried out in the Microanalytical Center, the center
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Microanalysis IR spectra (KBr) were recorded on IR
spectrometer ST-IR DOMEM Hartman Braun, Model: MBB
157, Canada and *H-NMR spectra recorded on a varian 300
MHz (Germany 1999) using TMS as internal standard. The
mass spectra were recorded on Shimadzu GCMS-QP-1000
EX mass spectrometer at 70e.v. homogeneity of all
compounds synthesized was checked by TLC.

Compounds 3-6

A solution of 4-(4-Acetylaminophenyl)-4-oxo-2-butenoic
acid (0.01 mol) and 5-aryl-2-amino-1,3,4-thiadiazole (0.016
mol) in 30 ml ethanol was refluxed for 3 h. The crude
product was washed by petroleum ether (b.p 40- 60°C), and
then crystallized from ethanol to give the following
compounds .

4-(4-Acetylaminophenyl)-4-oxo-2-(5-phenyl-2-thiadi-
azolylamino)butanoic acid (3)

Yield 80% , Mp 160-162 °C ,IR for CO for acid and
ketone groups ( 1695 — 1665 ) cm, 'H NMR (DMSO-ds)
25 (s,3H,CHsC0O),34 (2 dd , CHxC=0 J=15.2,
J=7.7)( diastereotopic protons) , 4.2(dd,CH-COOH,methine
proton), 6.7(s,NH),7.6-8.1(m,9H,ArH) , 8.2 (s, 1H, COOH),
8.6 (s, 1H, C=0-NH). EIMS m/z 410 (M*) . Anal.Calc. for
(C20H18N4S0O4): C 58.53, H 4.39; Found: C 58.50, H 4.40.

4-(4-Acetylaminophenyl)-4-oxo-2-(5-(4-chlorophenyl)-2-
thiadiazolyl amino)butanoic acid(4)

Yield 75%. Mp. 174-174 °C. IR for CO for acid and
ketone groups are at 1695-1630 cm™. *H NMR (DMSO-ds)
exhibits signals at 2.5(s, 3H, CH3CO), 3.4 (2 dd, CH,-C=0,
J=15.2, J=7.7) (diastereotopic protons), 4.2 (dd, CH-COOH,
methine proton), 6.7 (s, NH), 7.6-8.1 (m, 8H, ArH), 8.2 (s,
1H, COOH), 8.6 (s, 1H, C=0O-NH). m/z 358 (M*-(CO;
+CH»=CO). Anal.Calc. for (C2H17N4SO4 Cl): C 54.05, H
3.83; Found: C 54.00, H 3.80.
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4-(4-Acetylaminophenyl)-4-oxo-2-(5-styryl-2-thiadiazolyl
amino)butanoic acid (5)

Yield 70%. Mp. 180-182 °C. IR: CO for acid and ketone
groups are at 1694-1660 cm™. H-NMR spectrum in
DMSO-ds exhibits signals at 2.5 (s, 3H, CH3CO), 3.4 (2 dd,
CH2C=0, J=15.2, J=7.7) (diastereotopic protons), 4.2 (dd,
CH-COOH, methine proton), 6.7 (s, NH), 7.6-8.1 (m, 11H,
ArH and olefinic protons), 9.5 (s, 1H, COOH), 10.2 (s, 1H,
C=0-NH). m/z; 392 (M*-CO;). Anal.Calc. for
(C22H20N4S0O4): C 60.55, H 4.58; Found: C 60.50, H 4.60.

4-(4-Acetylaminophenyl)-4-oxo-2-(5-phthalimido methyl-2-
thiadiazolyl amino)butanoic acid(6)

Yield 35%. Mp. 150-152 °C. IR: CO for imide, acid and
ketone groups at are at 1770, 1690 and 1660 cm™. *H-NMR
spectrum (DMSO-dg) exhibits signals at 2.5 (s, 3H, CH3sCO),
3.4 (2 dd, CH,-C=0, J=15.2, J=7.7) (diastereotopic protons,
4.2 (dd, CH-COOH, methine proton), 6.7 (s, NH), 7.6-8.1
(m, 8H, ArH), 8.2 (s, 1H, COOH, 8.6 (s, 1H, C=O-NH).
m/z: 475 (M*-H;0). Anal.Calc. for (C23H19N5SOg): C 55.98,
H 3.81; Found: C 55.90, H 3.80.

Compounds 7, 8

A mixture of 7 (3 g; 0.005 mol) and acetic anhydride (9.4
mL) was heated under reflux for 1 h upon water bath. The
solid that separated on cooling was crystallized from
pet.ether (80-100) to afford 7 and from ethanol to afford 8.

2-(5-Acetylaminophenyl-2-oxo-furan-3-yl)amino-5-phenyl-
1,3,4-thiadiazole (7)

Yield 50%, m.p. 200-202 °C, M.wt= 391 (C2H17N405S).
IR: vnu 3297-3100, vcn 3055-2890, the band at 1767and
1693 cm* can be attributable to vco lactonic and acetamido
groups, respectively, and H-NMR spectrum(DMSO-ds)
exhibits signals at & 2,1 (s 3H, CH3;CO), 4 (dd, 1H, -CH-NH,
J=8.5), 6.7 (bs, NH), 7.5-7.9 (m, 9H of Ar), 6.9 (d, 1H, CH
furanone moiety, J=8.5), 12.7 (s, 1H, —-C=0-NH) acidic
protons are exchangeable in D;O. Elem. Anal.: Calcd: C
61.5,H 4.3,N 14, S 8.3; Found C 61.4, H 4.2, N 13.8, S 8.2.

5-(4-Acetylaminophenylmethyl)-2-Phthalimidomethyl-4-oxo-
imidazolo[2,1-b]-1,3,4-thiadiazole (8)

M.wt = 497 (C21H13N4O4SBr), Mp. 230-232 °C, yield 35%.
calcd/found: C 50.89/51.00, H 2.64/2.22 , N 11.30/11.62,
Br 16.12/16.08, S 6.74/6.38. IR: vc=o are at 1772, 1720,
1691 and 1668 cm™. *H-NMR (DMSO-dg) exhibits signals
at 3.2 (2dd, CH,-C=0, J=7.7)( diastereotopic protons), 3.9
(dd, CH-COOH, methine proton), 5.2 (s, 2H, CH»-N), 6.7 (s,
1H, bridgeCH, 1,3-double bond shift), 7.2-7.7 (m, 8H, ArH).
The EI-MS shows the molecular ion peak at m/e 498, 496
corresponding to (M+2)* and (M), respectively .

1-(4-Acetylaminophenyl-6-(N-phthalimido)methyl-) 1,3,4-
thiadiazolo [3,2-a] pyrimidine (9)
Boiling of 3 (3 g; 0.005 mol) with acetic anhydride (9.4

mL ) on a hot plate was heated under reflux for 4 h. The
reaction mixture was poured on to H,O and the solid
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compound was separated and crystallized form ethanol.
M.wt=453 (Con13N40zSBI‘), M.. 230 °C, yIE|d 65%,
calcd/found: C 52.98/52.80, H 2.86/2.62, N 12.63/12.52, Br
17.66/17.45, S 7.06/6.88. IR: vc-o are at 1772 ,1668 cm-1.
H-NMR (DMSO-ds) exhibits signals at 5.2 (s, 2H, CH2-N),
6.7 (s, 1H, bridgeCH, 1,3-double bond shift), 7.2-7.7 (m,
10H, ArH).

Pyridazinones 10 -12

An equimolar mixture of compound 7 (2.75 g;5mmol) and
hydrazine hydrate (1.7mL,0.015 mol) was refluxed in
boiling ethanol for 3 h and the solid that separated out was
filtered off, dried and then crystallized from ethanol .

6-(Acetylaminophenyl)-4-(5-phenyl-2-amino-1,3,4 thiadiazole)-
2,3,4,5-tetrahydro 3(2H)-pyridazinones (10)

Yield 70-75 %. IR(KBr) 1674,1708 (CO), 3177 (NH). H
NMR (DMSO-ds): & 2.2(s, 3H, CH3), 3.7 (2dd, 2H, CH>-
C=N), 4.2 (2 dd, CH, methine proton) 6.7 (s, NH, NH of
thiadiazole moiety), 7.43-7.81 (m, 9H, Ar-H), 11.59 (brs,
2H, NH of acetamido and pyridazinone moieties). EIMS:
m/z: 406 (M*), .Anal.: Calcd. CxHisNeSO2: C 59.11, H
4.43; Found: C 59.20, H 4.43.

6-(Acetylaminophenyl)-4-(5-(4-chlorophenyl)-2-amino-1,3,4-
thiadiazole)-2,3,4,5-tetrahydro-3(2H)-pyridazinones (11)

Yield 70-75 %. IR(KBr) 1674, 1708 (CO), 3177 (NH). *H
NMR (DMSO-ds): & 2.2(s, 3H, CH3), 3.7(2 dd, 2H, CH>-
C=N), 4.2 (2 dd, CH, methine proton), singlet broad band at
6.5 ppm assigned for NH of thiadiazole moiety.) 7.6-8.1 (m,
8H, ArH), singlet at 10.2 was assigned for the two acidic
protons of acetamido and pyridazinone moieties. EIMS m/z:
405 (M*-CI). Anal.: Calcd. for 11 C2H17NeSOCI: C 54.54,
H 3.86; Found: C 54.50 , H 3.86.

6-(Acetylaminophenyl)-4-(5-styryl-2-amino 1,3,4 thiadiazole)-
2,3,4,5-tetrahydro-3(2H)-pyridazinones (12)

Yield 70-75%. IR (KBr) 1674, 1708 (CO), 3177 (NH). 'H
NMR (DMSO-dé6): & 2.2 (s, 3H, CHs), 3.7 (2 dd, 2H, CH,-
C=N), 4.2 (2 dd, CH, methine proton), singlet broad band at
6.5 ppm assigned for NH of thiadiazole moiety.) 7.6-8.1(m,
11H, ArH and olefinic protons), singlet at 10.2 assigned for
two acidic protons of acetamido and pyridazinone moieties.
EIMS: m/z: 432 (M*). Anal. Calc. C22H20NgSO,: C 61.11, H
4.62; Found: C 61.18, H 4.60.

Ethyl N-[6-(4-acetylaminophenyl)-3-oxo-pyridazin-4-yl)]-N-[(5-
phenyl-1,3,4-thiadiazol-2-yl)] glycinate (13)

An equimolar mixture of compound 10 (2.0 g; 5 mmol)
and ethylchloroacetate (1.4 mL, 0.015 mol) in 50 mL dry
pyridine was refluxed for 3 h. The reaction mixture was
poured on to ice/HCI and the solid that separated out was
filtered off, dried and then, crystallized from ethanol. Yield
35 %. Mp. 190-192. IR (KBr) 1630 (C=N), 1650, 1743 (CO),
3320, 3188 (NH). 'H NMR (DMSO-ds): & 1.12 (t, 3H, CHa),
2.08 (s, 3H, CHa), 3.72-3.86 (m, 3H, CH2CH), 4.13 (s, 2H,
CH2-N), 4.80 (g, 2H, CH»>-O), 7.46-7.92 (m, 9H, Ar-H),
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11.36 (brs, 2H, NH of acetamido and pyridazinone moieties).

Anal.: Calcd. for C24H24NGSO4Z C 58.53, H 4.87, N 17.07;
Found: C 52.40, H 4.76, N 17.00.

3-0x0-4-(5-phenyl-1,3,4-thiadiazol-2-yl)-6-(4-acetyl-aminophe-
nyl)-)1,2,3,4tetrahydrol,4-oxazino[2,3-c]pyridazine (14)

An equimolar mixture of compound 10 (2.0 g; 5 mmol),
ethylchloroacetate (1.4 mL, 0.015 mol) and anhydrous
K2COs3 (4 g) in 50 mL dry acetone was refluxed for 24 h.
The reaction mixture was then poured on to H.Olice. The
solid that separated out was filtered off, dried and then,
crystallized from benzene. Yield 65 %. Mp. 162-164 °C. IR
(KBr) 1630 (C=N), 1650, 1685 (CO), 3320, 3188 (NH). H
NMR (DMSO-dg): & 2.08(s, 3H, CHs), 3.72-3.76(m, 3H,
CH>CH), 5.933 (s, 2H, OCH2CO), 7.46-7.92 (m, 9H, Ar-H),
11.36 (brs, 1H, NH of acetamido moiety). Anal.: Calcd. for
C22H1sN6SO3: C 59.19, H 4.03, N 18.83; Found: C 59.30, H
4.00, N 18.70.

1-((2-(4-Acetylaminophenyl))-2-oxo)ethyl-7-oxo-quinoxalino-
[1,2-b]-quinazoline (16)

A mixture of benzoxazinone 15 (0.01 mol) and o-
phenylene diamine (0.01mol) in ethanol (50 mL) was heated
and refluxed for 5h. The reaction mixture was allowed to
cool and the product was filtered, dried and recrystallized
from ethanol. Yield 70 %. Mp. 126-128 °C. IR (KBr) 1709,
1735 (CO), 3423 (NH). 'H-NMR (DMSO-dg): 6 2.5 (s, 3H,
CHj3), 3.4 (m, 3H, CH>-CH), 6.2 (s, 1H, pyrazine moiety),
7.46-8.11 (m, 12H, Ar-H), 12.40 (brs, 1H, NH of acetamido
moiety). Anal.: Calcd. for CasH20N4O3: C 70.75, H 4.71, N
13.20; Found: C 70.70, H 4.64, N 13.15.

RESULTS AND DISCUSSION

When 4-(4-acetylaminophenyl)-4-oxo-but-2-enoic  acid
(1) was allowed to react with 2-amino 5-aryl thiadiazole
derivatives (2), it produced 3-(4-acetamidobenzoyl)-2-(5-
aryl 2-thiadiazolylamino)propanoic acids (3-6) as a-amino
acid types that differ in biological activity by differing the
aryl groups. Outline in Table 1 the presence of halogen atom
enhances the antibacterial activity rather than chromophore
moiety -CH=CH- (Scheme 1) .

Ar
Ne
\
SYN
COOH HN COOH
o | Ar o
=N Pip:
+ S 1 i»
—N
HoN
NHCOCH;, 2 NHCOCH;,
1 3-6
Scheme 1.

The recent efforts made for the development of new
ascorbic acid analogues in obtaining anti-oxidant®3, anti-
tumour®* agents have resulted 2(3H)-furanones as a new
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antioxidant and anti-inflammatory agents. In the synthesis
of lactone derivatives related to ascorbic acid, the NH
group in the position 3 is acting as OH group in ascorbic
acid, we also have found out that some 3,5-diaryl-2(3H)
furanone possess significant anti-inflammatory and anti-

oxidant activities®®.
Ar
= N’N
S»—Ph
ENL)\S%

ACzo
Hot plate

s H
ph‘( "\, CooH
N—N
(o] Ph
3
. M
Water bath
Ar = C4H,4(4-NHCOCHS;) 7
Scheme 2.
Ar
S \
COOH
3
H,CCONH
N,H,
~N
\ Ar
CH;COHN 10-12

CICH,COO CICH,COOEt
/ ,CO5/ Py: :
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_<Ar

N N

/ AY
':l \(/ N HN ~CH,COOEt
N & S/ |

N
Ar
14
NHCOCH;
NHCOCH;

Ar = Ph, C4H,(4-Cl), PhnCH=CH-

Scheme 3.
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Table 1. Antibacterial and Antifungal activities for some important synthesize compounds

Compound / Ar Escherichia coli G Staphylococcus aureus  Aspergillus flavus Candida albicans
G* (Fungus) (Fungus)

3/CeHs- 14 14 12 10

4/4-CICsH4 16 16 13 12
5/Phthalimidoylmethyl 14 14 14 12

6/B-styryl 14 13 0 0

10 16 16 13 12

11 18 16 15 14

13 12 14 10 12

14 14 13 12 13

The antimicrobial screening of all the synthesized compounds can be done using the agar diffusion assay. Tetracycline (Antibacterial

agent): 32-30, Amphotericin (Antifungal agent): 18-16

These results prompted us that lactones can be obtained by
the lactonization of hydroxyl acids. Thus, the adduct 3 (new
a-amino acid) with design and synthesize new furanones.
The synthesis of freshly distilled acetic anhydride afforded
2-(5-acetylaminophenyl-2-oxo-furan-3-yl)amino-5-phenyl
1,3,4- thiadiazole (7) and 2-phenyl-4-0x0-5-(4-
acetylaminobenzoylmethyl)imidazolo- [2,1-b]-1,3,4-
thiadiazole derivatives (8). The 'H-NMR spectrum of
compounds 8 and 9 showed  singlet peak at 6.7
corresponding to bridged CH,1,3-double bond shift that
explained the proton spend apart of life time as methine
proton. Fused thiadiazolo pyrimidine 9 can be synthesized
by the treatment of aza-adducts 3 with boiling acetic
anhydride, through decarboxylation followed by ring closure
(Scheme 2).

It was reported®® that the pyridazinone substituted 1,3,4-
thiadiazolene were fungicidally active and their activity was
influenced by the nature of the substituents. Thus, when the
acid la was allowed to react with hydrazine hydrate in
boiling ethanol, it produced 13. Reaction of the
pyridazinone derivative 13 with ethylchloroacetate in
boiling pyridine produced glycinate ester derivative 14. But,
when the above reaction of pyridazinone 10 with
ethylchloroacetate is carried out in the presence of
anhydrous carbonate and dry acetone® it produced 1,4
oxazino[2,3-c]pyridazine derivatives 14 (Scheme 3).

In one pot reaction, 4-(4-acetylaminophenyl)-4-oxo-but-2-
enoic acid (1) was allowed to react with phosphorous
pentachloride and then refluxed with anthranilic in the
presence of acetic anhydride produced benzoxazinone 15%,
The preparation of quinoxaline and its derivatives plays an
important role in organic synthesis'’, displaying a broad
spectrum of biological activities®, as a building blocks in
the synthesis of organic semiconductors®, rigid subunits in
macro cyclic receptors or molecular recognition® and
chemically controlled switches?*.

o] NH, 0
—
NM/AT EtOH N/ NH
o} 0
15 16

Ar = CgH,(4-NHCOCH;)

Scheme 4.
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Treatment of the benzoxazinone 15 with o-phenylene
diamine in boiling ethanol can be produced with new
derivative of quinoxaline 16 (Scheme 4).
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VOLUMETRIC, VISCOSITY AND ULTRASONIC BEHAVIOUR

E B OF n-BUTYL PROPIONATE + ETHER (THF, 1,4-DIOXANE,

ANISOLE AND BUTYL VINYL ETHER) MIXTURES AT 303.15,
308.15 AND 313.15 K
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M. V. Rathnam,?" D. R. Ambavadekar, M. Nandini?]

Keywords: density, viscosity, speed of sound, binary mixture, n-butyl propionate

Density, viscosity and speed of sound of binary liquid mixtures of butyl propionate with tetrahydrofuran, 1,4-dioxane, anisole and butyl
vinyl ether were measured at ( 303.15,308.15 and 313.15) K and over the entire composition range. From the experimental data values
of excess volume VE, viscosity deviations Ay, deviation in speeds of sound Au, isentropic compressibility Ks and deviation in isentropic
compressibility AKs, have been determined. The speeds of sound data have been analysed on the basis of Jouyban—Acree and Vandeal—-

Vangeel models.
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Introduction

A number of theories*? have been proposed to compute
the useful thermodynamic properties of liquids and liquid
mixtures. Parallel to this many experimental techniques
have been developed. In liquid mixture studies attractive
forces like dipole—dipole interactions, hydrogen bond type
forces and dipole-induced dipole interactions lead to non
ideal effects.® However quantitative estimation of such
interactions is important in order to achieve a fundamental
understanding about the liquid state properties, which are
useful in many specific disciplines like chemistry, physics,
engineering, and biology. Numerous studies*° have been
reported related to the interactions in binary liquid mixtures
of esters with a variety of organic solvents. However no
attempts have been made to study interactions in the binary
mixtures containing butyl propionate as a common
component.

Esters have found wide spread use in several industries
and automotive applications due to their excellent
performance characteristics such as solvency and
evaporation rate. Butyl propionate is widely used for high
solid coatings in automotive finishes, appliance coatings,
cleaning fluids, enamels, lacquers, and printing inks. While
ethers are commonly used as powerful non-polar solvents
for both industrial applications and for chemical reactions.
In medical applications ethers are used as a general
anaesthetic for surgeries. Its use replaced chloroform which
was extremely toxic. In automotive application an ether is
added to the fuel in race cars for extra power. Therefore the
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study of interaction of esters with ethers will throw light on
designing, separation operations such as distillation etc.

In view of these above importance the present research
has been undertaken with the objective of investigating the
molecular interactions of the binary mixtures of butyl
propionate with ethers. In continuation of our earlier
work,'14 in this paper we report the density, viscosity and
speed of sound of binary liquid mixtures of butyl propionate
+ tetrahydrofuran, butyl propionate + 1,4-dioxane, butyl
propionate + anisole, and butyl propionate + butyl vinyl
ether at (303.15, 308.15 and 313.15) K over the entire
range of composition of n-butyl propionate.

From the experimental values excess volume VE, deviation
in viscosity Az, deviation in speeds of sound Au, isentropic
compressibility Ks and deviation in isentropic
compressibility AKs, have been calculated. This work also
provides a test of empirical equations proposed by Jouyban—
Acree’>! and Vandeal-Vangeel*” to correlate speeds of
sound data of the binary liquid mixtures in terms of pure
component properties.

Experimental

Materials: Extra pure butyl propionate, tetrahydrofuran,
1,4-dioxane, anisole and butyl vinyl ether all Fluka AG
were procured from the Aldrich company. The mass fraction
purities as determined by gas chromatography (HP 8610)
using FID were, butyl propionate (> 0.998), tetrahydrofuran
(> 0.996), 1,4-dioxane (>0.997), anisole (> 0.998), and butyl
vinyl ether (>0.996). Before use the pure chemicals were
stored over 0.4 nm molecular sieves for 72 h to reduce water
content if any and were degassed at low pressure.

Methods: The density of pure liquids and their binary
mixtures were measured with Anton Paar DMA 4500
density meter with certified precision of better than £1x 10
g.cm?® operated in the static mode and the cell was
regulated to + 0.01K with solid state thermostat. The
apparatus was calibrated once a day with dry air and double
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distilled freshly degassed water. The uncertainty in the
density measurements was found to be less than £0.0002 g
cm3.  Airtight stoppered bottles were used for the
preparation of the mixtures. Mass measurements accurate to
+ 0.01 mg were made on a digital electronic balance
(Mettler AE 240, Switzerland). Each mixture was
immediately used after it was well mixed by shaking. The
resulting mole fraction uncertainty was estimated to be less
than + 0.0001. Viscosities were determined using an
Ubbelohde viscometer with an uncertainty of +0.005 mPa s.
The detailed method of measurement of viscosity has been
described earlier.’ The speeds of sound at frequency of 2
MHz were determined using single crystal variable path
interferometer ( F-8 Mittal Enterprises, New Delhi, India).
The uncertainty in speed of sound was found to be + 1 m s™.

Results and Discussion

The results of density p, excess volume VE, viscosity 7,
and speed of sound u, isentropic compressibility Ks of the
studied binary mixtures at (303.15, 308.15 and 313.15) K
are given in Table 1. The excess volume VE (cm®mol™?) was
calculated using the relation

vE _ UMy +oMy) My XM,
P12 =t P2

@

where x, M and p are the mole fraction, molar mass, and
density respectively of pure components 1 and 2. p1» is the
density of the liquid mixture. The isentropic compressibility
Ks was calculated using Newton-Laplace equation:

Ks =2 2
up

The deviations in viscosity Az, speeds of sound Au, and
isentropic compressibility AKs were calculated using the
general equation

where AY is the deviation or excess property in question, Yn
refers to the property of the mixture, xi1Y;and xoY» refer to
the mole fraction and specific property of the pure
components 1 and 2 respectively. The results of VE, 45,
Au and 4Ks, for the binary mixtures at ( 303.15, 308.15 and
313.15 ) K were graphically represented in Figures 1-4.
Further these results were fitted to the Redlich-Kister®
polynomial equation by the method of least squares to
derive the binary solution coefficients Ao, A1, Az,

AY = X%, [AO +A (% —%5) + A2(X1—X2)2} (4)
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0.4

I8 /fem*molt)

Figure 1. Curves of excess volumes (VE) vs. mole fraction for the
binary mixtures. Butyl propionate + Tetrahydrofuran at (o, 303.15
K; 0, 308.15 K; A, 313.15 K; butyl propionate + 1,4-dioxane at (X,
303.15 K; k, 308.15 K; ==, 313.15 K; butyl propionate + anisole
at 0, 303.15 K; +, 308.15 K; m, 313.15 K; butyl propionate + butyl
vinyl ether ¢, 303.15K; A, 308.15K; o, 313.15 K.

The standard deviations for VE, 4y , Au and 4Ks were
calculated using the relation

0.5
E E 2
2 (Yexp ~Ycal)

(D-N)

o(Y)= ®)

where D and N are the number of experimental data and
equation parameters respectively. The coefficients of Eq.4
and the standard deviations of Eq.5 were presented in Table
2.

