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Aldol reaction of 3-acetylcoumarin derivatives was explored — a derivative without substituents in the aromatic ring
(3-acetylcoumarin) (1), a derivative containing electron withdrawing substituent (3-acetyl-6-nitrocoumarin) (1a) and a
derivative containing electron donating substituent (3-acetyl-8-methoxycoumarin) (1b). In the first case the typical
products of aldol reaction with intact lactone rings were isolated. In the presence of electron donating substituent, a
product of aldol reaction was identified, but with opened lactone rings. There was no aldol reaction in the presence of

nitro-group and pyran-2-one ring was cleaved.
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INTRODUCTION

The reaction of aldol condensation has been
widely used in organic synthesis. In order to
synthesize coumarin acidichromic dyes, 7-
substituted 3-acetyl-4-hydroxycoumarin has been
condensed with 4-N,N-dimethylaminobenzaldehyde
in benzene, giving products of the aldol reaction
with very good yields [1].

The reaction of 3-acetylcoumarin with 3-
pyridylaldehyde in butanol in presence of
piperidine gave two products - a product of self
aldol condensation and a product of mixed
condensation [2].

Different coumarin chalcones have been
synthesized by aldol reaction of 3-acetyl-4-
hydroxy-8-isopropyl-5-methylcoumarin ~ and  3-
acetyl-4-hydroxy-6-chloro-7-methylcoumarin with
a variety of aromatic aldehydes with very good
yields [3, 4]. Microwave-assisted synthesis has
been also used for similar reaction intermediates
and synthesis of pyrazolinylcoumarins with
possible antioxidant activity [5].

Coumarin chalcones and bis-3-coumarinyl-
pyridines have been synthesized by a series of two
steps of aldol reactions in solventless conditions [6,
7], using the catalyst Bi(NOs)s, immobilized on
alumina.

The BFs-catalyzed aldol condensations of 5-
methyl-2,3-dihydrofuran  The  mechanism of
formation of hemiacetal group - compound 4 (3-

* To whom all correspondence should be sent:
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methoxy-3-hydroxy-2-(2’-hydroxy-5’-nitro)-
benzylydenebutanoic acid).

-2-one with RCHO (R = Ph, halo, nitro,
trifluoromethyl, methyl, methoxy or
(methylenedioxi)phenyl, thienyl, furyl, cyclohexyl)
has given acetyltetrahydrofuranones, which show
cardiovascular activity [8].

Efficient aldol dimerization of ketones occured
when the neat ketone is absorbed on basic Al.Os,
followed, when necessary, by heating [9]. This
could be a reason for forming dimers of
acetophenone, 1-indanone and 1-tetralone.

Coumarins containing electron withdrawing
group (-CN, -CONHjy, etc.) at third position and
tertiary amino group at seventh position in the
coumarin ring, usefull as laser dyes, were prepared
by Vilsmeyer formylation of trimethylsililated 3-
N,N-substituted aminophenols, hydrolysis and base-
catalyzed aldol condensation with activated
methylene compounds [10].

Proline has been used as a catalyst of the aldol
reaction for asymmetric direct intermolecular aldol
reaction. [11]. Strong solvent influence on the
enantiopurity has been observed; anhydrous DMSO
has been found to be the most suitable solvent.

4-Hydroxycoumarin has been involved in the
aldol type of reaction with benzaldehyde in the
presence of NaOH in ultrasonic bath [12]. The
product was obtained in high yield.

The aim of the present investigation was to
explore the influence of different substituents
(electron donating or electron withdrawing) in the
benzene ring of 3-acetylcoumarin derivatives on the
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course of the self-aldol condensation and the
possible side products.

EXPERIMENTAL

All starting materials were purchased from
Merck (Germany), Sigma-Aldrich (USA) and Fluka
(Switzerland). They were used without further
purification. Melting points were measured in open
capillary tubes on a Biichi 535 melting point
apparatus (Donau Biichi, Switzerland). The IR
spectra were recorded on a Bruker Vertex 70
spectrometer (Bruker, Switzerland) and frequencies
were expressed in cm™. The *H NMR spectra were
recorded on a Bruker 250 MHz instrument (Bruker,
Switzerland) in DMSO-ds or CDCIs using TMS as
an internal standard (chemical shifts were reported
in ppm units, coupling constants (J) in Hz).
Mass-spectral analysis was performed by
electron ionization on a mass-spectrometer
Hewlett-Packard 5973 (USA) at 20 eV.

Synthetic procedure

The 3-acetylcoumarin derivative was dissolved
in methanol at reflux. The solution obtained was
cooled to room temperature and piperidine was
added. The reaction mixture was stirred at ambient
temperature for 1.5 h and was concentrated in
vacuo. The product was crystallized from methanol.

Synthesis of 3-[4-o0x0-4-(2-0x0-2H-chromene -3-
yI)]-2-butene-2-yl-2H-chromene-2-one /1/ /1/ was
obtained from 3-acetylcoumarin (3.76 g, 0.02 mol)
and piperidine (0.85 g, 1 mL, 0.01 mol). The
product was a white amorphous powder. It was
recrystallized from isopropyl alcohol.

Synthesis of 3-[2-hydroxy-4-oxo-3-(2-0x0-2H-
chromen-3-yl)isobutyl-2H-chromen-2-one /2/

2] was crystallized from the same reaction
mixture. It was a white-yellow crystal powder

and was recrystallized from ethanol.

Synthesis of  dimethyl bis [(3-methoxy-2-
hydroxy)-benzylidene] - 3-methyl-5-ox0 - 3 -
heptenoate /3/

/3] was synthesized from  3-acetyl-8-
methoxycoumarin  (1.09 g, 0.005 mol) and
piperidine 0.0025 mol (0.21 g, 0.3 mL).

The product was a yellow crystal substance. It
was recrystallized from isopropyl alcohol.

Synthesis of 3-methoxy-3-hydroxy-2-(2 -
hydroxy-5 *-nitro)-benzylydenebutanoic acid /4/

The product /4/ was synthesized from 3-acetyl-
6-nitrocoumarin (0.37 g, 0.002 mol) and 0.001 mol
(0.09 g, 0.1 mL) of piperidine. The crude product
was isolated after removing the methanol and
mixing of the viscous substance with water.

The final product was a red - orange amorphous
mass. It was recrystallized from water.
The physical and spectral properties of the
synthesized compounds are presented in Table 1.

Computational chemistry

All calculations were made with the aid of
Horseshoe computer cluster  (University of
Southern Denmark, Odense). The DFT (Density
Functional Theory) calculations about geometry
optimization and ESP (Electrostatic Potential)
charges were implemented by Gaussian 03 program
[13]. B3LYP [14-16] /6-31G(d,p) method was used
for geometry optimisation and ESP charges
calculations. Gauss View program was used to
visualize the results from the calculations.

All initial optimizations and conformational search
were implemented by Chem-3-D from ChemOffice
package [17], using the MMZ2 force field.

RESULTS AND DISCUSSION

The aim of this investigation was to study the
influence of different types of functional groups on
the course of aldol condensation.

Aldol type of reactions were carried out between
two molecules of 3-acetylcoumarin derivatives. The
reaction conditions include methanol as solvent and
room temperature. The starting compounds were
differently  substituted  3-acetylcoumarins  (3-
acetylcoumarin, 3-acetyl-6-nitrocoumarin, 3-acetyl-
8-methoxycoumarin), which  underwent self
condensation to aldol type biscoumarin compounds
(2, 2a and 2b). The latter were dehydrated to
unsaturated biscoumarin derivatives (1, 1a and 1b).
The interaction scheme of the aldol reaction is
shown in Scheme 1.

The probable products are:

3,3'-[1-oxobut-2-ene-1,2-diyl]-bis(2H-
chromene-2-one) /1/; 3,3'-[1-oxobut-2-ene-1,2-
diyl]-bis(6-nitro-2H-chromene-2-one) /1a/; 3,3'-[1-
oxobut-2-ene-1,2-diyl]-bis(8-methoxy-2H-
chromene-2-one) /1b/.

These compounds are very convenient for
further Michael reaction, because of the activated
double bond in one of the coumarin rings.

The biscoumarin derivative /1/ was synthesized
according to the above mentioned reaction and its
structure was proved by spectral methods (IR, MS)
and elemental analysis.
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R = - H (3-acetylcoumarin)
R =-6-NO, (3-acetyl-6-nitrocoumarin)

R = 8-OCH, (3-acetyl-8-methoxycoumarin)

3 . s
piperidine
methanol

2 R=-H
2a R=6-NO,

2b R =8-OCH,

1 R=-H

1a R=6-NO,

1b R=8-OCH,

Scheme 1. Aldol reaction and crotonization of 3-acetylcoumarin derivatives

Its structure was also elucidated by DFT
(Density Functional Theory) methods. Optimization
with B3LYP/6-31G (d,p) method and calculation of
the ESP (Electrostatic Potential) charges were
made. The geometry of the molecule with the
charges is presented in Fig. 1. Both coumarin rings
are planar, all valent angles are close to 120° (116 -
127%. The valent angles of the side chain are
between 125 — 129° corresponding to a sp?-hybrid

4) 14(-

33(8.1484)

23(9&3)

state of the carbon atoms. The distances: C14 — C15
(C=C) 135 A, C14 - C12 1.48 A and carbonyl
C12 — 039 1.23 A are signs for m-t conjugation
between the 7 - electrons of the carbonyl bond and
n-electrons of the double C = C bond. This n-n
conjugation is the reason for distributing the
electronic density and concentrating the substantial
positive charge on C15 (0.362).

27(0.487) 26[*3)

#ﬁ*w@

24 wlj

B(B 25(}1)

Fig. 1. Optimized structure and ESP charges of the compound /1/ with B3LYP/6-31G(d,p) level of theory

Reactions of nucleophilic additions (for example
Michael reaction) will take place at the C15 atom in
comparison to the activated C=C from the pyran
ring next to the carbonyl group. The m-n
conjugation in the pyran ring is much weaker and
there is almost zero charge at C10 and slightly
negative charge at C22.

From the same reaction mixture a compound /2/
(3,3-(3-hydroxy-1-oxobutane-1,3-diyl)bis(2H-
chromen-2-one) was isolated with aldol structure
which did not undergo an elimination step.

Concerning the compound /1b/ obtained from 3-
acetyl-8-methoxycoumarin, there is a re-
esterification reaction after aldol condensation,
which is leading to opening of the lactone ring. The
process of re-esterification with methanol was
detected by the presence of methyl esters. The
general equation of re-esterification of the
biscoumarin derivative /1b/ to /3/ (dimethyl 2,6-bis
(2-hydroxy-3-methoxyben-zylidene)-3-methyl-5-
oxohept-3-enedioate) is expressed on Scheme 2.
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Scheme 2. The reaction of re-esterification of the compound (1) to 3 (dimethyl bis [(3-methoxy-2-hydroxy)-
benzylidene]-3-methyl-5-0x0-3-heptenoate).
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Scheme 4. Mechanism of hydrolysis of lactone group
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~

Scheme 5. The mechanism of formation of hemiacetal group - compound 4 (3-methoxy-3-hydroxy-2-(2’-hydroxy-5’-
nitro)-benzylydenebutanoic acid).

Probably, piperidine acts as a base which
deprotonates the methanol to a methoxide ion. Thus
obtained methoxide ion reacted as a nucleophile,
attacked the carbonyl carbon from the lactone ring
and opened it. The pyrane-2-one rings were
transformed to methyl ester group and a phenol

8

group was changed to a phenoxide anion. The latter
accepts protons from the piperidinium cation and
gives back a phenol hydroxyl group, thus a methyl
ester being formed. The mechanism of re-
esterification for the compound /3/ (dimethyl 2,6-
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bis (2-hydroxy-3-methoxybenzylidene)-3-methyl-5-
oxohept-3-enedioate) is presented in Scheme 3.

No aldol condensation with 3-acetyl-6-
nitrocoumarin was performed at all.

There was a reaction of hydrolysis and opening
of the lactone ring caused by the basic medium of
piperidine. The product is a carboxylic acid
containing phenolic group at ortho-position in the
aromatic ring. The next step was probably the
formation of a methoxide anion, caused by the
interaction of piperidine and methanol. Methoxide
anion is a strong nucleophile, which attacks and
adds to the acetyl -carbonyl carbon atom
/nucleophilic addition/. In the last step, the
protonated piperidine gives its proton, thus the
hemiacetal group being formed.

The equation and the probable mechanism of
formation of the hemiacetal group - compound /4/
(3-hydroxy-2-(2-hydroxy-5-nitrobenzylidene)-3-
methoxybutanoic acid) are presented in Schemes 4
and 5.

CONCLUSIONS

On the basis of the experiments it may be
concluded that aldol reaction between two
molecules of 3-acetylcoumarin derivatives takes
place without any side reactions only when starting
from 3-acetylcoumarin non-substituted in the
aromatic ring. If there is a methoxy-group (electron
donating) at the eighth position in the coumarin
ring, a reaction of re-esterification and opening of
the lactone ring takes place. If there is a nitro-group
(strong electron withdrawing substituent) at sixth
position, no aldol interaction is observed. In that
case there is only cleavage of the lactone ring,
formation of methoxide anion and nucleophilic
addition of that anion to the carbonyl group from
the acetyl fragment. Finally the hemiacetal structure
is observed.

The electron donating substituent in the
aromatic ring may facilitate the aldol reaction, but
the presence of an electron withdrawing substituent
impedes that reaction.
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AJIJOJTHA KOHAEH3ALIA HA TTPOM3BOJJHU HA 3-AIETUJIIKYMAPHUHA C HEOYAKBAHU
CTPAHNYHU PEAKIIMHN

Crt. Cranues, 1. Manosnos

Meouyuncku ynusepcumem, @apmayesmuuen gaxyimem, Kamedpa no ¢hapmayesmuuna xumus,
ya. ,,[Aynas” Ne 2, 1000 Cogust, Bvaeapus

Tloctenmna Ha 18 stuyapu, 2012 r.; xopurupana va 11 anpu, 2013 r.

(Pe3tome)

WscnenBaHa e anjgoiHaTa peakuusi Ha IMPOM3BOJHM Ha 3-alleTWIKyMapHHa — CheIMHEHHE 0e3 3aMecTuTen B
apoMartHOTO siapo (3-auetunkymapus) (1), ¢ enekTpoHoakuenTopeH 3amectuten (3-aueTun-6-aurpokymapu) (1a) u ¢
CIIEKTPOHOJIOHOPEH 3aMecTHTelN (3-areTuin-8-metokcukymapun) (1b). Ilpu usmomssaneTo Ha 3-alleTHIKYMapuH ce
M30JMpaT THIUYHM MPONYKTH HA alofHaTa pEaknusi C HENPOMEHEH JaKTOHOB LHUKbBI. Hammumero Ha
€JIEKTPOHOJOHOPEH 3aMECTUTEN B ApOMATHOTO SIAPO MPOAYKTHT Ha aJ0JIHATA PEAKIHS € C OTBOPCH JIAKTOHEH IPBCTEH.
Korato B apoMaTHOTO sIIpO MMa €JEKTPOHOAKIEIITOPEH 3aMECTHTEIN (HUTPO Tpyma) ajJoiHa KOHJACH3AIM He IPOTHYa
1 M3XOIHUTE IPOIYKTH OCTaBAT HEIPOMECHEHH.
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new 5 - nitroisatin Schiff base and its metal complexes
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The copper (1), cobalt (11), nickel (I1) and zinc (I1) complexes of 5 - nitroisatin Schiff base (L) (L= Schiff base
derived from 5-nitroisatin and 2-methyl-4-nitroaniline) were synthesized and characterized. The authenticity of the
ligand and its metal complexes has been established by micro analysis, IR, NMR, LC/MS, UV-VIS and electrical
conductance measurements. The ligand acts as a bidentate agent in which the carbonyl oxygen and the azomethine
nitrogen of 5-nitroisatin are involved in co-ordination. Square planar geometry was proposed for the Cu (I1) and Ni (11)
complexes and tetrahedral geometry was proposed for the Co (II) and Zn (lI) complexes. The ligand and its metal
complexes have been screened for antibacterial activity against Staphylococcus aureus, Escherichia coli, etc. and for
antifungal activity against Aspergillus niger, Aspergillus flavous, etc. The Schiff base and its complexes were also

screened for anthelmintic activity on earthworms. Both samples displayed significant activities.

Key words: Schiff base, Isatin, Antibacterial activity, Antifungal activity

INTRODUCTION

Isatin (2,3-dioxindole or indole-2,3-dione) is an
endogenous compound identified in humans, and its
effect has been studied in a variety of systems. The
biological properties of isatin include a range of
actions in the brain and offer protection against
certain types of infections. Isatin has a range of
actions such as CNS-MAO inhibition,
anticonvulsant and anxiogenic activities. 5-
Nitroisatin with 2-methyl-4-nitro aniline derivatives
was found to exhibit interesting applications in
physiological  studies. Many isatin-derived
compounds possess a wide spectrum of medicinal
properties and thus have been studied for activity
against tuberculosis, leprosy, fungal, viral and
bacterial infections, etc. [1-4].

ZH. CHOHAN et al. have prepared Schiff
bases of isatin with 2-aminothiozoles and its metal
complexes. It was observed that such compounds
would carry medicinal properties mainly as
anticonvulsants. In the present study, we mainly
deal with the synthesis and characterization of a
novel Schiff base formed by the condensation of 5-
nitroisatin with 2-methyl-4-nitroaniline and its
complexes with cobalt (1), nickel (1), copper (II)

* To whom all correspondence should be sent:
E-mail: mahendra_kadidal@yahoo.com

and zinc (II). Thus another class of isatin
incorporating metal-ligand as  antibacterials,
antifungals and anthelmintics has been introduced.
The ligand and its metal complexes have been
characterized by IR, NMR, UV-visible, LC/MS,
molar conductance, magnetic moment and
elemental analysis data.

The resulting Schiff base and its metal
complexes were screened for antibacterial activity
against Staphylococcus aureus, Escherichia coli,
Bacillus subtilli, S. typhi and Pseudomonas
aeruginosa and for antifungal activity against
Aspergillus niger, Aspergillus flavous and Candida
Albicans by the agar-well diffusion method. The
anthelmintic activity on earthworms (Pheretima
posthumous) of the ligand and its metal complexes
was also tested by a reported method [5]. The
ligand and its complexes showed varying activity
against the strains and their activity was enhanced
on coordination/chelation.

EXPERIMENTAL

Material and Methods

All chemicals were purchased from Sigma —
Aldrich and used as such. The CHN analysis was
carried out by using CHNS analyser of Elementar
Vario Ill. IR spectra were recorded on a Perkin

© 2014 Bulgarian Academy of Sciences, Union of Chemists in Bulgaria 11
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Elmer IR spectrometer. NMR spectra were
recorded on a Varion FT — NMR apparatus. Mass
spectra were recorded using a LC/MS instrument.
UV-visible spectra were recorded on the UV-
visible spectrophotometer of Shimadzu Hitachi.
The melting points were determined in open
capillaries and are uncorrected; conductance
measurements were measured on a Systronics
conductivity meter in DMF. \

Preparation of the Schiff base (L)

Schiff base ligand was prepared according to the
following procedure. Ethanolic solutions of 5-
nitroisatin (Fig. 1) (0.01 mol, 1.92 g) in 50 ml and
2-methyl-4-nitroaniline (Fig. 2) (0.01 mol, 1.52 g)

CH,
NO /O

NH;

AN
N
N" o

Fig. 1. Fig. 2.

Preparation of complexes

The metal complexes were prepared by adding a
solution of the metal salt (0.01 mol) in 50 ml
absolute ethanol to 100 ml of an ethanolic solution
of the ligand (0.01 mol) (1:1 ratio) and heating
under reflux conditions at about 80-90°C for 2—4 h.
Then the reaction mixture was evaporated to a
small volume. On cooling, the metal complexes
crystallized and were filtered, washed thoroughly
with ethanol and dried under vacuum over fused
calcium chloride.

Biological Activity
Antibacterial activity, antifungal activity and
anthelmintic activity [in vitro] measurements

The Schiff base and its complexes were
screened for antibacterial  activity against
Staphylococcus aureus, Escherichia coli, Bacillus
subtili, S. typhi, and Pseudomonas aeruginosa. The
antifungal activity against Aspergillus niger,
Aspergillus flavous and Candida Albicans was
checked by the agar-well diffusion method.

The following strains were used: bacteria -
Staphylococcus aureus ATCC 25922, Escherichia
coli ATCC 25923, B. subtilis ATCC 6633, S. typhi
19430, Pseudomonas aeruginosa ATCC 27853 and
fungi - Aspergillus niger ATCC6275, Aspergillus
flavous ATCC4797 and Candida albicans10231.

12

in 50 ml were mixed and refluxed for about 1 h.
The reaction mixture was evaporated to a small
volume and left to cool. The resulting Schiff base
ligand (Fig. 3) precipitated on cooling and was
filtered off, washed with ethanol and recrystallized
from ethanol. The purity of the Schiff base ligand
was monitored by TLC using 1:1 ethyl acetate and
petroleum ether as an eluent. The product,
separated by column chromatography, had a
molecular weight of 326, corresponding to the
molecular  formula of the Schiff base
CisH10N4Os[L]. The yield of Schiff base was 90%.

CH,

Fig. 3.
The bacteria and fungi were obtained from the
Government Science College, Bangalore.

The anthelmintic activity of the ligand and its
metal complexes was tested on earthworms
(Pheretima posthumous) using a reported method.

The bacterial /fungal inoculums of two to six
hours containing approximately 10° cfu/ml were
used in these assays. The wells were dug in the
media with the help of a sterile metallic borer with
centers at least 24 mm. The recommended amounts
of 100 pl of the test sample were introduced into
the corresponding wells. The other wells
supplemented with DMF and standard drugs served
as negative and positive controls respectively; the
plates were incubated immediately at 37°C for 24 h.
Activity was determined by measuring the diameter
of zones showing the complete inhibition in mm.
Gentamycin (positive control) was used as a
standard drug for antibacterial activity and nystatin
(positive control) was used as a standard for
antifungal activity. The positive controls were
supplied by the Government Science College,
Bangalore.

The Schiff base and its complexes were
screened for anthelmintic activity on earthworms
(Pheretima  posthumous) using the standard
piperazine citrate.
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RESULTS AND DISCUSSION

Chemistry

This section deals with analytical data,
conductivity measurements, IR, NMR, UV-visible
and mass spectral data. All metal complexes are
colored solids stable towards air and have high
melting points (above 200°C). The complexes have
the general formula [MLCI;] where M= Co(ll) or
Zn(ll) and [ M LCLH0O]CI where M= Cu(ll) or
Ni(1l).

The complexes are insoluble in water and
common organic solvents but are soluble in DMF
and DMSO. Hence the molecular weights could not
be determined. Analytical data of the complexes
suggest that the metal to ligand ratio in all
complexes is 1:1.

The analytical and physical data of the ligand
and its complexes are described as follows.

() Ligand (CisH10N4Os): color yellow, yield %
90.0, M. P. °C 180, elemental analysis %

calc./found C: 55.21/55.01, H: 3.07/3.04, N:
17.18/17.05

IR(cm™):
1642(C=N)

'H NMR(5): isatin: 8.82(s), 7.86(d), 7.83(d);
aniline: 7.86(d), 7.83(d), 7.08(d); methyl: 6.47(s)

N-H 11.65 (br)

UV(cm™): 27777, 36363

Mass spectra (m/z): 325.5

(b) Complex [CuLCI.H,O]CI: color light brown,
yield % 87.4, M.P. °C:230(d), elemental

analysis % calc./found: C 37.66/37.52, H:
2.51/2.47,N: 11.72 /11.68,

molar conductance Ams cm?mol :88

IR(cm™):  3345(NH isatin), 1700(C=0),
1621(C=N), 535(M-0), 479(M-N), 326(M-Cl)

UV(cm): 26315,15748 ESR (pert BM): 1.85

(c) Complex [Co LCIy]: color light brown, yield
% 89.2, M.P. ° C242(d), elemental analysis %
calc./found: C 39.48/39.33, H: 2.19/2.16, N:
12.28/12.21, molar conductance Ams cm?mol ;29

IR(cm™?): 3343 (NH isatin), 1701(C=0),
1622(C=N), 537(M-0), 475(M-N), 327(M-Cl)

UV(cm™): 27027,15503 ESR (nerr BM): 4.51

(d) Complex [NiLCI.H2O]CI: color light brown,
yield % 89.8, M.P. °C 236(d), elemental analysis %
calc./found: C: 38.16/38.04, H:2.54/2.50, N: 11.87
/11.81, molar conductance AMs cmzmol*: 71

IR(cm™):  3349(NH isatin), 1704(C=0),
1621(C=N), 536(M-0), 488(M-N), 334(M-ClI)

UV(cm™): 28571, 14814 ESR (perr BM): 3.68

(e) Complex [Zn LCIl.]: color: light  brown,
yield % 86.3, M.P. °C: 224(d), elemental analysis

3342 (NH isatin), 1715(C=0),

% calc./found: C: 38.93/38.84, H: 2.16/2.13, N:
12.11/12.05, molar conductance AMS cm?mol; 22

IR (cm™): 3328(NH isatin), 1705(C=0),
1623(C=N), 542(M-0), 484(M-N), 332(M-Cl)

IH NMR(3): isatin: 8.90(s), 7.91(d), 7.89(d)
aniline: 7.90(d), 7.95(d), 7.21(d) methyl: 6.47(s)

N-H12.65 (br)

UV(cm™): 28169,21978, ESR: diamagnetic

IR Spectra

The infrared absorption frequencies along with
their tentative assignments for the major absorption
bands pertaining to the ligand and its complexes are
presented in Table 3. In the present investigation
the tentative assignments of the infrared bands for
most of the major peaks are based on the
assignments of previous workers.

The IR spectrum of the free ligand is
characterized mainly by the strong bands at 3342,
1715 and 1642 cm which were attributed to the
stretching frequencies of NH (aromatic), C=0 and
C=N (azomethine) groups, respectively and
reflected in the spectral data of the metal
complexes.

The IR spectra of the complexes showed a lower
shift of wave numbers of both azomethine (v C=N)
and heteroatomic moieties by about 15 cm?
respectively. The band located at 1700 cm™ in the
ligand attributed to (v C=0) moiety of isatin also
moved to the lower frequency side by about
15 cm™. Thev M-O, v M-N and v M-Cl bands in the
IR region were also clearly seen. These data on
comparison with the spectra of the chelates suggest
the azomethine-N and isatin-O of the ligand [7-9].

NMR Spectra

The proton NMR spectral data of the ligand and
of the Zn complex are presented in Table 4. The
number of protons calculated from the integration
of 'H NMR spectra is in accordance with that
expected from CHN analyses (Table 2) [10-11].

Mass Spectra

The molecular weight 326 for C15H10N4Os and a
molecular ion peak is found at 325.5 in the mass
spectrum supporting the molecular formula of the
Schiff base.

ESR Spectra

The X-band ESR spectrum of the powdered
sample of the copper complex was recorded at
room temperature in solid state on X-band at a
frequency of 9.1 GHz under magnetic field of 3000
G . The spectral profile is typical of axial type

13
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Table 1. Thermo gravimetric analysis of the complexes

Compound Stage Temperature Weight Loss (%) Species Lost Residue
°C Calculated/Found
1 100 7.43/7.38 Uncoordinated CI CuO
[ CuLCl.H:0]Cl 2 210 11.19/11.15 Coordinated Cl+H20
3 320 68.20/68.15 Ligand
1 100 15.60/15.49 Coordinated CI C0203
[Co LCl] 2 300 71.50/71.34 Ligand
. 1 100 7.53/7.39 Uncoordinated CI NiO
INFiLCLHOJCE 210 11341118 Coordinated Cl+H,0
3 330 69.11/69.05 Ligand
1 100 15.36/15.24 Coordinated CI Zn0O
[Zn LCL] 2 310 70.50/70.32 Ligand

(gll>g+) implying dx2-y2 ground state. The gll and
g+ are found to be 2.26 and 2.10, respectively.

The gav is related to gll and g+ by the equation
gav= (gll-2) / ( g+ - 2) and is calculated to be 2.6.
Since the value of gll is less than 2.6, a
considerable covalent character of the complex in
the metal-ligand bond has suggested [12].

Thermogravimetric studies

The TGA studies of the complexes were carried
out in nitrogen atmosphere at a rate of 10° per
minute up to 700°C. The data are presented in Table
1. In the thermal decomposition studies, a general
pattern of uncoordinated chloride, coordinated
chloride, water and ligand finally gave the
respective oxides at a higher temperature.

UV-visible and magnetic susceptibility
measurements

The electronic spectrum of the copper complex
exhibits bands at 26315 cm™ and 15748 cm™* which
can be assigned to 2B1g—2A1 and 2B1g—2Elg
transitions. These transitions, as well as the
measured value of the magnetic moment (peff =
1.85 uB) suggest a square-planar stereochemistry
of the compound. The visible electronic absorption
spectrum of the cobalt (1) complex is dominated by
the highest energy 4A2—4T1 (P) transition, which
is a typical one for tetrahedral Co (II) complexes.
The magnetic moment value (4.51 uB) and the light
brown color of the cobalt (1I) complex also suggest
tetrahedral ~ stereochemistry.  The  electronic
spectrum of the nickel complex shows two bands at
28571 cm* and 14814 cm™ which are attributed to
1Alg—1A2g and 1Alg—1B2g transitions. These
transitions, as well as the measured value of the
magnetic moment (3.68 uB) suggest a square-
planar stereochemistry of the compound. Since the
zinc ion has a d'° configuration, the absorption at
28169 cm could be assigned to a charge transfer
transition. However, taking into account the
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spectrum and the configuration of the zinc (11) ion,
a tetrahedral geometry could be assumed for its
complex [13-14].

BIOLOGICAL ACTIVITIES

A) Antibacterial activity

In view of their potent biological activity, the
ligand and its metal complexes were tested against
five bacteria, viz., Staphylococcus aureus (S.
aureus) and Bacillus subtilis which are
representatives of gram positive bacterial groups
and Escherichia coli (E. coli), Pseudomonas
aeruginosa and Salmonella Typhi which are
representative of gram negative bacterial groups.
These bacterial strains are chosen as they are
potential pathogens of human beings. The
biological screening was conducted by the disc
method according to [5, 15]. The enhancement in
the activity can be explained on the basis of the
chelation theory and the results obtained are
presented in Table 2. The ligand and its metal
complexes exhibit more activity at higher
concentration.

B) Antifungal Activity

The antifungal activity of the ligand and its
metal complexes was tested against the fungi
Aspergillus niger, Aspergillus flavous and Candida
albicans and the results obtained are presented in
Table 3. The ligand and its metal complexes exhibit
more activity at higher concentration.

C) Anthelmintic activity [in vitro]

Anthelmintic activity of the ligand and its metal
complexes was tested on earthworms (Pheretima
posthuma) by a reported method [5, 15]. Normal
saline has no effect till 10 hours. The standard,
piperazine citrate, took 18 minutes till the death of
the worms and the results obtained are presented in
Table 4. Amongst the complexes under
investigation, the complexes of Cu(ll), Co(ll),
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Table 2. Antibacterial activity of the Ligand and its complexes [Concentration((ug/ml)]

Compound 50 100 150 200 250 300 350 400 450 500
- - - + ++ ++ ++ ++ ++ +++
- - + + + ++ ++ ++ ++ +++
Ci15H10N4Os(L) a,b,c,de] + + + + + + ++ ++ ++ +++
- - + + + + ++ ++ ++ +++
- - + + + + + ++ ++ +++
+ + ++ ++ ++ ++ ++ ++ ++ +++
+ + ++ ++ ++ ++ ++ ++ ++ +++
[CuLCIH20]CI + + + ++ ++ ++ ++ ++ ++ ++
+ + + + + + ++ ++ ++ ++
+ + + + + ++ ++ ++ ++ +++
+ + ++ ++ ++ ++ ++ ++ +++
+ + + ++ ++ ++ ++ ++ ++ +++
[Co LCI] + + + ++ ++ ++ ++ ++ +++ -+
+ + + + + ++ ++ ++ ++ +++
+ + + + ++ ++ ++ ++ ++ +++
+ ++ ++ ++ ++ ++ ++ ++ +++
+ + + + + ++ ++ ++ +++
[Ni LCIH20]CI - - - + + + ++ ++ ++ ++
+ + + + + + ++ ++ ++ +++
+ + + + + ++ ++ ++ ++ +++
+ + + + ++ ++ ++ ++4+ 4+
+ + + ++ ++ ++ ++ ++ ++ +++
[Zn LCI2] - - - - + + ++ ++ ++ ++
+ + + + + ++ ++ ++ ++ +++
+ + + + ++ ++ ++ ++ +++
Negative Control(DMF) Nil

Standard(mm)Positive control

a-25,b-26,c-22,d-29,e-27

(a) Escherichia coli (b); S. aureus; (c) Bacillus subtilis; (d) S. typhi; (e) Pseudomonas aeruginosa (pg/ml).
DMF(control): Nil, No effect up to 24 hours. Key for interpretation: a) - : Inactive Less than 10 mm; b) + Weakly

active between 10 — 14 mm. ¢) ++ : Moderately active between 15 — 17 mm and d) +++: Highly active above 18 mm

Table 3. Anti fungal activity measurements of the ligand and its complexes[Concentration((pg/ml)]

Compound 50 100 150 200 250 300 350 400 450 500
+ + + + ++ ++ ++ ++ ++ ++
C15H10N4Os(L) a,b,c| + + + + ++ ++ ++ ++ ++ ++
+ + + + ++ ++ ++ ++ ++ ++
- + + + + ++ +++
[CuLCIH20]CI - + + + + ++ +++ -+
- + + + + ++ +++ A
- + + + + ++ ++ +4++ A+
[Co LCI] - + + + + ++ ++ +++
- + + + + ++ ++ +++ 4+
- - + + + ++ +++
[Ni LCIH20]CI - - + + + ++ +++ -+
- - + + + ++ +++ A
- + + + + ++ +++
[Zn LCI2] - + + + + ++ +++
- + + + + ++ +++ A+ A
Negative Control(DMF) Nil
Standard(mm)Positive control a-23,b-21,c-25
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Ni(Il) and Zn(1l) showed higher activity than the
standard.

CONCLUSIONS

The Schiff base acts as a bidentate ligand with
azomethine nitrogen and negatively charged
oxygen atom as donors. The probable geometry of
the structure for the complexes of Co and Zn
would be tetrahedral and for those of Cu and Ni -
square planar (Figs. 4 and 5, respectively). The
antibacterial and antifungal activity of the ligand
is greatly enhanced upon complexation with metal
ions. Almost all complexes are highly active at
higher concentration (500 pug/ml) except a few
that are moderately active. The anthelmintic

activity of the ligand is greatly enhanced upon
NO

\

complexation with metal ions, particularly Co, Ni
and Zn.

Table 4. Anthelmentic activity of the investigated
compounds..

Compound Time taken for paralysis and

death of worms
Paralysis (min) Death (min)
No effect for 10 hours

Blank Normal Saline

Standard (Piperazine citrate) 10 15
C1sH10N40s (L) 9 14
[CuLCIL.Hz0]ClI 8 12
[Co LCl] 11 17
[Ni LCL.H0]Cl 13 20
[Zn LCl] 21 27
(|2I
- M

Fig 4. Tetrahedral geometry M= Co and Zn.

©\—<>

O

2

CI

Cl

Fig. 5. Square planar geometry. M= Cu and Ni.
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CHUHTE3A, OXAPAKTEPU3UPAHE, AHTUBAKEPUAJIHU, ITPOTUBOI'bbMYHU 1
AHTUXEJIMUHTHU CBOMCTBA HA 5-HUTPOU3ATHH-IIIU®OBA FA3A U
HEWMHUTE KOMITJIEKCH

P. Pao!, K.P. Penu?, K.H. Maxenpa®

Y /lenapmamenm no xumus, Ilenmpanen xamnyc na konexca,Ynueepcumem 6 baneanop, Banzanop— 560 001,
Hnous
Alpasumencmeen nayuen xonedxc, baneanop — 560 001, Huous

Tloctenuna Ha 23 stuyapu, 2012 r.; kopurupana ua 2 okromspu, 2012 r.
(Pestome)

CuHTe3upaHu u oxapakTepusupanu ca kommwiekcute Ha meara (I1), kobanta (1), aukena (1) u uunka (11) Ha
5 — nmutpomsaronmBa Illudosa 6aza (L) (L= [Iucdosa 6aza momydeHa OT S-HUTPOM3ATHH U 2-MeTHI-4-
HUTPOAHWINH). ABTCHTHYHOCTTA HAa JIMTAHAWTE M TAXHABE METallHW KOMIUIGKCH € YCTAaHOBEHa upe3
mukpoananu3, UY-, AMP-, I'X/MC-, UV-VIS-cuekTpockOnuu W H3MEpPBaHHUA HA EJICKTPOIPOBOTHOCTTA.
Jlurangure nedcTBaTr KaTo OM-ACHTAaTHH areHTH B KOMTO KapOOHMJIHHS KHUCIOPOJ M a30-METHHOBHS a30T B 5-
HUTPOW3ATHHA YYacTBAT B KOOPJAMHHpaHeTO. 3a cTpykryparta Ha kommekcure Ha Cu (1) u (II) e ycraHOBeHa
IUIAaHAPHA KBajpaTHa reomerpus, a 3a komruiekcure Ha CO (I1) u Zn (I1) — rerpaeapuuna.Jluranaure u TSIXHUTE
KOMIUIEKCH 3a U3IMTAHU 3a aHTHOaKTepuaiHa akTUBHOCT crpsimo Staphylococcus aureus, Escherichia coli u mp.,
3a MPOTUBOTBOMYHH CcBo¥iCcTBa - cipsimo Aspergillus niger, Aspergillus flavous u np. llludosara 6a3a u HeitHuTe
KOMIUICKCH Ca M3MUTAHW U 38 aHTUXCIMHHTHH CBOMCTBA CIPSIMO 3€MHH uyepBed. M JBeTe TPyNH CheIHMHCHHSI
MPOSIBSIBAT 3HAYMTEITHA aKTHBHOCT.
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Silica-bonded N-propyl sulfamic acid: a recyclable catalyst for
microwave-assisted synthesis of various dihydropyrano[3,2-cJchromenes
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A novel and simple method for the synthesis of dihydropyrano[3,2-c]chromenes is reported. The products are
obtained in good to excellent yields by a simple, mild and efficient procedure using silica-bonded N-propyl sulfamic
acid (SBNPSA) as a catalyst under microwave irradiation conditions.