0.06
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002 }
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Figure 2. Curves of deviation in viscosity (Ay) Vs mole fraction
for the binary mixtures. butyl propionate + tetrahydrofuran at ( o,
303.15 K5 0,308.15 K; A, 313.15 K; butyl propionate + 1,4-
dioxane at x, 303.15 K; x, 308.15 K; == 313.15 K; butyl
propionate + anisole at O, 303.15 K; +, 308.15 K; m, 313.15K;
butyl propionate + butyl vinyl ether 4, 303.15K; A, 308.15K; e,
313.15K
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Table 1 Values of density p , excess volume VE, viscosity # , speed of sound u, isentropic compressibility Ks,for the binary liquid

mixtures.
X1 p, g.cm’® VE, cm3.mol? n, mPa.s u, ms?t Ks, Tpal
Butyl propionate(1) + Tetrahydrofuran (2)

T=303.15 K
0.0000 0.8787 0.439 1248 730.7
0.0596 0.8784 -0.080 0.465 1236 745.2
0.1176 0.8780 -0.145 0.487 1224 760.2
0.1900 0.8773 -0.199 0.513 1216 770.9
0.2667 0.8764 -0.230 0.540 1208 787.1
0.3539 0.8754 -0.255 0.570 1196 798.6
0.4521 0.8741 -0.244 0.593 1192 805.2
0.5628 0.8728 -0.231 0.616 1188 811.8
0.6893 0.8714 -0.202 0.645 1184 818.6
0.8314 0.8699 -0.147 0.675 1184 820.0
1.0000 0.8679 0.700 1188 816.4
X T=308.15 K
0.0000 0.8730 0.429 1228 759.6
0.0596 0.8730 -0.093 0.450 1220 769.8
0.1176 0.8727 -0.160 0.469 1212 780.3
0.1900 0.8720 -0.227 0.491 1204 791.3
0.2667 0.8712 -0.272 0.513 1196 802.6
0.3539 0.8710 -0.289 0.537 1188 814.5
0.4521 0.8688 -0.282 0.557 1184 821.3
0.5628 0.8674 -0.272 0.581 1180 828.1
0.6893 0.8659 -0.231 0.604 1176 835.2
0.8314 0.8643 -0.163 0.629 1172 842.4
1.0000 0.8621 0.653 1172 844.5
X T=313.15K
0.0000 0.8669 0.394 1212 785.3
0.0596 0.8670 -0.120 0.409 1196 806.2
0.1176 0.8668 -0.187 0.427 1184 822.8
0.1900 0.8664 -0.264 0.445 1172 840.0
0.2667 0.8657 -0.308 0.467 1164 852.2
0.3539 0.8649 -0.323 0.491 1156 864.9
0.4521 0.8638 -0.326 0.511 1148 878.0
0.5628 0.8627 -0.301 0.532 1148 879.2
0.6893 0.8615 -0.272 0.557 1144 886.6
0.8314 0.8602 -0.186 0.582 1144 888.2
1.0000 0.8583 0.607 1156 871.9

Butyl propionate(1) + 1,4-Dioxane (2)

X1 T=303.15 K
0.0000 1.0228 1.090 1320 561.2
0.0612 1.0074 -0.035 1.031 1296 591.0
0.1261 0.9923 -0.057 0.978 1280 615.1
0.1987 0.9769 -0.082 0.927 1260 644.8
0.2785 0.9614 -0.093 0.882 1248 667.8
0.3653 0.9461 -0.096 0.840 1228 700.9
0.4599 0.9310 -0.088 0.810 1220 721.7
0.5687 0.9155 -0.081 0.777 1212 743.6
0.6873 0.9004 -0.059 0.747 1200 771.3
0.8318 0.8842 -0.029 0.721 1192 796.0
1.0000 0.8679 0.700 1188 816.4
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X1 T=308.15 K
0.0000 1.0173 0.999 1312 571.3
0.0612 1.0019 -0.040 0.949 1292 597.9
0.1261 0.9869 -0.076 0.907 1276 622.3
0.1987 0.9715 -0.107 0.865 1256 652.5
0.2785 0.9560 -0.124 0.829 1240 680.3
0.3653 0.9407 -0.133 0.793 1224 709.6
0.4599 0.9256 -0.130 0.764 1212 735.5
0.5687 0.910 -0.116 0.737 1200 763.1
0.6873 0.8949 -0.100 0.705 1188 791.8
0.8318 0.8786 -0.059 0.678 1180 817.4
1.0000 0.8621 0.653 1172 844.5
X1 T=313.15K
0.0000 1.0116 0.946 1304 581.6
0.0612 0.9966 -0.058 0.901 1280 612.4
0.1261 0.9818 -0.096 0.860 1264 637.5
0.1987 0.9666 -0.127 0.822 1234 679.4
0.2785 0.9513 -0.146 0.786 1214 713.3
0.3653 0.9362 -0.158 0.752 1200 741.8
0.4599 0.9212 -0.146 0.726 1184 774.4
0.5687 0.9058 -0.135 0.695 1172 803.7
0.6873 0.8909 -0.125 0.664 1156 840.0
0.8318 0.8748 -0.089 0.639 1152 861.4
1.0000 0.8583 0.607 1156 871.9
Butyl propionate(1) + Anisole (2)
X1 T=303.15 K
0.0000 0.9853 0.9227 1388 524.6
0.0760 09739 -0.054 0.8933 1356 558.4
0.1561 0.9623 -0.083 0.8683 1330 587.5
0.2390 0.9511 -0.133 0.8419 1304 618.3
0.3282 0.9394 -0.144 0.8175 1280 649.7
0.4230 0.9277 -0.1579 0.7935 1256 683.3
0.5248 0.9158 -0.159 0.7736 1240 710.2
0.6329 0.9038 -0.138 0.7538 1228 733.7
0.7474 0.8919 -0.113 0.7363 1212 763.3
0.8646 0.8804 -0.071 0.7192 1200 788.8
1.0000 0.8879 0.7002 1188 816.4
X1 T=308.15 K
0.0000 0.9792 0.8494 1368 542.7
0.0760 0.9680 -0.075 0.8200 1344 571.9
0.1561 0.9565 -0.115 0.7958 1324 596.4
0.2390 0.9452 -0.150 0.7720 1304 622.2
0.3282 0.9336 -0.172 0.7484 1276 657.9
0.4230 0.9220 -0.197 0.7271 1256 687.5
0.5248 0.9102 -0.210 0.7099 1238 716.8
0.6329 0.8983 -0.200 0.6948 1220 747.9
0.7474 0.8864 -0.173 0.6798 1204 778.2
0.8646 0.8741 -0.128 0.6672 1188 809.9
1.0000 0.8621 0.6528 1172 844.5
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X1 T=313.15K
0.0000 0.9728 0.764 1348 561.6
0.0760 0.9621 -0.101 0.736 1324 592.9
0.1561 0.9510 -0.157 0.713 1296 626.1
0.2390 0.9402 -0.224 0.693 1276 653.2
0.3282 0.9289 -0.254 0.673 1252 686.8
0.4230 0.9175 -0.274 0.654 1228 722.8
0.5248 0.9059 -0.281 0.642 1212 751.5
0.6329 0.8942 -0.267 0.630 1196 781.8
0.7474 0.8824 -0.219 0.622 1184 808.4
0.8646 0.8710 -0.153 0.614 1168 841.6
1.0000 0.8583 0.607 1156 871.9
Butyl propionate(1) + Butyl Vinyl Ether (2)
X1 T=303.15 K
0.0000 0.7741 0.387 1084 1099.4
0.0874 0.7839 -0.071 0.405 1104 1046.6
0.1792 0.7939 -0.143 0.425 1120 1004.1
0.2718 0.8035 -0.180 0.447 1132 971.2
0.3683 0.8132 -0.214 0.472 1144 939.6
0.4661 0.8226 -0.223 0.499 1160 905.6
0.5644 0.8317 -0.219 0.530 1168 881.3
0.6710 0.8412 -0.201 0.567 1176 859.6
0.7778 0.8502 -0.145 0.606 1184 839.0
0.8865 0.8591 -0.091 0.651 1188 824.8
1.0000 0.8679 0.700 1188 816.4
X1 T=308.15 K
0.0000 0.7682 0.374 1072 1132.8
0.0874 0.7773 0.047 0.391 1088 1086.8
0.1792 0.7865 0.111 0.409 1100 1050.8
0.2718 0.7957 0.144 0.429 1112 1016.3
0.3683 0.8051 0.163 0.452 1128 976.2
0.4661 0.8144 0.173 0.476 1140 944.8
0.5644 0.8236 0.164 0.505 1148 921.3
0.6710 0.8333 0.151 0.536 1156 898.0
0.7778 0.8429 0.108 0.570 1164 875.6
0.8865 0.8524 0.062 0.609 1168 859.9
1.0000 0.8621 0.653 1172 844.5
X1 T=313.15K
0.0000 0.7633 0.354 1064 1157.2
0.0874 0.7721 0.098 0.369 1076 11185
0.1792 0.7875 0.180 0.387 1088 1081.1
0.2718 0.7905 0.248 0.405 1100 1045.5
0.3683 0.7999 0.286 0.425 1112 1011.0
0.4661 0.8093 0.298 0.447 1124 978.0
0.5644 0.8187 0.273 0.474 1132 953.2
0.6710 0.8286 0.246 0.502 1140 928.6
0.7778 0.8385 0.171 0.534 1148 904.9
0.8865 0.8483 0.093 0.569 1152 888.3
1.0000 0.8583 0.607 1156 871.9
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Figure 3. Curves of deviation is speed of sound (Au) Vs mole
fraction for the binary mixtures. Butyl propionate +
Tetrahydrofuran at o, 303.15 K; ¢, 308.15 K; A, 313.15 K; Butyl
propionate + 1,4-Dioxane at x, 303.15 K; x, 308.15 K; ==, 313.15
K; Butyl propionate + Anisole at O, 303.15 K; +, 308.15 K; m,
313.15 K; Butyl propionate + Butyl vinyl ether ¢, 303.15 K; A,
308.15K; e,313.15K.

The excess molar volume VE against mole fraction x; were
graphically represented in Figure 1.The VE values for butyl
propionate with tetrahydrofuran, 1,4-dioxane, anisole are
negative over the whole composition range at all studied
temperatures. These negative values were found to increase
with increase in temperature which suggest the increase in
interactions between unlike molecules at high temperature.
For the system butyl propionate + butyl vinyl ether the VE
values are negative at 303.15 K, but as the temperature is
increased the VE values change from negative to positive
over the entire range of mole fraction. The negative values
indicate the contraction in  volume upon mixing butyl
propionate with ethers due to association in dissimilar
molecules®® while the positive VE values indicate the weak
interactions and may be due to dispersive forces involving
between dissimilar molecules.

The plots of Az vs. mole fraction xi of butyl propionate at
303.15, 308.15 and 313.15 K are presented in Figure 2. The
Ay values for butyl propionate + tetrahydrofuran exhibits
positive deviation at all studied temperatures. These positive
An values decrease with increase in temperature. For butyl
propionate + 1,4-dioxane, butyl propionate + anisole and
butyl propionate + butyl vinyl ether the Az values are
negative over the entire range of composition at the studied
temperature. The effect of temperature on Az values is
significant as these values found to either decrease or
increase systematically with rise in temperature. As
suggested by Fort and Moore?® the negative Ay values in
our present study indicate the presence of dispersion forces,
while the positive values may be due to the presence of
specific interactions between the unlike molecules in the
mixtures.

Figure 3 shows that deviations in speeds of sound Au,
values are negative for butyl propionate + tetrahydrofuran,
butyl propionate + 1,4-dioxane, butyl propionate + anisole,
while for butyl propionate + butyl vinyl ether the Au values
are positive over the entire range of composition at the
studied temperature.
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Figure 4 shows deviations in isentropic compressibility
AKs, From the curves it was observed that for the systems
butyl propionate with tetrahydrofuran, 1,4-dioxane and
anisole the AKs values are positive, while for butyl
propionate + butyl vinyl ether the AKs values are negative
over the entire range of composition at the studied
temperature. The negative values in case of butyl vinyl
ether may be attributed to the weak dipolar interactions
between unlike molecules which lead to decrease in the free
length, and increase in the speed of sound with increase in
composition of n-butyl propionate. The positive AKs values
may be due to the fact that the free length is not affected
much.

Aks (Tpat)

0 0,2 0,4 0,6 0,8 1
Xy

Figure 4. Curves of deviation in isentropic compressibility (AKs)
Vs mole fraction for the binary mixtures. Butyl propionate +
Tetrahydrofuran at o, 303.15 K; 0, 308.15 K; A, 313.15 K; Butyl
propionate + 1,4-Dioxane at x, 303.15 K; x, 308.15 K; ==, 313.15
K; Butyl propionate + Anisole at O, 303.15 K; +, 308.15 K; m,
313.15 K; Butyl propionate + Butyl vinyl ether 4, 303.15 K; A,
308.15K; e,313.15K.

In this study an attempt has also been made to find the
predictive ability of the empirical relations proposed by
Jouyban—-Acree’>*® and Vandeal-Vangeel*’ to correlate the
speed of sound data of the studied binary mixtures in terms
of pure components. The empirical relations used are as
follows:

Jouyban—Acree!>16

Inu:xllnu1+x2 Inu2+
X Xy (X, — X))
e )

2
Ay Xlxz(xi_xz) ©)

where

Ao, A1, and Azare the model constants

u, uzand u are the speed of sound of mixture and
pure components 1 and 2 respectively.

T is the absolute temperature at which the data has
been obtained.
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Table 2. Derived parameters of excess functions and standard deviation of binary liquid mixtures

Function T/IK | Ao | A1 | Az | c
Butyl propionate(1) + Tetrahydrofuran (2)
VE 303.15 -0.9724 0.2282 -0.4587 0.005
308.15 -1.1318 0.2745 -0.6654 0.005
313.15 -1.2727 0.3136 -0.6254 0.005
An 303.15 0.1385 -0.0366 0.0128 0.002
308.15 0.1100 -0.0300 0.0118 0.001
313.15 0.0889 -0.0206 -0.0054 0.001
Au 303.15 -115.39 37.97 -19.48 1.3
308.15 -73.88 23.64 -3.77 1.0
313.15 -142.75 35.23 -65.09 1.3
AKs 303.15 14.409 -3.602 1.312 0.17
308.15 9.258 -2.223 -0.226 0.14
313.15 19.845 -3.099 7.565 0.20
Butyl propionate(1) + 1,4-Dioxane (2)
VE 303.15 -0.3496 0.2294 -0.0410 0.003
308.15 -0.5094 0.1901 -0.9365 0.003
313.15 -0.5849 0.1625 -0.3490 0.004
An 303.15 -0.3971 0.1712 -0.0849 0.002
308.15 -0.2922 0.1422 -0.0858 0.002
313.15 -0.2578 0.1355 -0.0551 0.002
Au 303.15 -151.69 66.07 -45.26 2.40
308.15 -141.97 47.43 -5.39 1.01
313.15 -209.34 24.27 -32.35 3.34
AKs 303.15 16.917 -3.857 2.780 0.27
308.15 15.685 -2.169 -1.136 0.11
313.15 24.397 3.278 2.443 0.39
Butyl propionate(1) + Anisole (2)
VE 303.15 -0.6322 0.0830 -0.0273 0.006
308.15 -0.8079 -0.1180 -0.3271 0.006
313.15 -1.1195 0.0052 -0.3022 0.006
An 303.15 -0.1325 0.0463 0.0102 0.001
308.15 -0.1473 0.0513 0.0121 0.001
313.15 -0.1624 0.0526 -0.0004 0.001
Au 303.15 -173.83 64.54 13.53 1.84
308.15 -112.69 16.72 35.95 2.01
313.15 -144.35 34.95 32.73 1.97
AKs 303.15 12.460 -2.451 -3.504 0.20
308.15 6.036 0.585 -4.467 0.20
313.15 10.184 -0.394 -4.965 0.23
Butyl propionate(1) + Butyl Vinyl Ether (2)
VE 303.15 -0.9004 0.0742 -0.0093 0.005
308.15 0.6932 -0.0686 0.0582 0.006
313.15 1.1762 -0.2137 -0.1678 0.005
Ay 303.15 -0.1341 -0.0167 0.0092 0.001
308.15 -0.1107 -0.0123 -0.0012 0.001
313.15 -0.1029 -0.0118 -0.0003 0.001
Au 303.15 100.44 0.56 30.81 1.62
308.15 80.84 4.43 -15.21 145
313.15 65.63 11.95 -14.63 0.65
AKs 303.15 -23.512 4.393 -7.344 0.23
308.15 -20.422 2.495 1.725 0.26
313.15 -17.834 0.440 2.316 0.11
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Table 3. Adjustable parameters and standard percentage deviations of models of speed of sound for binary liquid mixtures

T/IK Jouyban-Acree Vandeal-Vangeel
Ao |A1 |A2 |o'(%) o (%)
Butyl propionate(1) + Tetrahydrofuran (2)
303.15 10.409 -16.836 31.300 0.698 0.091
308.15 10.463 -8.731 31.299 0.564 0.159
313.15 10.768 -8.302 31.299 0.516 0.040
Butyl propionate(1) + 1,4-Dioxane (2)
303.15 -10.231 8.199 -30.700 0.821 0.156
308.15 -9.894 8.846 -30.699 0.601 0.130
313.15 -10.958 9.682 -30.700 0.591 0.245
Butyl propionate(1) + Anisole (2)
303.15 -10.900 5.706 -27.656 0.190 0.219
308.15 -10.900 6.047 -29.106 0.280 0.119
313.15 -10.900 5.796 -30.664 0.575 0.174
Butyl propionate(1) + Butyl Vinyl Ether (2)
303.15 -10.900 2.036 -18.439 0.086 0.307
308.15 -2.5064 -20.80 23.333 0.190 0.263
313.15 -10.900 3.135 -17.761 0.056 0.233
Vandeal-Vangeel’ Conclusions
-05 Density, viscosity and speed of sound for the binary
X X5 mixtures of butyl propionate with tetrahydrofuran, 1,4-
U=s|| —5+ 5 (lel + XM 2) (7)  dioxane, anisole and butyl vinyl ether have been determined
Mquy Mous at ( 303.15, 308.15 and 313.15) K over the entire range of

where M; and M; are molecular weights of the pure
components 1 and 2 respectively.

The speed of sound data correlated with the Eqs (6 and 7)
were compared with the experimental data in terms of
percentage standard deviation ¢(% )as obtained by relation

505
1 2{100(ueyp ~ gy}

n-k Uexp

o (%) = )

where n represents the number of data points in each set and
k the number of numerical coefficients of equation (6 and 7).
Uca has been obtained from model equation (6 and 7)The
values of parameters of Equation 7 and the percentage
standard deviations o(%) of equation ( 8) are given in the
Table 3. A perusal of Table 3 shows that the 4(%) values
obtained by Vandeal-Vangeel relation are very low for
systems butyl propionate with tetrahydrofuran, 1,4-dioxane
and anisole as compared to Jouyban—Acree model.
However for butyl propionate + butyl vinyl ether the o(%)
values obtained by Jouyban—Acree model are very low as
compared to Vandeal-Vangeel relation. Finally it may be
concluded that the Vandeal-Vangeel model despite of
having no interaction parameters has predicted the speeds of
sound of the studied binary mixtures more satisfactorily as
compared to Jouyban—Acree model.
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composition. From the experimental data excess volume VE,
deviation in viscosities Az, deviation in speeds of sound Au
and deviation in isentropic compressibilities AKs, were
evaluated. These excess or deviation functions found to
exhibit both positive and negative deviations. Further the
speeds of sound data were correlated using Jouyban—Acree
and Vandeal-Vangeel models to determine their predictive
abilities. It was concluded that Vandeal-Vangeel relation
despite having no interaction parameters has predicted the
speed of sound for the studied binary mixtures more
satisfactorily as compared to Jouyban—-Acree model.
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3,1-BENZOXAZINE-4-ONE

Maher A.El-Hashash and Dalal B.Guirguis

Keywords: Benzoxazin-4-one, 2,3-disubstituted quinazolin-4-one, glycine

A new series of 2,3-disubstituted quinazolin-4(3H)-one derivatives was synthesized via nucleophilic attack at C(2)of the corresponding key
starting material 2-(4-bromophenyl)-4H-3,1-benzoxazin-4-one (Scheme 5). The reaction proceeded via amidinium salt formation (Scheme
3) rather than via an N-acyl anthranilamide. The structure of the prepared compounds were elucidated by physical and spectral data like FT-

IR, 'H-NMR, and mass spectroscopy.
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Introduction

Due to their interesting biological and other properties,
4H-3,1-benzoxazin-4-one derivatives are an important class
of compounds.'* Like other heterocyclic compounds, they
are used directly or indirectly in many industrial research,
and clinical applications. They can be used as starting
material for different clinically used 4-quinazolone
derivatives.>® Benzoxazinone derivatives are also used as
antiphlogistic drugs.>° Anthalexine, another compound of
this type, finds use as an antifungal and antibacterial
agent.'*1* Several 4H-3,1-benzoxazin-4-ones have been
demonstrated to be an alternate inhibitors of human
leukocyte elastase (HLE), forming acyl- enzyme
intermediate during catalysis. It was demonstrated that
electron withdrawal at position 2 gives better inhibition
because acylation rates are increased. 4H-3,1-Benzoxazin-4-
ones was shown to be active in vivo after intracheal
administration. Benzoxazinones temporarily inhibit the
catalytic activity of serine protease by accumulation of a
catalytically inactive acyl-enzyme intermediate (Schemel).
The rates of acylation and deacylation, as well as compound
selectivity, are determined by substitution at the benzene
ring unit and the 2-substituent.

d°
=z
N)\©>\
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COOH
EOH EOH @
N—C@Br
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o
0 H,0
OE
O
N— Br
H

C
Il
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Scheme 1.
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According to the reaction of 2-(4-bromophenyl)-4H-3,1-
benzoxazin-4-one with serine protease (formation of acyl-
enzyme, with a possible way of deacylation), prompted us to
synthesis the 2-(4-bromophenyl)-4H-3,1-benzoxazin-4-one
2, which posses an electron withdrawal group at position 2.

Results and discussion

The benzoxazinone derivative 1 was obtained via the
interaction of 4-benzoyl chloride with anthranilic acid in
pyridine, afforded the corresponding anthranil. The desired
product 2 was obtained via ring closure of 1 with acetic
anhydride (Scheme2).

COOH

COOH
O Ol — QL
N—C Br
NH; H

Scheme 2.

Considering the structure of 4-H-3,1-benzoxazin 4-one
derivatives, there are two available sites for nucleophilic
attack (C-2 and C-4), i.e. two different sites with partial
positive charge that can lead to the opening of the oxazinone
moiety by different nucleophiles. In most cases, reclosure of
the heterocyclic part of the molecule is favored and provides
a new compound with interesting biological properties.*>16
The 2 is considered as a key starting material for the
synthesis of many heterocyclic systems. 3H-Quinazolin-4-
one (3) is a frequently encountered unit in natural products
such as L-vasicineone (4),2"*8 chrysogine (5),'° and drugs as
methqualone (6),%° febrifungine (7), and isofebrifungine (8).
The latter two compounds are potent but toxic antimalarial
drugs. Molecules based on quinazoline and quinazolinone
exhibit a multitude of interesting pharmacological,?
including anticonvulsant, antibacterial, and antidiabetic
activity.?>23
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The aim of the present work is to synthesis quinazolin-
4(3H)-one derivatives via interaction of benzoxazinone
derivative 2 with nitrogen nucleophiles.

Thus, when 2 was submitted to react with formamide in
boiling oil bath yielded 2-(4-bromo)-4(3H)-quinazolin-4-
one (9). It was reported that 4H-3,1-benzoxazin-4-one
derivatives  react with  semicarbazide (hydrazine-
carboxamide) in boiling glacial acetic acid, afforded 2-
propyl[1,2,4]triazolo[1,5-c]quinazolin-2(3H)-one.?*  Thus,
upon treatment of 2 with hydrazine carboxamide in pyridine
afforded 2-(4-bromophenyl)-[1,2,4]triazolo[1,5-c]quinazo-
lin-2(3H)-one (10). The reaction took place via hetero ring
opening at C-4 followed by double ring closure to yield the
desired product.

o]

(e}
0 o H,0
/)\ + ANH, ——mm8 —— .. _—
N Ar' H:E’NHN
i
(o]
LAr
d”
Z
N)\Ar'

Ar'
amidinium salt
(12)

a) Ar = CgHsg

B)  CeHsCH,

c) CeHy(CHa).p
d)  CeHsCOOH.p
&) 2-CgHN

Scheme 3.

Heating 2 in neat hydrazine hydrate afforded 3-amino-2(4-
bromophenyl)quinazolin-4(3H)-one  (11a) while upon
hydrazinolysis with phNHNH. provided the quinazolinone
11b.
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When aniline, benzylamine, and substituted aniline
namely: 4-methylaniline (p-toluidine), 4-aminobenzoic acid,
and 2-aminopyridine reacted with 2, the 3-aryl-2-(4-
bromophenyl) quinazolin- 4(3H)-one derivatives 12a-e
were obtained (Scheme2). One can interpret these results as
follows:

The N-nucleophile attack 2 in a fashion in which the
amino group first undergoes H-bonding to the N-atom of the
heterocyclic ring, then the amino group reacts by
nucleophilic addition at the “azavinylic” C-2 forming an
inner amidinium salt which subsequently dehydrated giving
12a-e (Scheme 3).

The elemental analysis and spectroscopic datae for 12 are
consistent with the assigned structures. No isolation of 2-(4-
bromobenzoylamino)benzamide derivatives 13 ruled out the
nucleophilic addition to C-4.

Fusion of 2 with o-phenylene diamine in an oil bath
afforded  2-(4-bromophenyl)benzimidazolo[1,2-c]quinazo-
line (14), also when it was allowed to react with glycine in
boiling  pyridine, it gave [2-(4-bromophenyl)-4-
oxoquinazolin-3-yl]acetic acid (15).

When 15 was treated with thionyl chloride on a heated
water bath, yielded the corresponding acid chloride 16 as a
fleeting (not isolated) intermediate, followed by a reaction
with  ammonium thiocyanate vyielding the [2-(4-
bromophenyl)-4-oxoquinazolin-3-yl]acetyl  isothiocyanate
(17) which on turn reacted with hydrazine hydrate giving 2-
(4-bromophenyl)-3-[(3-mercapto-1H-1,2,4-triazolo-5-yl)me-
thyl]-4(3H)-quinazolin-4-one (18).

] o)
),\:CHzCOOH socl, n-CHcocl
N7 TCeHiBrp N)\cﬁmsr
(15) (16)
NH,SCN
0 HN—IN o} o
[}
N’CHZJ\N)\SH NoH, N-CHz-C—N=C=s
~———
N/)\CGH4Br.Q N/)\CGH4Br
(18) (17)
Scheme 4.

Similarily, 17 reacted with anthranilic acid, yielded 2-{[2-
(4-bromophenyl)]-4-oxo-quinazolin-3-yl}acetyl thiocarba-
moyl amino benzoic acid (19). Treatment of 19 with boiling
acetic anhydride afforded 2-(4-bromophenyl)-3-[2-ox0-2(4-
oxo-2-thioxo-1,4-dihydroquinazolin-3(2H)-yl)ethyl]-4(3H)-
quinazolin-4-one (20). Interaction of 16 with hydrazine
hydrate in boiling toluene afforded 2-[2-(4-bromophenyl)-4-
oxoquinazolin-3-yl]acetohydrazide (21).
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Synthesis and reactions of 2-(4-bromophenyl)-4H-3,1-benzoxazine
Experimental Part

All melting points recorded are uncorrected and are
determined on Gallen Kamp apparatus. The IR were
recorded on Perkin Elmer 398 spectrophotometer, *H-NMR
spectra were recorded on Varian Gemini, 300 MH,
instrument. MS spectra were obtained on Shimadzu, GCMS
QP 1000 Ex mass spectrophotometer (70 eV). Micro
analytical data were obtained from the microanalytical
center at Cairo University, Giza, Egypt.