Keywords: Silica-bonded N-propyl sulfamic acid (SBNPSA); chromenes; dihydropyrano[3,2-c]chromenes;

Irradiation microwave
INTRODUCTION

Chromones constitute one of the major
classes of naturally occurring compounds, and
interest in their chemistry continues unabated
because of their usefulness as biologically active
agents [1]. Some of the biological activities
attributed to chromone derivatives include
cytotoxic (anticancer) [2-4], neuroprotective [5],
HIV-inhibitory [6], antimicrobial [7,8], antifungal
[9] and antioxidant activity [10]. Due to their
abundance in plants and their low mammalian
toxicity, chromone derivatives are present in large
amounts in the diet of humans [11]. The synthesis
of chromone derivatives is a research field of great
interest and long history [12]. In general,
chromones are synthesized by the cyclodehydration
of 1-(o-hydroxyaryl)-1,3- diketones or equivalent
intermediates catalyzed by strong acids or strong
bases (Vilsmeier-Haack reaction) [13]. They have
been prepared on a large scale by the Allan-
Robinson synthesis involving acylation-
rearrangement, and subsequent cyclization [14].
This methodology has been followed in the
synthesis of chromone derivatives with quaternary
ammonium functionalities which show not only
activity of cosmetic interest but also for hair
sustainability, as well as in the asymmetric
synthesis of optically active 4-chromone derivatives
[15]. In the Baker-Venkataraman synthesis [16],
internal Claisen condensation of 2-aryloxy-1-
acetylarenes is employed as a key step. More
recently the synthesis of chromone derivatives was

* To whom all correspondence should be sent:
E-mail: aligharib5@yahoo.com

accomplished by intramolecular ester carbonyl
olefination [17] or Pd-catalyzed regiospecific
carbonylative annulation of o-iodophenol acetates
and acetylenes [1, 18]. 3-Cyanochromones have
been synthesized in a mild and facile way from
oximes derived from 3-formyl chromones using
dimethyl formamide/ thionyl chloride complex
[19]. As for aminochromones, useful for the
prevention of allergic and asthmatic reactions in
mammals, as indicated by tests in rats, they have
been synthesized either by rearrangement of
isoxazoles [20] or from chlorinated salicylic acids
and malononitrile in aqueous NaOH or NaH [21].
2-Amino-4H-chromenes and their derivatives are of
considerable interest as they possess a wide range
of biological properties [22], such as spasmolytic,
diuretic, anticoagulant, anticancer and
antianaphylactic activity [23]. In addition, they can
be used as cognitive enhancers for the treatment of
neurodegenerative diseases, including Alzheimer’s
disease, amyotrophic lateral sclerosis, Huntington’s
disease, Parkinson’s disease, AIDS associated
dementia and Down’s syndrome as well as for the
treatment of schizophrenia and myoclonus [24].
The development of multi-component reactions
(MCRs) has attracted much attention from the
vantage point of combinatorial and medicinal
chemistry [25]. Many important heterocycle
syntheses are multi-component reactions. Recently,
the synthesis of 4H-chromenes and
dihydropyrano[3,2-c]chromenes derivatives has
attracted great interest to their biological and
pharmacological activities [26]. The 4H-chromene
derivatives  show  various  pharmacological
properties such as  spasmolytic, diuretic,
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anticoagulant, anticancer, and antianaphylactic
activities [26]. Substituted 4H-chromenes are
particularly versatile compounds that bind Bcl-2
protein (B-cell lymphoma 2) and induce apoptosis
in tumor cells.

EXPERIMENTAL

All materials and solvents were purchased
from Merck and Fluka. Melting points were
determined in open capillary tubes in an
Electrothermal 1A 9700 melting point apparatus. *H
NMR spectra were recorded on a Bruker-300 MHz
instrument using tetramethylsilane (TMS) as an
internal standard. IR spectra were recorded on a
Shimadzu-IR 470 spectrophotometer. The mass
spectra were scanned on a Varian Mat CH-7
instrument at 70 eV. Irradiation was carried out in a
domestic microwave oven (Electra, 2450 MHz, 700
W) for optimized time. All yields refer to isolated
products. Silica bonded N-propyl sulfamic acid
(SBNPSA) was prepared according to our
previously reported procedure [27].

General procedure for the preparation of 2-amino-
5-oxo-dihydropyrano[3,2-c]chromenes:

A mixture of aldehyde (12 mmol), malononitrile
(1.5 mmol), 4-hydroxycoumarin (12 mmol) and
silica bonded N-propyl sulfamic acid (SBNPSA)
(0.1 @) in H,O (5 mL) and EtOH (5 mL) was stirred
and irradiated in a microwave oven at 700 W for
the appropriate time (Table 1). After completion of
the reaction, which was monitored by TLC, the
mixture was cooled to room temperature. The solid
product was collected by filtration, washed with
water and aqueous ethanol and purified by
recrystallization from ethanol.

Selected spectral data:

2-amino-5-0x0-4-(3,4,5-trimethoxyphenyl)-4,5-
dihydropyrano[3,2]chromene-3-carbonitrile (Table
1, entry 1): m.p. 224-226 °C; (m.p. 224-226 °C
[28,29]); IR (KBr) vmad/cm™: 3425, 3321, 2191,
1672, 1595, 1375, 1154 . 'H NMR (DMSO-ds, 300
MHz) 3:3.63 (s, 3H, CHa), 3.71 (s, 6H, CHs), 4.43 (
s, 1H, H), 6.52 (s, 2H, NH,), 7.42 (t, 2H, aromatic),
7.65 (t, 2H, aromatic), 7.87 (2d, 3H, aromatic). **C
NMR (DMSO-dg, 250 MHZz) 4: 160.1, 158.5, 154.0,
153.3, 152.6, 139.4, 137.1, 133.3, 125.1, 123.0,
119.7, 117.0, 113.6, 105.4, 104.1, 60.4, 58.4, 56.0,
37.7. MS (m/z): 404. Anal. Calc. C, 65.02; H, 4.46;
N, 6.89%. Found: C, 65.0; H, 4.27; N, 6.93%.

2-amino-4-(2,6-dichlorophenyl)-5-oxo-4,5-
dihydropyrano[3,2-c]chromene-3-carbonitrile
(Table 1, entry 2): m.p. 275-278 °C, (m.p. 274-277
°C [28,29]); IR (KBr) vmax/cm™:3422, 3320, 2190,
1676, 1595, 1377, 1151. *H NMR (DMSO-ds, 300

MHz) &: 4.29 (s, 1H, H), 6.85 (s, 2H, NHy), 7.43 (t,
2H, aromatic), 7.66 (t, 2H, aromatic), 7.84 (2d, 3H,
aromatic). ®C NMR (DMSO-ds, 250 MHz) &:
161.2, 160.8, 159.3, 152.5, 139.4, 138.4, 135.6,
128.3, 127.5, 123.4, 119.2, 116.4, 1154, 113.6,
105.3, 58.2. MS (m/z): 384. Anal. Calc. C, 59.24;
H, 2.62; N, 7.27%. Found: C, 59.21; H, 2.65; N,
7.25%.
2-amino-4-(2,3-dichlorophenyl)-5-0x0-4,5-

dihydropyrano[3,2-c]chromene-3-carbonitrile
(Table 1, entry 3): m.p. 274-276 °C, (m.p. 273-276
°C [29]); IR (KBr) vmad/cm™: 3423, 3320, 2192,
1675, 1595, 1377, 1150. *H NMR (DMSO-ds, 300
MHz) 5:4.29 (s, 1H, H), 6.85 (s, 2H, NH,), 7.43 (t,
2H, aromatic), 7.66 (t, 2H, aromatic), 7.84 (2d, 3H,
aromatic). ®C NMR (DMSO-ds, 250 MHz) §&:
161.1, 160.7, 159.4, 1525, 139.5, 138.4, 135.7,
128.2, 127.4, 123.6, 119.2, 116.6, 115.3, 113.5,
105.4, 58.3. MS (m/z): 384. Anal. Calc. C, 59.24;
H, 2.62; N, 7.27%. Found: C, 59.20; H, 2.65; N,
7.26%.

2-amino-4-(2,4-dichlorophenyl)-5-oxo-4,5-
dihydropyrano[3,2-c]chromene-3-carbonitrile
(Table 1, entry 4): m.p. 254-256 °C, (m.p. 255-258
°C [29]); IR (KBr) vma/cm™: 3420, 3322, 2190,
1677, 1595, 1377, 1152. *H NMR (DMSO-ds, 300
MHz) 5: 4.27 (s, 1H, H), 6.83 (s, 2H, NH,), 7.45 (t,
2H, aromatic), 7.67 (t, 2H, aromatic), 7.80 (2d, 3H,
aromatic). ®C NMR (DMSO-ds, 250 MHz) §&:
161.3, 160.6, 159.4, 152.6, 139.5, 138.4, 135.7,
128.2, 127.4, 123.6, 119.2, 116.6, 115.3, 113.5,
105.4, 58.3. MS (m/z): 384. Anal. Calc. C, 59.24;
H, 2.62; N, 7.27%. Found: C, 59.20; H, 2.65; N,
7.26%.

2-amino-4-(4-bromophenyl)-5-0x0-4,5-
dihydropyrano[3,2-c]chromene-3-carbonitrile
(Table 1, entry 5): m.p. 254-256 °C, (m.p. 255-257
°C [29]); IR (KBr) vma/cm™: 3423, 3321, 2190,
1678, 1595, 1375, 1152. *H NMR (DMSO-ds, 300
MHz) 5: 4.28 (s, 1H, H), 6.81 (s, 2H, NH,), 7.42 (t,
2H, aromatic), 7.44 (t, 2H, aromatic), 7.66 (t, 2H,
aromatic), 7.81 (2d, 3H, aromatic). C NMR
(DMSO-ds, 250 MHz) 6: 161.9, 160.7, 159.3,
152.6, 139.5, 138.7, 135.4, 128.2, 127.5, 123.6,
120.2, 116.7, 115.1, 113.5, 105.4, 58.3. MS (m/z):
384. Anal. Calc. C, 57.74; H, 2.81; N, 7.09%.
Found: C, 57.55; H, 2.75; N, 7.01%.

2-amino-4-(3-nitrophenyl)-5-o0x0-4,5-
dihydropyrano[3,2-c]chromene-3-carbonitrile
(Table 1, entry 6): m.p. 255-258 °C, (m.p. 256-259
°C [29]); IR (KBr) vma/cm™: 3423, 3321, 2190,
1678, 1595, 1375, 1152. *H NMR (DMSO-ds, 300
MHz) 6: 4.26 (s, 1H, H), 6.82 (s, 2H, NH,), 7.46 (t,
2H, aromatic), 7.44 (t, 2H, aromatic), 7.68 (t, 2H,
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aromatic), 7.81 (2d, 3H, aromatic). **C NMR
(DMSO-ds, 250 MHz) &: 161.9, 160.7, 159.3,
152.6, 139.5, 138.7, 135.4, 128.2, 127.5, 123.6,
120.2, 115.4, 116.7, 113.5, 105.4, 58.3. MS (m/z):
361. Anal. Calc. C, 63.16; H, 3.07; N, 11.63%.
Found: C, 63.01; H, 3.12; N, 11.55%.
2-amino-4-(4-nitrophenyl)-5-0x0-4,5-
dihydropyrano[3,2-c]chromene-3-carbonitrile
(Table 1, entry 7): m.p. 256-259 °C, (m.p. 255-258
°C [29]); IR (KBr) vms/cm™: 3422, 3320, 2195,
1677, 1591, 1376, 1152. *H NMR (DMSO-ds, 300
MHz) 5: 4.24 (s, 1H, H), 6.82 (s, 2H, NH>), 7.44 (t,
2H, aromatic), 7.44 (t, 2H, aromatic), 7.69 (t, 2H,
aromatic), 7.83 (2d, 3H, aromatic). **C NMR
(DMSO-ds, 250 MHz) 6: 161.7, 160.7, 159.5,
152.8, 139.2, 138.6, 135.6, 128.3, 127.4, 123.6,
120.1, 115.6, 116.7, 113.5, 105.4, 58.3. MS (m/z):
361. Anal. Calc. C, 63.16; H, 3.07; N, 11.63%.
Found: C, 63.03; H, 3.14; N, 11.52%.
2-amino-5-0xo-4-p-tolyl-4,5-dihydropyrano[ 3,2-
c]chromene-3-carbonitrile (Table 1, entry 8): m.p.
252-255 °C, (m.p. 252-254 °C [29,30]); IR (KBr)
vmax/cm™: 3420, 3325, 2198, 1676, 1591, 1375,
1152. 'H NMR (DMSO-ds, 300 MHz) &: 2.35 (s,
1H, CHs), 4.29 (s, 1H, H), 6.81 (s, 2H, NH,), 7.12
(s, 1H, aromatic ), 7.42 (t, 2H, aromatic), 7.65 (t,
2H, aromatic), 7.84 (2d, 3H, aromatic). 3C NMR
(DMSO-ds, 250 MHz) 6: 161.9, 160.2, 159.2,
152.8, 141.2, 135.5, 128.9, 128.4, 123.3, 125.5,
115.3, 116.4, 105.4, 58.1, 39.8. MS (m/z): 330.
Anal. Calc. C, 72.72; H, 4.27; N, 8.48%. Found: C,
72.67; H, 4.31; N, 8.37%.
2-amino-4-(4-methoxyphenyl)-5-0x0-4,5-
dihydropyrano[3,2-c]Jchromene-3-carbonitrile
(Table 1, entry 9): m.p. 244-247 °C, (m.p. 246-249
°C [29]); IR (KBr) vm/cm™: 3421, 3326, 2199,
1676, 1590, 1377, 1154. 'H NMR (DMSO-ds, 300
MHz) 3: 3.83 (s, 1H, CH3), 4.28 (s, 1H, H), 6.80 (s,
2H, NH)), 7.14 (s, 1H, aromatic ), 7.44 (t, 2H,
aromatic), 7.66 (t, 2H, aromatic), 7.82 (2d, 3H,
aromatic). ®C NMR (DMSO-ds, 250 MHz) &:
161.9, 160.2, 159.2, 152.8, 141.2, 135.5, 130.1,
128.5, 123.3, 125.4, 115.3, 114.4, 116.5, 105.4,
58.4, 39.9. MS (m/z): 346. Anal. Calc. C, 69.36; H,

OH

0
J ~ N c
Ar” H+ NC” CeN t
o” "o

1 2 3

4.07; N, 8.09%. Found: C, 69.21; H, 4.16; N,
8.15%.

2-amino-4-(4-chlorophenyl)-5-0xo0-4,5-
dihydropyrano[3,2-c]chromene-3-carbonitrile
(Table 1, entry 10): m.p. 263-265 °C, (m.p. 265-267
°C [29]); IR (KBr) vmad/cm™: 3422, 3324, 2198,
1676, 1593, 1377, 1154. *H NMR (DMSO-ds, 300
MHz) 6: 4.29 (s, 1H, H), 6.81 (s, 2H, NHy), 7.17 (s,
1H, aromatic), 7.37 (2x t, 2H, aromatic), 7.65 (t,
2H, aromatic), 7.84 (2d, 3H, aromatic). 3C NMR
(DMSO-ds, 250 MHz) 6: 161.9, 160.2, 159.2,
152.8, 142.2, 135.5, 131.3, 130.3, 1285, 123.3,
125.4,119.8, 115.3, 114.4, 116.5, 105.4, 58.2, 39.9.
MS (m/z): 346. Anal. Calc. C, 65.06; H, 3.16; N,
7.99%. Found: C, 64.93; H, 3.07; N, 7.82%.

2-amino-5-o0xo-4-phenyl-4,5-
dihydropyrano[3,2-c]chromene-3-carbonitrile
(Table 1, entry 11): m.p. 262-264 °C, (m.p. 260-264
°C [29]); IR (KBr) vmad/cm™: 3421, 3324, 2199,
1676, 15935, 1376, 1155. *H NMR (DMSO-ds, 300
MHz) 6: 4.29 (s, 1H, H), 6.81 (s, 2H, NHy), 7.17 (s,
1H, aromatic), 7.37 (2% t, 2H, aromatic), 7.65 (t,
2H, aromatic), 7.84 (2d, 3H, aromatic). *C NMR
(DMSO-ds, 250 MHz) 6: 161.9, 160.2, 159.2,
152.8, 144.1, 1355, 127.7, 128.6, 123.3, 125.7,
119.1, 115.3, 116.4, 105.3, 58.1, 39.8. MS (m/z):
316. Anal. Calc. C, 72.15; H, 3.82; N, 8.86%.
Found: C, 72.04; H, 3.72; N, 8.94%.

RESULTS AND DISCUSSION

We performed the synthesis of 2-amino-
4H-chromenes and/or dihydropyrano[3,2-
c]Jchromenes through a three-component reaction
employing silica-bonded N-propyl sulfamic acid
(SBNPSA) acid as a catalyst. The synthesis of 2-
amino-4H-chromenes and/or dihydropyrano[3,2-
c]Jchromenes was achieved by three-component
condensation of an aromatic aldehyde,
malononitrile and 4-hydroxycoumarin in the
presence of SBNPSA as a catalyst. The reaction
was carried out in aqueous ethanol under
microwave irradiation conditions to give products
in good to high yields (Scheme 1 and Table 1).

NH,
07X CN
oHsOH, H,0, SBNPSA A Ar
Microwave
(@] (@]
4

Scheme 1. Synthesis of various dihydropyrano[3,2-c]chromenes in the presence of silica-bonded N-propyl
sulfamic acid (SBNPSA) as catalyst under irradiation microwave conditions
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Table 1. Synthesis of various dihydropyrano[3,2-c]chromenes were run at microwave conditions and in the presence
of silica-bonded N-propyl sulfamic acid (SBNPSA) as catalyst, H,O:EtOH (1:1).

Entry ArCHO aProduct Time (min) aYield(%) Ref.
NH
o \2 CN
1 3,4,5-(OCH3)3-C6H4CHO O X O OCHs 47 94.5 -
o~ "o OCH3
OCHs
NH»
07X CN
2 2,6-Cl,-CgH,CHO § ¢ 34 96 [28]
L1
(@) (@)
NH,
o CNCI
3 2,3-Cl,-CgH,CHO I Q al 30 925 [29]
O (0]
NH,
o CNCI
4 2,4-Cl,-CgH,CHO I N I 32 85 [29]
o (0] Cl
NH,
0 Xy CN
5 4-Br-CgH,CHO I « 38 95.5 [29]
o o Br
NH,
6 3-NO,-CgH,4CHO I N NO, 40 94.5 [29]
[6) (6]
NH,
0 X CN
7 4-NO,-C¢H,CHO I N I 41 98 [29]
(o JNe) NO,
NH,
8 4-CH3-CgH,CHO I N I 43 93 [30]
[<e) CH,
NH,
0 Xy CN
9 4-OCH4-CgH4CHO I N I 24 84.5 [29]
0~ "o OCHjg
NH,
0" XCN
10 4-Cl-CgH,CHO Q 29 83 [29]
o o Cl
NH»
1 CgH5CHO 44 925 [29]

CLL T

o O

8Products were characterized from their physical properties, by comparison with authentic samples, and by spectroscopic methods.
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Table 2. Synthesis of various dihydropyrano[3,2-c]chromenes were run under reflux (Conentional heating conditions)
and in the presence of silica-bonded N-propyl sulfamic acid (SBNPSA) as catalyst, H,O:EtOH (1:1).

Entry ArCHO 2Product Time (min) 2Yield(%)

o

1 3,4,5-(OCHz)3-C¢H,4CHO

NH,
O OCHg 65 88

o
(@]
O
=z
@]
(@]
I
E

OCH,
NH,
XN CN
o al
2 2,6-Cl,-CgH,CHO § 47 86.5
(L1
[6) (6]
NH,
CN
S e
3 2,3-Cl-CgH,4CHO l Q ! cl 49 83
(0] (0]
NH,
CN
S e
4 2,4-Cl,-CgH,CHO O N O 51 77
[6) o Cl
NH,
o X CN
5 4-Br-CgH,CHO I N I 48 74.5
(6] o Br
NH,
o X CN
6 3-NO,-CgH,CHO O N O NO, 63 73
(6] (6]
NH,
07X CN
7 4-NO,-C¢H,CHO O § O 58 82
0" o NO,
NH,
07 X CN
8 4-CHa-CgH,CHO O Q O 61 78
o” o CHj
NH,
9 4-OCH3-CgH,4CHO O N O 47 68.5
0" o OCH,
NH,
0" X CN
10 4-CI-CgH,CHO I q I Zil 68
(6] (6] Cl
NH,
0 Xy CN
11 CgHsCHO 59 785

L
[OJNe]

aProducts were characterized from their physical properties, by comparison with authentic samples, and by spectroscopic methods.
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o
CN

Ar” "H T NC
5

SeNn — ArCHZ(CN

A\

O) CN

©\/i _SBNPSA ©\/i . ArCH:< — LA ———

(NH NH,
CN CN
o O
H
X Ar ——— N Ar
O O O e}

o 0
6

Scheme 2. The mechanism of the synthesis of various dihydropyrano[3,2-c]Jchromenes in the presence of silica-bonded
N-propyl sulfamic acid (SBNPSA) as catalyst under irradiation microwave conditions.

As shown in Table 1, the results of the reactions
of the aromatic aldehyde, malononitrile with 4-
hydroxycoumarin indicate that the application of
microwave irradiation can considerably increase the
efficiency of these reactions to produce entries 1-11
in satisfactory yields (83-98%) and reduce the
reaction times when compared with the
conventional thermal conditions (68-88%) (Table
2).

2-Amino-4H-chromenes are generally prepared
by refluxing malononitrile, aldehyde and activated
phenol in the presence of hazardous organic bases
like piperidine for several hours [31]. A literature
survey revealed that several modified procedures
using CTACI [32], TEBA [33], and y-alumina [34]
as catalysts have been recently reported but all
these methods require long refluxing hours. Based
on previous studies, new heterogeneous catalyst
systems for fine chemical preparation were
developed [35]. The suggested mechanism for the
SBNPSA-catalyzed transformations is shown in
Scheme 2. As reported in the literature [36], the
Knoevenagel coupling of aldehydes with
malononitrile gives the intermediate (5). Then, the
subsequent  1,4-conjugate  addition of  4-
hydroxycoumarin to the intermediate (I) followed
by cyclization, affords the corresponding products
[37,38]. A mechanism for this reaction has been
suggested in Scheme 2.
The catalysts were recovered by evaporation of the
solvent and washing of the solid with chloroform.
When the reaction was completed, the mixture was
filtered, the solid residue was washed with warm
ethanol and the catalyst was reused in the
subsequent reaction. The recycled catalyst could be

reused four times without any additional treatment.
No appreciable loss in the catalytic activity of
SBNPSA was observed (Table 3).

Table 3. Recyclability of SBNPSA catalyst for the
synthesis of compound (Table 1, 7) (2-amino-4-(4-
nitrophenyl)-5-oxo-4,5-dihydropyrano[3,2-c]chromene-
3-carbonitrile).

Run Time (min) abyield (%)
1 41 97
2 41 96
3 41 96
4 41 94

2|solated yield.
bYield of catalyst recycled four times.

CONCLUSION

In conclusion, we have developed an efficient
procedure for the synthesis of 2-amino-4H-
chromene and/or dihydropyrano[3,2-c]chromene
derivatives in 1:1 EtOH-water mixture using silica-
bonded N-propyl sulfamic acid (SBNPSA) as a
catalyst. This method offers several advantages
such as inexpensive catalysts, easy synthetic
procedure, high yields, simple work-up procedure
and easy product isolation. The microwave
irradiation reduced the reaction times in this
synthesis.
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N-TTPOITUJI-CYJIGAMHWHOBA KUCEJIMHA BBPXY HOCUTEJI OT CUJIMIITUEB
JMOKCUJ: PELHUKIIMPYEM KATAJIM3ATOP 3A CUHTE3U HA PA3JIMYHU
JUXUIPOITPOITAHOJI [3,2-C] — XPOMEHU TP MUKPOBBJIHOBO JIBYEHUE

A. Tapu6 »%*, H. Hopysu Iecsu®, JI. Boxaann ®apa®, M. Pomann

1
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3 flenapmamenm no xumusa, Hayuen gpaxyrmem, Ynusepcumem 6 Ypmus, 57159 Ypmus, Upan

*Munucmepcmso na obpasoeanuemo, Opzanuzayus 3a obpasosanues Pazasu, Xopaszan,, Mawxao, Hpan

Tlocrprmna Ha 13 mapr, 2012 r.; kopurupana Ha 13 ¢eBpyapu, 2013 r.

(Pesrome)

CpoOmiaBa ce 3a HOB M IIPOCT METOJ 3a CHHTe3ara Ha auxuiporpomanon [3,2-c] — xpomenu. [Ipomykrure ce
MOJIy4aBatT ¢ AOOPH O OTIWYHH JAOOMBHU C MPOCTa W ePeKTHBHA MPOIEIypa MPU MEKH yCIOBHS. 3a KaTalu3aTtop ce
nsnon3Ba N-npormi-cyndamunosa kucenuna (SBNPSA) BbpXy HOCHTEN OT CHIIMLKEB JHOKCHI HIPH MHUKPOBBIHOBO

JIBYCHUC.
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Many of the classical synthetic methodologies have broad scope but generate copious amounts of waste. The
chemical and pharmaceutical industries have been subjected to increasing pressure to minimize or, preferably, eliminate
this waste. In the present study a series of some newer 1,2,3—benzotriazole derivatives were synthesized under
ultrasonicated and solvent—free conditions. Newer “1-(1H-benzo[d][1,2,3]triazole—1—-carbonyl) derivatives” (5A — 5P)
were synthesized from “1H-benzo[d][1,2,3]triazole” (1) by optimizing the reaction conditions. The resulting products
were isolated and characterized by spectral studies. The anti bacterial activities of these compounds were screened in
vitro against different strains of bacteria i.e. Gram negative organism (Pseudonomous aureginosa, MTCC — 1035) and
Gram positive organisms (Bacillus cereus, MTCC — 430, Bacillus subtilis, MTCC — 441, Staphylococcus aureus,
MTCC - 737, Staphylococcus epidermidis, MTCC — 3086) by paper disc diffusion method. Some of the synthesized

compounds showed significant activity against various bacteria.

Key words: Ultrasound irradiation, solvent-free synthesis, 1,2,3 - benzotriazole derivatives, anti bacterial activity.

INTRODUCTION

Heterocyclic compounds containing nitrogen
atoms are considered to be one of the most effective
antimicrobial drugs used as either single agents or
in combination for cancer therapy [1, 2]. Some
benzotriazole derivatives have shown anti-
inflammatory properties [3]. Touami et al [4]
reported that the conjugates of benzotriazole
derivative photonucleases and DNA minor groove
binders exhibit enhanced cleavage efficiency and
unique selectivity. It has been proposed that the
benzotriazole derivatives have the effect on cancer
development [5]. Sparatore and Sparatore reported
that 2-(4-(Dialkyl amino alkoxy) phenyl)
benzotriazoles and N-oxides works as thromboxane
A2 antagonists and as hypocholesterolemic agents,
platelet aggregation inhibitors [6], where as
benzotriazole carboxylic acid or ester derivatives
were found to be effective in the treatment of
metabolic related disorders including
atherosclerosis, coronary heart disease and type 2
diabetes [7]. Biagi et al. [8] reported that 5-

(substituted) benzotriazoles  and  triazolyl
benzotriazoles as potential potassium channel
activators.

The ultrasound irradiation technique has been
increasingly used in organic synthesis for last three

* To whom all correspondence should be sent:
E-mail: doctornadh@yahoo.co.in

decades. A large number of organic reactions have
been carried out in higher yield, shorter reaction
time and milder condition under ultrasound
irradiation [9-12]. It is well known that ultrasonic
irradiation to a liquid phase reaction accelerates the
chemical reaction and creates a special reaction
field for the preparation of various materials [13-
16].

There is a growing awareness that the design of
synthetic or chemical processes should follow the
basic principles of green chemistry to reduce risks
to humans and the environment [17-18]. Large-
scale use of organic solvents in synthesis causes
environmental hazards [19]. There were several
advantages of performing syntheses in solvent-free
media, such as, short reaction time, increased
safety, and low cost [19-21]. Recently, a few
papers reported modern synthetic protocols where
solvent-less condition have been used [22-24].
Finally, herein we wish to report the anti-bacterial
activity of some newer 1,2,3 — benzotriazole
derivatives synthesized by ultrasonication in
solvent — free conditions.

EXPERIMENTAL

Reagents of analytical grade were used in the
synthesis. The reactions under ultrasonic irradiation
were carried out at room temperature in a 40 ml
glass reactor. An UP 400S ultrasonic processor
equipped with a 12 mm wide and 140 mm long
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probe was immersed directly into the reaction
mixture. The operating frequency was 24 KHz and
the output power was 220 W through manual
adjustment. The melting points of synthesized
derivatives were determined by wusing an
Electrothermal 9100 digital melting point apparatus
and were uncorrected. The structures of
synthesized derivatives were elucidated by spectral
studies.  Spectroscopic data were recorded on the
following instruments: Perkin Elmer 1600 series
Fourier Transformer — Infrared Spectrophotometer
in KBr - Pellet method; 1H NMR, Bruker 400 MHz
NMR spectrometer (Bruker Bioscience, Billerica,
MA, USA) in MeOD using TMS as internal
standard.

Scheme for the synthesis of the compounds:
After suitable modifications to the classical
synthesis carried out by other workers [25-27],
sixteen new benzotriazole derivatives were
synthesized under green conditions  (viz.,
ultrasonication and solvent free conditions) by the
addition of diazotization step (as shown in the
scheme). Anti — bacterial activity by Disc Diffusion
Method and MIC for Bacteria: All the synthesized
compounds of present study were screened for in-
vitro anti bacterial activity against five different
strains of bacteria i.e. Gram negative organism
(Pseudonomous aureginosa MTCC — 1035) and
Gram positive organisms (Bacillus cereus MTCC —
430, Bacillus subtilis MTCC — 441, Staphylococcus
aureus MTCC - 737 and Staphylococcus
epidermidis MTCC — 3086) by paper disc diffusion
method [28]. Cotrimoxazole and Cephotaxime
were used as reference drugs for bacteria. An
additional control disc without any sample but
impregnated with an equivalent amount of solvent
(DMSOQ) was also used. The Minimum Inhibitory

—‘l\‘l K,CO, and C,H;COOCI
/N US, 90 minutes

Step - A (Esterification)

I =z

@ ‘N‘ Ar-CHO
N )
N/ US, 30 minutes
‘ Step - C (Condensation) "\‘
O =C-NH-NH, o=C-

CFN NH, - NH,
N
s

oy

Concentration (MIC) study was carried out at
different concentrations of the synthesized
compounds such as 15.625, 31.25, 62.5 pg/ml.

RESULTS AND DISCUSSION

Antibacterial activity can be enhanced by
addition of aromatic rings / moieties / substituents
to the basic structures. Hydrophobic molecules with
rigid, planar structures such as aromatic rings have
been shown to have the ability to insert into
membranes of microbes and induce localized
permeability changes leading to leakage out of the
membrane leading to their death [29]. Earlier
reports revealed that para substituted phenyl
compounds containing electron withdrawing groups
were found to be more active against microbes [30,
31]. The introduction of the schiff’s base moiety
enhanced the antibacterial activity of aromatic
compounds [32]. Hence, newer 1,2,3-benzotriazole
derivatives containing schiff’s base with electron
withdrawing substituted phenyls at para position
were synthesized by ultrasound activation in
solvent — free condition (with moderate to good
yields in the range of 71 — 82%) and tested for their
antibacterial activity.

Characterization of newer 1,2,3 — benzotriazole
derivatives: The synthesized derivatives were
characterized by following methods.

A. Melting Point: Melting points of the
synthesized derivatives were determined by an
open-end capillary tube method and were
uncorrected. Molecular  formulae, molecular
weights, melting points and yields of the
synthesized derivatives were given in Table 1.

N US, 60 minutes
‘ Step - B (Azotisation)
C

Diazonium salts @N
e,
Step - D N
P ~

(Diazotization) N

NH-N=CH - Ar O=C-NH-N=C-Ar

Scheme of Synthesis
5A-D: Ar=CyHy; SE-H: Ar=C ,H;0; 51-L:Ar=C;H,NO,and 5M-P: Ar=C.H,Cl

5A, E, I, M: X = C4H,; 5B, F, J, N: X = C4H,NO,; 5C, G, K, O: X = C4H,Cl and 5D, H, L, P: X= C,H,Br

Note: US = Ultrasonication
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Table — 1. Physical data of synthesized 1,2,3 — benzotriazole derivatives.

S. Compound Molecular Molecular Melting Yield
No. Code Formula Weight Point (°C) (%)
1. 5A C2HisN7O 369.4 99 82
2. 5B C20H14Ng O3 4144 96 79
3. 5C C20H1CIN;O 403.8 99 81
4. 5D CxoHwaBrN;O 448.3 98 82
5. 5E CisH13N7 02 359.3 88 79
6. 5F Ci18H12NgO4 404.3 93 72
7. 5G CisH12CI N7 O2 393.8 95 73
8. 5H CisH12 Br N7 O2 438.2 97 72
9. 51 CooHi1s Ng O3 414.4 101 71
10. 51 CzoHi13 Ng Os 459.4 102 79
11. 5K C20Hi13 CI Ng O3 448.8 99 75
12. 5L Czo His Br Ns 03 493.3 103 77
13. 5M C20H14 CIN7O 403.8 80 72
14. 5N C20Hi13 ClI Ng O3 448.8 82 77
15. 50 C20H1i3Cl2N7O 438.3 100 82
16. 5P CaxoHis BrCIN;O 482.7 95 81

B. Infra — Red and *H NMR spectral analysis:
The synthesized derivatives were characterized by
FTIR and *H NMR values measured in cm™ and &
(ppm) respectively. The data was interpreted with
reference to standard values [33, 34] and given
below for some of the synthesized compounds.

+» 1-(1H-benzo[d][1,2,3]triazole-1-carbonyl)-
3,5-diphenylformazan (5A):

IR (KBr, cm?): 1696.66 (Ar C = C, stretch);
1603.37 (N = N, stretch), 1542.28 (N — H, stretch),
1256.37 (Aryl C — N, stretch), 1007.57 (Aniline C —
N, stretch) and 737.28 (CHO — deformation); H
NMR (400 MHz) (MeOD) & " I(ppm): 3.33 (1H, s,
N-H), 7.06 (1H, d, C-H), 7.33 (2H, d, C-H), 7.40
(2H, d, C-H), 7.45 - 7.48 (2H, m, C-H), 7.56 — 7.59
(3H, m, C-H), 7.83 (2H, d, C-H) and 7.96 (2H, d,
C-H).

¢ 1-(1H-benzo[d][1,2,3]triazole-1-carbonyl)-
5-(4-nitrophenyl)-3-phenyl formazan (5B): IR
(KBr, cm™): 1698.47 (Ar C = C, stretch); 1593.99
(N = N, stretch), 149550 (Ar — NO,, stretch),
1301.09 (Aryl C — N, stretch), 1206.78 (Aniline C —
N, stretch), 843.07 (p — disubstitution, stretch) and
739.50 (CHO — deformation); *H NMR (400 MHz)
(MeOD) 6 [I(ppm): 3.20 (1H, s, N-H), 7.18 (2H, d,
C-H), 7.40 (2H, d, C-H), 7.52 — 7.59 (3H, m, C-H),
7.83 (2H, d, C-H), 7.96 (2H, d, C-H) and 8.10 (2H,
d, C-H).

¢ 1-(1H-benzo[d][1,2,3]triazole-1-carbonyl)-
5-(4-chlorophenyl)-3-(furan-2-yl) formazan (5G):
IR (KBr, cm™): 3649.31 (Amide — CONH, stretch),
1594.63 (N = N, stretch), 1485.68 (Furan Ring, C =
C, stretch), 1206.43 (Aniline C — N, stretch),
1007.96 (C — O - C, stretch), 820.27 (p -
disubstitution, stretch), 740.62 (CHO deformation,
stretch) and 539.68 ( C — Cl); *H NMR (400 MHz)
(MeOD) & [I(ppm): 3.33 (1H, s, N-H), 6.52 (1H,

m, Furan C-H), 6.54 (1H, d, Furan C-H), 7.0 (1H, s,
N-H), 7.27 (2H, d, C-H), 7.40 (2H, d, C-H), 7.49
(2H, d, C-H), 7.75 (1H, d, Furan C-H) and 7.96
(2H, d, C-H).

¢ 1-(1H-benzo[d][1,2,3]triazole-1-carbonyl)-
5-(4-bromophenyl)-3-(furan-2-yl)formazan  (5H):
IR (KBr, cm?): 3652.10 (Amide — CONH, stretch),
1722.17 (Furan Ring, stretch), 1622.31 (N = N,
stretch), 1511.18 (Ar C = C, stretch), 1457.07
(Furan Ring C = C, stretch), 1202.93 (Aniline C —
N, stretch), 1005.36 (C — O — C, stretch), 875.16 (p
—  disubstitution,  stretch), 773.52 (CHO
deformation, stretch) and 515.35 (C — Br, stretch);
'H NMR (400 MHz) (MeOD) & [I(ppm): 3.20 (1H,
s, N-H), 6.52 (1H, m, Furan C-H), 6.54 (1H, d,
Furan C-H), 7.0 (1H, s, N-H), 7.22 (2H, d, C-H),
7.40 (2H, d, C-H), 7.75 (1H, d, Furan C-H), 7.76
(2H, d, C-H) and 7.96 (2H, d, C-H).

¢ 1-(1H-benzo[d][1,2,3]triazole-1-carbonyl)-
3-(4-chlorophenyl)-5-phenyl form--azan (5M): IR
(KBr, cm?): 3650.62 (Amide — CONH), 1706.94
(Ar, C = C, stretch), 1593.76 (N = N, stretch),
1513.71 (N — H, stretch), 1264.35 (Aryl C — N,
stretch), 1204.85 (Aniline C — N, stretch), 820.56 (p
— disubstitution, stretch), 772.75 (CHO -
deformation, stretch) and 605.30 (C — ClI, stretch);
!H NMR (400 MHz) (MeOD) & [!(ppm): 3.3 (1H,
s, N-H), 7.06 (1H, d, C-H), 7.33 (2H, d, C-H), 7.40
(2H, d, C-H), 7.45 (2H, d, C-H), 7.52 (2H, d, C-H),
7.77 (2H, d, C-H) and 7.96 (2H, d, C-H).

¢ 1-(1H-benzo[d][1,2,3]triazole-1-carbonyl)-
3,5-bis(4-chloro- phenyl) formazan (50): IR (KBr,
cm?): 1710.45 (Ar, C = C, stretch), 1593.50 (N =
N, stretch), 1486.45 (N — H, stretch), 1256.86 (Aryl
C — N, stretch), 1143.95 (Aniline C — N, stretch),
827.70 (p — disubstitution, stretch), 773.01 (CHO —
deformation, stretch) and 620.81 (C — Cl, stretch);
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Table 2. Anti — bacterial activity of 1,2,3 — benzotrtiazole derivatives.

Anti — bacterial activity (in mm)*

For disks soaked in 100pg/ml solutions of compounds

SNo, ~ Compound Bacillus _Bacillus
T Code Pseudonomous - Staphylococcus Staphylococcus
aureginosa Ncl_errézgs I\;l#b(t:lgs aureus epidermidis
MTCC - 1035 B a MTCC - 737 MTCC - 3086
430 441
1. 5A 10.9 9.0 7.0 - -
2. 5B 14.6 10.0 7.0 9.5 -
3. 5C 8.2 11.0 9.0 11.9 -
4, 5D 7.4 10.0 8.0 - 10.7
5. 5E 6.0 10.0 - - 9.2
6. 5F 6.8 9.6 15.0 17.1 9.7
7. 5G 7.0 7.3 7.0 - 8.0
8. 5H - 8.0 9.5 - 11.9
9. 51 - 19.9 10 9.6 15.1
10. 5] 8.7 9.0 25 10.4 12.6
11. 5K - 11.4 18 - 8.7
12. 5L 8.1 10.4 8.0 - -
13. 5M 7.8 9.5 7.0 7.1 -
14, 5N - 12.7 8.0 - -
15. 50 7.5 17.5 9.0 8.5 -
16. 5P 6.7 12.4 - 12.1 8.4
Cotrimoxazole, -- 10.7 3.3 18 21.8
Cephotaxime 22 - - - -
Control
(10%DMSO - - - - -
In Methanol)

(--) indicates No zone of inhibition and * indicates average of triplicate

'H NMR (400 MHz) (MeOD) & [I(ppm): 3.3 (1H,
s, N-H), 7.27 (2H, d, C-H), 7.40 (2H, d, C-H), 7.49
(2H, d, C-H), 7.52 (2H, d, C-H), 7.77 (2H, d, C-H)
and 7.96 (2H, d, C-H).

C. Anti bacterial assay of synthesized
derivatives: The zones of inhibitions (mm) of tested
compounds against bacterial strains were shown in
Table 2 and the experimental result indicated
variable degree of efficacy of the compounds
against different strains of bacteria. Poor activity
was shown by 5B, 5A, 5J, 5C and 5L (zone
diameters 14.6, 109, 8.7, 82 and 8.1mm
respectively) against Gram positive bacteria
(Pseudonomous aureginosa, MTCC 1035)
compared to the reference compound
Cephotaxime (zone diameter 22 mm), whereas 5H,
51, 5K and 5N were completely ineffective.