2-(4-Bromobenzoyl)aminobenzoic acid (1)

A solution of o-aminobenzoic acid (1.37 g, 0.01 mol) in
dry pyridine (3 ml) was treated with a solution of 4-
bromobenzoyl chloride (0.01 mol) in dry pyridine (3 ml)
drop by drop with stirring for 15 minutes. The reaction
mixture was poured onto ice/HCI. The solution that
separated was filtered off and recrystallized from ethanol: 1,
yield (80 %), colourless crystals, m.p.190 °C. IR(KBr): 1660
(C=0 amide), 1680 (C=0 of acid), 3220 (NH), 3300, (OH,
basin peak) cm? . 'H-NMR (DMSO-ds): 6.98-8.11 (m, 8H,
Ar-H), 9.2 (s, 1H, NH, D20 exchangeable) 12.11 (s, 1H, OH,
D0 exchangeable). MS (319, 321, M*, M*+2). Anal.: calcd
for C14H10BrNO3: C 52.32, H 3.34, N 4.37, Br 24.95; found:
C52.52,H3.14, N 457, Br 24.57.

2-(4-Bromophenyl)-4H-3,1-benzoxa-4-one (2)

A suspension of aminobenzoic acid derivative 1 (3.2 g,
0.01 mol) in freshly distilled acetic anhydride (10 ml) was
heated under reflux for 1 h, and then was concentrated. The
solid that was separated was crystallized from benzene: 2,
yield (75 %), pale yellow crystals m.p. 166 °C. IR (KBr):
1617 (C=N), 1762 (C=0) cm*, *H-NMR (DMSO-d¢): 6.88-
8.92 (m, 8H, Ar-H). MS: 301, 303 (M*, M*+2). Anal.: calcd
for C14Hg Br NO,: C 55.62, H 2.68, N 4.55, Br 26.45; found:
C 55.55, H 2.56, N 4.36, Br 26.64.

2-(4-Bromophenyl)-4(3H)-quinazolin-4-one (9)

A mixture of 2 (3.02 g, 0.01 mol) and formamide (10 ml)
was heated under reflux for 2 h, after cooling, the reaction
mixture was poured onto water. The precipitate that
separated was filtered off and crystallized from ethanol: 9,
yield (70 %), m.p. 276 °C. IR(KBr): 1602 (C=N), 1676
(C=0), 3122 (NH) cmL, *H-NMR (DMSO-dg): 6.99-8.11 (m,
8H, Ar-H), 10.89 (s, 1H, NH, DO exchangeable). Anal.:
calcd for C14H9BrN,O: C 55.81, H 2.95, N 9.03, Br 26.37;
found: C55.51, H 2.75, N 9.45, Br 26.37.

2-(4-Bromophenyl)[1,2,4]triazolo[1,5-c]quinazolin-2(3H)
-one(10)

A mixture of 2 (3.02 g, 0.01 mol) and semicarbazide
(0.01 mol) in pyridine (15 ml) was heated under reflux for 3
h. The reaction mixture after cooling was poured onto
ice/HCI. The solid that separated was filtered off and
crystallized from ethanol: 10, yield (65 %) m.p. 128 °C.
IR(KBr): 1599 (C=N), 1680 (C=0), 3321 (NH) cm™. H-
NMR (DMSO-d): 6.80-8.11 (m, 8H, Ar-H), 9.2 (s, 1H, NH,
D,0 exchangeable). Anal.: calcd for C1sHgBrN4O: C 52.65,
H 2.94, N 16.37, Br 23.35; found : C 52.55, H 2.74, N 16.57,
Br 23.55.
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3-Amino and 3-phenylamino-2(4-bromophenyl)quinazo-
lin-4(3H)-one (11a and 11b)

A mixture of 2 (3.02 g, 0.01 mol) and hydrazine hydrate
and/or phenylhydrazine (0.015 mol) in n-butanol (10 ml)
was heated under reflux for 3 h. The solid that separated
after cooling was filtered off and crystallized from butanol
for 11a and xylene for 11b.

3-Amino-2-(4-bromophenyl)quinazolin-4(3H)-one (11a):
yield (61 %), m.p. 188 °C. IR(KBr): 1637 (C=N), 1668
(C=0), 3217, 3311 (NH) cm™. M.S: 315, 317 (M*, M*+2).
Anal.: calcd for C14H10BrN3O:C 53.18, H 3.18, N 13.29, Br
25.27; found: C 53.28, H 3.18, N 3.18, Br 25.17.

3-Phenylamino-2-(4-bromophenyl)quinazolin-4(3H)-one
(11b): yield (55%), m.p. 144 °C. IR(KBr): 1683 (C=0),
3249 (NH) cm™. Anal.: calcd for CxH14BrN3O: C 61.24, H
3.59, N 10.71, Br 20.37; found: C 61.34, H 3.49, N 10.51,
Br 20.37.

3-Aryl-2-(4-bromophenyl)quinazolin-4(3H)-ones,
12¢)

(12a-

A solution of 2 (3.02 g, 0.01 mol) and aromatic amines
namely; aniline, benzylamine, p-toluidine, p-aminobenzoic
acid, and 2-aminopyridine (0.01 mol) in ethanol (40 ml) was
heated under reflux for 3 h. The solids that separated after
cooling were crystallized from toluene for 12a, n-butanol for
12b and 12c ethanol for 12d and xylene for 12e.

3-Phenyl-2-(4-bromophenyl)quinazolin-4(3H)-one (12a):
yield (60 %), m.p. 136 °C, IR(KBr): 1618(C=N), 1675
(C=0) cm™. Anal.: calcd for CaoH13BrN,: C 63.67, H 3.47,
N 7.42, Br 21.18; found: C 63.47, H 3.37, N 7.42, Br 21.38.

3-Benzyl-2-(4-bromophenyl)quinazolin-4(3H)-one (12b):
yield (65 %) m.p. 132 °C. IR(KBr): 1615 (C=N), 1680
(C=0) cm™. Anal.: calcd for C21HisBrN,O: C 64.46, H 3.86,
N 7.15, Br 20.24; found: C 64.56 , H 3.66, N 7.13, Br 20.42.

3-(4-Methylphenyl-2-(4-bromophenyl)quinazolin-4(3H)-

one (12c) : yield (65%), m.p.148 °C. IR(KBr): 1615 (C=N),
1680 (C=0) cm™. Anal.: calcd for C;H1sBrN2O: C 64.46, H
3.86, N 7.15, Br 20.24; found: C 64.24, H 3.96, N 7.25, Br
20.44.

4-[4-Ox0-2-(4-bromophenyl)quinazolin-4(3H)-yl]benzoic
acid (12d): yield (65%), m.p.186 °C.IR (KBr) y : 1620
(C=N), 1680, 1687(C=0), 3200 (basin peak chelated OH
cm®, H-NMR (ds) DMSO): 7.11-8.99 (m, 12H, Ar-H),
125 (s, 1H, OH, D;O exchangeable). Anal. Calcd
C21H13BrN20Os: C 43.39, H 2.25, N 4.81, Br 13.75; found: C
43.59, H 2.45, N 4.61, Br 13.64.

3-(Pyridin-2-yl)-2(-4-bromophenyl)quinazolin-4(3H)-one
(12e) : yield (55%). m.p. 140 °C, IR (KBr) v : 1620 (C=N),
1687 (C=0) cm™. Anal. Calcd for C19H12BrNsO: C 60.33, H
3.19, N 7.15, Br 21.12; found : C 60.13, H 3.29, N 11.42, Br
21.42.

2-(4-Bromophenyl-benzimidazolo[1,2-C]quinazoline (14)

A mixture of 2 (3.02 g, 0.01 mol) and o-phenylene
diamine (1.5 g, 0.01 mol) was heated in oil bath at 160 °C
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for 2 h. The reaction product was treated with water and the
solid that obtained was crystallized from ethanol. 14: yield
(77 %). m.p. 230 °C. IR(KBr): 1620 (C=N) cm. MS. 373,
375 (M*, M*+2). Anal.: calcd for CxH12BrNs: C 64. 81, H
3.23, N 11.22, Br 21.35; found: C 64.28, H 3.13, N 11.08,
Br 21.15.

[2-(4-Bromophenyl)-4-oxoquinazolin-3-yl]acetic acid (15)

A mixture of 2 (3.02 g, 0.01 mol) and glycine (0.015 g,
0.01 mol) in pyridine (20 ml) was heated under reflux for 2
h. The reaction mixture was poured on ice/HCI, the solid
that separated was filtered off and crystallized from
methanol. 15: yield ( 67 %) m.p. 174 °C. IR(KBr): 1610
(C=N), 1683 (C=0 cyclic amide, 1722 (C=0 of carboxylic),
3365 (basin peak chelated OH) cm™. *H-NMR (DMSO-dg):
2.49 (s, 2H, methylene protons 7.18-8.66 (m, 8H, Ar-H),
12.26 (s, broad, 1H, OH, D,O exchangeable). Anal.: calcd
for CiH11Br N2Os: C 53.50, H 3.08, N 7.79, Br 27.25;
found: C 53.40, H 3.18, N 7.59, Br 27.35.

[2-(4-Bromophenyl)-4-oxoquinazolin-3-yl]acetyl isothio-
cyanate(17)

A mixture of 8 (3.59 g, 0.01 mol) and thionyl chloride (10
ml) was heated on water bath for 2 h. Excess of thionyl
chloride was removed by distillation under reduced pressure,
a semisolid product was obtained treated with a solution of
ammonium thiocyanate (1.5 g, 0.02 mol) in dry acetone (30
ml) with stirring for 30 min. The solid that separated after
distillation ~ of  acetone  was crystallized  from
dimethylformamide. 17: yield (60 %), m.p. 150 °C. IR
(KBr): 1620 (C=N), 1675 (C=0) cm™. Anal.: calcd for
Ci7H10Br N3O,S: C 49.12, H 3.34, N 14.32, Br 20.42, S
8.06; found: C 49.22, H 3.34, N 14.11, S 7.85, Br 20.22

[2-(4-Bromophenyl)-3[(3-mercapto-1H-1,2,4-triazolo-5-
yl)methyl]-(3H)quinazolin-4-one(18)

A mixture of 17 (2 g, 0.005 mol) and hydrazine hydrate
(0.01 mol) was refluxed in dry benzene (30 ml) for 3 h. The
solid that separated after cooling was filtered off and
crystallized from ethanol. 18: yield (57 %), m.p. 167 °C.
IR(KBr): 1671 (C=0), 2567 (SH), 3243 (NH) cm™. 'H-
NMR (DMSO-dg): 4.22 (s, 2H, methylene protons), 5.53 (s,
1H, SH D,O exchangeable), 9.88 (s, 1H, NH, D20
exchangeable). Anal.: calcd for C17H12Br NsOS: C 49.27, H
2.90, N 16.90, S 7.73, Br 19.10; found: C 49.67, H 2.71, N
16.55, S 7.93, Br 19.55.

2-{[2-(4-Bromophenyl)-4-oxoquinazolin-3-yl]acetylthio-
carbamoyl}aminobenzoic acid (19)

A mixture of 17 (2 g, 0.005 mol) and anthranilic acid(1.37
g, 0.01 mol) in dry acetone (30 ml) was heated under reflux
for 3 h. The solid that separated after distillation of acetone
was diluted with water and filtered off and crystallized from
benzene. 19: yield (70 %), m.p. 183 °C. IR(KBr): 1665,
(C=0), 3182 (NH), 3380 chelated (OH) cm™. Anal.: calcd
for CoaH17BrN4O4S: C 49.48, H 2.91, N 16.90, S 5.95, Br
19.28; found: C 49.84, H 2.71, N 16.70, S 5.53, Br 19.48.

2-(4-Bromophenyl)-3-[2-0x0-2(4-0x0-2thioxo-1,4-di-

hydroquinazolin-3(2H)-yl)ethyl]-4(3H)-quinazolin-4-one
(20)
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A solution of 19 (2.65 g, 0.005 mol) in freshly distilled
acetic anhydride (10 ml) was heated on water bath for 2
h.The solid that separated after cooling was crystallized
from ethanol: yield (52 %), m.p.166 °C. IR(KBr): 1241
(C=S), 1630, 1680 (C=0), 3180 (NH) cm?. H-NMR
(DMSO-dg): 2.8 (s, 2H, CHy), 7.2-8.8 (m, 2H, Ar-H), (s, 1H,
NH, D20 exchangeable). Anal.: calcd. for C24HisBr N4O3S:
C 53.64, H 3.18, N 10.42, S 6.16,Br 14.86; found: C
53.74,H 3.38,N 10.62, S 6.36, Br 14.76.

2-[2(4-Bromophenyl)-4-oxoquinazolin-3-yl]acetohydra-
zide (21)

A solution of the acid chloride (0.01 mol) and hydrazine
hydrate (0.015 mol) in toluene (30 ml) was heated under
reflux for 2 h.

The solid that separated after cooling was filtered off and
crystallized from ethanol: 21 yield (63 %), m.p. 168 °C.
IR(KBr): 1590 (C=N), 1683 (C=0), 3200, 3280 (NH) cm™,
Anal.: calcd for Ci6H13BrN4O,: C 55.61, H 2.72, N 10.80,
Br 15.41; found: C 55.34, H 2.52, N 10.75, Br 15.21.
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Studies on the film formed by 2-carboxyethylphosphonic acid and Ni%* on carbon steel

CYCLIC VOLTAMMETRIC STUDY OF PROTECTIVE FILM
E B FORMED BY 2-CARBOXYETHYLPHOSPHONIC ACID - Ni#
SYSTEM ON CARBON STEEL

Section B-Research Paper
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The corrosion inhibition effect of carbon steel in sea water by 2-carboxyethylphosphonic acid (2-CEPA) and Ni?* has been investigated
using weight loss method and cyclic voltammetry. The results show that 73% inhibition efficiency is achieved with binary system
consisting of 250 ppm of 2-CEPA and 50 ppm of Ni%*. Surface evaluation technique like FTIR is used to determine the nature of the
protective film formed on the metal surface. The protective film consists of Fe2* — 2-CEPA complex, Ni?* — 2-CEPA complex and Ni(OH).

Cyclic voltammetry study reveals that the protective film is more compact and stable even in 3.5% NaCl environment.
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INTRODUCTION

The corrosion in sea water is severe due to the
presence of chloride ions and dissolved oxygen.
Corrosion can cause great damages to marine steel
infrastructures such as bridges, wharfs, platforms, and
pipeline systems. It has been estimated that some 20% of
the corrosion cost is due to microbial corrosion and
degradation.! Metals obtain stability when their surfaces
are separated from the normal terrestrial environment.? If
this isolation is not achieved, they undergo a process of
embrittlement, suffer fatigue, and transform into oxides,
which peel off or just dissolve away. Metals become
unstable when they contact moist atmosphere containing
carbon-dioxide or sodium chloride suspension in marine
atmosphere. The spontaneous corrosion of metal or its
alloys results from the charged transfer reactions at their
interface between the metal and its electrolytic
environment.®* The goal of studying the processes of
corrosion is to find methods of minimizing or preventing
it. Inhibition of corrosion and scaling can be done by the
application of inhibitors. Most of the organic inhibitors
containing nitrogen, oxygen, sulfur atoms, and multiple
bonds in their molecules facilitate adsorption on the metal
surface.>® Several phosphonic acids have been used as
corrosion inhibitor.”'* Phosphonic acids are organic
compounds containing R-PO(OH), or R-PO(OR), groups.
They are effective chelating agents that are used in
cooling water and desalination systems to inhibit scale
formation and corrosion. Phosphonic acids are
extensively used now-a-days due to their complex
forming abilities, high stability under harsh conditions,
and low toxicity.’>'®* The inhibition efficiency of
phosphonates depends on the number of phosphono
groups in a molecule and also on different substituents.
Compounds with a phosphonic functional group are
considered to be the most effective chemical for inhibiting
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the corrosion process and it is well known that short-
chain-substituted phosphonic acids are good corrosion
inhibitors for iron and low-alloyed steels.'4

An environmental friendly ~ compound, 2-
carboxyethylphosphonic  acid, contains not only
phosphono groups, but also carboxyl and ethyl groups,
which can decrease corrosion. The present study aims a)
to find out the corrosion inhibition effects of 2-CEPA and
Ni2* system on carbon steel in sea water medium using
weight-loss method; their inhibitive action is due to
coordination of the oxygen atom of the carboxylate anion
to the metal ions to form metal-inhibitor complexes b)
electrochemical techniques provide information on the
corrosion rate, as well as on processes at interfaces
affected by additives c) to analyze the protective film by
Fourier Transform Infrared Spectroscopy (FTIR) d) to
propose a suitable mechanism of corrosion inhibition
based on the results from the above studies.

EXPERIMENTAL

Preparation of Specimen

Carbon steel specimen [0.0267 % S, 0.06 % P, 0.4 %
Mn, 0.1 % C and the rest iron] of dimensions 1.0 cm x 4.0
cm x 0.2 cm were polished to a mirror finish and
degreased with trichloroethylene.

Weight-Loss Method

Carbon steel specimens in triplicate were immersed in
100 mL of the solutions containing various concentrations
of the inhibitor in the presence and absence of Ni?* (as
NiSOs. 6H,0) for one day. The weight of the specimens
before and after immersion was determined using a
Shimadzu balance, model AY62. The corrosion products
were cleaned with Clarke’s solution.!® The inhibition
efficiency (IE, %) was then calculated using the equation:

W,
IE =100{1- 2 @
W
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where Wi is the weight loss value in the absence of
inhibitor and W5 is the weight loss value in the presence of
inhibitor.

Cyclic Voltammetry

Cyclic voltammograms were recorded in VersaSTAT
MC electrochemical system. A three-electrode cell
assembly was used. The working electrode was carbon
steel. The exposed surface area was 1 cm?. A saturated
calomel electrode (SCE) was used as the reference
electrode and a rectangular platinum foil was used as the
counter electrode. The cyclic voltammetry curves were
recorded in the scan range of —1.8 to —1.8 V (SCE) with a
scan rate of 20 mV s,

Fourier Transform Infrared Spectra (FTIR)

The FTIR spectra were recorded in a Perkin-Elmer-
1600 spectrophotometer. The film formed on the metal
surface was carefully removed and mixed thoroughly with
KBr making the pellet.

RESULTS AND DISCUSSION

Weight-Loss Method

The physicochemical parameters of sea water are given
in Table 1. Table 2 gives values of the corrosion
inhibition efficiencies and the corresponding corrosion
rates of 2-carboxyethyl phosphonic acid (2-CEPA) — Ni?*
in controlling corrosion of carbon steel in sea water for a
period of 24 hours at room temperature. The 2-CEPA
alone has high rate of corrosion. The inhibition efficiency
of 2-CEPA is improved by adding various concentrations
of Ni?*. Similar observations have been made by Abdallah
et al.’® who studied the inhibiting effect of 3-
methylpyrazolone with Ni?* cation for carbon steel in
sulfuric acid solution. However, increasing the
concentration of 2-CEPA as well as Ni?*, the maximum
inhibition is achieved and the corrosion rate is decreased.
It is found that 250 ppm of 2-CEPA and 50 ppm of Ni%
has 73% inhibition efficiency. The inhibition efficiency
increases with the increase of concentration of inhibitors.
This behavior could be attributed to the increase of the
surface area covered by the adsorbed molecules of
phosphonic acid with the increase of its concentration. It
is generally assumed that the adsorption of the inhibitor at
the metal/solution interface is the first step in the
mechanism of inhibition in aggressive media.

Cyclic Voltammetry

Cyclic voltammograms have been used to investigate
the corrosion behaviour of metals.t”-? Deyab and Keera 2
have analysed the influence of sulphide, sulphate, and
bicarbonate anions on the pitting corrosion behaviour of
carbon steel in formation water containing chloride ions
by means of cyclic voltammetry technique. The cyclic
voltammograms were recorded in the presence of
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increasing amounts (0.1 to 0.3 M) of NaCl at a scan rate
of 10 mV s. The anodic response exhibits a well-defined
anodic peak followed by a passive region. The anodic
peak is due to active metal dissolution and formation of
ferrous hydroxide.?> The cathodic sweep shows two
cathodic peaks. The appearance of cathodic peak around -
1.1 V is due to reduction of corrosion product, namely
iron oxide to iron. The appearance of cathodic peak
around -0.7 V is due to the reduction of pitting corrosion
products precipitate on the electrode surface.

Table 1. The physicochemical parameters of natural sea water
collected in Mandapam, Tamilnadu, India.

Parameter Value
Total dissolved salts (mg L) 78136
Electrical conductivity (uQ~' cm™) 70788
pH 7.82
Total Hardness (CaCQs equivalent) 24500
Calcium as Ca?* (mg L?) 2200
Magnesium as Mg?* (mg L) 1800
Sodium as Na* (mg L) 9600
Chloride as CI- (mg L) 23100
Fluoride as F- (mg L) 1.2
Potassium (mg L) 900
Sulphate as SO4% (mg L) 2350

In the present study, cyclic voltammograms were
recorded by measuring the working electrode, carbon
steel, in 3.5% NaCl solution. The cyclic voltammogram of
carbon steel immersed in 3.5% NaCl is shown in Fig.1a. It
is observed that during anodic scan, no peak is observed
but a passive state is noticed. This can be explained as
follows: When the metal dissolves, ferrous hydroxide is
formed. When the concentration of ferrous oxide at the
anodic surface exceeds its solubility product, precipitation
of solid oxide occurs on the electrode surface. When the
surface is entirely covered with oxide passive film, anodic
current density does not increase indicating onset of
passivation.?® In the passive state, the CI- ion can be
adsorbed on the bare metal surface in competition with
OH- ions. As a result of high polarizability of the Cl-ions,
the CI- ions may adsorb preferentially.?

The cathodic sweep shows only one peak at -1.12 V.
This is due to the reduction of corrosion product, iron
oxide to iron. The peak due to reduction of pitting
corrosion product is absent.

The cyclic voltammogram of carbon steel, which has
been immersed in sea water for one day and dried is
shown in Fig.1b. (brown iron oxide is observed on the
carbon steel electrode). It is observed that during anodic
sweep, no peak appears, but a passive region is observed.
During the cathodic sweep, the peak due to reduction of
pitting corrosion product appears at -528 mV indicating
that pitting corrosion takes place. However, the peak due
to reduction of corrosion product, iron oxide, appears at -
1.133 V. The current density increases from -1.148 x10°
At0-1.172 x103 A.
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Table 2. The inhibition efficiency (IE%) and the corrosion rate (mm y*) of 2-CEPA — Ni?* system are determined by weight-loss

method.

2-CEPA, Ni?* (ppm)

ppm 0 25 50

IE, % CR, mmy! IE, % CR, mmy! IE, % CR, mmy!

0 - 0.1858 8 0.1709 15 0.1579
50 15 0.1579 22 0.1449 51 0.0910
100 21 0.1468 28 0.1338 60 0.0743
150 26 0.1375 33 0.1245 65 0.0650
200 30 0.1301 39 0.1133 69 0.0576
250 35 0.1208 44 0.1040 73 0.0501
This indicates that when carbon steel electrode is

immersed in sea water for one day, a protective film of
iron oxide is formed on the electrode surface. It is stable in
3.5% NaCl solution. The increase in current density is
explained as follows: Chloride ion is adsorbed on the
passive film. The adsorbed chloride ion penetrates the
oxide film especially at the flaws and defects in the oxide
film.2® When the penetrated chloride ion reaches the metal
surface, they promote local corrosion.

When the carbon steel electrode is immersed in sea
water containing 250 ppm of 2-CEPA and 50 ppm of Ni?*
for one day, a protective film is formed. It consists of
Fe?*— 2-CEPA complex, Ni?*~ 2-CEPA complex, and
Ni(OH). as revealed by FTIR spectroscopy. The cyclic
voltammogram of carbon steel electrode deposited with
the above protective film is shown in Fig.1c. It is observed
that during anodic sweep, dissolution of metal does not
take place. This indicates that the protective film is stable
and compact. Electrons are not transferred from the metal
surface, and a passive region is observed. During cathodic
sweep, the peak corresponding to reduction of pitting
corrosion product appears at -500 mV. However, the peak
due to reduction of iron oxide to iron appears at -1.476 V.
The current density increases from -1.148 x102 A to -
3.388 x10° A. The increase in current density may be
explained as above. It is observed from the Fig.1a, 1b, 1c
that the pitting potentials for the three systems are at -
644.4 mV, -755.5 mV, and -606.3 mV respectively. That
is when carbon steel electrode is immersed in the sea
water medium, the pitting potential is shifted to more
negative side (active side, i.e., -755.5 mV). It accelerates
corrosion because the protective film formed is porous and
amorphous. When the electrode is immersed in the
inhibitor medium, the pitting potential is shifted to the
noble side, i.e., -606.3 mV. This indicates that the passive
film found on the metal surface in the presence of
inhibitors is compact and stable. It can withstand the
attack of chloride ion present in 3.5 NaCl.

FTIR Spectra

FTIR spectra have been used to analyze the protective
film found on the metal surface.?*? The FTIR spectrum
(KBr) of pure 2-CEPA is shown in Fig. 2a. The P-O
stretching frequency appears at 1017 cm™ and the C=0
stretching frequency of the carboxyl group appears at 1721
cm™, The FTIR spectrum of the film formed on the metal
surface after immersion in sea water containing 250 ppm
of 2-CEPA and 50 ppm of Ni?* is shown in Fig. 2b.
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Figure 1b. Cyclic voltammogram of carbon steel electrode
submerged in 3.5% NaCl solution after its immersion in sea
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Figure 1c. Cyclic voltammogram of carbon steel electrode
submerged in 3.5% NaCl solution after its immersion in sea
water containing 250 ppm of 2-CEPA and 50 ppm of Ni%*
for one day.

659

0




Studies on the film formed by 2-carboxyethylphosphonic acid and Ni%* on carbon steel

The P-O stretching frequency has shifted from 1017 to
1090 cm* and the C=0 stretching frequency has shifted
from 1721 to 1701 cm™. It is inferred that oxygen atom of
the carboxyl group has coordinated with Fe?* resulting in
the formation of Fe?* — 2-CEPA complex formed on the
anodic sites of the metal surface. The possibility of
formation of Ni?* — 2-CEPA complex, to some extent, on
the metal surface cannot be ruled out. The peak at 3432
cm? is due to —OH stretching. The band due to Ni-O
appears at 1369 cm. These results confirm the presence
of Ni(OH), deposited on the cathodic sites of the metal
surface. Thus, FTIR spectral study leads to the conclusior@s,
that the protective film consists of Fe?* — 2-CEPA
complex, Ni?*— 2-CEPA complex and Ni(OH),.

Transmitiance, %

000 3000 2000 1500 1000 400
Wavenumber, cm™

Figure 2. FTIR Spectra a) pure 2-CEPA b) film formed on metal
surface after immersion in sea water containing 250 ppm of 2-
CEPA and 50 ppm of Ni%*

Mechanism of Corrosion Inhibition

In order to explain the above results, the following
mechanism of corrosion inhibition is proposed: When
carbon steel is immersed in an aqueous solution, the
anodic reaction is,

Fe — Fe?* + 2¢- )

The corresponding cathodic reaction is reduction of
oxygen to hydroxyl ions,

02+ 2H,0 + 4e” — 40H" ?3)

When the formulation consists of 250 ppm of 2-CEPA
and 50 ppm Ni?* in sea water, there is formation of 2-
CEPA — Ni?* complex in solution.

When carbon steel is immersed in this environment, the
2-CEPA — Ni?* complex diffuses from the bulk of the
solution to the metal surface. The 2-CEPA — Ni?* complex
is converted into 2-CEPA — Fe?* complex on the anodic
sites of the metal surface, the stability of Fe?* — 2-CEPA
complex is higher than the corresponding Ni complex.

Ni2*— 2-CEPA + Fe?* — Fe?* — 2-CEPA + Ni2*  (4)

The released Ni?* combines with OH" to form Ni(OH),
on the cathodic sites of the metal surface.

Ni2* + 20H" — Ni(OH)2 (5)
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The possibility of formation of Ni?* — 2-CEPA
complex, to some extent, on the metal surface cannot
be ruled out.

Thus, the protective film consists of Fe?* — 2-CEPA
complex, Ni?*— 2-CEPA complex, and Ni(OH)x.

CONCLUSIONS

The conclusions drawn from the results may be given

(1) The inhibition of corrosion of carbon steel in sea
water has been evaluated in the absence and presence
of 2-carboxyethylphosphonic acid and Ni?*.

(2) Weight-loss method and cyclic voltammetry have
been used for this purpose.

(3) The formulation consisting of 250 ppm of 2-
CEPA and 50 ppm of Ni%* provides 73% inhibition
efficiency.

(4) FTIR study reveals the protective film consists of
Fe?* — 2-CEPA complex, Ni?*— 2-CEPA complex, and
Ni(OH)»

(5) Cyclic voltammetry study reveals that the
protective film is more compact and stable even in
3.5% NaCl environment.
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PYRIDO[2,3-d]PYRIMIDINE AND PYRIDOI[2,3-d]-3,1-
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Mahmoud R. Mahmoud[@*, Hamed A. Derbalal®l, Hassan M. F. Madkour@,
Mohamed M. Habashy!® and Mohamed H. Nassar(?

Keywords: pyrido[2,3-d]pyrimidines, pyrido[2,3-d]-3,1-0xazines, one carbon donors.

Several novel pyridine, pyrido[2,3-d]pyrimidine and pyrido[2,3-d] 3,1-0xazine derivatives were prepared using the readily obtainable
starting material 2-amino-6-aryl-4-(3,4,5-trimethoxyphenyl) pyridine-3-carbonitrile 1a,b via the reaction with one carbon donors such as
phenylisothiocyanate, carbon disulphide and formic acid. The IR, *H-NMR and mass spectra for the new synthesized compounds were

discussed.
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Introduction

Within the framework of our research program®®
concerning the utility of activated nitriles, we turned our
interest to 2-amino-4,6-diaryl pyridine-3-carbonitrile 1 as an
example for heterocyclic compounds whose structure
represents f-enaminonitrile incorporated with heterocyclic
ring.

It has been reported a series of publications reflecting the
importance and synthetic applications of aminonitriles
bearing various heterocyclic nuclei.”'* Among those reports,
there has been found different investigation concerning 2-
amino-3-cyanofurans'?!® and pyrroles.** On the other hand,
few reports dealing with similar two bifunctional pyridines
were submitted.™®

Results and Discussions

The titled compounds 1a, b were successfully prepared by
the following two attractive synthetic strategies. First, by the
application of the reported one pot methodology used for the
preparation of 2-aminopyridine-3-carbonitriles.’® Thus a
mixture of equimolar amounts of 3,4,5-trimethoxy-
benzaldehyde, acetophenone (2-acetylnaphthalene),
malononitrile and ammonium acetate in absolute ethanol
was heated under reflux for 2 hrs. Second, by refluxing the
arylidenmalononitrile, namely, 3,4,5-trimethoxy-
benzylidenemalononitrile with the coreactant ketone and
ammonium acetate on molar ratios in absolute ethanol. The
reaction readily proceeded to afford in each case an
excellent yield of pyridine derivatives 1a, b. (Scheme 1)

The structure of the products obtained was inferred from
microanalytical and spectral data. Thus, the IR spectra of
both compound showed two sharp absorption frequencies at
3496 and 3372 cm* standing for the -~NH; group absorption,
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in addition to the vibrational frequency at 2207 cm™
indicating the presence of nitrile functionality.

Furthermore, the *H-NMR spectrum of compound 1a in
DMSO-ds exhibited signals from low to high field which
were in agreement with the concerned structure. The
aromatic protons of 6-substituted phenyl moiety displayed
two multiplets at 6 8.8-8.40 ppm and 7.48-7.46 ppm
integrating to two and three protons, respectively. However,
the absorption singlet exhibited at & 7.3 ppm integrating to
one proton refers to the aromatic hydrogen located at C-5.
Two magnetically equivalent protons at 2' and 6' positions
of trimethoxyphenyl moiety displayed a singlet at & 6.97
ppm. The amino group protons showed a singlet at & 6.92
ppm (exch. in D20).

H o] CN Ar Ny NHz
EtOH abs.
o * AcONH ‘
: c
AY H3C Ar CN 4 = N
Ar
(1a,b)
Ar Ar'
a; CgHp(OCH3)3 3,4,5- Ph AcONH, |EtOH abs.
b; CgH,(OCHg)3 3,4,5- 2-naphthy!
Ar CN (0]
H N HsC Ar

Scheme 1

Moreover, the 3,4,5-trimethoxy groups showed two
singlets at 6 3.84 and 3.72 ppm, integrating to six and three
protons of two magnetically equivalent —-OCH3; groups at 3'-
and 5'- positions, while the latter corresponding to that one
located at position 4'. Furthermore, structures la and 1b
received a satisfactory support from the study of their mass
spectra which were in full agreement with their assigned
structure (c.f. Exp.).

It has been reported that the amino group bearing a

heterocyclic ring readily reacts with triethylorthoformate or
acetate to afford the corresponding ethoxyimine
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derivatives.” Thus, when conducting compound la with
triethylorthoacetate  and/or  compound 1b  with
triethylorthoformate in refluxing acetic anhydride for 6 hrs.
resulted in the formation of 4,6-diethoxymethylene-
aminopyridine-3-carbo-nitriles 2a,b in moderate yields.

(Scheme 2)
Ar Ar NH
CN _NHPh
O j\ NH,NHPh O N
A
Ar N N/ OEt Ar' N N)\R
©)]

@
RC(OEt), a,R=Me;b,R=H
Ac,0/A

Ar

Ar'/ﬁl\INHz
®
a, Ar = CgH,(OMe); 3,4,5- , Ar' =Ph
b, Ar = CgH,(OMe); 34,5 , Ar' = CygH; 2-
A,

%Oh %,
(\0‘\)\1 /VCS//O
.“00 o) &
<
D A NH
_Ph
COOH O N
O i Ar”T N N/&S
N X
@ s NHPh

CN

Scheme 2

The structure of products 2ab was inferred from
microanalytical and spectral data. Thus, they lacked the
coupling absorption bands characteristic to the —NH: group
and acclaimed only the appearance of absorption
frequencies of the nitrile and imino —C=N groups at 2209
cmtand 1626 cm.

Moreover, the structural features of both compounds 2a,b
received further support by a study of their mass spectra.

Furthermore, the mass spectrum of 2b show a
fragmentation pattern which very close to 2a with the
correct molecular ion at m/z = 467 (100%) which is the base
peak (c.f. Exp.). Because of the presence of two almost
similar  electrophilic ~ sites, the nitrile and its
orthoethoxyisonitrile functionalities, it would be suitable to
attempet its condensation with binucleophilic centers
reagent e.g., phenylhydrazine. Thus, compounds 2a,b were
allowed to react with the latter reagent in refluxing ethanol
for two hrs. It was proposed that the reaction proceeded via
nucleophilic addition on the ethoxyisonitrile group followed
by cyclization on the nitrile functionality to afford 5,7-
diaryl-3-phenylamino-4-iminopyrido-[2,3-d](3H)pyrimidine
derivatives 3a,b in good yields. (Scheme 2)
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Figure 1. El fragmentation pattern of compound 2a

The 'H-NMR spectrum of compound 3a in DMSO-ds
clearly showed the absorption signals corresponding to each
proton type in the assigned structure. Thus, the imino -NH
proton displayed a singlet at 6 9.11 ppm integrating to one
proton, however, the aromatic proton exhibited three
multiplets in the range of & 8.04-6.6 ppm integrating all
thirteen protons, along with the anilino —NH proton
appeared as abroad signal at & 5.034 ppm. The trimethoxy
group protons showed their absorption signal as two singlets
at 6 4.03 ppm and 3.97 ppm integrating for six and three
protons, respectively. In addition the two methyl proton type
displayed a singlet at & 2.30 ppm.

Moreover, the mass fragmentation pattern of compound 3b
presented a satisfactory support which was in full
accordance with the proposed structure. It showed the
fragment 529 (14.96%) corresponding to the parent peak.

When we devoted our efforts to the reactions 1a,b with
bifunctional reagents we thought that its treatment with
phenyl isothiocyanate in refluxing pyridine would occur via
initial attack of amino group followed by cyclization leading
to addition of one molecule of the reagent.

663



Synthesis of novel pyridines, pyrido[2,3-d]pyrimidines and pyrido[2,3-d]-3,1-0xazines

.+
Ar NH Ar .
N H
N/NHPh - PhNH N
-HCN >
) H- abs. /
] N
Ar' N N Ar’ N
(3b)
411 (45.6)
M-*= 529 (14.9)
Ar = CgH,(OMe); 3,4,5-
Ar'=CygHy 2-
-Ar
-Ar
-HCN
Y\T!;\J‘HPh 5
N
> Y -HCN
Vi g -
N N
92 (86.3 65 (66.1
208 (100) 86:3) (6.1
base peak

Figure 2. El- fragmentation pattern of 3b

By the study of their mass spectra it has been found that
the molecular weight determination indicated the
incorporation of two molecules of phenyl isothiocyanate in
the formation of reaction product. it was proposed that the
reaction involved the formation of 7-aryl-4-imino-3-phenyl-
1-(N-phenythiocarbox-amido)-5-(3,4,5-trimethoxyphenyl)-
pyrido[2,3-d] pyrimidin-2-thione 4a,b.

Examination of 'H-NMR spectrum of 4b in DMSO-dg
revealed two singlets, the former at & 9.57 ppm integrating
for one proton attributable to the exocyclic imino C=NH
proton and the latter at & 83 ppm stands for the
thiocarboxamide proton absorption. The aromatic protons
displayed signals in the range of & 8.09-6.96 ppm,
integrating totally for 20 protons of five aromatic rings
existing in the concerned structure. Moreover, the three
methoxy group protons lacated at 3', 4' and 5'-positions of
the 5-substituted phenyl rings showed two singlets
integrating to nine protons at & 3.81 ppm and 3.78 ppm.The
mass spectra of 4a and 4b were completely in accord with
the proposed structures (C.F. Fig. 3,4).

Fused oxazinones are among the most important
heterocycles which are required as synthons and their wide
scope of biological activity.*®2% Thus, the author intented to
synthesize pyrido[2,3-d][3,1]oxazinone derivative 6 via two
steps reaction involving hydrolysis of 1b with the aid of
concentrated sulphuric acid followed by refluxing in acetyl
chloride to give 2-acetamidonicotinic acid derivative 5
which underwent cyclodehydration by treatment with acetic
anhydride to afford 2-methyl-7-(2-naphthyl)-5-(3,4,5-
trimethoxyphenyl)pyrido[2,3-d][3,1]oxazin-4-one 6 in a
moderate yield (Scheme 2).

The structure of the acetamidonicotinic acid derivative 5
was proven by solubility in aqueous sodium carbonate
solution and its IR spectrum showed two broad vibrational
bands at 3405 cm™ and 3227 cm attributable to the open
amide —NH group and the carboxyilic functionality existing
in H-bonding that causes broadening of their absorption
frequencies. Two strong absorption bands appeared at 1705
and 1662 cm™ referring to the presence of carbonyl
functionalities of both the carboxy and the open amide
groups, respectively.
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On the other hand, the structure of the product 6 was
established from microanalytical and spectral data. Thus, its
IR spectrum showed the lack of absorption bands of the
amide —NH and acidic —OH groups that refers to their
involvement in the cyclization process. The 6um region
reveled a stretching absorption frequency of 6-membered
lactone at 1767 cm™ with the band appearing at 1663 cm™
which indicated the existence of C=N.

'H-NMR of compound 6 in DMSO-ds show from low to
high field signals characteristic for aromatic protons at &
ppm 8.1-7.5 (m, 10H), two singlet at & 4.0, 3.8 ppm for the
three methoxy protons in the ratio 6:3 and singlet at 6 2.3 for
the three methyl protons.

Moreover, a full support of the proposed structure was
provided by quantitative investigation of its mass
fragmentation pattern (Fig. 5).
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Figure 5. EI fragmentation of compound 6

It has been reported that heterocyclic o-amino
carbonitriles  including ~ furans,  pyrimidines  and
quinazolines®?” reacted with carbon disulphide under
different reactions conditions to afford biologically interest
fused thiazines and/or pyrimidinedithione. However, when
compound la was treated with the reagent in ethanolic
solution of KOH at refluxing temperature for 6hrs. The
reaction fails to give the fused pyridine compound. Instead a
semisolid product was separated out (two spots in TLC) and
subjected to fractional crystallization, non of these products
could be isolated in a pure state. Meanwhile, it was possible
to detect in the crude reaction mixture by GC-MS technique
two different compounds. The El fragmentation pattern of
one of them is completely in accord with N,N’-bis[4-aryl-3-
cyano-6-phenyl pyridine-2-yl]thiourea 7 and the second
showed completely different pattern whose highest m/z
(relative intensity) peak is recorded at 403 (45.6) which is
attributable to the isothiocyanate derivative 8 (Scheme 3).
Tentative fragmentation which are in a good compatible
with the proposed structures.
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Figure 6. The main fragmentation pattern for 7

Moreover, the highest recorded peak in the mass spectrum
of 8 at m/z = 403 (45.6) represent the correct molecular ion
peak which upon loss of methyl and cyanide radical
afforded the radical cation at m/z = 362(100%) which
represent the base peak.(c.f. Exp.).

By repeating the above reaction in pyridine under the
same previous reaction conditions resulted in the formation
of fused compound 9 whose structure was described as 5-
aryl-7-phenylpyrido[2,3-d]pyrimidine-2,4-(1H,3H) dithione
(Scheme 3). Now, it is postulated that the utility of pyridine
is responsible for the existence of thiocarbamate
intermediate 10 which in turn attacks the nitrile group to
give the pyrimidine salt of 2-thioxo-1,3-thiazine derivative
11 which undergo rearrangement to the isothiocyanate
derivative?® 12 which underwent cyclization to give pyrido
pyrimidine dithione derivative 9 (Scheme 4).
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The structure 9 was substantiated from the analytical and
spectroscopic data. Moreover, its mass fragmentation
pattern was in full harmony with the assigned structure. (c.f.
Exp.).

Recently, there has been found a number of
publications?®® reported that the formation of fused
pyrimidinones via condensation of variety of substituted 2-
aminobenzonitriles and/or 2-aminopyrrolonitriles  with
formic acid is either an acid catalyzed or time dependent
reaction.

We were able in our lab to obtain the intermediate
substituted 2-aminopyridine-3-carboxamide derivative 13 by
refluxing 1a with formic acid on water bath for 2 hr. in
absence of acid catalysis. Whereas, the reaction of 1a with
formic acid in the presence of concentrated sulphuric acid as
acatalyst, afforded the cyclized product 5-aryl-7-
phenylpyrido[2,3-d]pyrimidine-4(3H)one 14 in good vyield

(Scheme 5).
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The structure of pyridopyrimidinone 14 was broven on the
basic of microanalytical and spectral data. Thus, their IR
spectra revealed abroad band in the 3 pm region standing for
stretching vibration of vnn,on, OF the cyclic amide group. In
addition, the 6 pm region exhibited the carbonyl vibrational
band at 1680 cm™ and/or 1659 cm™ of cyclic 6-membered
lactam ring.

Furthermore, the assigned structure of compound 14
received satisfactory support by the study of its mass
fragmentation pattern which showed the correct molecular
ion peak at 389 (45.7%).

The 1H-NMR spectra of compound 14 in DMSO-ds
revealed to doublets at 6 8.14 ppm standing for the ring -NH
proton. However, the pyridyl H-2 proton displayed a singlet
at 6 7.33 ppm along with the phenyl group protons
absorption shown as multiplet at & 7.49 ppm integrating to
five protons, a singlet at § 7.1 ppm integrated for one proton
(C6-H). The two protons at m-positions of 5-substituted
3,4,5-trimethoxyphenyl ring exhibited a singlet at & 6.88
ppm, meanwhile the three methoxy group of the same ring
displayed their absorption signals as two singlets at & 3.84
ppm, and 3.75 ppm integrating for six and three protons
located at 3'- and 5'- positions along with those substituted at
4'-position.

One of the historical beneficial roles of the amino group in
organic chemistry is its susceptibility to be acylated upon
treatment with various number of acylating agents, in easy
going reactions. Of these reactions, the concerned
compound la was treated with acetyl chloride and/or acetic
anhydride at the reflux temperature of the reagent. The
reaction readily occurred via nucleophilic addition of the
amino group on electronically deficient carbonyl carbon
atom of the acetyl segment that led finally to the formation
of monoacetyl derivative 15 in the first case and the diacetyl
derivative 16 in the latter one (Scheme 5). The IR spectrum
of 15 displayed v ny (Sharp) at 3347 cm, ven at 2220 cmt
and Vvco@migey at 1658 cmt. On the other hand, the latter
product 16 exhibited vibrational coupling bands for a
carbonyl groups at 1730 and 1700 cm™ and show the
absence of absorption bands for NH group.

Moreover, the H-NMR spectrum of compound 16 in
CDCl; displayed a singlet at & 2.42 ppm integrating to six
protons indicates the presence of two symmetrical acetyl
groups.

On the other hand, compound 16 received further support
to its structure assignment from the study of its mass
spectrum whose fragmentation pattern was in full agreement
with the proposed structure.(c.f. Exp.)

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 200 MHz, Brucher AC-200 MHz using
TMS as internal standard (chemical shifts in 8-scale). EI-MS
were measured on a Schimadzu-GC-MS instrument
operating at 70 eV. Microanalysis measurements were
carried out at Ain Shams University laboratory and
satisfactory analytical data (= 0.4) were obtained for all
compounds. *H-NMR spectra and EI-MS were run at Cairo
University labs.
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Condensation of 3,4,5-trimethoxybenzaldehy-de, acetophenone,
malononitrile and ammonium acetate; Formation of 2-amino-
6-phenyl-4-(3,4,5-trimethoxy-phenyl)pyridine-3-carbonitrile
(1a)

A mixture of malononiltrile (0.66 g; 0.01 mol),
acetophenone 1.2 ; 0.01 mol), 3,4,5-
trimethoxybenzaldehyde (1.96 g; 0.01 mol) and ammonium
acetate (1.15 g; 0.015 mol) in dry benzene (50 ml) was
heated under reflux using water separator for 4 hrs, cooled
and the crude solid was triturated with ethanol. The solid
product so formed was collected by filtration, dried and
recrystallized from ethanol giving 1a as yellow crystals, 2.8
g (78%), mp 161-163°C, ir: NH2 3496, 3372, C=N 2207,
C=N 1630 cm™. *H nmr (DMSO-ds) & 8.8-7.4 (M, 5Harom),
7.3 (s, 1H, Cs-H), 6.97 (s, 2Haom), 6.9 (br.s, 2H, NH,,
exchangeable with D,0), 3.84 (s, 6H, 20Me), 3.72 (s, 3H,
OMe). ms: m/z: 362 (M+1, 100), 347 (43), 319 (24.2), 286
(13.6), 234 (16.2). Anal. Calcd. for C2H1gN3O5 (361): C,
69.8; H, 5.26; N, 11.63. Found: C, 69.73; H, 5.42; N, 11.46.

Condensation of 3,4,5-trimethoxybenzaldehy-de, 2-acetylnaph-
thalene, malononitrile and ammonium acetate; Formation of 2-
amino-6-(2-naphthyl)-4-(3,4,5-trimethoxyphenyl) pyridine-3-
carbonitrile (1b)

A mixture of malononiltrile (0.66 g; 0.01 mol), 2-
acetylnaphthalene (1.7 g; 0.01 mol), 345-
trimethoxybenzaldehyde (1.96 g; 0.01 mol) and ammonium
acetate (1.15 g; 0.015 mol) in dry benzene (50 ml) was
heated under reflux using water separator for 4 hrs, cooled
and triturated with ethanol. The solid product so formed was
collected by filtration, dried and recrystallized from ethanol
giving 1b as yellow crystals, 3.5 g (87%), mp 173-175°C, ir:
NH. 3476, 3296 , C=N 2207, C=N 1642 cm™. ms: m/z: 412
(M+1, 100), 397 (19), 381 (12), 286 (13.6), 288 (12), 244
(13.3). Anal. Calcd. for CysH21N305 (411): C, 72.99; H, 5.1;
N, 10.21. Found: C, 73.09; H, 5.32; N, 10.0.

Reaction of 1a with triethylorthoacetate; Formation of 2-
ethoxyethylenamino- 6-phenyl-4-(3,4,5-trimethoxyphenyl)-
pyridine-3-carbonitrile (2a)

A mixture of compound la (3.61 g; 0.01 mol),
triethylorthoacetate (5 ml) in freshly distilled acetic
anhydride (5 ml) refluxed for 5 hrs. The solvent was
removed under reduced pressure and the resulted solid was
triturated with ether and recrystallized from ethanol giving
2a as glassy yellow crystals, 2.28 g (53%), mp 158-160°C,
ir: C=N 2209 cm™. ms: m/z: 431 (M*, 97.6), 403 (66.8), 386
(13), 373 (30), 361 (100), 346 (55.4), 319 (32.4). Anal.
Calcd. for CasHzsN30. (431): C, 69.6; H, 5.8; N, 9.74.
Found: C, 69.92; H, 5.66; N, 9.72.

Synthesis of 2-ethoxymethylenamino- 6-(2-naphthyl)-4-(3,4,5-
trimethoxy-phenyl) pyridine-3-carbonitrile (2b)

A mixture of compound 1b (4.11 g; 0.01 mol),
triethylorthoaformate (10 ml) in acetic anhydride (5 ml) was
refluxed for 5 hrs. The solvent was removed under reduced
pressure and the resulted solid was triturated with ether and
recrystallized from ethanol giving 2b as buff crystals, 2.8 ¢
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(61%), mp 143-145°C, ir: C=N 2207 cm™. ms :m/z: 467
(M*, 100), 340 (M-CyoH7, 22.8), 300 (M-Ar, 70.3), 421
(7.6), 395 (46.2), 167 (32.6), 77 (18.9). Anal. Calcd. for
CogH25N304 (467): C, 71.94; H, 5.35; N, 8.99. Found: C,
72.08; H,5.3; N, 8.73.

Reaction of 2 with phenyl hydrazine; Formation of 2-methyl-7-
aryl-5-(3,4,5-trimethoxyphenyl)-3-phenylamino-4-imino-pyri-
do[2,3-d](3H)pyrimidine (3a) and (3b)

A mixture of compound 2 (0.01 mol) and phenyl
hydrazine in ethanol (20 ml) was heated under reflux for 8
hrs. The reaction mixture was left to cool, poured into dilute
hydrochloric acid; the solid product so formed was filtered
off, dried and recrystallized from methanol giving 3a as
light brown crystals, 2.8 g (58%), mp 197 °C decomp., ir:
NH 3383, C=N 1661 cm™. *H nmr (DMSO-dg) & 9.11 (s,
1H, =NH), 8.04-7.5 (m, 10Harom.), 7.1 (s, 1H, Cs-H), 6.66 (s,
2Harom), 5.03 (br.s, 1H, NH, exchangeable with D;0), 4.03
(s, 6H, 20Me), 3.9 (s, 3H, OMe), 2.3 (s, 3H, Me). ms: m/z:
493 (M*, 100), 479 (22.8), 402 (70.3), 319 (44.8), 92 (83.6),
65 (33.6). Anal. Calcd. for C9H27NsO3 (493): C, 70.58; H,
5.47; N, 14.19. Found: C, 70.68; H, 5.34; N, 13.89.

3b: crystallized from dioxane to give buff crystals, 2.4 g
(46%), mp 206-208°C, ir: NH 3376, C=N 1652 cm™. ms:
m/z: 529 (M*, 4.9), 487 (17.8), 411 (45.6), 396 (15.5), 380
(8.1), 351 (14), 224 (12.6), 208 (100), 93 (33.6), 77 (44.1) .
Anal. Calcd. for CsH27NsO3 (529): C, 72.58; H, 5.10; N,
13.23. Found: C, 72.73; H, 5.0; N, 13.09.