Exceptionally high antibacterial activity was
shown by 5J (zone diameter-25mm, i.e., 7.5 fold
activity) against the Gram negative bacteria —
Bacillus subtilis (MTCC — 441) in comparison to
the reference compound Cotrimoxazole (zone
diameter-3.3mm), which can be attributed to the
nitro substitution on phenyl groups that were
attached to cyano and azo groups. The nitro group
affects the charge distribution which confers
significant improvement in biological effect. The
enhanced inhibition observed in the presence of
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nitro group is then more likely due to its interaction
with some intracellular target. The presence of a
strong electron-withdrawing group must alter the
nature of the compound in such a way as to
promote binding to the target(s) [35]. Even in
earlier reports, p-nitro substitution on phenyl group
displayed high activity against B. subtilis in the
case of benzotriazole substituted carboxamides [36]
and phenyl methanamine [37]. Other compounds
(5A, 5B, 5C, 5D, 5F, 5G, 5H, 5I, 5K, 5L, 5M, 5N,
50) have shown 5.5 to 2.0 fold activity compared
to the reference compound Cotrimoxazole, where

as 5E and 5P were inactive.

Compounds 51 and 50 have shown 1.8 and 1.6 fold

cereus
reference
compound — Cotrimoxazole, where as all other

activity
(MTCC

respectively against Bacillus
430) compared to the

synthesized compounds were as good

Cotrimoxazole. Better activity of compound 50
might be due to the attachment of chloro phenyl to
azo and cyano groups. This result suggested that the
introduction of halogen substituent increased the
hydrophobicity of the synthesized compounds and
lead to the increase of the antibacterial activity [38].
Electron withdrawing groups like halogens will

increase bactericidal potential. According
Rajendra Prasad et al [39], designing
compounds bearing electron withdrawing
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Table 3. Minimum Inhibitory Concentrations for Bacteria (ng/ml)

Compound Pseudonomous Bacillus Bacn_lys Staphylococcus Staphylococcus

NS : Code aureginosa I\/(I:'Glj'rgg:s I\jllfpé'gs aureus epidermidis

o MTCC - 1035 B B MTCC - 737 MTCC - 3086
430 441

1. 5A 62.5 31.25 31.25 -- --

2. 5B 62.5 62.5 62.5 31.25 --

3. 5C 62.5 62.5 31.25 31.25 --

4, 5D 31.25 62.5 62.5 -- 62.5

5. 5E 62.5 15.625 -- -- 15.625

6. 5F 62.5 31.25 62.5 62.5 62.5

7. 5G 62.5 62.5 15.625 -- 62.5

8. 5H -- 62.5 62.5 -- 62.5

9. 51 -- 62.5 62.5 15.625 31.25

10. 5J 31.25 62.5 31.25 62.5 62.5

11. 5K -- 62.5 62.5 -- 31.25

12. 5L 31.25 62.5 31.25 -- --

13. 5M 62.5 62.5 62.5 62.5 --

14, 5N -- 31.25 62.5 -- --

15. 50 62.5 62.5 62.5 62.5 --

16. 5P 62.5 31.25 -- 62.5 62.5
substituents and with high degree of binding synthesized compounds was not significant
linearity with groups those results in high molecular compared to the reference compound -
weights increases antibacterial activity. Cephotaxime. The  Minimum Inhibitory

Compounds 5A, 5D, 5E, 5G, 5H, 5K, 5L and
5N were inactive against Staphylococcus aureus
(MTCC - 737), whereas 5B, 5C, 5F, 51, 5J, 5M, 50
and 5P have shown approximately half of the
activity compared to the reference compound —
Cotrimoxazole. 5A, 5B, 5C, 5L, 5M, 5N and 50
were inactive, where as 5D, 5E, 5F, 5G, 5H, 5I, 5J
and 5K have shown in the order of half of the
activity against  Staphylococcus  epidermidis
(MTCC - 3086) compared to the reference
compound — Cotrimoxazole.

The Minimum Inhibitory Concentrations (MIC)
of the synthesized 1,2,3-benzotriazole derivatives
for bacteria were shown in Table 3 and found to be
625 pg / ml for most of the synthesized
compounds.

CONCLUSIONS

Excellent antibacterial activity was shown by all the
synthesized compounds except 5E and 5P, against
the Gram negative bacteria — Bacillus subtilis
(MTCC - 441) compared to the reference
compound - Cotrimoxazole. All the synthesized
compounds have shown comparable antibacterial
activity to the reference compound -
Cotrimoxazole against Bacillus cereus (MTCC —
430). Against Staphylococcus aureus (MTCC —
737) and Staphylococcus epidermidis (MTCC -
3086) some of the compounds were inactive and
other were feebly active. In the case of
Gram positive bacteria (Pseudonomous aureginosa,
MTCC - 1035), the activity shown by the

Concentrations (MIC) of the most of the
synthesized 1,2,3-benzotriazole derivatives for
these bacteria was found to be 62.5 pg / ml.

Finally in conclusion, 1,2,3 — benzotriazole
derivatives synthesized under solvent-free and
ultrasound irradiation with noteworthy advantages
viz., shorter reaction times, operational simplicity,
simple work-up, and eco-friendly nature, have
shown anti bacterial activities against selected
Gram negative organisms.
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AHTUBAKTEPUAJIHA AKTUBHOCT HA HSIKOW HOBU ITPOM3BOIHU HA 1,2,3 —
BEH30TPUA3OJIA, CHUHTE3UPAHU [1PU YVIITPA3BYKOBO BB3AEMCTBHUE BE3
PA3TBOPUTEJIN

C.C. Myssana!, B.H. PaTnakapam®*

Y Henapmamenm no xumus, Koneswe Cpu Cybbapas u Hapasna, Hapacapaonem — 522 601, Hnous
Z* YVyunuwe no 6uomexrnonoaus, Ynueepcumem Buenan, I'yumyp-522213, Unous

[Moctbnuna Ha 2 tomu, 2012 r.; nmpuera Ha 21 suyapu, 2013 r.
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MHoro Kiacu4ecku MCETOJAWKHU 3a CHUHTE3M TI'CHCpUpAT TOJEMU KOJIUYECTBA OTHAABIIU. XHAMHAYHATA W
(bapMaIICBTI/I‘{HaTa HWHAYCTPHHU Ca IOJ HapaCTBalllMd HATUCK Aa MUHHUMU3UPAT U JAOpHU Aa H305rBaT TE3NU OoTHaabLHU. B
HacTodAIara pa60Ta ce C’I)OﬁIIIaBa 34 CUHTC3UPAHCTO HAa HOBU MIPOMU3BOJHU HA 1,2,3—66H30Tpl/12130ﬂa Ipu yJITPa3ByKOBO
BblciicTBHE W 0Oe3 wm3moi3BaHeTo Ha pasrBopurend. Hosu “1-(1H-6enso[d][1,2,3]tpuazon—1-kap6oHun)-oBu
npousBogau (5A — 5P) ca cunresmpanu ot “1H-06enso[d][1,2,3]tpuazon” (1) ONTUMH3MpaliKH YCIIOBHATA Ha
peakiusTa. [TonydeHnTe MPOAYKTH Ca U30JIMPAHU B OXapaKTEePU3UPaHU Ype3 CIIEKTPATHNA METOIU. AHTHOAaKTepraHaTa
aKTHBHOCT Ha T€3W ChEAMHEHHS € W3ClieaBaHa in VItro crpsMo pasnuudu GakTepHaiHd ['paM-OTPHLIATENHU IIaMOBE
(Pseudonomous aureginosa, MTCC — 1035) and Gram positive organisms (Bacillus cereus, MTCC — 430, Bacillus
subtilis, MTCC — 441, Staphylococcus aureus, MTCC — 737, Staphylococcus epidermidis, MTCC — 3086). Hskou ot
CUHTC3UPAHUTC CbCAUHCHUA MOKAa3BaAT 3HAYUTEC/IHA AKTUBHOCT CIIPAMO pa3IMdYHU GaKTepI/II/I.
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In this work, the Fe(ll), Cu(ll) and Zn(Il) complexes of the 4-(2-thiazolylazo) resorcinol (TAR) ligand were
characterized theoretically. Their optimized geometries and theoretical vibrational frequencies were computed using the
density functional theory (DFT), where the B3LYP functional was employed. In the structures of octahedral complexes,
the deprotonated TAR (TAR") acts as an anionic tridentate ligand via azo nitrogen, thiazolyl nitrogen and phenolic O".
In the octahedral complexes, the two TAR" ligands are roughly perpendicular to each other. The Cu(TAR). complex is

predicted to exhibit the Jahn-Teller distortion.
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1. INTRODUCTION

Due to interesting applications in optical data
storage, photoswitching, photochromic materials,
dyes and pharmaceuticals, the azo compounds have
attracted much attention [1-5]. Among the azo
compounds, 4-(2-thiazolylazo) resorcinol (TAR) is
a well-known chelating reagent in acid-base
titrations [6], separation of trace metal ions from
food and environmental samples [7,8], and
spectrophotometric determination of metal ions [9].

Now, theoretical investigations are applicable in
many areas of chemistry, such as kinetics and
mechanism investigations of the reactions,
spectroscopic assignments, characterization of
molecular structures, and so on [10-17]. They
could, at the same time, be considered as
complementary to or replacing experimental
methods.

Many metal complexes of TAR have been
synthesized [7,9,18-20]. Recently, Karipcin et al.
[21], have synthesized the M(TAR). complexes of
TAR, where M is Fe(ll), Cu(ll) and Zn(ll). But as
we know, no crystal structure has been reported for
these complexes. In this work, we have
theoretically investigated the geometrical structures
of the complexes. Comparison of the theoretical
and experimental vibrational frequencies was used
as an evidence for the suitability of the optimized
geometries. This method is frequently used for
identification of chemical compounds [16,17,22].
The assignment of the IR bands of the studied
complexes can be useful in identification of similar
compounds.

* To whom all correspondence should be sent:
E-mail: beiramabadi@yahoo.com

2. THEORETICAL METHODS

All calculations were performed with the
Gaussian 03 software package [23] by using the
B3LYP hybrid functional [24] and the 6-31+G(d,p)
basis set. First, all degrees of freedom were
optimized for all the geometries.

The optimized geometries of the complexes
were confirmed to have no imaginary frequency of
the Hessian. Then, the gas phase optimized
geometries were used to compute their vibrational
frequencies. The DFT vibrational frequencies are
higher than the experimental ones [17,22], which
can be corrected by applying the scaling of
frequencies. Here, the scale factor of 0.9614 was
used for the calculated frequencies [22].

3. RESULTS AND DISCUSSION

3.1. Geometry optimization

Here, geometries of the deprotonated TAR
(TAR) ligand and its M(TAR), complexes (M=
Fe'', Cu" and zn") were fully optimized in the gas
phase. In Table 1, some of the calculated structural
parameters are listed, which are in good agreement
with the corresponding values reported for similar
compounds [7,9,18-20].

The TAR first loses its phenolic proton, which is
bonded to the O2 atom. The optimized geometry of
the obtained anionic TAR" species is shown in Fig.
1. As seen, the geometry of TAR"is not planar, but
the benzene and thiazolyl rings make a dihedral
angle of approximately 50° with each other.
Although, each of the benzene and thiazolyl rings is
planar. For example, the C2-C6-C9-C8 dihedral
angle is 49.1° (Fig. 1 and Table 1).
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Fig. 1. The B3LYP/6-31+G(d,p) optimized structures of the TAR" ligand.

Fig. 2. The B3LYP/6-31+G(d,p) optimized structures of the M(TAR). complexes, where M=Fe(ll), Cu(ll) and Zn(11).

In the structures of the complexes, the TAR"
species acts as a tridentate anionic ligand, which
has an N,N,O binding mode. The optimized
geometries of the Fe, Cu and Zn complexes are
shown in Fig. 2 and their structural parameters are
gathered in Table 1. In the optimized geometries of
the complexes, the coordinated TAR" is more planar
than its free form. The dihedral angles N2-C9-S1-
C7 and C2-C6- C9-C8 confirm this conclusion
(Table 1).

The two TAR' ligands, bonded to the central
metal, fill six coordination positions of the
octahedral complex. In the optimized geometries of
the complexes, the TAR- ligands are roughly
perpendicular to each other, and form a dihedral
angle of approximately 80.0° with each other.

The calculated structural parameters (Table 1)
provide confirmation of the Jahn-Teller effect in the
octahedral Cu(ll) complex, which lengthens the
equatorial bonds (Cu-N6 and Cu-O4) and shortens
the axial bonds of a tetragonally distorted Cu(ll)
complex in comparison with the Fe and Zn
complexes. In this way, the Cu-O4 bond is longer
than the Cu-O2 bond, while the Cu-N3 bond is
shorter than the Cu-N6 one.
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As expected, the C3-O1 and C12-O2 bond
lengths are 136 pm, which corresponds to a single
C-O bond. The C5-0O2 and C14-0O4 bond lengths
are 127 pm, corresponding to a C=0 double bond.

3.2. Vibrational spectroscopy

Theoretical description of vibrational spectra is
of practical importance for the identification of
compounds. Here, the IR spectra of the M(TAR)2
complexes were characterized theoretically. In
Table 2, the selected vibrational wavenumbers
computed by the B3LYP/6-31+G(d,p) approach are
listed.

Overlapping of stretching vibrations of the O-H
bonds with the C-H stretching modes leads to band
broadening in the 3600-2000 cm spectral region of
the IR spectra [17, 25-29]. The deconvolution of
this region is given in Table 2. In all IR spectra, the
most intensive band is related to the stretching
vibrations of the phenolic O-H bonds.

An important diagnostic for coordination of the
azo and Schiff-base ligands is the energy value of
the very intensive band in the 1660-1500 cm™
region of the IR spectra [17,21,25-28]. By
coordination, the symmetrical stretching modes of
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C=N bonds shift to lower energy by 33 cm? in
Table 1. Selected structural parameters of the TAR" ligand and its M(TAR), complexes.

M
TAR Fe Cu Zn
Bond length (PM)
O1-H4 96.6 96.7 96.7 96.7
01-C3 138.3 136.2 136.1 136.1
C3-C4 136.8 138.3 137.8 137.9
C5-C6 148.9 145.2 146.5 146.9
C6-N1 135.6 135.5 134.7 134.3
N1-N2 129.5 130.8 129.6 129.6
C9-N2 136.8 136.7 137.2 137.8
C9-N3 132.1 133.5 132.4 1325
C8-N3 136.9 137.1 136.9 137.2
C7-C8 136.9 136.6 136.8 136.7
C7-S1 174.6 174.4 174.0 174.0
C5-02 124.7 128.4 127.1 127.5
02-N1 277.8 258.4 266.1 266.1
M- 02 - 215.9 213.7 212.5
M- 04 - 215.9 218.0 212.5
M- N1 - 215.5 202.0 220.5
M- N3 - 225.6 225.7 230.3
M- N4 215.4 202.9 220.5
M- N6 - 227.2 232.0 230.3
M- N2 - 306.8 292.5 310.5
Angle (°)
C1-C2-C3 118.8 1195 1195 119.3
02-C5-C6 124.1 119.6 120.9 121.3
C1-C6-N1 125.2 127.0 125.2 125.9
C5-C6-N1 115.1 111.4 113.6 113.0
C6-N1-N2 126.7 122.6 122.3 122.6
N1-N2-C9 126.4 107.5 111.2 110.1
N2-C9-N3 130.3 123.4 125.9 126.5
N2-C9-S1 115.7 122.9 120.1 119.5
C9-S1-C7 88.9 89.2 88.9 89.1
C7-C8-N3 117.4 115.1 115.6 115.6
02-M-04 - 91.0 96.7 99.1
02-M-N1 - 82.8 79.5 75.8
02-M-N3 - 148.2 1545 146.6
02-M-N4 - 162.0 99.1 108.7
02-M-N6 - 90.9 91.3 935
N1-M-N4 - 177.6 178.0 173.4
N1-M-N3 - 79.2 75.3 70.9
N1-M-N6 - 102.5 106.8 104.4
N1-M-0O4 - 102.3 102.1 108.6
Dihedral angle (°)
01-C3-C4-C5 179.8 -179.8 -179.9 -179.8
02-C5-C6-N1 -9.2 -0.2 -0.5 -0.3
C6-N1-N2-C9 -28.5 178.1 -179.9 -179.9
N2-C9-S1-C7 170.1 179.8 180.0 179.9
S1-C7-C8-N3 0.7 0.1 0.2 0.2
C2-C6- C9-C8 -49.1 177.0 179.8 179.9
M-02-N1-N3 - 0.2 34 2.0
02- M-N4-N6 - 89.9 88.9 87.3
N3-02- M-N4 178.9 -172.6 -171.1
C6-C9-C15-C18 - 80.8 -86.9 80.0
C3-C6-C15-C12 - -74.0 -76.0 -79.6
C7-C9-C16-C18 - 80.2 87.8 81.2

comparison with the free TAR ligand (1513 cm™)
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Table 2. Some calculated IR vibrational frequencies (cm™) of the Fe, Cu and Zn complexes of TAR.

TAR Fe Cu Zn Vibrational assignment
418(89) 422(94) 428(77) 429(95) Sop(-OH)
- 496(30) 500(14) 496(11) v(M-N)
- 516(58) 513(43) 519(56) Vasym(M-0)
- 527(34) 516(55) 520(52) Veym(M-O)
1016(33) - - - Sop(N1-H5)
1140(376) 1135(467) 1136(428) 1136(468)  v(C9-S1)
1186(243) 1199(202) 1198(218) 1198(291)  v(C-O)phenolic
1338(112) 1340(616) 1349(842) 1345(751)  Vasym(N2-C9-N3) + v z5ym(C7-C8-N3)
1452(945) 1405(271) 1405(274) 1409(359)  v(N-N)
1513(60) 1476(76) 1472(232) 1479(194)  v(C-N)
1617(324) 1521(135) 1528(34) 1524(337)  v(C5-02)
1569(177) 1592(486) 1589(935) 1591(1024)  v(C-C) benzene
3053-3078(11,3) 3069-3104(14,6) 3068-3106(14,8) 3068-3103(14,7) v(C-H) benzene
3080(12) 3113(8) 3113(8) 3112(10)  v(C-H) thiazolyl ring
3100(115) - - - v(N1-H5)
3660(133) 3667(126) 3666(125) 3666(122)  v(O-H) phenolic

The intensity of each absorption is shown in parentheses in front of its computed frequency.

Sop= out-of-plane-rotational vibration.

Computed values suggested that the stretching
C5-02 and C14-0O4 vibrations appear as a strong
band in the IR spectra at 1550-1500 cm™, while the
C3-01 and C12-03 stretching vibrations appear as
a strong band at energies lower by 250 cm™. This is
in agreement with their C=0 double bond and C-O
single bond characteristics, respectively. By
complexation, the v(C5-02) and v(C14-04) bands
shift to lower energies in comparison with the free
TAR ligand.

An intensive band at about 1140 cm™ in the IR
spectra of the ligand and complexes is attributed to
the stretching vibration of the C-S bonds (Table 2).
The presented vibrational assignments can be used
for analysis of similar compounds, helping to
explain their vibrational behaviour.

4. CONCLUSIONS

In this work, the optimized geometries and IR
vibrational frequencies of the Fe(ll), Cu(ll) and
Zn(ll) complexes of the TAR ligand were
calculated by the DFT method. All complexes are
octahedral, where the two TAR™ act as anionic
tridentate ligands. The ligands coordinate to the
metal ions via the thiazolyl N atom, azo N atom and
the deprotonated phenolic O".

34

The free TAR  ligand is not planar. However, it
is more planar in the coordinated form. The two
TAR' ligands are roughly perpendicular to each
other. The Cu(ll) complex exhibits Jahn-Teller
distortion.

The important vibrational modes of the TAR
ligand and its complexes were assigned
theoretically, which can be used for identification
of similar compounds.
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DFT-U3CJIEABAHE HA KOMIUJIEKCUTE HA XXEJIS30TO, MEATA U IIUHKA C 4-(2-
TUA30JINITA30)PE3OPIIHOJI

C. Anu beitpamabanu

Jlenapmamenm no xumus, Knon Mawxao,Ucnamcku ynugepcumem Azao, Mawxao,HUpan

IMoctenuna Ha 23 aBryct, 2012 r.; kopurupana ua 19 anpw, 2013 r.