Reaction of 1a,b with phenyl isothiocyanate; Formation of 7-
aryl-4-imino-3-phenyl-1-[N-phenylthiocarboxamido]-5-(3,4,5-
trimethoxy phenyl)pyrido[2,3-d]pyrimidine-2-thione (4a,b)

A mixture of compound 1a (3.61 g; 0.01 mol) or 1b (4.1
g; 0.01 mol) and excess phenyl isothiocyanate in pyridine
(20 ml) was refluxed for 6 hrs. The reaction mixture was left
to cool, acidified with dilute hydrochloric acid; the solid
product so formed was filtered off, dried and recrystallized
from the proper solvent to give 4a and 4b, respectively.

3,7-Diphenyl-5-(3,4,5-trimethoxyphenyl)-1-[N-phenylthiocar-
boxamido]-pyrido[2,3-d]pyrimidine-2-thione (4a)

Recrystallized from benzene as yellow crystals, 5.1 g
(92%), mp 280-282°C, ir: NH 3357, 3376, C=N 1631, C=S
1259 cm. *H nmr (DMSO-ds) & : 9.57 (s, 1H, =NH), 8.3 (s,
1H, NH), 809'696 (m, 15Harom,), 72 (S, 1H, CG'H), 67 (S,
2Harom.), 3.81 (s, 6H, 20Me), 3.78 (s, 3H, OMe). ms: m/z:
555 (M-Ph, 16.8), 497 (94.2), 496 (100), 466 (42.2), 387
(9.2), 360 (10). Anal. Calcd. for CassH29Ns03S, (631): C,
66.56; H, 4.59; N, 11.09; S, 10.14. Found: C, 66.91; H, 4.32;
N, 10.88; S, 10.0.

7-(2-Naphthyl)-3-phenyl-5-(3,4,5-trimethoxyphenyl)-1-[N-phe-
nylthio-carboxamido]pyrido[2,3-d]pyrimidine-2-thione (4b)

Recystallized from benzene as greenish-yellow crystals,
5.9 g (87%), mp 236-238°C, ir: NH 3386, 3346, C=N 1644,
C=S 1287 cmX. ms: m/z: 605 (M-Ph, 100), 546 (5.4), 439
(29.5), 411 (3.6), 304 (15.7), 135 (60.3), 92 (30.2), 65 (22.8).
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Anal. Calcd. for C39H31N50352 (681): C, 68.72; H, 4.55; N,
10.27; S, 9.39. Found: C, 68.61; H, 4.4; N, 10.0; S, 9.23.

Formation of 2-acetylamino-6-(2-naphthyl)-4-(3,4,5-trimeth-
oxyphenyl)pyridine-3-carboxylic acid (5)

A mixture of 1b (4.11 g; 0.01 mol) in concentrated
sulphuric acid (5 ml) was heated for 2 hrs, left to cool,
neutralized by 5N sodium hydroxide solution and filtered.
The clear filtrate was then acidified depositing an orange
solid which was filtered off, dried then dissolved in acetyl
chloride (5ml), refluxed for only 1 hr, left to cool, and
poured into ice water. The separated solid was collected by
filtration and dissolved in aqueous solution of sodium
bicarbonate, filtered and the alkaline filtrate then acidified
with dilute acetic acid. The deposited solid was filtered off,
dried and recrystallized from methanol to give 5 as yellow
crystals, 2.1 g (46%), mp 214-216°C, ir: NH 3405, 3227, CO
acid 1705, CO amide 1662 cm™. ms: m/z: 472 (M*, 33.4),
454 (M-H0, 30.1), 430 (M-CH,=C=0, 27.6), 384 (60.3),
181 (12.8). Anal. Calcd. for C27H24N20s (472): C, 68.64; H,
5.08; N, 5.93. Found: C, 68.83; H, 4.8; N, 5.77.

Synthesis of 2-methyl-7-(2-naphthyl)-5-(3,4,5-trimethoxy-
phenyl) pyrido [2,3-d]3,1-0xazin-one (6)

A solution of compound 5 (1 g) in freshly distilled acetic
anhydride (5 ml) was heated under reflux for one hour, then
left to cool and poured into ice water with stirring. The
separated solid was collected by filtration, dried and
recrystallized from light petroleum ether (b.p. 100-120°C) to
give 6 as orange crystals, 2.08 g (46%), mp 98°C (decomp.),
ir: CO oxazinone 1767, C=N 1663 cm™. *H nmr (DMSO-ds)
8: 8.1-7.5 (M, 7THarom.), 7.1 (S, 1H, Cs-H), 6.7 (S, 2Harom.), 4.0
(s, 6H, 20Me), 3.8 (s, 3H, OMe), 2.3 (s, 3H, C,-Me).
ms :m/z: 454 (22.9), 440 (M-Me, 100), 410 (12.4), 411
(24.0), 312 (11.9), 273 (52.7), 229 (11.7). Anal. Calcd. for
Co7H22N20s (454): C, 71.36; H, 4.84; N, 6.16. Found: C,
71.61; H, 4.9; N, 5.86.

Reaction of 1a with CS2/ KOH; Formation of N,N-bis[4-aryl-3-
cyano-6-phenylpyridin-2-yl]thiourea (7) & isothiocyanate
derivative (8)

A mixture of compound la (3.61 g; 0.01 mol), carbon
disulphide (5 ml) in ethanolic KOH solution (20 ml) was
refluxed for 5 hrs. The excess ethanol was evaporated, then
reaction mixture was left to cool, acidified with dilute
hydrochloric acid giving a semisolid paste which was
triturated with ether, recrystallized by DMF to afford a non
isolable mixture of two compounds which were identified
by GC-MS as 7 and 8.

Reaction of 1a with CSz/ pyridine; Formation of 7-phenyl-5-
(3,4,5-trimethoxyphenyl)-1H,3H-pyrido[2,3-d]pyrimidin-2,4-
dithione (9)

A mixture of compound la (3.61 g; 0.01 mol), carbon

disulphide (10 ml) in pyridine (20 ml) was refluxed for 6 hrs.

The reaction mixture was left to cool, acidified with dilute
hydrochloric acid. The solid product so formed was filtered
off, dried and recrystallized from acetic acid giving 9 as buff
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crystals, 2.6 g (61%) mp 164-166°C, ir: NH 3424, 3329,
C=S 1241 cm. ms :m/z: 437 (M*, 17.6), 422 (M-Me, 100),
406 (M-OMe, 44.2), 363 (36.2), 348 (22.7), 319 (16.1), 182
(80.7). Anal. Calcd. for CyH19N3OsS; (437): C, 60.41; H,
4.34; N, 9.61; S, 14.64. Found: C, 60.78; H, 4.18; N, 9.37; S,
14.33.

Reaction of 1a with formic acid i) in absence of catalyst;
Formation of 2-amino-3-carboxamide-6-phenyl-4-(3,4,5-
trimethoxyphenyl)pyridine (13)

A solution of 1a (3.61 g, 0.01 mol) in formic acid (10
ml) was refluxed for 2 hrs, cooled, diluted with cold water.
The solid product so formed was then filtered off, washed
with water, dried and recrystallized from DMF affording 13
as light brown crystals, 2.1 g (57%), mp 223-225°C, ir: NH»
3412, 3380, 3240, C=0 amide 1659 cm™. ms: m/z: 379 (M,
78.1), 365 (70), 349 (33.1), 304 (22.8), 291 (20.2). Anal.
Calcd. for C1H21N304 (379): C, 66.49; H, 5.54; N, 11.08.
Found: C, 66.71; H, 5.32; N, 10.84.

ii) In presence of Conc. H2SO4; Formation of 7-phenyl-5-(3,4,5-
trimethoxyphenyl)-3H-pyrido[2,3-d]pyrimidin-4(3H)one (14)

A solution of 1a (3.61 g, 0.01 mol) in formic acid (10 ml)
was refluxed in the presence of Conc. H,SO4 (1 ml) for 10
hrs. The reaction mixture was then cooled, neutralized by
1IN NaOH. The solid product so formed was filtered off,
washed with water, dried and recrystallized from DMF
affording 14 as brown crystals, 1.59 g (41%); mp 211-213°C,
ir: (br) NH,OH 3271, C=0 1680 c¢cm™. *H nmr (CDCls) 5:
8.14 (d, 1H, NH), 7.49 (m, 5Harom), 7.33 (s, 1H, Cz-H), 7.1
(s, 1H, Cs-H), 6.88 (s, 2Harom.), 3.84 (s, 6H, 20Me), 3.75 (s,
3H, OMe). ms :m/z: 389 (45.7), 388 (100), 374 (40.6), 357
(18.9), 299 (16). Anal. Calcd. for CzHigN3O4 (389): C,
67.86; H, 4.88; N, 10.79. Found: C, 67.67; H, 5.0; N, 10.66.

Formation of 2-acetylamino-6-phenyl-4-(3,4,5-trimethoxy-
phenyl)-pyridin-3-carbonitrile (15)

A mixture of compound 1a (3.61 g, 0.01 mol) and acetyl
chloride (10 ml) was heated on a water bath for one hour.
The reaction mixture left to cool then poured drop wisely
into ice-water with fast stirring. The solid formed was
collected by filtration, washed several times with water,
dried and recrystallized from chloroform affording 15 as
yellow crystals, 3.38 g (84%), mp 218-220°C, ir: NH 3347,
C=N 2220, CO amide 1658 cm™. ms :m/z: 403 (100), 361
(90.3), 195 (21.7), 181 (16.2), 91 (30.3). Anal. Calcd. for
Ca23H21N304 (403): C, 68.48; H, 5.21; N, 10.42. Found: C,
68.71; H, 5.0; N, 10.37.

Formation of 2-(N,N-diacetylamino)-6-phenyl-4-(3,4,5-trimeth-
oxyphenyl)-pyridin-3-carbonitrile (16)

A mixture of compound 1a (3.61 g, 0.01 mol) in freshly
distilled acetic anhydride (10 ml) was refluxed for two hours,
then left to cool, poured into ice cold water with stirring.
The separated solid was filtered off, dried and recrystallized
from light petroleum ether (b.p. 80-100°C) to give 16 as
glassy pale brown crystals, 2.51 g (58%), mp 128-130°C, ir:
CO coupling bands 1730, 1700 cm™. *H nmr (CDCls) &:
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8.10-8.05 (m, 5Harom),7.01 (s, 1H, C5-H), 6.88 (s, 2Harom.),
3.96 (s, 9H, 30Me), 2.42 (s, 6H, 2MeCO). ms :m/z: 446
(M*+1, 70.1), 389 (100), 373 (82.6), 372 (82.5), 346 (22.6).
Anal. Calcd. for CzsH23N3Os (445): C, 67.41; H, 5.16; N,
9.43. Found: C, 67.72; H, 5.0; N, 9.22.
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SYNTHESIS AND CHARACTERIZATION OF

E B BIODEGRADABLE CLAY- POLYMER NANOCOMPOSITES

FOR ORAL SUSTAINED RELEASE OF ANTI-
INFLAMMATORY DRUG

Section B-Research Paper

Manpreet Kaurf® and Monika Dattal®

Keywords: diclofenac sodium, montmorillonite, PLGA nanocomposite, sustained release

In this paper, a clay based drug delivery system comprising of [poly(D,L-lactide-co-glycolide)] (PLGA)/montmorillonite (MMT)
nanocomposite has been explored for the oral sustained release of diclofenac sodium (DS) using double emulsion solvent evaporation
technique. Encapsulation of diclofenac sodium in PLGA matrix and clay matrix was also undertaken to assess the role of clay and PLGA in
drug encapsulation and its subsequent release from the respective formulations. A drug encapsulation efficiency of 98 % was obtained for
the synthesized PLGA/MMT nanocomposite system. The drug was found to be intercalated in the PLGA/MMT nanocomposite as
confirmed by the X-Ray diffraction studies. The thermal analysis shows the crystalline nature of the encapsulated drug in the
nanocomposite. The particle size of the drug loaded PLGA/MMT nanocomposite was found to be in the range of 10-20 nm as analysed by
high resolution transmission electron microscopic (HRTEM) technique. The in vitro drug release studies of the drug encapsulated
PLGA/MMT nanocomposite under simulated gastric fluid (phosphate buffer saline, PBS 1.2) shows no drug release while a sustained

release was seen under simulated intestinal condition (phosphate buffer saline, PBS 7.4) releasing 51% drug in 8 hours.
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INTRODUCTION

Polymer/clay nanocomposites are a class of hybrid
systems in which clay/organo-clay nanoparticles (often
montmorillonite) are dispersed in a polymer matrix. With
small amount of the clay, they exhibit high thermal stability,
enhanced mechanical®® and rheological properties etc.”
These benefits along with the good intercalation capacity
offered by the clay mineral have been used to develop new
sustained release systems, as documented by a number of
patents.2% A number of polymers have been investigated
for designing the nanoparticulate delivery systems, but
PLGA [copolymer of poly (lactide), (PLA) and poly
(glycolide), (PGA)] has been most extensively used because
of its biocompatibility, biodegradability, and versatile
degradation kinetics. It is an FDA approved biodegradable
and biocompatible polymer which has been in use for
years.!1® Also, its final degradation products (lactic and
glycolic acids) are completely safe, as they are either
excreted by the kidneys or enter the Krebs’ cycle to be
eventually eliminated as carbon dioxide and water.

Of all the clays, montmorillonite (MMT) has been
extensively used in the pharmaceutical formulations. It is a
FDA approved excipient and belongs to the 2:1 smectite
group (general formula M¥*y(Al2x)(OH)2(SisyAly)O10) of
clay minerals It is a naturally occurring layered silicate
having a unit thickness of 1 nm which makes it suitable for
the synthesis of nano structured materials. It has rich
interlayer chemistry, possesses high potential for ion
exchange, is stable under acidic conditions and has high
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chemical resistance. It is associated with good hydration and
swelling properties and acts as a potent detoxifier.'*
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Structure of montmorillonite

Besides it has large specific surface area and exhibits
standout mucoadhesive ability to cross the Gl barrier. As a
result, MMT is a common ingredient both as an excipient
and active substance in pharmaceutical products.t>16
Diclofenac is currently the eighth largest-selling drug and
the most frequently used nonsteroidal anti-inflammatory
drug (NSAID) in the world, since its introduction in Japan in
1974. Diclofenac is among the better tolerated NSAIDs and
is widely used in the long term treatment of degenerative
diseases such as rheumatoid arthritis, osteoarthritis.
Diclofenac sodium (DS) has analgesic and antipyretic
actions and is one of the few NSAIDs used to treat ocular
inflammatory conditions. But it has short biological half life
of 1-2 hours?’ therefore requires frequent dosing leads to
adverse gastrointestinal disturbances, peptic ulceration and
gastrointestinal bleeding. The most common route of
administration of this drug is oral.'®® Thus in order to
achieve improved therapeutic efficacy and patient
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compliance, development of oral sustained-release
formulations of this drug is highly desirable. To minimize
the side effects, particularly to avoid gastric ulcers,
diclofenac sodium is marketed as enteric coated and
sustained release tablets. But even these formulations have
shown Gl toxicity in clinical studies.?

In this work, we propose novel formulation- diclofenac
sodium  encapsulated biodegradable =~ PLGA/MMT
nanocomposites, synthesized for the oral sustained delivery
of diclofenac sodium.

Cl

z

Cl

(0]

Chemical structure of diclofenac sodium

The double emulsion solvent evaporation technique was
used to synthesize these nanocomposites. Poloxamer 188
[polyoxyethylene—polyoxy-propylene—polyoxyethylene
(PEO-PPO-PEO) block polymer], a non-ionic stabilizing
surfactant, suitable for oral administration and widely used
as wetting and solubilising agent was employed in the
synthesis.

Chemical structure of poly(lactic-co-glycolic acid) (PLGA),
m=poly(glycolic acid) (PGA), n=poly(lactic acid) (PLA)

@)

CH; ©

[N I A
melo JOH

n

For comparative study, the drug loaded samples were
synthesized in the absence of MMT and PLGA to
investigate the effect of the two on the encapsulation
efficiency and subsequent release kinetics of the drug under
simulated intestinal conditions (PBS 7.4).

MATERIALS AND METHODS
Materials

The PLGA used in the present study was obtained from
Sigma Aldrich, St. Louis MO USA and was used without
any further purification. Poloxamer 188 (F68) having more
than 98% purity was obtained from Fluka, Switzerland. The
clay used in the present study, montmorillonite was obtained
from Sigma Aldrich, St. Louis USA. The drugs - diclofenac
sodium (DS) and diclofenac acid (DH) were obtained from
Sigma Aldrich, St. Louis MO USA and were used without
any further purification.

HPLC grade ethyl acetate having 99.8% essay was
obtained from Research laboratories Ltd., Mumbai. HPLC
grade dichloromethane (DCM) and methanol having 99.5%
and 99.7% assay, respectively, were obtained from Merck,
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Mumbai. NaOH and KHPO4 used for making PBS 7.4
buffer were obtained from Merck, Mumbai.

Encapsulation of diclofenac sodium in PLGA/MMT composite

The double emulsion (w/o/w) solvent evaporation method
was employed for the encapsulation of diclofenac sodium in
PLGA/MMT nanocomposite. The multiple emulsions were
prepared by using two step emulsification procedures. In the
first step, the primary (w/o) emulsion was prepared by
incorporating the aqueous drug (20 mg) phase into the oily
phase containing PLGA (40 mg) dissolved in ethyl acetate
and the resulting emulsion was sonicated for a minute at
25 °C using ultrasonics sonicator.

In the second step, the primary emulsion was added
slowly into the aqueous phase containing a given amount of
MMT and F-68 (at critical micelle concentration) to
encapsulate the (w/o) emulsion. The resulting double
emulsion, (w/o/w) was stirred at 700 rpm and the organic
solvent was evaporated at 37 °C leaving behind diclofenac
sodium encapsulated PLGA-MMT composite. The contents
were then centrifuged at 20,000 rpm for 30 minutes at 20 °C
using Sartorius 3K30 centrifuge. The filtrate was preserved
and the residue was lyopholized for further characterizations
(Scheme 1). A number of formulations were tried by
varying different parameters before arriving at the optimized
formulation designated as 002.

Mechandcal
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Aqueons
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Clay par l'lt‘lei
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stirring

Salvent evaporation
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Drug encapsulation
in clay mterlayers

Schemel. Schematic representation of synthesis of drug
encapsulated clay polymer nanocomposite by w/o/w double
emulsion solvent evaporation method

To investigate the effect of MMT on the drug
encapsulation and its subsequent release from the
synthesised ~ formulation,  diclofenac  sodium  was
encapsulated in PLGA matrix using w/o/w double emulsion
solvent evaporation technique. All the parameters and
processing conditions were kept the same as in optimized
formulation - 002 except for MMT, which was not added.
The sample thus synthesised was designated as 010.

To see the effect of PLGA on the encapsulation of
diclofenac sodium in the clay, the aqueous drug was added
slowly under the same conditions to the aqueous suspension
of MMT containing F-68. All the parameters and processing
conditions were kept the same as in optimized formulation -
002 except that PLGA was not used. The sample thus
synthesised was designated as 012.
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Quantitative estimation of diclofenac sodium in the synthesized
formulations using high performance liquid chromatographic
(HPLC) method

Method development and analysis of formulations

The amount of diclofenac sodium encapsulated in the
synthesized formulations was determined by HPLC
technique using a reversed phase C18 column (250 x 460
mm, Phenomex, USA) and UV-VIS photo-diode array. The
samples were separated using an isocratic mobile phase
consisting of CH3OH: PBS 6.8 (13:7 v/v) at a flow rate of
ImL mint,

The drug was extracted from the PLGA-MMT composite
system and PLGA matrix using a mixture of
dichloromethane (DCM) and PBS 7.4 in 1:1 ratio. The
aqueous phase containing the drug was quantitatively
analysed by HPLC using a calibration curve and the % drug
encapsulation efficiency (% EE) and % drug content (%
DC) were determined using equations (1) and (2).

m,

% EE = —1100 @
m,
m

% DC =—1100 @)
my

where

m; — mass of the drug loaded in sample
m, — mass of the total drug added
ms — mass of the drug loaded sample

Characterizations of the optimal formulations
X-Ray diffraction (XRD) studies

The X-Ray diffraction (XRD) patterns of MMT,
diclofenac sodium, F-68 and the synthesized formulations-
002, 010 and 012 were recorded using Cu Ko radiation (n
=1 A) on a Philips X' Pert-PRO MRD system operating at
50 kV and 100 mA in continuous scan mode with a scanning
speed of 0.008°sec™.

Differential scanning calorimetric (DSC) analysis

The differential scanning calorimetric (DSC) analyses of
MMT, F-68, pristine diclofenac sodium, diclofenac acid and
synthesized formulations- 002, 010 and 012 was performed
using Perkin Elmer Q200 (V23.10 build 79) system
operating at a heating rate of 20 °C min™. The samples were
purged with nitrogen at a flow rate of 50.0 ml min.

Fourier Transformed Infrared (FT-IR) studies
The IR transmission spectra (4000-400 cm™) were

recorded in a KBr matrix at 25 °C using a Perkin-Elmer FT-
IR spectrum BX.
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Scanning electron microscopic studies (SEM) with EDAX
(energy dispersive X-ray analysis)

All the samples were sputter coated with gold (used as a
conductive material) and the surface morphology of the
samples was then examined using Zeiss EVO MAI15
(Oxford instruments).

High resolution transmission electron microscopic (HRTEM)
studies

The samples were prepared by depositing the aqueous
suspensions of the samples on carbon film attached to a 400
mesh Cu grid. The images were recorded using TECNAI
G2T30 FEI Instrument operated at 120 kV.

In vitro drug release kinetics

The study of in vitro drug release behaviour of pure
diclofenac sodium and the synthesized formulations was
carried out in simulated gastric (PBS 1.2) and intestinal fluid
(PBS 7.4) using dialysis bag method for a period of 8 hours.
A known amount of the formulation was dispersed in the
dialysis bag and was immersed in 100 ml of dissolution
media maintained at 37° + 0.5°C with constant stirring at
300 rpm. After every one hour interval, 5.0 ml of the
dissolution medium was withdrawn for the estimation of the
drug content and at the same time 5 mL of the fresh solution
was added to maintain the constant volume of the
dissolution medium.?* The obtained 5 mL of the solution
was filtered through a membrane with a pore diameter of
0.45um.The concentration of the drug released was
determined by UV spectrophotometer at 277 nm, and then
the cumulative percentage of DS released was calculated.

RESULTS AND DISCUSSION

Quantitative estimation of drug in the synthesized formulations
by HPLC method

The % encapsulation efficiency and drug content of
synthesised formulations as estimated using HPLC are
tabulated in Table 1.

Table 1. Encapsulation efficiency and drug content in synthesised
formulations

Sample  Amounts, in mg % EE % DC
clay polymer  drug

002a 60 40 20 15.31 2.98
002b 40 40 20 29.8 7.13
002 20 40 20 98.01 36.30
002c 10 40 20 45.25 24.14
002d 20 55 20 41.83 6.83
002e 20 86 20 1.72 3.47
010 - 40 20 93.94 41.48
012 20 - 20 66.41 58.80

%EE= % encapsulation efficiency; %DC= % drug content
Keeping the amount of clay and the drug content constant,

the effect of the polymer concentration on encapsulation
efficiency was investigated. As can be seen (tablel), the %
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encapsulation efficiency decreases from 98.01% to 1.72%
with increase in the concentration of the polymer. To study
the effect of the clay amount on % encapsulation efficiency,
the amount of the clay was decreased from 60 mg to 10 mg,
keeping the amount of the drug and the polymer constant.
The encapsulation efficiency increased from 15.31% to
98.01% with decrease in the clay content upto 20mg, a
further decrease in the clay content to 10 mg resulted in a
decrease in the % encapsulation efficiency and drug content.

In case of 010 formulation (synthesized under the same set
of experimental conditions and with same amount of the
excipients as in 002 but minus MMT), an encapsulation
efficiency of 93.94% was obtained. An encapsulation
efficiency of 66.41% was achieved in case of 012
formulation (synthesized under the same set of experimental
conditions and with same amount of the excipients as in 002
but minus PLGA).

Altogether, these results suggest that the highest
encapsulation efficiency was achievable under the present
experimental conditions with 002 formulation.

Characterizations of the optimal formulations

X-Ray diffraction (XRD) studies

The XRD pattern of 002 and 012 formulations show a
shift in the peak in the lower angle region in the 001 plane
from 26= 6.8° in the pristine MMT to 4.4° and 4.7° in 002
and 012 respectively, resulting in an increase in the
corresponding d spacing from 13.4 A to 20 A and 18.6 A
respectively (Fig.1la and b). This increase in d spacing
suggests that the drug has been intercalated within the clay
interlayers?’. Moreover, the diffractogram of 002 and 012
shows characteristic peaks of the drug?? which indicates that
the drug is present in crystalline state in the synthesized
formulations.

Differential scanning calorimetric (DSC) analysis

To investigate the physical state of diclofenac sodium in
the synthesized formulations (002, 010 and 012) and to
confirm the interaction of the drug with the excipients, DSC
studies were performed. In the DSC curve of pure drug, the
melting endothermic peak appears at 292 °C. This is
followed by complex endothermic — exothermic
phenomenon indicating decomposition of the drug.?

The small broad endotherm at 65 °C in the DSC trace of
012 formulation (Fig.2a) corresponds to the loss of surfaced
adsorbed water followed by another sharp endothermic peak
at 176 °C corresponding to the melting endothermic peak of
diclofenac acid which indicates the conversion of diclofenac
sodium into diclofenac acid in the clay matrix.?* The broad
endothermic peak at 303 °C (encircled) which is absent in
pristine MMT and F-68 corresponds to the melting of the
drug thus suggesting its presence in the crystalline state in
the synthesized formulation-012.2%  However, the
temperature at which this peak appears (303 °C) is lower
than the melting endothermic peak of pure diclofenac acid
(323 °C). This suggests that there may certain interaction
between the drug and the excipients.
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Figure 1b. XRD pattern of formulation 002, MMT, DS and F-68

In case of 010 formulation (Fig.2b), the small endotherm
at 50 °C corresponds to the glass transition temperature of
PLGA.% The decomposition temperature of PLGA and the
melting endotherm of the pure drug fall in the similar
temperature range, therefore it is difficult to observe a clear
well defined melting endothermic peak corresponding to the
drug in this formulation. However a small endotherm
(encircled) can be seen in the DSC curve of 010 formulation
at 308 °C which is absent in the DSC curve of pure PLGA
and F-68 which could be due to the melting endotherm peak
of the diclofenac sodium. A big endotherm peak at 361 °C
corresponds to the decomposition of PLGA.?’