(Pestome)

B nacrosimara paborta ca oxapakrepusupanu tTeoperudano kommiekcute Ha Fe(ll), Cu(ll) u Zn(ll) ¢ nuranan
ot 4-(2-tmazonmnazo) pezopumHon (TAR). M3uucieHn ca TAXHHTE ONTHMHU3HPAHH TCOMETPHH M TEOPETHYHHTE
BUOpAIMOHHU YecToTH ¢ nomoiura Ha DFT-teopusita npu m3nomssanero Ha B3LYP-dynkiuonan. B crpykrypure Ha
oKTaeJpu4HUTe KoMIuiekcH aenportorupanust TAR (TARY) neiicTBa KaTo aHMOHEH TPUACHTATEH JIMIAHTYpe3 a3o0-
A30THHS aTOM, THA30JMI-a30THHSI aToM M ()CHOJHMS KHUCIOpOJeH aToM. B okraenpuuHuTe KomInuiekcH nBara AR
JMTaHOd ca MOYTH B3aMMHO HepreHAuKyisipHu. Ilpenmorara ce xommekcbT CU(TAR). na mposisssa Jahn-Teller
OTMECTBAcHE.
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MnSO4.H,0: A highly efficient and inexpensive catalyst for the synthesis of
benzo-2-pyrones and benzopyrazines
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Efficient and direct protocols for the preparation of some heterocyclic compounds such as benzo-2-pyrones and
benzopyrazines in the presence of manganese (I) sulfate monohydrate (MnSO4H20) as an inexpensive catalyst have
been described. These novel methods are very cheap and they include some advantages, such as excellent yields, use of
the safe catalyst and readily available starting materials, and simple work-up procedure.

Keywords: MnSO4H,0; Benzo-2-pyrones, Benzopyrazine; Catalyst.

INTRODUCTION

Development of methods including preparation
of heterocycles, which are naturally occurring
products, is very significant. A number of
heterocyclic compounds, such as benzo-2-pyrones
[1] and benzopyrazines [2,3] are found in natural
systems.

Some of the substituted benzopyrazines
(quinoxalines) have shown antibacterial [4]
antifungal [5], anticancer [6], antitubercular [7]
antileishmanial [8], and antimalarial activities [9].
For instance, actinomycin (Fig. 1), a substituted
guinoxaline, inhibits the growth of gram positive
bacteria and it is a blocking agent against various
transplantable tumors [10]. Coumarin derivatives
also possess diverse biological properties. For
example, some polycyclic coumarins such as

calanolides [11] isolated from Calophyllum genus,
and others have shown potent anti-HIV activity
[12]. Numerous coumarins have been also used as
drug in contemporary medicine. As can be seen in
Fig. 1, warfarin, acenocoumarol, and
phenprocoumon are vitamin K antagonists which
play anticoagulant role in treatment of
thromboembolic disorders [13].

Besides, some coumarins are used as additive
in food and cosmetics [14], optical brighteners
[15], and dispersed fluorescent and laser dyes
[16]. Based on these properties, the synthesis of
these heterocycles has attracted much attention of
researchers [17-20]. In this work, in regard of
some reports on the application of manganese (Il)
sulfate monohydrate in organic transformations,
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Me  N-Me OJ
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Fig. 1. Some biologically active coumarins and actinomycin.
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we decided to introduce a new application of
manganese (I1) sulfate monohydrate as a Lewis
acid catalyst in synthesis of some benzo fused
heterocycles containing nitrogen and oxygen
atoms.

RESULTS AND DISCUSSION

Recently, heterogeneous catalysts have gained
much attraction, because they are generally
inexpensive, easily available and they can
conveniently be handled and separated from the
reaction mixture, thus the experimental procedure
would be simple and eco-friendly [21]. Also,
establishing the reaction based on solvent-free
conditions obviously reduce pollution, and bring
down handling costs due to simplification of
experimental procedure, work up technique and
saving in labour.

In 1883, Hans von Pechmann and Carl
Duisberg found that phenols react with S-ketonic
esters in the presence of sulfuric acid, giving
coumarin  (benzo-2-pyrone) derivatives [22].
Generally, Pechmann condensation reaction is
common method for the synthesis of coumarin
derivatives, because it needs simple precursors. In
addition, coumarins with substitution on either
pyrone or bezene ring or both are affordable in
good to excellent yield via the Pechmann
condensation. In this study, we found that the
Pechmann cyclocondensation of phenols 1 with f-
ketoesters 2 in the presence of MnSO4H,0 as an
efficient catalyst produces the substituted
coumarins 3 under thermal and solvent-free
conditions (Scheme 1).

To make optimized conditions, the synthesis of
compound 3a was chosen as a model. As shown in
Table 1, it can be concluded that the thermal-
assisted model reaction is efficiently carried out
by adding catalytic amounts of MnSO4H,O (20

mol%) in solvent-free conditions at 100 °C. It is
noteworthy to not that in the absence of catalyst,
the reaction didn’t proceed for a long reaction
time (12 h) and also using excessive amounts of
catalyst cannot improve the product yield.

Table 1. The effect of catalyst amount on the synthesis
of 3a at 100°C under solvent-free conditions.

Entry %rf]tgl'%s)t (Tn'qfr‘g Yield * (%)
1 i 720 §
2 5 180 32
3 10 180 66
4 20 45 85
5 30 45 84

a Refers to isolated yields.

After optimization of the reaction conditions,
various phenols such as resorcinol, pyrogallol and
phloroglucinol were successfully used for the
efficient Pechmann reaction (catalyzed by
MnSO4H,0) with different f-ketoesters. A
number of coumarins were obtained through this
method in good vyield and short reaction times
(Table 2).

The 'H NMR spectrum of 3a exhibited five
sharp singlets identified as methyl (5 = 2.49 ppm),
olefinic pyrone ring (8 = 5.83 ppm) and two OH
group (6 = 10.28, 10.51 ppm), protons. Two
singlet signals (6 = 6.15 ppm) and (8 = 6.24 ppm)
correspond to the aromatic protons of benzene
ring. The proton decoupled **C NMR spectrum of
3a showed 10 distinct resonances in accord with
expected structure. A reasonable mechanism for
manganese (ll)-catalyzed Pechmann reaction has
been proposed in Scheme 2.

N OH
G-r 1
pZ R
1 (i) = AN
- ~ G— | + EtOH
' XS0 N0
O O 3
RlJ\/U\OEt
2
R:Me, Ph
G: H, OH, Me

(i): MnSO4H,0 (20 mol%), solvent-free, 100 °C
Scheme 1. Pechmann condensation catalyzed by MnSO4H-0.
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Table 2. Synthesis of some coumarin derivatives based on Pechmann condensation using MnSO4H0 at 100 °C under
solvent-free conditions

Entry Product Time (min) Yield (%)? M.p. (°C)
OH Me
3a m 45 85 288-290
HO oo
Me
3b S 60 80 188-190
HO oo
Me
3c 45 85 243-245
HO [OX0)
OH
OH Me
3d S 60 90 244-246
Me o "0
3e 100 75 257-259
HO O o™o
3f ¢H 90 80 243-245
96
Me [0 )nie]
Me
39 m 50 %0 150-152
MeO (0)nie]
aRefers to isolated yields.
er]
y Mn
(0] (e} O Om s

HO
HO A~
-G
N
Rl
=z AN
G | -
-H,0
O "0 wnso,

¢}
—_—
- EtOH k/ )
2 “ 3
-G -G
N N
Mn Mn
Rl (yo";H f«l Rl

Scheme 2. Suggested mechanism for the Pechmann reaction catalyzed by MnSOa.

This manganese (I1)-catalyzed protocol was also
applied for the condensation reactions involving the
treatment of o-phenylenediamines 4 and three
different aromatic 1,2-dicarbonyls to produce
bezopyrazines (quinoxalines and phenazines) 5-7 in
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excellent yield. In this case, synthesis of 5a was
selected as a model and after optimization through
employing several amounts of catalyst, it was found
that the results was satisfactory by adding
MnSOsH,O (10 mol%) in EtOH at room
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Table 3. Synthesis of benzopyrazine derivatives using MnSO4H,0 in EtOH at room temperature
Entry Product Time (min) Yield (%)? M.p. (°C)

Cl
: g
5a - @ 35 95 192-194
N
D
Cl
O ’NQNOZ
5b O N 120 90 175-177
Cl

6a ::@ 15 90 238-240
6b :@Me 15 95 229-231

7a Z@ 12 98 225-227
7b E@ e 12 95 218-220

2 |dentified by comparison with authentic samples. P Refers to isolated yields.
V)

O =N

. W
#

O
H,N  NH

X
4

(7

>

(i): MnSO, H,0 (10 mol%), EtOH, r.t. 7

Scheme 3. Synthesis of benzopyrazines by the use of MnSO4H-0.
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Ar Ar

H

- H20

CEI

X = H, Me, NO,

- MnSO4

H
Co X N.__OH
HN ~C7 VAr Ar
‘ ’I ? \ N Ar
H O

Mn

H ./ \o>
O
WO

N~

Scheme 4: Suggested mechanism for the synthesis of phenazines and quinoxalines using MnSQa.

temperature (Scheme 3). Although the generally
mechanistic details of this reaction are not yet fully
understood, a feasible pathway depicted in Scheme
4. The driving force for all of these reactions is
cyclo-aromatization. The catalyst has been applied
successfully for the condensation of a variety of
aromatic  1,2-dicarbonyl compounds with o-
phenylenediamines. The results can be seen in
Table 3.

It should be mentioned that the reaction of
aliphatic  1,2-dicarbonyl compounds with o-
phenylenediamines in the presence of this catalyst
was unsuccessful and after a prolonged reaction
time, the TLC of the reaction mixture showed a
combination of starting materials and numerous
products. It seems that the alkyle aldehydes are
enolizable and it is a limiting factor.

EXPERIMENTAL
General

The chemicals were purchased from Merck,
Fluka and Aldrich chemical companies. The
reactions were monitored by TLC (silica-gel 60
F2s4, hexane: EtOAC). IR spectra were recorded on
a FT-IR Shimadzu-470 spectrometer and the 'H
NMR spectra was obtained on a Bruker-Instrument
DPX-400 and 500 Avance 2 model.

General procedure for the preparation of
coumarin 3

A mixture of phenol 1 (1 mmol), p-ketoesters 2
(1 mmol) and MnSO4H>0 (20 mol%) was stirred at
100 °C for an appropriate time. After completion of
the reaction (controlled by TLC), the reaction
mixture was cooled to room temperature and
poured into crushed ice. Then, the precipitate was
separated through simple filtration, washed with ice
cold water. The pure product 3, finally, was
obtained after recrystallization from EtOH.
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Compound 3a: *H NMR (400 MHz, DMSO-de):
8 10.51 (s, 1H), 10.28 (s, 1H), 6.24 (s, 1H), 6.15 (s,
1H), 5.83 (s, 1H), 2.47 (s, 3H). ¥C NMR (100
MHz, DMSO-dg): & 161.51, 160.55, 158.39,
155.43, 109.29, 102.55, 99.54, 94.98, 23.88. Anal.
Calcd. For CyoHgO4: C, 62.50; H, 4.20. Found: C,
62.69, H, 4.15.

Compound 3b: *H NMR (500 MHz, CDCls): &
7.49-7.47 (d, J=6.8 Hz), 6.85 (d, 1H, J=2 Hz), 6.82
(dd, 1H, J=6.8, 2.4 Hz), 6.14 (s, 1H), 5.7 (s, 1H),
2.35 (s, 3H). Anal. Calcd. For C4oHsOs: C, 68.18;
H, 4.58. Found: C, 68.36, H, 4.50.

Compound 3c: *H NMR (400 MHz, DMSO-de):
5 10.15 (s, 1H), 9.30 (s, 1H), 7.08 (d, 1H, J=8.8
Hz), 6.81 (d, 1H, J=8.8 Hz), 6.10 (s, 1H), 2.33 (s,
3H). 3C NMR (100 MHz, DMSO-dg): 160.47,
154.35, 149.81, 144.13, 143.74, 132.60, 115.88,
113.23, 112.56, 110.60, 40.42, 40.21, 40.00, 39.79,
39.58, 39.38, 39.17, 1863. Anal. Calcd. For
C1HsO4: C, 62.50; H, 4.20. Found: C, 62.58, H,
4.27.

Compound 3d: *H NMR (400 MHz, DMSO-de):
5 10.52 (s, 1H), 6.60 (d, 2H), 6.03 (s, 1H), 3.49 (s,
3H), 2.26 (s, 3H). °C NMR (100 MHz, DMSO-ds):
160.29, 156.90, 155.28, 155.04, 143.18, 112.37,
112.30, 108.15, 106.96, 23.91, 21.56. Anal. Calcd.
For C11H1003: C, 69.46; H, 5.30. Found: C, 69.71,
H, 5.25.

Compound 3e: *H NMR (400 MHz, DMSO-de):
5 10.65 (s, 1H), 7.34 (s, 4H), 7.28, (s, 2H), 7.05 (d,
1H, J=8.8 Hz), 6.56 (m, 2H). *C NMR (100 MHz,
DMSO-ds): 161.80, 160.77, 155.96, 135.52,
130.07, 129.29, 128.79, 128.54, 113.68, 111.08,
110.70. Anal. Calcd. For CisH1003: C, 75.62; H,
4.23. Found: C, 75.88, H, 4.18.

Compound 3f: *H NMR (400 MHz, DMSO-dg):
5 10.13 (s, 1H), 7.37 (m, 5H), 6072 (s, 1H), 6.47 (s,
1H), 5.95 (s, 1H), 2.29 (s, 3H). 3C NMR (100
MHz, DMSO-dg): 160.09, 156.05, 155.96, 155.91,
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143.93, 139.75, 128.34, 127.92, 127.75, 113.88,
112.52, 108.19, 105.44, 21.65. Anal. Calcd. For
CisH1203: C, 76.18; H, 4.79. Found: C, 76.25, H,
4.82.

Compound 3g: *H NMR (400 MHz, DMSO-ds):
d 7.96 (s, 1H), 6.97 (s, 2H), 6.20 (s, 1H), 3.85 (s,
3H), 2.39 (s, 3H). *C NMR (100 MHz, DMSO-ds):
5 162.83, 160.59, 155.24, 153.86, 126.88, 113.66,
112.54, 111.58, 101.16, 56.36, 18.58. Anal. Calcd.
For C11H100s: C, 69.46; H, 5.30. Found: C, 69.70,
H, 4.17.

General procedure for the preparation of
benzopyrazines 5-7

A mixture of 1,2-dicarbonyl compound (1
mmol), o-phenylenediamine (1.1 mmol) and

MnSO4H,O (10 mol%) in EtOH (5 mL) was
stirred at room temperature. The progress of the
reaction was monitored by TLC. After completion
of the reaction, the solid was filtered and
recrystallized from EtOH to afford the pure product
5-7.

Compound 5a: *H NMR (400 MHz, CDC13): §
8.20 (m, 2H), 7.830 (m, 2H), 7.521 (m, 4H), 7.39
(m, 4H). C NMR (500 MHz, CDC1s): § 152.34,
141.67, 137.69, 135.78, 131.61, 130.79, 129.63,
129.15. Anal. Calcd. For C1oHgO4: C20H12CIoN2: C,
68.39; H, 3.44; N, 7.98. Found: C, 68.61; H, 3.40;
N, 8.07.

Compound 5b: *H NMR (400 MHz, CDC13): §
9.08 (d, 1H, J=2.4 Hz), 8.58 (dd, 1H, J=9.2, 4 Hz),
8.33 (d, 1H, J=9.2 H), 7.57-7.54 (m, 4H), 7.43-7.30
(m, 4H). *¥C-NMR (100 MHz, CDC1s): & 155.18,
154.57, 148.53, 143.91, 140.40, 136.87, 136.72,
136.67, 136.60, 131.66, 131.58, 131.20, 129.37,
125.99, 124.08. Anal. Calcd. For CooH11CpN302: C,
60.63; H, 2.80; N, 10.61. Found: C, 60.86; H, 2.70;
N, 10.75.

Compound 6a: *H NMR (400 MHz, CDC15): 8
8.21 (d, 2H, J=6.8 Hz), 8.02 (dd, 2H, J=6.2, 3.2
Hz), 7.90 (d, 2H, J=8.4 Hz), 7.65 (t, 2H, J=7 Hz),
7.57 (dd, 2H, J=6.4, 3.6 Hz); 3C NMR (100 MHz,
CDCl1s): 6 155.19, 142.39, 137.60, 132.92, 131.10,
130.47, 130.59, 130.36, 129.78, 122.96. Anal.
Calcd. For CisH1oN2: C, 85.02; H, 3.96; N, 11.02.
Found: C, 85.15; H, 3.90; N, 10.96.

Compound 6b: *H NMR (400 MHz, CDC1;): &
8.21 (t, 2H, J=6.4 Hz), 7.90 (dd, 3H, J=8.2 Hz, 3.2
Hz), 7.79 (s, 1H), 7.64 (t, 2H, J=7.4 Hz), 7.40 (dd,
1H, J=8.4, 1.6 Hz), 2.43 (s, 3H). **C NMR (100
MHz, CDC1s): & 155.15, 154.44, 142.38, 140.82,
140.71, 137.35, 133.08, 132.44, 131.06, 130.46,
130.31, 130.21, 129.89, 129.72, 122.83, 122.68,

22.94. Anal. Calcd. For CigH12N2: C, 85.05; H,
4.51; N, 10.44. Found: C, 85.24; H, 4.40; N, 10.12.
Compound 7a: 'H NMR (400 MHz, CDC13): &
9.18 (d, 2H, J=7.6 Hz), 8.34 (d, 2H, J=8.0 Hz) 8.12
(dd, 2H, J=6.4, 3.6 Hz), 7.66-7.51 (m, 6H); 3C
NMR (100 MHz, CDC13): & 143.54, 143.28,
133.15, 131.42, 130.88, 130.57, 129.04, 127.38,
124.03. Anal. Calcd. For CxHi2N2: C, 85.69; H,
4.31; N, 9.99. Found: C, 85.73; H, 4.33; N, 9.95.
Compound 7b: 'H NMR (400MHz, CDC1s): &
9.14 (dd, 2H, J=6.00, 1.6 Hz), 8.32 (2H, d, J=8
Hz), 7.97 (1H, d, J=8.4 Hz), 7.58 (s, 1H), 7.53-7.52
(m, 5H), 254 (s, 3H). **C NMR (100 MHz,
CDC1s): 6 143.29, 143.27, 142.72, 141.81, 141.41,
133.45, 133.06, 132.87, 131.49, 131.45, 131.20,
131.07, 130.01, 129.10, 128.92, 127.29, 127.15,
123.95, 23.20. Anal. Calcd. For C2;H14N3: C, 85.69;
H, 4.79; N, 9.52. Found: C, 85.73; H, 4.75; N, 9.53

CONCLUSIONS

In summary, this study demonstrated the facile
MnSO4H,O-catalyzed reactions with satisfactory
results. Some important advantages of the presented
methods are the short reaction time, high yields,
simple workup procedures, and the use of
inexpensive and available catalyst. These
procedures do not involve any hazardous organic
solvent, thus, they are they are environmentally
friendly methods
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MnSQO4.H.0: BUCOKOE®EKTUBEH 1 EBTUH KATAJIM3ATOP 3A CUHTE3A HA

BEH30-2-ITMPOHU U BEH30ITMPA3VHU
®. Txadapu?’, C. Xogabaxum™2

Ylenapmamenm no xumus, Knou Jesgpyn, Hcnamcxu ynueepcumem Azao,[eschyn, Upan
2Kny6 3a mnaou uscreoosamenu, Knon Iaucapan, Hcnamcku ynusepcumem Azao, Iaucapan, Mpan

IMoctrenuna Ha 8 oktomBpy, 2012 r.; kopurupana Ha 17 ampw, 2013 1.

(Pestome)

[pemioxeHa e eexkTHBHA M NpsKa METOMUKA 32 MOJYyYaBAaHETO HA XETEPOLMKICHH CHEIUHEHUS KaTo OeH30-2-
MUpOHH U OeH3omupa3zuHu B npucheTBrue Ha MNSO4H>0 Karto eBTrH kaTammzatop. Te3n HOBH METOIHM ca €BTHHH U C
npenuMcTBa, Kato oTndeH JoOUB, M3MOI3BaHe Ha OS30IaCeH KAaTalu3aTop, MOCTBITHE PEAKTUBH M IIPOCTa MPOLEaypa.
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DFT calculations have been carried out on the bicyclic imines to investigate the influence of ring size on the imine-
enamine tautomerisms. Molecular geometries and energetic of imines and enamines in gaseous phase have been
obtained using BsLYP levels of theory, implementing 6-311"*G(d,p) basis set. Then, important molecular parameters,
IR frequencies, NBO and energetic results in the gas phase were extracted. The energetic results show that relative
stability of enamine tautomer (versus imine tautomer) increases with the increase of ring size and calculated frequencies
show that by decreasing N-containing ring size from 6-membered to 4-membered ring, the frequency of C=N in imine
tautomer decreases. In addition variation of NBO charges on atoms in the gas phase are studied.

Key words: DFT study, Tautomerism, Bicyclic, Imine, Enamine, NBO analysis.

INTRODUCTION

Tautomerism is one of the fundamental
processes in (bio) organic chemistry that underlies
most of the important condensation reactions. It has
been extensively studied experimentally and
theoretically. For example, tautomerisms in keto-
enol [1-5], imine-enamine [6-8], purines [9],
pirimidines [10] and many other systems [11-13]
have been studied during past two decades.
Thereupon, compounds containing different
tautomers can be the subject of interest by
theoretical chemists.

Imines formations are a particularly important
chemical reaction in some biological processes [14,
15] for example, the covalent binding of carbonyl-
containing compounds to an enzyme usually
involves the formation of an imine. The imine
moiety is formed by condensation of carbonyl
groups of ketone or aldehyde with a primary or
secondary amine. Equilibrium between imine and
enamine may be established when at least one
hydrogen atom on the imine nitrogen. The relative
equilibrium of these species depends on the
symmetry of the parent ketone and the substituents
on the amine [16].

In this study we focused our research on imine-
enamine tautomerism in bicyclic systems. These N-
containing heterocycles have three tautomeric
forms, one is imine form (1) and others are enamine
forms (E. and Ep). The physicochemical

* To whom all correspondence should be sent:
E-mail: azin.mohamadi@gmail.com
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characteristics of some of the heterocycles were
experimentally  determined.  For  example,
spectrophotometric data for hexahydroindole that
previously expressed as the enamine form (Es)
showed no band in the NH-stretching region in
accordance with the imine structure [17]. In the
absence of experimental data, it is of special interst
to characterize theoretically the imine-enamine
tautomeric equilibria to obtain information about
the thermodynamic and kinetic aspects.

In this research, molecular parameters, relative
energies, NBO analysis and vibrational frequencies
of imines and enamines in deferent ring have been
calculated using BsLYP/6-3117*G** level of
theory. Details of computations and the results
obtained in this work are presented below.

COMPUTATIONAL METHODS

The ground-state properties of the all tautomers
have been calculated by using BsLYP method at 6-
3117*G(d,p) basis set level. All computations have
been performed on a personal computer using the
Gaussian 03 program package [18] and Gauss view
molecular visualization program [19]. The BsLYP
method has been validated to give results similar to
that of the more computationally expensive MP;
theory for molecular geometry and frequency
calculations [20, 21]. Moreover, several papers
have been published on study of tautomerism in
similar systems by BsLYP method [22-28].

© 2014 Bulgarian Academy of Sciences, Union of Chemists in Bulgaria
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Fig. 1. General structures for possible tautomers
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Compound’s structures optimized to find

stationary point geometries characterized as local
minimum on the potential energy surfaces. The
absence of imaginary frequency verified that
structures were true minima at their respective
levels of theory. Atomic charges in all of the
structures were obtained using the Natural
Population Analysis (NPA) method within the
Natural Bond Orbital (NBO) approach [29].

RESULTS AND DISCUSSION
Optimized parameters

The general structures and numbering of
possible tautomers are presented in Figure 1. The
selected molecules can be presented by three
tautomers, imine (I), enamine (E.) and enamine
(Eb).

Because of cyclic structure of these molecules,
geometric isomers (cis or trans for double bond)
have not been considered in this study (trans
endocyclic double bond cannot exist in 4-6-
membered rings). Moreover, the most stable
conformer was found and used in the calculations.
In other word, only the most stable conformer of
each structure has been considered in this study.
The tautomerism in the selected structures is similar
to 1,3-sigmatropic rearrangement. This subject has
been attracted considerable attention of scientists
especially in cyclic system [30-32]. The optimized
structures of tautomers are presented in Figure 2.

Important aspects of molecular structure can be
observed in Table 1.The N;-C; bond length,
reported in the first column of table, lies in the
range of 1.262-1.293 A in I tautomers, 1.381-1.416
A in E, tautomers and 1.386-1.439 A in E,
tautomers. In | the tautomers, the N;-C, bond length
decreases with the increase of N-containing ring
size, because of decreasing in ring strain. The C,-Cs
bond length lies in the range of 1.486-1.523 A in I
tautomers, 1.331-1.351 A in E, tautomers and
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1.487-1.531 A in E, tautomers. The C2-C4 bond
length lies in the range of 1.496-1. 1.530 A in I
tautomers, 1.484-1.520 A in E, tautomers and
1.330-1.348 A in E, tautomers. Also, The Ni-Hs
bond length lies in the range of 1.008-1.017 A in E,
tautomers and 1.011-1.019 A in E, tautomers.

According to Table 2, N;-C»-C3 angles are in the
range of 118.4-137.8 in | tautomers, 122.7-147.8 in
E. tautomers and 114.1-145.7 in E, tautomers. The
N;-C2-C4 angles are in the range of 100.3-130.6 in |
tautomers, 92.7-122.5 in E, tautomers and 97.2-
127.3 in Ep tautomers. In all tautomers, the Ni-Cp-
Cs angles increases with the increase of N-
containing ring size, because of decreasing in ring
strain.

Moreover, the C,-Ni-Hs angles, reported in the
last column of Table 2, lies in the range of 111.9-
119.3 in E, and E;, tautomers that their amounts are
about hybridational angles of central nitrogen.

Energies

Gibbs free energies and other important
thermodynamic and kinetic parameters of all
structures at 298.15 K and one atmosphere were
illustrated in Table 2. The Gibbs free energy
difference (AG) between | and E. tautomers at
BsLYP/6-311*"G(d,p) level of theory lies between -
2.43 and -11.36 kcal/mol and AG between | and E,
tautomers lies between -1.23 and -18.82 kcal/mol.
These data show that by increasing the N-
containing ring size, the relative stability of Ep
enamine versus imine | tautomer increase. When
the ring size decreases, the ring strain increase and
all double bond strengths affect more than single
bonds. It is clear that the C=C double bond affect
more than C=N double bond by ring strain and its
energy decreases more than C=N energy.
Therefore, the relative stability of imine tautomer
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Molecule Imine tautomer (I) Enamine tautomer (E,) Enamme tautomer (E,)
M45 ; I /.r >
‘ 73{
\ , :
7.{", 1
’) ‘j:i: ?){ L
9 9 ¥
MSS i
MS56
Mo64
M65
M66

Fig. 2. Optimized structures of the most stable conformer of tautomers.
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Tablel. Important molecular parameters of optimized structures at BsLYP/6-311**G(d,p) level of theory.

Molecule Distance (A) Angle (deg)
N1-Cz Ni-Hs C2-Cs Ca-C4 N1-C2-Cs N1-C2-C4 C2-N1-Hs

M441 1.293 - 1.504 1.496 134.3 101.9 -
M44E, 1.416 1.017 1.351 1.484 146.1 97.6 116.8
M44Ey 1.435 1.017 1.531 1.336 144.4 98.7 118.8
M45I 1.266 - 1.511 1.506 137.8 118.9 -
M45E, 1.381 1.010 1.350 1.492 147.8 1125 117.4
MA45Ey 1.398 1.013 1.518 1.330 145.7 115.5 117.3
M461 1.262 - 1.516 1.522 132.8 130.6 -
M46E, 1.382 1.013 1.348 1.505 141.9 122.5 114.3
M46E, 1.386 1.012 1511 1.341 137.0 127.3 115.8
M54l 1.288 - 1.498 1.496 137.0 101.4 -
M54E, 1.409 1.014 1.335 1.498 146.7 94.2 119.2
M54Ey 1.439 1.018 1.496 1.331 143.1 97.9 116.5
M55I 1.269 - 1.508 1.518 131.1 117.2 -
M55E, 1.383 1.008 1.340 1.509 137.9 108.9 118.9
M55Ey 1.403 1.013 1.498 1.337 131.3 113.9 115.9
M56I 1.267 - 1.523 1.528 123.3 127.6 -
M56E, 1.392 1.012 1.343 1518 130.1 117.8 1135
M56Ep 1.395 1.011 1.506 1.344 122.5 124.6 1145
M641 1.289 - 1.486 1.503 133.4 100.3 -
M64E, 1.415 1.014 1.331 1.509 138.2 92.7 119.3
M64E, 1.439 1.019 1.487 1.339 134.6 97.2 115.7
M65I 1.273 - 1.506 1.523 125.5 116.1 -
MG65E, 1.396 1.008 1.340 1.515 128.8 107.0 118.1
MG65Ey 1414 1.013 1.498 1.341 121.8 112.7 114.8
M66I 1.274 - 1.515 1.530 118.4 126.5 -
MG66E, 1.408 1.013 1.344 1.520 122.7 114.4 111.9
M66E, 1.407 1.011 1512 1.348 114.1 122.7 113.0

Table 2. Relative Energies (AE), Relative Zero-Point Energies (AEo), Relative Gibbs Free Energies (AG), and
equilibrium constant (Keg for all tautomers.®®

Ea Eb

Molecule

AE(g) AEo( ) AG(g) Keg(-g) AE( g AEo(g) AG( g Keg(-g)
M44 -11.37 -11.36 -11.35 2.09E+8  -19.24 -19.05 -18.82  6.26E+13
M45 -11.42 -11.36 -11.36 2.13E+8 -13.33 -13.14 -12.92 2.96E+9
M46 -8.45 -8.46 -8.53 1.79E+6 -6.00 -5.85 -5.70 1.51E+4
M54 -3.72 -3.80 -3.98 8.27E+2 -9.94 -9.82 -9.70 1.29E+7
M55 -6.15 -6.06 -6.09 2.91E+4 -7.03 -6.90 -6.84 1.03E+5
M56 -3.31 -3.36 -3.53 3.87E+2 -1.57 -1.40 -1.23 7.97E+0
M64 -4.29 -4.29 -4.30 1.42E+3 -8.50 -8.38 -8.20 1.03E+6
M65 -2.10 -2.11 -2.43 6.04E+1 -1.21 -1.25 -1.57 1.42E+1
M66 -3.78 -3.77 -3.84 6.53E+2 -1.79 -1.40 -1.41 1.08E+1

8 AE(-g) = Ei - Eg, AEog-g) = Eoi— Eog, AG(-£) = Gi - Gg, Keqq-g) = [I)/[E].
b All energetic data have been reported in kcal/mol.
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Table 3. Most important calculated NBO charge and frequencies of tautomers.

Molecule NBO Freguency (cm™)

N1 C Cs Hs C=N c=C N-H
M44| -0.486 0.288 -0.412 -0.301 - 1623 - -
M44E, -0.652 0.215 -0.307 -0.260 0.354 - 1630 3503
MA44Ey -0.654 0.159 -0.400 -0.118 0.359 - 1644 3484
M45] -0.462 0.295 -0.417 -0.285 - 1739 - -
M45E, -0.646 0.198 -0.300 -0.240 0.373 - 1690 3587
MA45Ep -0.648 0.157 -0.379 -0.114 0.366 - 1727 3539
M46l -0.464 0.297 -0.418 -0.277 - 1775 = -
M46E, -0.645 0.186 -0.282 -0.232 0.364 - 1697 3548
M46Ep -0.644 0.160 -0.380 -0.113 0.368 - 1748 3568
M54 -0.456 0.299 -0.447 -0.301 - 1672 - -
M54E, -0.645 0.200 -0.308 -0.255 0.362 - 1716 3538
M54Ep -0.646 0.164 -0.418 -0.112 0.351 - 1725 3472
M55 -0.459 0.305 -0.440 -0.288 - 1735 - -
M55E, -0.643 0.196 -0.310 -0.247 0.377 - 1717 3621
M55Ep -0.646 0.171 -0.405 -0.109 0.361 - 1719 3542
M56I -0.472 0.313 -0.435 -0.284 - 1748 - -
M56E, -0.643 0.186 -0.283 -0.245 0.363 - 1697 3564
M56Ep -0.644 0.177 -0.402 -0.114 0.365 - 1730 3578
M64] -0.455 0.291 -0.439 -0.287 - 1685 - -
MG64E, -0.647 0.195 -0.297 -0.249 0.359 - 1758 3536
MG64E, -0.649 0.172 -0.423 -0.107 0.345 - 1748 3458
M65I -0.465 0.308 -0.436 -0.282 - 1714 - -
MG65E, -0.647 0.191 -0.390 -0.245 0.373 - 1730 3618
MG65E, -0.650 0.177 -0.411 -0.103 0.358 - 1730 3539
M661 -0.474 0.310 -0.423 -0.277 - 1719 - -
MG66E, -0.651 0.188 -0.268 -0.246 0.358 - 1706 3551
MG66E, -0.647 0.176 -0.402 -0.111 0.360 - 1723 3573

versus er!amine tautomer increases by decreasing Erequencies
the ring size.

In addition, from Table 2 it is easily seen that
relative stability of compounds with more ring
strain such as Mas, Mus, Mss, Mss and Meses, the
enamine tautomer E, (exocyclic form) will be more
stable than enamine tautomer E;, (endocyclic form).
Equilibrium constants of tautomeric
interconversions were calculated from Gibbs free
energies using AG= -RT In Keq. The equilibrium
constant for conversion of tautomer E, to | and at
BsLYP/6-311**G(d,p) level of theory lies between
6.04x10! and 2.13x108, and for conversion of
tautomer Ej to | lies between 7.97 and 6.26x10%, In
accordance with AG between tautomers, in
compounds with more ring strain, enamine
tautomer E. is major than enamine tautomer Ep
(Table 2).

Three important vibrational frequencies of
all structures are listed in Table 3. These presented
frequencies include imine C=N double bond,
enamine C=C double bond and NH bond. In the last
column, Ni-Hs frequency (this frequency only
exists in tautomers E. and E,) is reported. In
tautomers Ep the magnitude of this frequency
increases with the increase of N-containing ring
size. Also, the C=N frequencies in imine tautomers
increases with the increase of N-containing ring
size and the C=C frequencies that exists in enamine
tautomers lie between 1630 and 1758 cm™. The
C=C frequencies in Mais shows lower magnitude
and it correspond to low present of S orbital in
these tautomers. The variation of frequencies versus
ring size is important because they shows
meaningful relation between empirical parameters
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(frequency) and simple theories, such as bond
angle, ring’s strain and hybridation.

NBO analysis

The calculated values NBO charges using the
Natural Population Analysis (NPA) of optimized
structures of imine-enamine tautomers in the gas
phase are listed in Table 3. Nitrogen atom in the all
of the tautomers carries the largest negative charge,
and among in carbon atoms Cj carries the largest
negative charge. The N; and C; atoms in all imine-
enamine tautomers will most effectively interact
with electrophiles.

CONCLUSIONS

In this work, DFT calculation has been applied to
study of tautomerism in bicyclic imines and
enamines with deferent rings in the gas phase. The
following points emerge from the present study:

1. In the title compound imine form was more
stable than the other tautomers in the gas phase.
2. The energy data shows that the relative

stability of enamine tautomer versus imine
tautomer increases with the increase of ring size.

3. Calculated frequencies show that by
decreasing N-containing ring size, the frequency of
C=N in imine tautomer decreases.
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NMHWHO-EHAMMHHA TABTOMEPW I1TPU BU-LITUKIJIIMYHU CUCTEMHU B I'’A30OBA
DA3A: UYNCJIMTEJIHO U3CJIE/IBAHE

X. Moranuan?, A. Moxaman*2
YKny6 3a mnaou uzcnedosamenu, Knon Jezgyn, Ucaismexu yuusepcumem Azao, Jespyn, Hpan
) ). Y P Vi, 41p
28 Tenapmamenm no xumus, Knon @apaxan, Ucaamcku ynusepcumem Azad, Papaxan, Upan

Toctenmna Ha 17 nexemBpu, 2012; kopurupana Ha 15 anpu, 2013 r.

(Pesrome)

Wzpppmenn ca DFT-u3uncinenns oTHOCHO OW-IIMKIMYHUTE MMUHHM 32 J]a Ce M3CIIEABa BIMSHUETO Ha pa3Mepa Ha
MPBCTCHA BBPXY HMHH-CHaMUH-TaBTOMepusATa. OMNpeNeNicHH ca I'eOMETPUSITa Ha MOJICKYJIWTE W CHEpPreTHKaTa Ha
HMHHHUTE W €HaMUHUTE B ra3oBa (haza npu usnossBaHeTo Ha BsLYP-nuBa Ha Teopusra, mpuiaraiiku 6-3117G(d,p)
0azucHa Mpexa. [1o To3n HAuWH ca ONpeeiCHM BaKHU MapaMeTpu Ha Moiiekynute, kato WUY-uectoture, NBO u
pe3yATaTH 3a EHepreTHKaTa UM B Ta3oBa (aza. PesynratuTe 3a eHepreTukara moka3BaT, Ue OTHOCHUTEIHATA CTAOMITHOCT
HAa CHAMMHHATAa TaBTOMEpHa (Qopma (CIpsMO MMHHHATA) HapacTBa C pa3Mepa Ha phCTEeHA. M34mcieHuTe 4ecToTH
MOKa3BaT, Y€ HaMalsIBAHETO Ha pa3Mepa oT 6- Ha 4-aToMeH npbeTeH ectotata Ha C=N Bpb3KkaTta B UMHHHHS TABTOMED
namansisa.OCBeH TOBa ca u3cieBaHu u u3meHeHusta Ha NBO-ToBapute Ha aromuTe B ra3oBa ¢asa.
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Hybrid materials, synthesized by the sol-gel method, were used as matrices for immobilization of bacterial
cells, producers of the enzyme nitrilase. Different methods were employed for structure investigations of the
synthesized hybrids: Fourier transform infrared spectroscopy (FT-IR), BET and atomic force microscopy (AFM). The
influence of the structure of these materials on their properties was followed. The obtained hybrid materials were
successfully applied for immobilization of live bacterial cells since cell vitality was kept and enzyme systems preserved
their functions in the immobilized systems. The influence of different parameters during the cell immobilization
procedure was evaluated for optimization of the immobilization process and enhancement of the activity of the studied
enzyme. Most favorable effect on Bacillus sp. cells had the matrix with 5 wt. % sepharose and the enzyme activity
obtained was 0.45 U ml** when the process was carried out at 60°C. Increased specific surface area of the matrix was

another factor that led to enhanced nitrilase activity.

Keywords: sol-gel; hybrids; parameters; enzyme activity

INTRODUCTION

Inorganic-organic hybrids, synthesized by the
sol-gel method, are a remarkable group of
amorphous  nanocomposites, investigated for
application in biotechnology, medicine and other
areas due to their mechanical, optical, structural and
thermal properties, as a result of combining silicon
chemistry with life sciences [1-2]. Such hybrid
materials are promising for applications as
biocatalysts by immobilization of different
biomolecules [3-4]. These biocatalysts are expected
to reduce the energy expenses and their
employment could lower pollutants dissemination
in the environment [5-6]. Nitrilases (EC.3.5.5.1) are
the enzymes that convert nitriles to the
corresponding acid and ammonia. Nitrilases are
thiol enzymes that perform an array of carbon-
nitrogen bond hydrolysis and condensation
reactions [7]. Enzymes degrading nitriles can be
found in many microorganisms [8]. Their high
chemical specificity makes them attractive versatile
biocatalysts [9]. Nitrile-converting enzymes are
becoming commonplace in the synthesis of
pharmaceuticals and commodity chemicals,

* To whom all correspondence should be sent:
E-mail: georgi_chernev@yahoo.com
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showing their potential in the synthetic biocatalysis,
as well as in bioremediation processes, degrading a
broad spectrum of toxic substrates [10].