In the DSC curve of 002 formulation (Fig. 2c), the very
small endotherm at 50 °C correspond to the glass transition
temperature of PLGA. This is followed by another small
endotherm c.a 158 °C which could be due to the loss of
interlayer water in MMT.2 The sharp endothermic peak at
280 °C (encircled) corresponds to the melting of the
diclofenac sodium as this peak is found to be absent in the
DSC curve of pure F-68 and MMT while pure PLGA
decomposes at 361 °C thus suggesting the presence of
crystalline form of the drug in the formulation. However,
this melting endothermic peak appears at slightly lower
temperature as compared to the pure drug which may be
because of certain possible interaction between the drug and
the excipients.
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Figure 2c. DSC curves of formulation 002, PLGA, DS,
MMT and F-68

Fourier-transformed infrared (FT-IR) spectroscopic studies

The FT-IR spectral studies were carried out to confirm the
presence of drug and to investigate the possible interaction
between the drug and the excipients. In the 012 synthesized
formulation (Fig.3a and 3al), the band at 3622 cm®
corresponds to the O-H stretching vibrations from the
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structural water in the clay. The presence of characteristic
vibrational band at 1044 cm™ corresponding to Si-O
stretching indicates the presence of clay matrix.® The
vibrational band at 3324 cm corresponds to the N-H
stretching while the intense band at 1694 cm™ has been
assigned to C=0 stretching from the —-COOH group in the
drug.?* The presence of these two bands (at 3324 cm™ and
1694 cm™ ) suggests the conversion of diclofenac sodium
into diclofenac acid®3! as is evident from the DSC results of
this formulation. The vibrational bands at 1508 cm™
corresponds C-N-H in plane bending respectively from the
drug molecule. The vibrational band at 1454 cm* has been
assigned to -CH; bending from disubstituted benzene ring
from the drug molecule. The bands at 766 cm™ and 742 cm™
correspond to out of plane C-H ring bending and in plane
ring deformation respectively in the drug.32%

In the 010 formulation (Fig.3b and 3bl), the broad
vibrational band at 3449 cm corresponds to the O-H
stretching vibration from F-68.3* The weak vibrational band
at 2995 cm* corresponds to —CH, -CHj stretching while the
one at 1761 cm™ corresponds to —C=0O stretching from
PLGA.% The vibrational band at 1454 cm™* corresponds to -
CH; bending from disubstituted benzene ring from the drug
molecule while the bands at 766 cm? and 742 cm
correspond to out of plane C-H ring bending and in plane
ring deformation respectively from the drug molecule.

In the 002 formulation (Fig.3c and cl), the vibrational
band at 1760 cm™ corresponds to the —~C=0 stretching in
PLGA. The bands at 766 cm™ and 742 cm™ correspond to
out of plane C-H ring bending and in plane ring deformation
respectively from the drug molecule. The shifting of the
band from 3622 cm™ in pristine MMT corresponding to the
O-H stretching vibrations from the structural water [(Al,
Mg-) OH] in the clay to 3651 cm* in 002 sample suggests
the interaction of the structural hydroxyl groups in MMT
with the polar groups of F-68.

The presence of characteristic absorption bands of the
drug in the synthesized formulations confirms presence of
the drug in these synthesized formulations. No significant
shifting of the absorption bands of drug was observed in the
synthesized formulations suggesting that there is no strong
chemical interaction between the drug and the excipients.
The characteristic absorption band at 1760 cm™ in PLGA
corresponding to the C=0 vibrational stretching was not
shifted in 002 and 010 formulations suggesting that there is
no strong chemical interaction of PLGA either with the
encapsulated drug, F-68 or MMT.

Scanning electron microscopic studies (SEM) with EDAX
(energy dispersive X-ray analysis)

The morphology of 012 formulation seems to have
become agglomerated as compared to pristine MMT (Fig. 4).
The agglomeration may have taken place because of the
presence of small amount of non- intercalated drug (free
drug) and /or F-680n the clay surface. The EDAX data (S1,
Supplementary material) shows the presence of drug as
indicated by chlorine content.

The 010 formulation has rod like structures as clearly seen

in the SEM images. The surface morphology of 002
formulation is different from that of pristine montmorillonite.
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Figure 3. FTIR spectra a) 012 in 4000-2000 cmrange, al) 012 in 2000-600 cm-trange; b) 010 in 4000-2000 cmrange, b1) 010 in 2000-
600 cmtrange; ¢) 002 in 4000-2000 cm*range, c1) 002 in 2000-600 cm™ range along with MMT, DS, DH, F-68

The structure seems to have become more porous. The
EDAX data of 002 formulation shows the presence of drug
as suggested by the presence of chlorine. It is clear from the
EDAX data that the % composition by weight of this
formulation shows highest chlorine content as compared to
012 and 010 formulations. The EDAX figures can be seen in
the supplementary material (S1). This is supported by
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the fact that this formulation shows highest encapsulation
efficiency of all the three formulations. This shows that it is
clay which plays an important role in the entrapment of the
drug in the PLGA/MMT composite as the composition of
the 010 formulation is just the same but without clay and
this formulation shows comparatively lower encapsulation
efficiency.
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Figure 4. SEM images of MMT and drug encapsulated
formulations-012, 010 and 002

| 012

Figure 5. TEM images of drug encapsulated formulations-012, 010
and 002

High resolution transmission electron microscopic (HRTEM)
studies

The particle size of the encapsulated drug in the 012
formulation was found to be in the range of 5 nm to 10 nm
from the HRTEM image (Fig.5. image 012a). The well
defined layered structure of clay observed in this case
(image 012b) excludes the possibility of exfoliation and
supports the XRD results which suggest intercalation. The
HRTEM images of 010 formulation show rod like structures
(also seen in the scanning electron micrographs) with a
thickness of around 15 nm. In the HRTEM image of 002
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formulation, the drug encapsulated PLGA particles can be
seen entrapped in the clay layers (small circled) with a
particle size in the range 10 nm to 20 nm. The characteristic
Moiré fringes can be seen in the 002 micrograph (big
circled) indicating misaligned stacking of the nanoplatelets
in MMT. The misaligned stacking of the nanoplatelets for
002 formulation was believed to associated with their
lamellar structure.®® The interplanar distance of 25 A in the
Moiré fringes confirms the intercalation of the PLGA
encapsulated drug in the clay in accordance with the XRD
results, however the d spacing value obtained is slightly on
the higher side as compared to the corresponding XRD
results. Taking into account the d spacing of MMT (1.34
nm), PLGA/MMT nanocomposite (2.0 nm) and average
particle size of the PLGA encapsulated drug particles (15
nm) in PLGA/MMT nanocomposite, it can be concluded
that the entrapped drug particles are arranged at an angle
and not in an absolute anti conformation in the clay
interlayer in the synthesized PLGA/MMT nanocomposite.
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Figure 6a. In vitro cumulative release profiles of pure DS and drug
encapsulated formulations- 012, 010 and 002 in PBS 1.2.
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Figure 6b. In vitro cumulative release profiles of pure DS and drug
encapsulated formulations- 012, 010 and 002 in PBS 7.4.

In vitro drug release kinetics

From (Fig.6a), it is evident that no drug release takes
place from any of the three formulations synthesized, in
simulated gastric fluid (PBS 1.2). However, 4 % release was
seen in the second hour and a total of 7 % release was
observed in 8 hours in case of pure drug. It was observed
that 60% of the pure diclofenac sodium was released in the
first hour in simulated intestinal fluid (PBS 7.4) which rose
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to 80% in the second hour after which no drug release was
seen (Fig. 6b). Whereas in the case of 012 formulation,
25 % of the drug was released in the first hour after which
slow release was found to occur releasing up to 51 % of the
drug by 5™ hour after which no drug release was found to
occur. In the case of 010 formulation, 24.9 % of the drug
was released in the first hour releasing up to 59.42 % of the
drug up to 6™ hour. After 6™ hour no drug release was found
to take place. In the 002 formulation, 7 % of the drug was
released in the first hour exhibiting sustained release
afterwards, releasing 51 % of the drug by the 8" hour.

A sustained release was seen in all the formulations
synthesized as compared to the pure drug. The 010
formulation exhibited more sustained release than 012
formulation and also a higher amount of the drug release
was seen as compared to rest of the formulations
synthesized. However, out of all, the most sustained release
behaviour was seen in 002 formulation, with no burst
release implying that the outer covering of the clay plays an
important role in the sustained release of the drug
encapsulated in the polymer.

Infact the drug encapsulated PLGA/MMT nanocomposite
shows more sustained release as compared to the
commercial sustained release Voltaren tablet which is
known to release ~85 % of the drug by the 8" hour.3” The
almost no release of DS in pH 1.2 PBS and a sustained
release in pH 7.4 PBS makes the PLGA/MMT
nanocomposite an excellent pH-sensitive matrix for
sustained drug release, which could be used for the
fabrication of pharmaceutical formulation for oral intake.

Surface morphology of 002 formulation after drug release

There is a clear change in the morphology of 002
formulation after drug release (Fig.7). The SEM image of
the 002 formulation show swelled clay particles with
perforations (encircled region in the image) indicating the
release of the encapsulated drug from the clay interlayers.

EHT=2000kV
WD = 75mm

Signal A = SE1 —
Mog= 580KX arp 002

Figure 7. SEM image of 002 formulation after drug release

Mechanism of drug encapsulation in PLGA/ montmorillonite
nanocomposite

The poloxamer 188 is supposed to form micelles in the
clay interlayers (as critical micellar concentration of it has
been wused) (Fig. 8a) and intercalates through polar
interactions with the structural hydroxyl groups in the clay.
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Figure 8. a) Micellization of poloxamer 188, b) Encapsulation of
drug encapsulated PLGA moeity in clay interlayers

This is evident from the FTIR spectral results of drug
encapsulated PLGA/montmorillonite nanocomposite sample
(002 formulation) wherein a shift in the vibrational band
corresponding to the structural hydroxyl group in MMT was
seen towards higher wavenumber from 3622 cm™ in pristine
MMT to 3651 cmtlin the drug encapsulated
PLGA/montmorillonite  nanocomposite.  The PLGA
encapsulate the drug through interaction of its polar groups
with the polar groups of the drug. This drug encapsulated
PLGA moiety then intercalates into the clay layers by
encapsulation into the hydrophobic cavity of poloxamer 188
micelles through hydrphobic interactions with non polar
groups of poloxamer 188 (Fig.8b).

CONCLUSION

Diclofenac sodium loaded PLGA/MMT nanocomposite
was prepared by double emulsion solvent evaporation
process. The XRD results confirmed the intercalation of the
drug encapsulated PLGA moiety in the clay interlayers. The
DSC results indicate the presence of the crystalline form of
drug in PLGA/MMT nanocomposite. The FTIR results
suggest that there is no strong chemical interaction between
the drug and the excipients. The particle size of the
encapsulated drug in the nanocomposite was found to be in
the range 10 nm to 20 nm. The presence of MMT resulted in
high drug encapsulation efficiency (98.01 %) as confirmed
by the comparative studies performed to evaluate the role of
clay. However, the presence of PLGA is also necessary as in
its absence the drug encapsulation efficiency drastically
decreases (66.41 %, formulation 012). No drug release was
found to occur in simulated gastric fluid (PBS 1.2) in any of
the formulations synthesized, indicating the stability of the
formulations under strong acidic conditions prevailing in the
stomach. The drug loaded PLGA/MMT nanocomposite (002
formulation) demonstrated the most sustained release
behaviour in simulated intestinal conditions (PBS 7.4) as
compared to the other formulations, releasing 51 % of the
drug in the 8™ hour. No burst release was seen during the
initial hour implying that the clay plays an important role in
the sustained release of the drug encapsulated in the polymer
as evident from the comparative in vitro release studies
results (formulation 010).
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Infact the drug loaded PLGA/MMT nanocomposite is
found to show more sustained release in comparison to the
commercial Voltaren tablet in simulated intestinal fluid
(PBS 7.4). Thus on the basis of the present results, it can be
concluded that PLGA/MMT nanocomposite may function as
a suitable drug delivery vehicle for oral sustained release of
diclofenac sodium.
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A facile and green one pot four component synthesis of polyhydroquinoline derivatives from aldehydes, dimedone, ethyl acetoacetate and
ammonium acetate in the presence of a spinel (ZnFeo2Al1.804) composite catalyst has been reported under microwave irradiation. The

method offers excellent yield of products in short reaction time.
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Introduction

Recently, the class of polyhydroquinoline heterocycles has
emerged as one of the most important class of drugs used in
the treatment of cardiovascular diseases, including
hypertension.! Certain cardiovascular agents nifedipine,
nicardipine, amlodipine and other dihydropyridyl
compounds, are also used effectively in hypertension
treatment.? These compounds are also known for a wide
range of biological activity.® Polyhydroquinoline derivatives
are found to be analogs of NADH co-enzymes, which are
explored for calcium channel activity.The heterocyclic rings

present in such compounds are also employed as
bronchodilators, geroprotective and hepatoprotective
agents.* Overall, these compounds exhibit different

medicinal functions, acting as neuroprotectants, antiplatelet
aggregators, cerebral antiischemic  agents  and
chemosensitizers.> Thus, polyhydroquinoline compounds
have attracted the attention of chemists to synthesize these
compounds.

In view of the importance of polyhydroquinoline
derivatives, many classical methods for the synthesis of
these heterocycles are reported®* using conventional
heating and refluxing approaches in presence of an organic
solvent. These methods, however, involves long reaction
times, harsh reaction conditions, use of a large quantity of
volatile organic solvents and low yields.

Non-conventional microwave irradiation (MW) processes
have also attracted the attention of synthetic organic
chemists due to fast reaction rate. Better results can be
obtained by employing MW heating under similar reaction
conditions.*? Thus, the development of an efficient and
versatile method for the preparation of polyhydroquinoline
derivatives is necessary. Progress in this field is including
the recent promotion of microwave irradiation, TMSCI,
ionic liquids, polymers and Yb(OTf)3.1

Heterogeneous catalysts are being explored rapidly in
organic synthesis due to their wide range of advantages over
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homogenous catalysts.'**> In continuation of our efforts in
the development of new routes for the synthesis of
heterocyclic compounds using composite materials;*¢ herein
we report a one pot synthesis of Hantzsch’s
polyhydroquinoline derivatives in aqueous medium and
spinel composites (Scheme-1).

Composite Feg ,Al1 gZn104
H,0, HCI, MW, 3-5 min

Scheme 1

Experimental Section

All the chemicals were purchased from SD fine chemicals
Ltd and used without further purification. Melting points of
the products were in open capillaries and were uncorrected.
NMR spectra were recorded 400 MHz Varian NMR
spectrophotometer using tetramethylsilane (TMS) as the
internal standard. All solvents were AR grade and used as
received. IR spectra of the samples were recorded on Perkin
IR spectrophotometer using KBr discs and samples were
analyzed for mass on Shimadzu mass analyzer. The catalyst
was synthesized by reported sol-gel method. 7

General procedure for the synthesis of Hantzsch’s polyhydro-
quinoline derivatives:

A mixture of aldehyde (1 mmol), dimedone (1mmol),
ethyl acetoacetate (1 mmol), ammonium acetate (1.5 mmol)
and composite-A (ZnFeg2Al1804) (50 mg) in 5 mL of water
and 2 drops of HCI was irradiated under microwave for 3-5
minutes in a scientific oven (RAGA’S Electromagnetic
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Table 1. Synthesis of polyhydroquinoline by using composite-A under microwave irradiation.
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Sr. No. Ar Product Time, min Yield, % M.P..°C
1 CesHs 3 96 205-207
2 4-CHz3-CsHa 4 95 261-263

cl
o) 0
3 2-Cl-CgH4 ok 5 94 209-211
N
H
cl
0 o)
4 3-Cl-CsH4 N ok 4 96 230-232
N
H
cl
5 4-Cl-CeHa 4 95 242-244
6 4-OH-CsH4 5 94 235-238
7 4-OCH3s-CsHa 5 90 258-260
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8 4-NO2-CsHa 5 94 240-242
OH
OCH,
9 4-OH-3-NO2-CsH3 Q Q 5 90 236-238
l OEt
N
H
OCH,
(0] O
10 2-OCH3-CeHa ot 3 90 248-250
N
H
Br
11 4-Br-CeHa 4 93 250-253
12 4-F-CeHa 4 95 182-185

System). After completion of reaction, the mixture was
allowed to cool at room temperature. The reaction mixture
was treated with ice-cold water; separated solid product was
filtered and recrystallized from ethanol to obtain the pure
product.

Using the same procedure a series of different
polyhydroquinoline derivatives were prepared (Table 1). All
the synthesized compounds are reported and characterized
by IR, 'H NMR, mass and comparison of their physical
constants as reported in the literature. The spectral data of
the representative compounds is described below:

Ethyl 1,4,5,6,7,8-hexahydro-4-(phenyl)-7,7-dimethyl-5-
oxoquinoline-3-carboxylate (1): M.P. 205-207°C, IR (KBr,
cmt): 3289, 3080, 2959, 1698, 1610; *H NMR (DMSO) 3
ppm 0.91 (s, 3H), 1.05 (s, 3H), 1.17 (t, 2H), 2.14-2.20 (m,
4H), 2.28 (s, 3H), 4.03 (q, 3H), 5.02 (s, 1H) 5.96 (s, 1H),
7.04-7.09 (m, 1H), 7.14-7.19 (m, 2H), 7.23-7.26 (m, 2H).

Ethyl-1,4,7,8-tetrahydro-2,7,7-trimethyl-4-(2-chloro-
phenyl)-5(6H)-oxoquinolin-3-carboxylate (3): M.P. 209-
211°C, IR (KBr, cm): 3063, 2956, 1721, 1640, 1611, 1467,
1384,1227, 1021, 745; 'H NMR (200 MHz, DMSO-ds): &
0.95 (s, 3H, CHs), 1.05 (s, 3H, CHa), 1.20 (t, 3H, CHs),

Eur. Chem. Bull., 2013, 2(9), 679-682
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2.01-2.21 (m, 4H, 2-CHy), 2.40 (s, 3H, CHs), 4.05(q, 2H,
CH_), 4.60 (s, 1H, CH), 7.10-7.30 (m, 4H, ArH), 7.60 (s, 1H,
NH).

Ethyl-1,4,7,8-tetrahydro-2,7,7-trimethyl-4-(4-methoxy-
phenyl)-5(6H)-oxoquinolin-3-carboxylate (7):

M.P. 258-260 °C, IR (KBr, cm™): 3276, 2956, 1703, 1648,
1606, 1496, 1381, 1215, 1031, 765; *H NMR (200 MHz,
DMSO-dg): & ppm 0.95 (s, 3H, CH3), 1.09 (s, 3H, CHy),
1.21 (t, 7.2 Hz, 3H, CH3), 2.01-2.10 (m, 4H, 2-CHy>), 2.30 (s,
3H, CHs), 3.70 (s, 3H, OCHs), 4.00 (q, 2H, CHy), 4.80 (s,
1H, CH), 6.65 (d, 2H, ArH), 7.10 (d, 2H, ArH), 8.65 (s, 1H,
NH).

Conclusion

In summary the present work explores a green approach
for the one pot four component Hantzsch’s
polyhydroquinoline derivatives using nano composite
ZnFeg2Al1 804 as a catalyst under microwave irradiation.
This protocol has several advantages such as shorter
reaction time, green synthetic method with clean reaction
profile.
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A GREEN REGIO- AND DIASTEREOSELECTIVE SYNTHESIS
OF NOVEL TRISPIROHETEROCYCLES IN 2,2,2-
TRIFLUOROETHANOL

Anshu Dandial®?”, Ruby Singh[®, Jyoti Joshil®! and Sukhbeer Kumarit®!

Keywords: Spiroheterocycles; cycloaddition; azomethine ylides; 2,2,2-trifluoroethanol; trispiropyrrolidine and thiapyrrolizidine
derivatives

A new regio- and diastereoselective 1,3-dipolar cycloaddition reaction of 7,9-bis[(E)-arylidene]-1,4-dioxa-spiro[4,5]decane-8-ones,
sarcosine/1,3-thiazolane-4-carboxylic ~ acid and  acenapthequinone  has  been  developed for the  synthesis  of
trispiropyrrolidine/thiapyrrolizidine derivatives using 2,2,2-trifluoroethanol as a green solvent. The solvent (TFE) can be readily separated
from reaction products and recovered in excellent purity for direct reuse. A regio- and stereochemical outcome of the cycloaddition reaction

was ascertained by X-ray crystallographic study.
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INTRODUCTION

Nitrogen-containing five membered heterocycles are an
important class of compounds, not only because of their
natural abundance, but also for their chemical and
pharmacological significance.® Functionalized pyrrolidines
are important targets in synthetic chemistry and form the
central skeletons of numerous alkaloids and are classes of
compounds with significant biological activity.>* On the
other hand, spiropyrrolidines have gained significant
attention due to their interesting biological activities, such as
antimicrobial, antitumor and antibiotic properties.>’ Some
spiropyrrolidines  are  potential  antileukemic  and
anticonvulsant agents and antiviral and local anaesthetic
activities. Therefore, the synthesis of these compounds has
become an important target in recent years.810

The most developed procedure for construction of spiro-
containing compounds depends mainly on cycloaddition
reactions, especially 1,3-dipolar cycloaddition to exocyclic
double bonds.!* Azomethine ylides are considered as one of
the most important dipole systems which are used
intensively for preparation of spiropyrrolidine compounds
where, great attention was directed towards their reactions
due to their high regio- as well as stereoselective
properties. 1?4

Development of eco-friendly synthetic protocols for the
assembly of new chemical entities is of great importance in
recent years.’® In this context, fluorinated alcohols have
emerged as new ‘green’ solvents to replace the conventional
volatile organic solvents.®
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They exhibit a booster effect as a reaction medium and
thus, they promote various reactions by pure solvent effect.
1118 Further, their unique and promising physicochemical
properties, such as high selectivity, low nucleophilicity, high
hydrogen  bonding  donor  ability, nonvolatility,
nonflammability, high ionizing power and recyclability by
simple distillation made them well known polar solvent in
green synthesis.'%2

Recently, our research group has been largely involved in
the synthesis of dispiropyrrolidine/pyrrolizidine derivatives
via 1,3-cycloaddition reaction.?*?* Encouraged by these
studies and our research program aims to develop new
selective and environmental friendly methodologies for
synthesis of spiroheterocycles,®% herein we report an
expeditious and facile protocol for the synthesis of novel
trispiropyrrolidines derivatives through 1,3-dipolar addition
reaction of  7,9-bis[(E)-arylidene]-1,4-dioxa-spiro[4,5]-
decane-8-ones (3), acenapthequinone (4) and sarcosine (5)
using 2,2,2-trifluoroethanol as a reusable solvent for the first
time (Scheme 1). To the best of our knowledge, there is no
report for the synthesis of novel trispiropyrrolidine
derivatives using acenapthequinone, sarcosine and bis-
(arylidene substituted)-spiro[4,5]decan-8-ones so far.

1 3a-d

3a=4-F.CeHy 3b=2-ClLCeH,
3¢ =4-CI.CgHj ; 3d = Me.CgHy

Scheme 1. Synthesis of trispiroacenaphthylenepyrrolidines (6a-d)
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RESULT AND DISCUSSION

The required dipolarophiles 7,9-bis[(E)-arylidene]-1,4-
dioxaspiro[4,5]decane-8-ones (3a-d) were prepared by
green approach using water and mild base K>COs; under
microwaves by the reaction of spiro[4,5]decan-8-one (1)
with various substituted benzaldehydes 2 in shorter reaction
time and in excellent yield as compared to conventional
method.®! The geometry of the olefinic double bond was
found to be E as evidenced by *H NMR spectra wherein the
olefinic protons appeared at 6 7.64-7.67 (s, 2H) and is found
to be identical with those of authentic samples prepared by
reported method.

A mixture of 7,9-bis[(E)-4-fluoro-benzylidene]-1,4-dioxa-
spiro[4,5]decane-8-one (3a), acenapthequinone (4) and
sarcosine (5) was refluxed for 30-40 minutes in
trifluoroethanol to furnish a yellow solid, to be characterized
1-N-methylspiro[2,2']acenaphthylene-spiro[3,9"]-7"-(4-
fluorophenylmethylidene)-1,4-dioxa-spiro-[4”,5"]decan-4-
(4-fluorophenyl)-pyrrolidine-8”,2'-dione (6a). The product
is isolable simply by filtration with reasonable purity.
Initially to study the effect of solvent on present
cycloaddition reaction, the reaction was also carried out in
different solvents and among them, trifluoroethanol was
found to be the best to get a maximum yield of product
(Table 1).

Table 1 Preparation of 6a in different solvents for optimization of
reaction conditions?

Entry  Solvent Temp.,°C Time, h Yield® %
1 ethanol Reflux 8 78
2 methanol Reflux 6 75
3 acetonitrile  Reflux 5 69
4 1,4-dioxane  Reflux 6 71
5 THF Reflux 7 68
6 TFE Reflux 0.5 92
aReaction conditions: 1mmol of 3a, 4 and 5; PIsolated yields

Encouraged by these results, the rest of compounds as
listed in Table 2 were similarly synthesized using
trifluoroethanol as solvent. The reaction gave a single
product in all cases as evidenced by thin layer
chromatography (TLC). This cycloaddition is also
regioselective with the electron rich carbon of the dipole
adding to the B-carbon of the a, B-unsaturated moiety of 3
and stereoselective affording only one diastereomer is obtain
exclusively, despite the presence of three stereo center in the
product 6. In this cycloaddition only one C=C of 3 is
involved, ascribable to steric hindrance encountered for the
second cycloaddition resulting in chemoselectivity. The
stereochemical information was obtained from an X-ray
crystallographic study of a single crystal of 6a (Fig. 1).%
The cyclohexanone and the pyrrolidine rings of 6a are in
half chair and envelop forms, respectively. The structures
and the regiochemistry of the cycloadducts were also
confirmed by spectral analysis. The IR spectrum of 6a
showed two peaks at 1710 and 1680 cm™ due to carbonyl
groups of the acenapthequinone and bis (arylidene)-1,4-
dioxaspiro[4,5]decane-8-ones. The *H NMR spectrum of
compound 6a the three N-CH3 hydrogens of the pyrrolidine
ring appear as a singlet at 5 1.89 ppm. The —~NCH> protons
and benzylic proton of pyrrolidine ring appeared at 5 3.23
(m, 1H), 3 3.71 (t, 1H, J = 7.2 Hz), 8 4.95 (t, 1H, ] = 7.2 Hz)
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which explained the regiochemistry of the cycloadduct. The
13C NMR spectrum of 6a showed two signals at & 163.83,
and & 187.20 for the carbonyl groups.

Figure 1. ORTEP diagram of compound 6a

To further explore the potential of this cycloaddition
reaction for synthesis of other spiro-heterocycles, we have
investigated the present reaction with thiazolidine-4-
carboxylic acid (8) in place of sarcosine (5) to obtained
novel trispirothiapyrrolizidine derivatives listed in table 2
(Scheme 2). The structures of all products were
characterized by IR, *H NMR and 3C NMR spectral
analysis.

S
N |:>—COOH TFE
N
H

30-40 min

o
AT Z Sar O o
B
e
/
3 4

8

Scheme 2. Synthesis of trispiroacenaphthylenethiapyrrolizidines
9a, b

Table 2  Synthetic results of trispiroacenaphthylene-
pyrrolidine/thiapyrrolizidines (6a-d/9a-b)

No. Ar Yield, % Mp,°C R

6a 4-FCeHa 92 228-230 0.85

6b 2-CICsHa 93 234-236 0.81

6c 4-CICsHa 94 188-190 0.87

6d 4-MeCsHa 92 196-198 0.83

9a 4-FCeHa 89 220-222 0.79

9b 4-MeCsH4 90 190-192 0.83

8(CsHs:EtOAC=8:2)

A plausible mechanism for the formation of the
cycloadducts is proposed in Scheme 3. It is known that due
to the Bronsted acidity (pKa =12.4) and strong ionizing
power 2,2,2-trifluoroethanol play unique behavior in
organic transformations.® In the present cycloaddition
reaction the reaction of acenapthequinone (4) with sarcosine
(5) leads to the “in situ” formation of an azomethine ylide
(10). Subsequent 1,3-dipolar cycloaddition reaction of
dipolarophile 3 and 10 afford trispiropyrrolidine derivative
6. The hydrogen atom of TFE being electron-deficient and
could form hydrogen bonds with carbonyl groups of both
acenaphthequinine and dipolarophile 3 thereby catalyses
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reaction. Further, the polar transition state of the reaction
could be stabilized well by high ionizing solvent TFE. These
catalysis presumably expedites the reaction in TFE relative
to other solvents.

o

4 g""H\ - O
CH,CF

HyC—N~COOH
i

H
5

Scheme 3. Plausible mechanism for synthesis of trispiropyrrolidine
derivatives

EXPERIMENTAL SECTION

The melting points of all compounds were determined on
a Toshniwal apparatus. The purity of compounds was
checked on thin layers of silica Gel-G coated glass plates
and n-hexane: ethyl acetate (8:2) as eluent. IR spectra were
recorded on a Shimadzu FT IR-8400S spectrophotometer
using KBr pellets. *H and 3C NMR spectra were recorded
in DMSO-ds and CDCl3 using TMS as an internal standard
on a Bruker Avance spectrophotometer at 300 and 75 MHz,
respectively. Mass spectra of representative compounds
were recorded on JEOL SX-102 spectrometer at 70 eV.
Elemental analyses were carried out on a Carlo-Erba 1108
CHN analyzer. X-ray intensity data were collected on
Bruker Kappa Apex Il instrument.

General procedure for the synthesis of trispiro-
pyrrolidine/thiapyrrolizidines 6/9

An equimolar mixture of appropriate 7,9-bis[(E)-
arylidene]-1,4-dioxa-spiro[4,5]decane-8-ones (3) (1 mmol),
acenapthequinone  (4) (1 mmol) and sarcosine
(5)/thiazolidine-4-carboxylic acid (8) (1 mmol) in 2,2,2-
trifluoroethanol (2-3 ml) was refluxed for the appropriate
time (30-40 min). After completion of the reaction as
indicated by (TLC), the solid precipitate was filtered and
washed with TFE to furnish pure
trispiropyrrolidine/thiapyrrolizidine derivatives. The TFE
was distilled off (to recover for the next run).

Synthesis of 6a. Yellow Solid; Yield: 92%; IR (KBr, v
cm?): 3030 (arom-CH), 1710 (>C=0), 1680 (>C=0); H
NMR (300 MHz, DMSO-ds): & 1.65(d, 1H, J = 13.8 Hz),
1.89 (s, 3H, N-CHjs), 2.31-2.48 (m, 2H,), 2.90 (m, 1H), 3.23
(m, 1H), 3.29-3.43 (m, 4H, OCH>), 3.71 (t, 1H, J = 7.2 Hz),
4.95 (t, 1H, J = 7.2 Hz), 6.62-8.14 (m, 15H, Ar-H and =CH-
Ar); B¥C NMR (75 MHz, DMSO-dg) 35.09, 37.78, 40.33,
47.63, 56.71, 63.18, 63.06, 64.22, 80.54, 105.37, 114.78,
115.06, 115.31, 115.59, 115.90, 119.96, 124.38, 125.16,
127.99, 128.42, 129.73, 130.89, 131.92, 132.04, 132.57,
133.42, 135.30, 135.69, 141.51, 159.58, 198.58, 204.79;
Anal.: Calcd for CssHo9F2NO4 C, 74.86; H, 5.06; N, 2.42.
Found: C, 74.71; H, 5.02; N, 2.38; Mass (m/z): 578 [M*].

Synthesis of 6b. Yellow Solid; Yield: 93 %; IR (KBr, v
cm): 3020 (arom-CH), 1711 (>C=0), 1685 (>C=0); H
NMR (300 MHz, DMSO-dg): & 1.23 (d, 1H, J = 13.8 Hz,),
1.78 (s, 3H, N-CH3), 1.85-1.97 (m, 2H), 2.73-2.79 (m, 1H),
3.02-3.29 (m, 4H, OCHy>)2, 3.43 (t, 1H, J = 8.6 Hz), 3.75 (t,
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1H, J = 8.7 Hz), 5.11 (t, 1H, J = 8.7 Hz), 7.01-8.07 (m, 15H,
Ar-H and =CH-Ar); 3C NMR (75 MHz, DMSO-de) 35.112,
35.89, 37.78, 40.36, 48.61, 57.21, 64.12, 65.18, 80.34,
105.27, 110.10, 122.52, 123.45, 124.69, 12556, 126.38,
126.71, 126.98, 128.42, 129.14, 130.15, 130.62, 132.65,
133.57, 134.86, 135.08, 136.18, 136.28, 137.26, 137.98,
198.68, 203.42. Anal.: Calcd for CasHaeCl,NO, C, 70.82; H,
4.76; N, 2.29. Found: C, 70.98; H, 4.72; N, 2.34; Mass
(m/z): 610 [M*].

Synthesis of 6¢c. Yellow solid; Yield: 94%; IR (KBr, v
cm): 3045 (arom-CH), 1708 (>C=0), 1687 (>C=0); 'H
NMR (300 MHz, DMSO-dg): 8 1.25 (d, 1H, J = 13.7 Hz),
1.84 (s, 3H, N-CHj3), 2.56-2.65 (m, 2H), 2.95 (m, 1H), 3.09-
3.34 (m, 4H, OCHy),, 3.46 (m, 1H), 3.78 (t, 1H, J = 8.7 Hz),
5.12 (t, 1H, J = 8.7 Hz), 7.04-8.23 (m, 15H, Ar-H and =CH-
Ar); BC NMR (75 MHz, DMSO-ds) 35.06, 35.89, 36.28,
42.35, 47.83, 56.61, 63.48, 64.89, 80.14, 105.27, 109.21,
121.51, 121.22, 123.41, 125.35, 126.51, 127.98, 128.99,
129.53, 129.85, 131.42, 132.73, 133.53, 134.46, 135.18,
135.48, 135.97, 136.21, 140.24, 142.54, 198.34, 203.19.
Anal.: Calcd for CsH29CI:NO4 C, 70.82; H, 4.76; N, 2.29.
Found: 70.68; H, 4.72; N, 2.23; Mass (m/z): 610 [M*].

Synthesis of 6d. Yellow Solid; Yield: 92%; IR (KBr, v
cm™): 3060 (arom-CH), 1710 (>C=0), 1688 (>C=0); H
NMR (300 MHz, DMSO-ds): 6 1.45 (d, 1H, J = 13.8 Hz),
1.78 (s, 3H, N-CHg), 2.14 (s, 3H, CHg), 2.18 (s, 3H, CHay)
2.32-2.42 (m, 2H,), 2.82 (m, 1H), 3.25-3.43 (m, 4H, OCHy>),,
3.70 (t, 1H, J = 7.3 Hz), 4.92 (t, 1H, J = 7.3 Hz), 6.65-8.24
(m, 15H, Ar-H and =CH-Ar); C NMR (75 MHz, DMSO-
de) 34.41, 35.55, 37.44, 47.66, 57.29, 61.36, 64.39, 65.18,
76.97, 105.34, 109.21, 115.35, 115.54, 116.26, 116.67,
122.16, 125.17, 127.53, 130.27, 132.76, 133.16, 133.37,
135.87, 138.21, 139.76, 143.32, 134.08, 134.58, 135.28,
137.26, 198.58, 204.79. Anal.: Calcd for CssH3sNO4: C,
80.12; H, 6.19; N, 2.46. Found: C, 80.26; H, 6.23; N, 2.41;
Mass (m/z): 570 [M*].

Synthesis of 9a. Yellow Solid, Yield: 89%; IR (KBr, v
cm): 3070 (arom-CH), 1710 (>C=0), 1685 (>C=0); H
NMR (300 MHz, DMSO-dg): & 1.66 (d, 1H, J = 13.8 Hz),
2.56-2.76 (m, 3H), 2.81 ( dd, 2H), 3.08 (dd, 1H, J = 6.9 Hz),
3.45(dd, 1H, J = 7.4 Hz), 3.61-3.72 (m, 4H, OCH>),, 4.32 (d,
1H, J = 10.5 Hz), 4.54 (m, 1H), 6.28-7.49 (m, 15H, Ar-H
and =CH-Ar), 10.63 (s, 1H, NH); *C NMR (75 MHz,
DMSO-dg) 31.13, 35.85, 37.46, 48.21, 52.10, 53.01, 63.33,
64.84, 66.60, 76.77, 105.96, 109.59, 114.98, 115.26, 115.94,
116.23, 121.11, 124.23, 129.74, 129.97, 131.38, 132.30,
132.41, 132.60, 132.70, 133.33, 133.52, 133.92, 142.75,
177.93, 197.61. Anal.: Calcd for Cs7HagF2-NO4S: C, 71.48; H,
4.70; N, 2.25. Found: C, 71.42; H, 4.66; N, 2.21; Mass
(m/z): 622 [M™].

Synthesis of 9b. Yellow Solid, Yield: 90%; IR (KBr, v
cm): 3055 (arom-CH), 1710 (>C=0), 1684 (>C=0); H
NMR (300 MHz, DMSO-ds): & 1.98 (d, 1H, J = 13.8 Hz),
2.05 (s, 3H, CHs), 2.20 (s, 3H, CHs), 2.24-2.50 (m, 3H),
2.91 (m, 2H), 3.13 (m, 1H), 3.44 (dd, 1H), 3.56-3.69 (m,
4H, OCHy)2, 4.41 (d, 1H, J = 10.6 Hz), 4.71 (m, 1H), 6.68-
8.04 (m, 15H, Ar-H and =CH-Ar); *C NMR (75 MHz,
DMSO-dg) 19.16, 19.41, 33.77, 35.82, 36.07, 39.00, 50.71,
51.35, 61.28, 62.74, 65.43, 77.42, 103.91, 118.90, 123.70,
12426, 125.91, 125.91, 126.21, 127.05, 128.00, 128.55,
129.62, 129.81, 130.74, 130.18, 130.63, 131.91, 133.89,
134.62, 136.12, 137.20, 179.50, 196.23. MS (m/z): 611[M*+
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1]. Anal.: Calcd for C39H3sNO4S: C, 76.32; H, 5.75; N, 2.28.
Found: C, 76.20; H, 5.70; N, 2.22; Mass (m/z): 614 [M*].

CONCLUSION

In conclusion, we have developed an efficient and
regioselective three-component 1,3-dipolar cycloaddition
reaction for the synthesis of novel trispiro-pyrrolidine and
thiapyrrolizidines that incorporate in their structures a 1,3-
dioxalane moiety. This method has the advantages of good
yield, mild reaction condition, low cost and simplicity in
process and handling. The recovered TFE of this method for
other useful reactions are currently underway.
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NANOPARTICLES AND A NEWLY SYNTHESIZED
IONOPHORE AND THEIR APPLICATION FOR STATIC AND
HYDRODYNAMIC MONITORING OF LEAD AS A HAZARDOUS

WASTE

Ayman H. KamelfI* Fahad M. Al Romianf®, Abdel-Galil E. Amrlc]

Keywords: Potentiometric sensors; PbS nanoparticles; FIA; Hazardous waste.

New membrane sensors for lead (11) ions are described based on the use of a newly synthesized pyridine carboximide derivatives as neutral
ionophore in plasticized PVC membranes (sensor 1) and PbS nanoparticles (NPs) capped in polyvinyl alcohol (PVA) (sensor 2). The
sensors exhibited significantly enhanced response towards lead (11) ions over the concentration range 1.0x1077-1.0x10- mol L* at pH 3.0 -
/6.5 with a lower detection limit of 7.0-10.0 ng mL™. The sensors displayed near-Nernstian slope of 28.2-33.5 mV per decade for Pb(ll)
ions. The sensors showed long life span, good selectivity for Pb(Il) over a wide variety of other metal ions, long term stability, high
reproducibility, and fast response. Validation of the method by measuring the lower detection limit, range, accuracy, precision, repeatability
and between-day-variability revealed good performance characteristics of the proposed sensors. Membrane incorporating the neutral
ionophore in a flow detector was used in a two channels flow injection set up for continuous monitoring of Pb?* at a frequency of ca. 48-50
samples h'. Direct determination of lead in water samples as well as in biological fluids gives results in good agreement with data obtained

using standard AAS method.
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Introduction

Monitoring air, soil and water for hazardous pollutants is
important and based on the need to protect the environment
and public health from possible distribution of natural and
industrial inorganic and organic contaminants. There is a
constantly increasing need for online monitoring of
contaminants in our environment, driven by new legislation
and new technologies.! Heavy metals occur naturally in the
environment, but, due to industrialization, large amounts of
heavy metals bound in fossil fuels and mineral materials
have been released into the environment and deposited in
trace amounts in nearly every part of the planet. Elevated
levels of heavy metals in natural water may have a
detrimental effect on both human health and the
environment.*?

Lead is the most widely used heavy metal with a number
of properties that have made its industrial use increase
during recent decades. Lead is an environmental toxicant
that affects virtually every system in the body.?® It is a
general metabolic poison and enzyme inhibitor which can
cause mental retardation and semi-permanent brain damage
with learning and behavior disorders in young children®.
Moreover, lead has the ability to replace the calcium in bone
to form sites for long-term release®.  Therefore,
environmental lead results in a serious and well-known
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health risk to animals and humans. On the other hand, the
presence of trace amounts of lead in many industrial streams
is also undesirable, mainly because it may eventually enter
the food chain or other products used by people. Hence, the
development of analytical methods for the selective and
low-level determination of lead ions in natural waterways,
potable water, soil, and air is still a challenging task.

In recent years, various techniques for the determination
of lead such as spectrophotometric methods,® atomic
absorption  and  emission  spectroscopy,”®  mass
spectrometry,’* and electrochemistry’>* have been
developed. However, these methods required expensive
instruments,  well-controlled experimental conditions,
frequent maintenance and calibration, and some sample
pretreatment. Compared with other analytical methods,
potentiometry is an easy and inexpensive technigue that has
found applications in many clinical, environmental, and
toxicological analyses. Most of the reported lead ion-
selective electrodes were polymeric membrane electrodes
containing neutral carrier ionophores.>-33

Nanoparticles (NPs) are attracting attention due to their
low cost and unique size-dependent properties. The
incorporation of NPs into a variety of matrices to form
nanocomposite films is attracting much attention. NPs have
been used in many electrochemical, electroanalytical and
bioelectrochemical applications. The uniqueness of NPs is
due to their mechanical, electrical, optical, catalytic and
magnetic properties as well as their extremely high surface
area per mass. In addition to novel properties, nanomaterials
and nanotechnology open up new approaches to
manufacture electrodes cost effectively by minimizing the
materials needed and waste generation.®*3% This is
especially relevant to expensive materials (e.g., gold and
platinum). For example, inexpensive materials (e.g., carbon
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coated by NPs) result in a large ratio of surface area to
volume for low-cost sensing electrodes. In recent studies, it
was demonstrated that NP electrodes could be obtained with
high sensitivity and even with individual NPs giving
responses.®”3 The combination of nanotechnology with
modern electrochemical techniques allows the introduction
of powerful, reliable electrical devices for effective process
and pollution control.

Herein, we investigate the use of a newly synthesized
pyridine  carboximide  derivative  (i.e.  2,6-bis((1-
(methoxycarbonyl)-N-ethyl)carboxamide)pyridine) as neut-
ral ionophore in plasticized PVC membranes (sensor 1) and
PbS nanoparticles (NPs) capped in polyvinyl alcohol (PVA)
(sensor 2). The feasibility of employing the above pyridine
carboximide derivative as carrier for lead and PbS
nanoparticles is examined and their response in terms of
detection limit, slope, response time and selectivity over
other cations are described. The selectivity behavior,
response mechanism, response time and signal stability were
evaluated, and found to be superior than most of those
previously described. The sensitivity and stability offered by
this simple electrode configuration are highly enough to
allow accurate determination of low levels of lead in water
and biological fluids and the data were compared with
atomic absorption spectrometry.

Experimental

Chemicals and reagents

All reagents were of analytical grade and used without
further purification. High molecular weight poly(vinyl
chloride) (PVC), potassium tetrakis (4-chlorophenylborate)
(KTpCIPB), o-nitrophenyl octyl ether (0-NPOE), polyvinyl
alcohol (PVA) and dioctyl phthalate (DOP) were obtained
from Fluka (Switzerland), dioctyl sebacate (DOS) from
BDH Chemical LTD (England) and metal nitrates and
tetrahydrofuran (THF) was purchased from Merck
(Germany). The ionophore 2,6-bis((1-(methoxycarbonyl)-N-

ethyl)carboxamide)pyridine  derivative (Fig. 1) was
synthesized as described before. %
\
o 7 o
N
NH HN
(@) o (lJ (e]
CHs CHs3

Figure 1. Chemical structure of 2,6-bis((1-(methoxycarbonyl)-N-
ethyl)carboxamide)pyridine ionophore

All solutions were prepared with doubly distilled water. A
0.1 mol L Pb(NOs), stock solution was prepared and the
working solutions of different concentrations were prepared
daily by dilution of the stock solution and then by adjusting
the ionic strength with 1 mol L™* LiNOs.
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Equipments

All potentiometric measurements were made at 25+0.1 °C
with an Orion pH/mV meter (model SA 720) and Pb? ion-
PVC membrane sensors in conjunction with an Orion
Ag/AgCI double junction reference electrode (model 90-02)
with 10% (w/v) KNOs in the outer compartment. A
combination Ross glass pH electrode (Orion 81-02) was
used for all pH measurements.

The FIA system consisted of an Ismatech MS-REGLO
pump and an Omnifit injection valve (Omnifit, Cambridge,
UK) with sample of 100 pL sample. The potential
measurements were obtained with a high resolution data
logger [Pico Technology limited] (model ADC-16). The
flow Tygon tubes were obtained from (AIKEM) (P/N
A00349 and P/N A000355), the pump tubes were red/red
0.71 “ID and blue/blue 0.065” ID. The distance between the
injection valve and the detector was 40 cm. The end of the
tube was placed in a petri dish where a double-junction
Ag/AgCI reference electrode was placed downstream from
the indicator sensor just before the solution went to waste.

Preparation of PbS nanoparticles

The PbS nanoparticles is prepared by the method
proposed by Badr and Mahmoud.®® Lead acetate
(Pb(CH3COO0),.2H,0), 50 mmol L, with different volumes
(1, 4, 8, 12, and 16 mL) was added to 2.2 g PVA (13,000
g/mol) and the volume of each solution was completed to 50
mL by bidistilled water. Each solution was left for 24 h at
room temperature to swell, and then the solutions were
warmed up to 60 °C and stirred for 4 h until viscous
transparent solutions were obtained. One milliliter Na.S (50
mmol L*) was dropped to each solution with gentle stirring.
Each solution was cast on flat glass plate dishes. After the
solvent evaporation, a thin film containing PVA-capped PbS
NPs was obtained. The films were washed with deionized
water to remove other soluble salts.

Sensors fabrication

The membrane cocktail was prepared by adding three
milligrams  of  2,6-bis((1-(methoxycarbonyl)-N-ethyl)-
carboxamide)pyridine derivative ionophore to 124 mg of o-
NPOE plasticizer, 66 mg PVC and 1mg KTpCIPB. All are
dissolved in ca. 3 mL of THF.

A planar gold base electrode (3mmx=5 mm) was sputtered
on a (13.5mmx3.5 mm) flexible polyimide (Kapton®,
DuPont) substrate (125 pum thick), as shown in Fig. 2; single
site electrode (area = 0.06 cm?) (used for all the optimization
and characterization studies), and used as previously
described.** An electrical wire was connected to the
electrode by means of Ag-epoxy (Epoxy Technology).
Insulation of the electrical contact was made using silicon
rubber coating seal (Dow Corning 3140 RTV).

The membrane cocktail mixture was directly coated to the
sputtered gold layer using micro-syringe to apply few
microliters of the sensing solution (typically 10uL of
membrane cocktail is dispersed), left to dry in the air for 1
min before repeating further addition (i.e. four times of the
sensing solution).
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3.5mm

3mm
<>
5mi I Cocktail mixture coated

on a sputtered gold layer

<+ Polyimide (Kapton,®

13.5mm Dupont substrate)

Gold base

<+ Ag-epoxy and insulated

by using silicon rubber
coated seal

To the pH meter

Figure 2. Planar-chip sensor

For sensors based on PbS NPs, the resulting membrane
containing PVA-capped PbS NPs was peeled off from the
glass mould and disks of 9-mm i.d. were cut out and glued
onto a 7-mm i.d. PVC body (2 cm long) using THF. The
tube was filled with 1x10° mol L Pb?* solution of pH 4.5.
An Ag/AgCI coated wire was used as an internal reference
electrode.

Potentiometric procedures

All electrodes were placed in a convenient support over a
magnetic stirrer with an Ag/AgCl double junction reference
electrode into a 25 mL beaker containing 9.0 mL of 102 mol
L acetate buffer solution pH 4. Portions (1.0 mL) of 10 to
10 mol L™ standard pb?* solutions were successively added
and the potential response of stirred solutions was measured
after stabilization to £0.2 mV. A calibration graph was
constructed by plotting the emf readings against the
logarithm of Pb?*concentrations. The plot was used for
subsequent determination of unknown pb?* ions.

The influence of pH on the electrode potential response of
was investigated using 1x10% and 1x10* mol L of Pb?*
solution over the pH range 2-8. Adjustment of pH was
carried out using nitric acid or sodium hydroxide solution.

For FIA measurements, a series of 100 pL portions of
Pb?* test solutions spanning the concentration range from
1.0x107 to 1.0x10°8 mol L were injected into a flow stream
of 1.0x102 mol L acetate buffer of pH 4.5, flowing at a
rate of 3.5 mL min. The lead sensor was used as a working
sensor against Ag/AgClI double junction reference electrode.
Each solution was measured in triplicate. The average
potentials at maximum heights were plotted against log
[Pb?*].

Analytical applications
Water samples were spiked by Pb?" at a concentration of
0.5, 1.0, 2.0 and 5.0 pg mL1. These samples do not need

pretreatment before potentiometric determination of Pb?*
ions by these sensors using the calibration curve method.

Eur. Chem. Bull., 2013, 2(9), 687-693

DOI: 10.17628/ecb.2013.2.687-693

Section B-Research Paper

For the determination of lead in human serum, aliquots of
human blood were obtained from some volunteers and
analyzed within 3 h of extraction. Blood was collected in
tubes and then 9 mL portion of absolute ethyl alcohol was
added, thoroughly mixed and left for 10 min before being
centrifuged at 4000 rpm. The supernatant liquid was without
removal of any particulate matter to a 20 mL beaker and
then evaporated at 50 -C on a hot plate till dryness before
being reconstituted in de-ionized water. A 9 mL of 10 mol
L* acetate buffer solution of pH 4.5 was added. The extracts
were transferred to 25 mL measuring flask and complete to
the mark. A 10 mL aliquot of the sample solution was
transferred to a 25 mL beaker. The working and reference
electrode were immersed, and the potential readings were
recorded after reaching the equilibrium response (10-20s).
The concentration of lead, expressed as [Pb?], was
calculated using a calibration graph.

For flow injection analysis (FIA), a flow stream of the
carrier solution (102 mol L acetate buffer of pH 4.5) was
allowed to pass through the flow cell at a flow rate 3.5 mL
mint. Successive 100 pL aliquots of standard 102 to 10
mol L' Pb? and unknown test sample solutions were
injected into the flowing stream. The corresponding
potential change was measured and recorded versus time. A
typical calibration plot was made used to determine the
concentration of the unknown samples.

Result and discussion

Potentiometric characteristics of sensors incorporating
2,6-bis((1-(methoxycarbonyl)-N-ethyl)carboxamide)pyridi-
ne derivative ionophore and PbS NPs revealed strong
response for Pb? ions. Results from replicate studies
indicated near-Nernstian slope of 22.1+£0.6, and 33.5+0.3
mV per decade, with lower detection limits of 0.05 and
0.007 pg mL* for sensors based on the neutral ionophore
and PbS NPs, respectively. Addition of 0.5 wt. % KTpCIPB
to the ionophore significantly improved the sub-Nernstian
calibration slope from 22.1+0.6 to 28.2+0.2 mV per decade
and decreased the limit of detection from 0.05 to 0.01 ng
mLL. Typical calibration curves of these sensors are shown
in Fig. 3 and their general response characteristics are
presented in Table 1.

Replicate measurements (n=10) of an internal quality
control (IQS) sample (2.0 ug mL*, 9.66x10° mol L* of
certified reference Pb%") gave an average results of 1.8+0.2
pg mL?1. Calculation of the student's (t) value at 95%
confidence level was made using Eqgn 1:

0.5
toxp :% M

where
p is the concentration of the initial internal quality
control sample,

X is the average concentration found, n is the number of
replicates analyzed and s is the standard deviation of
measurements.
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Table 1. Response characteristics of lead membrane sensors in 0.01 mol L acetate buffer of pH 4.5.
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Parameter lonophore lonophore lonophore lonophore PbS NPs
DOS DOS+TPB- DOP o0,NPOE
Slope (mV decade™) 22.1+0.6 28.2+0.2 19.5+0.6 16.7£0.9 33.5+0.3
Correlation coefficient, r (n=5) 0.999 0.999 0.998 0.998 0.999
Linear range, mol L™ 1.0x106 1.0x107 1.0x106 1.0x10°° 1.0x107
Detection limit, pg mL™! 0.05 0.01 0.16 0.65 0.007
Working range, (pH) 3.5-6.0 3.5-6.0 3.5-6.0 3.5-6.0 3.0-6.5
Response time, (s) <10 <10 <10 <10 <20
Standard deviation ov (mv) 2.1 1.6 14 1.7 15
Repeatability, Cvw (%) 13 0.8 0.9 11 0.9
Accuracy (%) 99.1 98.6 99.3 99.6 99.4

No statistical difference was detected between the
practically obtained (tep= 1.63) and the theoretically
tabulated (twp=1.833) values. Thus the null hypothesis is
retained and the method accuracy is acceptable.

0,NPOE plasticizers. Selectivity for Pb?* in the presence of
many common cations such as Ni?*, Co?*, Mg?*, Zn?*, Cd?*,
Ba?* and Hg?* was significantly improved with sensor
incorporating DOS. All subsequent measurements were
made with membranes plasticized with DOS.

300 - Table 2. Selectivity coefficient values using lead based membrane
1| —=— DOS/ionophore - SEensors
—e— DOS/ ionophore+TPB’
2804 —a—
ONPOE . Interferent lonophore Pbs
260]| —&— Pbs NPs ‘ / DOS | DOS+TPB- | DOP | o,NPOE | NPs
po ] . Pb2* 0 0 0 0 0
y / . Hg?* 26 27 25 1.9 3.1
220 . / Zn?* -3.1 -3.2 -3.1 -2.5 -0.9
2z v Mg2* 41 42 40 40 4.1

£ 200 / g ' ' ‘ ‘ ‘
w / Ca?* -3.8 -3.9 -3.9 -3.7 -4.0
E 180 + v/ Cu® -0.05 -0.03 -0.05 -0.02 -0.5
160 I A Co?* 30 29 29 28 3.4
v Ni2* 31 -30 32 29 -11
1409 I—2¢ Ca?* 18 1.9 17 16 -2.6
120 ] 3/‘ Ba% -4.2 -4.05 -4.0 -3.9 -1.3
P K* -4.5 -3.9 -4.3 -4.4 -0.8
100 + I- -4.6 -4.5 -4.3 -4.4 -1.3
L S A A A SCN 45  -46 43  -45 1.1

log [Pb>], mol L™ S -4.3 -4.4 -4.2 -4.2 0

Figure 3. Potentiometric response of lead membrane sensors using
0.01mol L-* acetate buffer of pH 4.5.

Effect of plasticizer

Potentiometric response of sensor based on the neutral
ionophore was greatly influenced by the polarity of the
membrane medium. Lead PVC matrix membrane sensor
incorporating the ionophore with (DOS), (DOP) and
(o,NPOE) plasticizers were prepared and tested. The
calibration slope and lower limit of detection were declined
from 22.1£0.6 to 19.5£0.6 and 16.7+0.9 mV decade™ and
from 0.05 to 0.16 and 0.65 mg mL™* upon using DOS instead
of DOP and o,NPOE, respectively. It can be seen that
membranes incorporating DOP plasticizer gave more
favorable slope than those containing o,NPOE plasticizer.
Table 2 shows the selectivity coefficients of membrane
sensor incorporating the ionophore with DOS, DOP and
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Effect of pH and response time

The effect of pH on the response of the sensors based on
either the ionophore (sensor 1) or PbS nanoparticles (sensor
2) were studied over the pH range of 2 to 8 at 10 and 10
mol L™ of Pb?* solution. The pH of solutions was adjusted
with either HNOs; or NaOH solutions. The potential
remained constant at pH range of 3 to 6.5 and 4 to 6 for both
sensors 1 and 2, respectively. Below pH 3, the change in the
potential is due to co fluxing of hydrogen ions and above pH
6.5, the variation of potential may be due to formation of
some hydroxyl complex of the Pb?* ions in the solution. The
response time of the sensors, tested by measuring the time
required to achieve a steady potential (within £3 mV), was
less than 10 s for sensor 1 but exceeds to be less than 20 s
for sensor 2. The detection system was very stable, and after
a period of 8 weeks, calibration sensitivity decreased about
1.5 mV without any considerable change in its linear range.
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The reproducibility of the slope of calibration graphs was
within 1.5 mV per decade over a period of 8 weeks (n=6).

The ruggedness of the potentiometric method was also
evaluated by carrying out the analysis using four different
sensors and two different instruments on different days. A
relative standard deviation (RSD) of less than 1.0 % was
observed for repetitive measurements during three different
days (n=10). The results indicate that the method is capable
of producing results with high precision and stability.

Effect of diverse ions

The influences of different cation and anion ions on the
response of Ph?* sensors were investigated. The selectivity
coefficients KP%p,4,5 were evaluated according to IUPAC
recommendations using the matched potential method
(MPM) 42 in 0.01 mol L? acetate buffer at pH 4.5. In this
method, the potentiometric selectivity coefficient is defined
as the activity ratio of primary ion and interfering ions that
give the same potential under identical conditions. At first, a
known activity (aa) of the primary ion solution is added into
a reference solution that contains a fixed activity (as= 10*
mol L) of primary ions, and the corresponding potential
change (AE) is recorded. Next, a solution of an interfering
ion (ag) is added to the reference solution until the same
potential change (AE) is recorded. The change in potential
produced at the constant background of the primary ion
must be the same in both cases. The selectivity coefficient is
calculated from the Egn. (2):

poT _ (3a—3p)

K
AB
ag

(2)

The results given in Table 2 revealed reasonable
selectivity for lead ion in presence of many related
substances.

Flow Injection Set Up

A planar-chip detector incorporating the ionophore+TPB-
/DOS based membrane sensor was prepared and used under
hydrodynamic mode of operation for continuous Pb*2
guantification. A linear relationship between Pb*?
concentrations and FIA signals was obtained over a
concentration range of 10 to 10 mol L using 102 mol L
acetate buffer, pH 4.7. The flow rate was chosen to be 3.5
mL min (Fig. 4). The slope of the calibration plot was near
Nernstian (28.2+0.2 mV decade™). The limit of detection
was 8.0x10°% mol L. The sampling frequency is ca. 48-50
samples per hour.

Lead assessment

Lead(ll) was determined in drinking as well as in
biological fluids under both the static and the hydrodynamic
mode of operations. The use of the sensors in a FIA mode of
operation shorten the assay time, allow the use of little
sample quantities for lead detection. The samples analyzed
by the proposed method using both the ionophore and PbS
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Figure 4. Typical FIA signal obtained by injecting Pb?* standard
solutions using ionophore | membrane based sensor.

nanoparticles membrane based sensors. Their content in lead
is presented in Table 3.

A blank sample was used to control and ascertain the
accuracy of the analytical results. This blank sample was
marketed bottled water that had no lead on its content.
Standard additions were carried out over this sample. For
this, the blank sample was spiked with 0.5, 1.0, 2.0 and 5.0
ug mL?; the lead found was 0.47 (£0.05); 0.95 (£0.04), 1.94
(£0.06) and 4.82 (£0.03) ug mL™ The corresponding
coefficient variation was 6.0%, 5.0%, 3% and 3.6%,
respectively, attesting for the precision of the flow-
potentiometric method. Thus, the analytical data support the
application of the proposed potentiometric method for the
routine control of lead.

Another application of the present method for determining
Pb?* in biological fluids was tested by spiking aliquots of
human plasma samples with a known concentration of
standard Pb?" in 102 mol L acetate buffer of pH 4.5.
Internal QC samples containing 0.5-5 pg mL™* Pb*? were
spiked into human plasma test solutions to evaluate the
effect of matrix and the method recovery (o, %) were using
Eqn 3.

X~ X
o= 100 ?)
X add

where

Xs, X and Xaga are the results of spiked sample, mean
results of un-spiked sample and of added (spiked)
reference, respectively.

The results show average recoveries (accuracy) of
97.4+1.1% and 98.2+1.5% and 96.5+ 1.8% and 96.4+1.4%
in plasma samples using batch and FIA techniques,
respectively (Table 3). This confirms the applicability of the
method for accurate routine analysis of Pb?* in biological
fluids.
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Table 3. Potentiometric determination of Ph?* in spiked water and human plasma samples using lead based membrane sensors.

Matrix Spiked Recovery found* (%6)
concentration,
(ng mLY) Sensor (1) Sensor (1) AAS
Batch | FIA Batch | FIA
Water
0.5 0.47+0.002 0.45+0.003 0.48+0.002 0.46+0.002 0.48+0.003
1.0 0.95+0.007 0.93+0.006 0.97+0.004 0.95+0.003 0.97+0.002
2.0 1.94+0.06 1.91+0.03 1.97+0.07 1.9340.08 1.97+0.02
5.0 4.82+0.08 4.77+0.07 4.79+0.03 4.69+0.05 4.81+0.01
Human serum
0.5 0.48+0.003 0.46+0.005 0.47+0.01 0.46+0.007 0.45+0.001
1.0 0.98+0.005 0.97+0.004 0.95+0.008 0.93+£0.007 0.94+0.004
2.0 1.93+0.07 1.91+0.04 1.91+0.09 1.88+0.06 1.93+0.03
5.0 4.82+0.06 4.75+0.02 4.77+0.07 4.73+0.09 4.76+0.02

*Average of 5 measurements

Conclusion

New lead sensors based on synthesized 2,6-bis((1-
(methoxycarbonyl)-N-ethyl)carboxamide)pyridine as neutral
ionophore in plasticized PVC membranes and PbS
nanoparticles (NPs) capped in polyvinyl alcohol (PVA)
were prepared, characterized and wused for Pb?
measurements. The sensors offered the advantages of fast
response, reasonable selectivity, low cost and possible
interfacings with computerized and automated systems.
Interfacing the sensors in a FIA system offers adequate
analysis speed, good reproducibility, high sample
throughputs and excellent response characteristics. The
sensors were useful to perform the analysis of lead in water
and biological fluids samples. The potentiometric devices
are simple, of low cost and easy to manipulate. The overall
procedure is precise, accurate and inexpensive regarding
reagent consumption and equipment involved.
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Benzimidazole derivatives have been synthesized using a catalytic amount of Fe(ClO4)3/SiO2 at room temperature with excellent yields
under solvent-free conditions. The solid phase conditions and use of a heterogeneous, and inexpensive catalyst are attractive features of this

method.
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Introduction

Various pharmaceutical agents with a wide range of
biological applications have benzimidazole derivatives.?
Owing to their significant biological activity has prompted a
very wide study for their synthesis. Benzimidazoles have
been prepared by o-phenylenediamine (OPD) and
carboxylic acids or their derivatives such as nitriles,
chlorides, or orthoesters®® under strong acidic conditions,
and sometimes at high temperatures using polyphosphoric
acid or by microwave irradiation and the oxidative
cyclodehydration of OPD and aldehydes by using various
reagents.”° Although a variety of reagents/catalysts have
been recently developed but unfortunately, many of these
methods suffer from one or more limitations such as
requiring harsh reaction conditions, low to moderate yields,
long reaction times, tedious work-up procedures, and co-
occurrence of several side products. The main disadvantage
of most of these methods is that the catalysts are destroyed
in the work-up procedure and cannot be recovered and
reused. Therefore, there is still a demand for a simple, green
and general procedure for the synthesis of
tetrahydroquinolines under catalytic conditions.
Additionally, Fe(ClO,)s/SiO; has been employed for various
transformations in organic synthesis.?* Ferric perchlorate
adsorbed on silica gel has also been found to be effective for
the rapid organic functional group transformations such as
dimerization of alkynes, aromatic hydrocarbons, selective
oxidation of thiols to disulfides, and transannular reaction in
1,5-cyclooctadienes on grinding using pestle and mortar in
the solid state?? and alumina-supported iron (111) perchlorate
[Fe(ClO.)s-Alz03] have been effectively used as a Lewis
acid catalyst for Nazarov cyclization/Michael addition of
pyrrole derivatives.?

We have also reported a variety of organic

transformations.?*% In this communication, we wish to
introduce a worth catalyst, Fe(ClO4)s/SiOz, for the
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preparation of 2-substituted benzimidazoles in terms of
operational simplicity, reusability and economic viability
F9C|O4)3/Si02

R *+ R,CHO Ri Re
Y NH, Solvent-free, r.t. Z~NH

Scheme 1. Synthesis of 2-substituted benzimidazoles

Experimental

General procedure for synthesis of bBenzimidazole derivatives

A mixture of o-phenyldiamine (1 mmol), benzaldehyde (1
mmol), and Fe(ClO4)/SiO, (0.15 ¢g) was stirred
magnetically at room temperature, and the progress of the
reaction was monitored by thin layer chromatography (TLC)
till completing of the reaction. Then, the reaction mixture
was diluted with ethyl acetate (20 ml), the catalyst was
filtered off. The organic phase was dried with Na,SO, and
concentrated under reduced pressure. In all the cases, the
product obtained after the usual workup gave satisfactory
spectral data.

Recyclability of the catalyst

The reusability of the catalyst was also studied. At the end
of the reaction, the catalyst was removed by filtration and
washed with dichloromethane. The recycled catalyst could
be subjected to a second or even another reaction. In the
case of the model reaction, after four runs the catalytic
activity of the catalyst was almost the same as those of the
freshly used catalyst (Table 3).

Data
2-Phenyl-1H-benzimidazole (1): m.p. 290-293 °C (ref.®

m.p. 290-292 °C). IR (KBr, cm?): 3435.55, 3059.40,
1602.27, 1493.62, 1276.30, 742.84. *H NMR ([Ds]DMSO,
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400 MHz, & ppm): 7.17-7.24 (m, 2H,Ar-H), 7.49-7.57 (m,
4H, Ar-H), 7.66 (d, 1H, Ar-H) 8.17 (d, 2H, Ar-H), 12.90. (s,
1H, N-H) .

2-(2-Hydroxyphenyl)-1H-benzimidazole (2): m.p. 240-242
OC (ref®® m.p. 242 °C IR (KBr, cm™): 3325.40, 3043.47,
1604.26, 1530.30, 1489.42, 1279.88, 1118.68, 753.12. H
NMR ([D6]CDCIs, 300 MHZ, & ppm): 5.79 (s, 1H), 6.94-
7.06 (m, 2H), 7.13-7.25(m, 3H), 7.39-7.44(m, 2H),7.13-7.25
(m, 2H) 8.68(s, 1H), 12.26 (s, 1H).

2-(2-Chlorophenyl)-1H-benzimidazole (3): m.p. 232-235
°C (ref®® m.p. 233-234 °C) IR (KBr, cm™): 3413.04, 1620,
1589, 1440.54, 1274.17, 1047.25, 743.29. 'H NMR
([Ds]DMSO, 250 MHz, & ppm): 7.20-7.24 (m, 2H), 7.48-
7.51 (m, 2H), 7.54-7.68 (m, 3H), 7.89-7.93 (m, 1H), 12.74
(s, 1H).

2-(3-Methoxyphenyl)-1H-benzimidazole (4): m.p. 223-227
C (ref®2 m.p. 205-206 °C) IR (KBr, cm™): 3430.28, 2930.75,
1602.95, 1456.20, 1264.06, 872.81, 788.93, 690.92, 'H
NMR ([Ds]DMSO, 250 MHz, 6 ppm):

2-(2,4-Dichlorophenyl)-1H-benzimidazole (5): m.p. 220-
223 °C (ref¥” m.p. 218-219 °C), IR (KBr, cm): 3435.87,
3101.44, 1620.65, 1593.61, 1489.08, 1283.76, 783.54,
741.39. 'H NMR ([Ds]DMSO, 300 MHz, & ppm): 3.78 (s,
3H), 7.10 (d, J=8.8, 2H), 7.16 (g, J=3.01, 2H), 7.50 (m, 2H),
8.12(d, J=8.8, 2H), 12.76 (s, 1H).

2-(4-Methoxphenyl)-1H-benzimidazole (6): m.p. 224-225
OC (ref®! m.p. 222-224 °C, IR (KBr, cm*): 3421.39, 3051.09,
2986.46, 1609.99, 1585.73, 1510.89, 1245.48, 1177.78,
744.06. 'H NMR ([Ds]DMSO, 300 MHz, & ppm): 3.78 (s,
3H), 7.10 (d, J=8.8, 2H), 7.16 (g, J=3.01, 2H), 7.50 (m, 2H),
8.12 (d, J=8.8, 2H), 12.76 (s, 1H).

2-(4-Bromophenyl)-1H-benzimidazole (7): m.p. 280-281
OC (ref®® m.p. 283-284 °C, IR (KBr, cm™*): 3435.87, 2928.57,
1593.98, 1446.34, 1399.20, 1270.26, 828.58. 'H NMR
([De]CDCl3, 300 MHz, & ppm): 7.18-7.21 (m, 2H), 7.59 (m,
4H), 7.85-7.87 (d, 1H), 5.37 (s, 1H).

2-(4-Methylphenyl)-1H-benzimidazole (8): m.p. 269-273
°C (ref®® m.p. 270-272 °C, IR (KBr, cm™): 3025.18, 2917.47,
1614.79,1515.56, 1481.56 , 1456.72, 821.30. 'H NMR
([Ds]DMSO, 250 MHz, & ppm): 2.35 (s, 3H), 7.15-7.2 (m,
2H), 7.33 (d, J=8.1, 2H), 7.46-7.56 (m, 2H), 8.07 (d, J=8.1,
2H), 12.84 (s, 1H).

2-(2-Pyridylphenyl)-1H-benzimidazole (9): m.p. 217-218
°C (ref® m.p. 218 °C, IR (KBr, cm™): 3435.97, 1603.21,
1591.82, 1441.75, 1279.38, 742.97. *H NMR ([Ds]DMSO,
250 MHz, 8 ppm): 7.16-7.24 (m, 2H), 7.47-7.71 (m, 3H),
7.98 (dd, J: 7.7, J,=1.7, 1H) 8.3-8.34 (m, 1H) 8.71 (d, J=6.9,
1H), 13.01 (s, 1H).

2-(2-Furylphenyl)1-H-benzimidazole (10): m.p. 287-288
°C (ref®® m.p. 288 °C, IR (KBr, cm™): 3435.92, 3120.87,
2923.7, 1614.58 , 1508.93, 1456.81, 1100.17, 1013.07,
745.66, 593.50. 'H NMR ([Ds]DMSO, 250 MHz, § ppm):
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6.69 (dd, J;=3.4, J,=1.7, 1H), 7.16-7.20 (m, 4H), 7.53 (d,
J=3.1, 1H), 7.56 (d, J= 3.1, 1H), 7.89 (s, 1H).

5-Nitro-2-phenyl-1H-benzimidazole (11): m.p. 206-209 °C
(ref** m.p. 207-208 °C, IR (KBr, cm™): 3377.57,1625.56,
1519.21, 1335.77, 694.57, 735.32. 'H NMR ([Ds]DMSO,
300 MHz, & ppm): 7.57 (m, 2H), 7.59 (m, 1H), 7.74 (d, 1H),
8.09-8.12 (m, 1H), 8.18-8.2 (m, 2H), 8.45 (s, 1H), 13.60 (s,
1H).

5-Methyl-2-phenyl-1H-benzimidazole (12): m.p. 240-242
OC (ref® m.p. 242-243 °C, IR (KBr, cm™): 3412.81, 1603.91,
1453.77, 1101.52, 806.88, 698.23. 'H NMR ([Ds]DMSO,
400 MHzZ, 5 ppm): 2.41 (s, 3H), 6.97-7.03 (m, 1H), 7.38 (d,
2H), 7.43-7.46 (m, 2H), 7.49-7.53 (m, 2H), 8.12 (d, 1H)
12.69 (s, 1H).

2-(2,4-Dichlorophenyl)-5-methylbenzimidazole (13): m.p.
103-106 °C (ref*® m.p. 104-106 °C, IR (KBr, cm): 3444.39,
3053.83, 2912.08, 1604.95, 1594.99, 1558.56, 1234.60,
754.51, 702.52. 'H NMR ([Ds]DMSO, 400 MHz, & ppm):
2.42 (s, 3H), 7.05 (d, 1H), 7.40 ((s, 1H) 7.50 (d, 1H), 7.59-
7.62 (m, 1H), 7.79 (d, 1H), 12.63 (s, 1H).

6-Methyl-2-(4-methylphenyl)-1H-benzimidazole (14): m.p.
100-104 °C (ref*®* m.p. 101-102 °C, IR (KBr, cm™): 3421.53,
2919.35, 1615.03, 1448.01, 804.87, 827.88. H NMR
([De]CDCl3, 250MHZ, dppm): 2.21 (s, 3H), 2.34 (s, 3H),
6.99-7.08 (m,3H), 7.48 (s, 1H), 7.54 (d, J=1.8, 1H), 8.15 (d,
J=8.1, 2H), 12.65 (s, 1H).

Results and discussion

To establish the optimum condition for this reaction,
various ratios of anhydrous Fe(ClO4)s/SiO, were examined
using o-phenylenediamine and benzaldehyde under solvent-
free at room temperature in 5.0 minutes as a model reaction
(Table 1). We observed that very little of the desired
products were obtained in the absence of Fe(ClO4)s/SiO..
The best yields were obtained with 0.15 gr (2.0 mol% of the
catalyst loading) of Fe(ClO4)s/SiO2. Thus the catalyst is
efficient component for the synthesis of 2-subststuted
benzimidazoles.

Table 1. Optimization of the catalyst amount

Entry Catalyst, g Yield, %
1 Free 5

2 0.05 10

3 0.1 60

4 0.15 92

To evaluate the scope and limitations of this work, we
focused our attempts on the synthesis of the benzimidazoles
using differently substituted o-phenylendiamine and
aldehydes. A wide variety of compounds were applied under
optimal reaction conditions to prepare benzimidazoles. The
results are summarized in Table 2. A variety of aldehydes
aromatic compounds possessing both electron-donating and
electron-withdrawing  groups  were  employed for
benzimidazole formation, and in all cases, the yields were
excellent (Table 2).
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Table 2 Synthesis of benzimidazoles by Fe(Cl04)s/SiO2 at room temperature.

Entry R1 R2 Time, min Yield, % M.p(°C)
Found | Reported
1 H CeHs- 10 92 290-293 290-292%
2 H 2-HOCsHs- 40 85 240-242 2423
3 H 2-CICeHa- 40 90 232-235 233-234%
4 H 3-MeOCgH4- 25 91 223-227 205-206%
5 H 2,4-Cl2CeHs- 20 90 220-223 218-219%
6 H 4-MeOCgHq- 45 87 224-225 222-224%
7 H 4-BrCeHa- 30 92 280-281 283-2843
8 H 4-MeCeHa- 60 95 269-273 270-2723%°
9 H 2-pyrydil 180 85 217-218 2183
10 H 2-Furyl 120 85 287-288 288%
11 4-Nitro CeHs- 30 40 206-209 207-208%
12 4-Me CeHs- 15 87 240-242 242-243°
13 4-Me 2,4-Cl2CeHs- 20 95 103-106 104-106%
14 4-Me 4Me 45 93 100-104 101-102%°

Table 3. Synthesis of 2-phenyl-1H-benzimidazole was catalyzed using anhydrous Fe(ClO4)3/SiO2 (0.15 g)/air in the presence of

benzaldehyde and o-phenylene diamine.

Entry Catalyst Conditions Time, min Yield, % Ref.

1 Fe(NO3)3.9H20 (10 mol%)/ H202(0.4 ml) Solvent-free/50°C 2.0 98 27

2 FeBrs3 (5.0 mol %) DMF/60 °C 25 88 28

3 Fe(NOs)3.9H20(10 mol%) DMF/60 °C 25 85 28

42 FeCl3/PANI EtOH/r.t. 30 90 29

5b T(o-Cl)PPFe"'CI (5.0 mol%) EtOH/r.t. 30 97 30

6° T(o-Cl)PPFe"'-SiO2 (5.0 mol%) EtOH/r.t. 90 95 30

7 Fe(Cl04)3/Si02(2.0 mol %) Solvent free/r.t 10 92 This work

a) FeCls/PANI = FeCls-doped polyaniline; b) T(o-Cl)PPFe"'Cl= meso-tetrakis(o-chlorophenyl)porphyrin—Fe!"'Cl

To show the merits of this catalytic method in comparison
with those of reported protocols, we compiled the results of
the formation of 2-phenyl-1H- benzimidazoles in the
presence of a variety of catalysts, especially iron (I11) salts
and complexes. From the results given in Table 3, the
advantages of our method are evident, regarding the catalyst
amounts which are very important in chemical industry
especially when it is combined with easy separation.

Fe(I1l)

)()J\
R
R2 H 2
f N NU | AN N:‘<H
RiT7 _ I Ri— _ /
NH; NH,

air/O,

N

Fe(Il) Fe(Il)

|
x—N x—N H
wf L " X
1
Z N Z=N R,
H H

Scheme 2. Mechanism of the 2-susbtituted benzimidazoles
formation
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The proposed mechanism for Fe(ll1)-catayzed synthesis of
2-substituted benzimidazoles may be visualized to occur via
a sequence of reactions as depicted in Scheme 2.

Table 3 Reusablity of the catalyst was survived for the model
reaction(entry 1, Table 2).

Entry Runs Yield, %

1 First 92

2 2th 90

3 3th 90

4 4th 85
Conclusion

In conclusion, Fe(ClO4)s/SiO, has been employed as a
novel and efficient catalyst for the synthesis of
benzimidazoles in good yields from o-phenylenediamine
and a wide variety of aldehydes. All the reactions were
carried out at room temperature, while using Fe(ClO4)3/SiO».
The reaction conditions were very mild, and the isolation of
products was very easy and the catalyst was reusable.
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