In this work we report on the influence of
temperature, type and quantity of organic material
included in the matrix and specific surface area of
the hybrid materials on the enzyme activity during
the immobilization of the moderate thermophilic
strain Bacillus sp. UG-5B.

EXPERIMENTAL
Hybrid materials preparation and characterization

The silica hybrids were prepared by the sol-gel
method at room temperature. Silica precursor
tetraethylortosilicate  (TEOS)  (Sigma-Aldrich,
reagent grade >98%, formula weight 208.33 g/mol)
was pre-hydrolyzed with H,O using a small
quantity of hydrochloric acid as a catalyst. The
molar ratio between TEOS:H,0:C,HsOH:HCI was
(v/v) 1:2:8:1x103. The content of silica was kept
constant and hybrids containing from 5 to 40 wt.%
organic part (lactic acid (Sigma-Aldrich, natural
>85%,FG, formula weight 90.08 g/mol) or
sepharose 4B (Sigma-Aldrich, exclusion limit
60,000 for proteins, 30,000 for dextrans) and
combination of poly(ethylene oxide) (Sigma-

© 2014 Bulgarian Academy of Sciences, Union of Chemists in Bulgaria
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Aldrich, average M, 100,000, viscosity 12-50 cP,
5% in HO (25 °C, Brookfield) (lit)) and agar
(Sigma-Aldrich, Type A)) added to SiO, were
prepared. After gelation, the samples were dried at
room temperature. The main steps of the
entrapment procedure were previously described
[11]. The structure of the synthesized materials was
studied using  Fourier  transform infrared
spectroscopy (FT-IR), BET and atomic force
microscopy (AFM).

Strain and medium

The bacterial strain involved was Bacillus sp.
UG-5B (Ne 8021) deposited in the National Bank
for Industrial Microorganisms and Cell Cultures,
Bulgaria. The medium for cultivation contained
(9/): KoHPO, 2.0; NaCl 1.0; MgS04 0.01; FeSO4 x
7H,O 0.02; biotin 2.9 x107%; thiamine, 0.004;
inositol 0.002 and benzonitrile (20 mM), pH 7.2.
The nitrilase activity assay was realized by
measuring the ammonia released, following the
phenol-hypochloride method of Fawcett and Scott
[12]. One enzyme unit is defined as the amount of
enzyme producing 1 pumol ammonia min? at pH
7.2, 45 °C and 20 mM benzonitrile as a substrate.
Cells were harvested for 24 h on a rotary shaker in
100 ml flasks with nutrient medium containing 20
mM benzonitrile. Cells were separated from the
culture  medium by centrifugation and then
resuspended in phosphate buffer pH 7.2. Cell
suspension with a concentration of 30 mg ml* dry
cells and enzyme activity of 0.3 U ml* was used for
immobilization. Immobilization procedure
comprises the preparation of the gel solution which
contains SiO, and organic parts in a ratio from 5 to
40 wt.%; 5 ml of the ready cell suspension was
introduced before gelation, which took place within
30 min. The gel containing the cells was spread
over petri dishes and left to dry overnight at room
temperature. Leaching of cells was
spectrophotometrically estimated to be 0.02-0.06
%.

RESULTS AND DISCUSSION

The structure of the synthesized hybrid materials
was investigated using FT-IR (Fig. 1), which
showed characteristic peaks at around 1080 cm™,
790 cm? and 460 cm, attributed to the SiO,
network. They are assigned to vas, vs and & of Si-O-
Si vibrations; the band at 1080 cm™ could also be
related to the existence of Si-O-C, C-O-C and Si-C
bonds. The presence of bands at 950 cm* reveals
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Fig. 1. FT-IR spectra of hybrids containing: a - lactic
acid; b - sepharose and ¢ - PEO and agar.

the presence of Si-OH groups. Characteristic bands
at around 3460 cm™® and at 1630 cm?, assigned to
H-O-H vibration, can also be detected. The bands
around 3460 cm™ could also be associated with v
(OH) ring stretching vibrations.

The results of BET analysis proved that the pore
size is about 2 nm, and the specific surface area is
in the range from 130 to 310 m?/g, depending on
the hybrid chemical composition. The matrix
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e
Fig. 2. AFM images and height distribution profile of hybrids containing a — 5 wt. % lactic acid; b — 20 wt. %
lactic acid; ¢ — 5 wt. % sepharose and d — 20 wt. % sepharose; e — 5 wt. % PEO and agar and f — 20 wt. % PEO

and agar.
consising of well-defined nanounits and their distribution  profiles obtained from AFM
aggregates formed by self-organizing processes, topography images showed that all hybrids had a

was observed by the AFM studies. The size of surface with irregularities.
nanoparticles was from 10 to 18 nm and the
dimensions of their self-assembled aggregates were
about 49-76 nm (Fig. 2). In the same figure the
height distribution profiles of surface roughness are
shown. The histograms of the surface height
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Fig. 5. Influence of specific surface area on the nitrilase
activity of immobilized Bacillus sp. UG-5B strain (a-
sepharose; b-lactic acid; c-PEO+agar) Error bars
represent a deviation obtained from the triplicate
measurements.

Thus synthesized, the hybrid materials were
tested as matrices for immobilization of the
suspension of cells. Different parameters influenced
the nitrilase activity of the immobilized biocatalyst.
Their optimization was expected to lead to an
enhanced enzyme activity compared to the free
cells. The optimum pH for the nitrilase activity of
free cells proved to be 6.0-8.0. The pH of the
matrices was adjusted to 7.0-7.2 which appeared to
be most appropriate for the cells entrapped in their
volume. Figure 3 shows the comparison between
the activity displayed by the immobilized cells at
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Fig. 6. Reusability of the biocatalyst (TEOS and 5 wt.%

sepharose) obtained after optimization of the
immobilization parameters.

multiple use when each matrix contains only SiO;
and different percentage of organic constituent. The
addition of an organic part plays a favorable role
when living objects are entrapped in the gel matrix.
Concerning the type of the hybrid matrix, best
results for Bacillus sp. UG-5B were achieved when
immobilization was carried out in a matrix
containing 5 wt. % sepharose. This fact can be
explained by the different chemical composition
and structure of the organic part included.

The obtained materials with 5 wt.% organic
constituent with immobilized cells were tested for
their behavior under different temperatures in the
range from 50°C to 65°C (Fig. 4). Highest enzyme
production for the immobilized preparations was
obtained when the temperature maintained during
the evaluated process was 60°C. The nitrilase
activity only slightly decreases when temperature is
increased to 65°C (0.43 U ml? for the matrix with
sepharose, 0.39 U ml** when lactic acid is included
in the hybrid matrix and 0.35 U ml? when
PEO+agar is present as an organic part), which is
due to its thermostability [13]. Involving
thermostable enzymes in industrial processes gives
the advantage of a fast process and least
contamination [14]. The nitrilase enzyme produced
by Rhodococcus rhodochrous was found to be
fairly thermostable at 45°C [8], while the nitrilase
of Bacillus sp. UG-5B shows highest values at
60°C. Another parameter influencing the enzyme
activity of immobilized preparations is the specific
surface area of the hybrid materials (Fig. 5). The
larger surface area promotes higher nitrilase
activity when 5 wt.% of sepharose are present in
the hybrid matrix (Fig. 5a). This is in correlation
with the pore size, permitting free substrate
penetration. Inclusion of 40 wt.% sepharose leads
to lower nitrilase yield, corresponding to the lower
specific surface area. The specific surface area
decreases with the increase of the organic part
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content, leading to a gradual increase in enzyme
activity. Reusability was tested for the immobilized
bacterial cells included in the most suitable matrix
for highest nitrilase activity, namely, this
containing 5% sepharose (Fig. 6). In this case the
half-life of enzyme activity was retained for 14
reaction cycles, each carried out with the addition
of a fresh toxic substrate (benzonitrile) for
degradation. The proven reusability indicates an
efficient process that is possible to be carried out at
the optimal conditions for operation of the
immobilized system.

CONCLUSION

All hybrid materials used appeared to be
appropriate carriers for the entrapped bacterial
cells. The biocompatibility of the hybrid materials
allows the bioactivity of cells to be retained. The
obtained biocatalysts can be useful in enzymology
and biotechnology and ecology, using the
hydrolytic enzyme properties. Nitriles can cause
harmful effects on human health, so there exists an
urgent need for their removal. Immobilization of
cells, producers of nitrilase can offer solution to the
problems that appear with free cells, using their
advantages - retention of catalytic activity,
protection of cells against substrate inhibitory
effects, as well as stability and increased enzyme
yield, achieved by optimization of the factors,
influencing the immobilization process.

REFERENCES

1. A. Kumar, D. Depan, N. Tomer, R. Singh, Prog.
Polym. Sci., 34, 479 (2009).

2. S. Pandey, S. Mishra, J. Sol-Gel Sci. Tech. 59, 73
(2011).

3. D. Avnir, T. Coradin, O. Lev, J. Livage, J. Mater.
Chem., 16, 1013 (2006).

4. M. Peralta-Pérez, M. Martinez-Trujillo, G. Nevarez-
Moorillon, R. Pérez-Bedolla, M.Garcia-Rivero, J. Sol-
Gel Sci. & Tech., 57, 6 (2011).

5. W.-Sh. Lee, I.-Ch. Chen, Ch.-H. Chang, Sh.-Sh.
Yang, Renewable Energy, 39, 216 (2012).

6. A. Soares, M. Murto, B. Guieysse, B.Mattiasson,
Appl. Microbiol. Biotechnol., 69, 597 (2006).

7. C. Brenner, Current Opinion in Structural Biology,
12, 775 (2002).

8. V. Gupta, S. Gaind, P.K. Verma, N. Sood, A.K.
Srivastava, African J. Microbiol. Res., 4, 1148 (2010).
9. R. N. Thuku, D. Brady, M. J. Benedik, B. T.Sewell, J.

Appl. Microbiol., 106, 703 (2009)

10. C.-C. Wang, C.-M. Lee, Li-Jung L.-J. Chen, J. Env.
Sci. Health, Part A, 39, 1767 (2004).

11. L. Kabaivanova, E. Dobreva, E. Emanuilova, G.
Chernev, B. Samuneva, |. Salvado, Minerva
Biotechnol., 18, 23 (2006).



L. V. Kabaivanova et al.: Hybrid materials parameters influencing the enzyme activity of immobilized cells

12.J. Fawcett, J.Scott, J. Clin. Pathol., 13, 156 (1960). [14] G. Haki, S. Rakshit, Biores. Tech., 389, 17
13. L. Kabaivanova, P. Dimitrov, |. Boyadzhieva, S. (2009).

Engibarov, E. Dobreva, E. Emanuilova, World J.

Microbiol. Biotechnol., 24, 2383 (2008).

I[TAPAMETPU HA XUBPUJIHU MATEPUAJIN, BJIUAEIL BbPXY EH3UMHATA
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bvreapus
2 Kamedpa mexuonozus na curukamume, XuMuKomexnoio2uien u memapyneuien ynueepcumem, 6yi. ,, Kn. Oxpuocku “
8, 1756 Coghus, bvreapusa
3HHcmumym no obwa u Heopeanuyna xumus, bvreapcka akademus na naykume, yn. ,,Axao. I'. bonues*, 11, 1113
Cogus, Bvreapus
4 lenapmamenm no mamepuanno u kepamuuno unacenepcmso, CICECO, YVuueepcumem na Aseupo, Ilopmyeanu

Tonyuena Ha 29 oxromBpu, 2012 r.; kopurupana Ha 7 pespyapu, 2013 r.

(Pesrome)

XuOpUAHU MaTepHa I, CHHTE3UPaHH 110 30JI-T€JIeH MeTo[, 0siXa M3I0JI3BaHH KaTO MaTPULM 38 UMOOMIH3ALHS
Ha OaKkTepHaNHH KJICTKH, NMPOXYLECHTH Ha CH3UMa HHUTpHIa3a. B CTPYKTypHHTE HW3CICIBaHHS Ha CHHTC3UPAHUTE
XuOpuIu 0sXa U3MONI3BaHK pa3nuuHu MeToau: Uudpauepsena cnekrpockomnus (FT-IR), BET-ananu3 u atoMHO cuiioBa
mukpockorust (AFM). IlpocieneHo Oemie BIMSHHETO Ha CTPYKTYpaTa Ha TE3W MATEPHAIN BBPXY TEXHHUTE CBOMCTBA.
[Momy4yeHuTe XUOPUIHA MaTepHaty O0sXa YCHEIIHO MPUJIOKEHH 32 HMOOMIM3alHs Ha )KUBH OAKTEPHAHH KIIETKH, ITPU
KOETO KU3HEHOCTTa MM Oellle 3ala3eHa W CH3MMHUTE MM CHCTEMH 3ama3hxa CBOUTE (YHKIHMH B HUMOOWIH3HPaHHUTE
cHCTeMH. BIMsHHETO Ha pasIMYHHATE NapaMeTpu [0 BpeMe Ha Npoleayparta Ha MMOOMIM3auus Oelle OLECHEHO 3a
ONTHMU3AIMS Ha Mpolieca ¥ yBeJIMUYeHHEe Ha eH3MMHATa akTUBHOCT Ha M3clie/iBaHus eH3uM. Haii-Onaronpusren edekr
BBpXy KieTkuTe Ha mam Bacillus sp. okas3a marpunara ¢ 5 Wt.% cedaposa u moiyueHaTa eH3UMHA aKTUBHOCT Gerre
0.45 U ml, koraro npouechT ce npopexkaa npu 60°C. Ypenuuenara crneuupuuHa NOBBPXHOCT Ha MaTpulaTa Oelie
omie eanH (HakTop, BOAEII J0 MOBUIIEHA HUTPUJIA3HA aKTHBHOCT.
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The present work reports on the synthesis, phase formation and microstructure of glasses and glass-ceramics,
obtained in the system Na,O/TiO,/BaO/Al,03/B,03/Si0»/Fe;O3. The characteristic temperatures of the samples are
determined by differential thermal analysis. X-ray diffraction is used for phase identification. Scanning electron
microscopy, combined with energy dispersive X-ray analysis, is used for microstructural characterization and
determination of the chemical composition of the formed crystals. All investigated compositions were amorphous. The
annealing of the obtained glasses results in formation of spherical BaTiO3 particles with sizes in the range from 100 nm

to several um.

Keywords: invert glass; barium titanate; nanocrystallisation; microstructure

1. INTRODUCTION

Barium titanate is a well-known dielectric
material which possesses multiple polymorphic
modifications. The tetragonal modification is stable
at room temperature and is the predominantly
observed one, which results in ferroelectric
properties. Tetragonal barium titanate is used for
the preparation of powerful capacitors and as a
substitute of the magnetic RAM, e.g. as FRAM [1-
5]. However, the cubic modification of BaTiO;
which is stable at temperatures above the Curie
temperature (~120 °C) is also characterized by a
high dielectric constant and due to the lack of
ferroelectricity, by isotropic dielectric properties [1,
4, 5]. Thus, it finds application in multilayered
capacitors for energy storage [1, 3, 4] and
depending on its optical properties, it may be a
promising candidate for UV laser preparation for
optoelectronic  applications  [5]. Different
experimental techniques are used to obtain barium
titanate as bulk material [1, 2, 4, 5]. The preparation
of BaTiO; thin films is also reported in the
literature [3, 6].

The different allotropic modifications of BaTiOs
can be stabilized at room temperature by addition
of dopants of different type and concentration. The
various crystallite sizes will also lead to
stabilization of one or another modification of

* To whom all correspondence should be sent:
E-mail: ruza_harizanova@yahoo.com
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barium titanate. This enables to control the
properties of the resulting materials [2, 3]. In the
literature, the addition of 3d-transition metal oxides
(for example iron oxides) to systems in which
BaTiOs crystallizes is reported [2]. Conventional
barium titanate ceramics are prepared by the
chemical reaction of barium carbonate and titanium
oxide to barium titanate, subsequent milling and
sintering [2]. Also, the preparation of barium
titanate nanorods by means of a hydrothermal
method is reported in [5]. These nanorods show
light emission in the blue part of the visible
spectrum if irradiated with UV light.

In the literature, also advanced glass melting
techniques for the preparation of barium titanate
and magnetite nanoparticles are reported. The
materials prepared in this way are promising
candidates for application in spintronics [7, 8].
Recent studies were carried out in the system
(24-y)Na,O/yAl,03/14B,03/37Si02/25Fe,03 with y
= 8, 12, 14 and 16 [9] while other investigations
were performed on compositions derived from this
system [10-12]. It was reported that primarily phase
separation occurs in the prepared glasses and
droplets with sizes in the range from 100 to 800 nm
enriched in B.Os and FeOyx are formed.
Subsequently, magnetite crystals with sizes in the
range from 25to 40 nm precipitate within these
droplets [12]. The materials prepared in this way
may be suitable for applications as multicore
magnetic nanoparticles.

© 2014 Bulgarian Academy of Sciences, Union of Chemists in Bulgaria
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This paper reports on the synthesis and
characterization of glasses and glass-ceramics in
the system (23.1-x)Na,0/23.1Ba0/23TiO./7.6B,0s/
17.4Si0,/5.8Fe203/xAl20s. The reported glasses
contain less than 30 mol % glass-forming oxides.
The occurrence of droplet-like regions in which
cubic barium titanate crystallizes is observed after
annealing of samples from all glass compositions in
the system.

2. EXPERIMENTAL

Samples with the mol % compositions (23.1-
X)Na.0/23.1Ba0/23Ti0,/7.6B,03/17.4Si0./5.8Fe;
Os/xAl03, x = 0, 3, 7, 11, 15 (batch composition)
are melted from the following reagent grade raw
materials: Na,CQOs, BaCOs, TiOz, Al(OH)s, B(OH)s,
SiO; and Fe;0s. The glasses are melted in 60 g
batches for 1 h at 1250 °C in air using Pt crucibles
in a furnace with SiC heating elements. The melts
are quenched on a copper block without pressing.
Then, in order to increase the mechanical stability
and to minimize internal stresses, the glass is
transferred to a pre-heated graphite-mould and held
for 15 min at 450°C in a muffle furnace.
Subsequently, the furnace is switched off and the
sample is allowed to cool to room temperature.
Crystallization of the samples is carried out at
550°C in a muffle furnace for different times.

The phase compositions of the samples from all
melted compositions are studied by X-ray
diffraction (XRD), Siemens D5000 using Cu-Ka
radiation (A= 1.5406 A) and Ni filter. The glass
transition and crystallisation temperatures are
determined on bulk samples by differential thermal
analysis (DTA), Perkin Elmer Diamond TG/DTA.
The microstructure and the elemental composition
of the prepared glasses and subsequently, of the
crystallised samples is further analysed by scanning
electron microscopy (SEM) in combination with
energy-dispersive (EDX) analysis, (JSM-7001F,
JEOL Ltd., Japan). Imaging of the crystallised
samples is performed on polished samples, or if this
did not result in a good contrast, on samples etched
for 5 s in 1% HCI solution. The topography of
selected samples is studied on polished surfaces by
atomic force microscopy (AFM), Zeiss Ultra
Objective, Carl Zeiss GmbH, Germany.

3. RESULTS AND DISCUSSION

The samples show a dark brown coloration
after quenching on the copper plate. Some parts
of the surface are slightly crystallised and

formation of droplet-like light brown regions is
observed. The bulk of all samples is, as seen at
a fractured surface, glassy. The XRD patterns
of the bulk specimens prove that the samples
are amorphous, which indicates that the
quantity of crystals is negligibly small and they
are mainly observed at the surface.

30
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The DTA profiles of the melted glasses, as
shown for three of them in Fig. 1, allow to
determine the glass transition and the
crystallisation temperatures of the prepared
materials. They further help to choose
appropriate time-temperature annealing
regimes in order to study the crystallisation
behaviour of the samples. In Figure 1 DTA
profiles for the samples with 16.1 mol% Na2O
and 7 mol% Al203 (sample A), 12.1 mol%
Na2O and 11 mol% AlOs (sample B) and 8.1
mol% Na2O and 15 mol% Al,O3 (sample C)
are shown. As seen in the Figure, the glass
transition temperature of sample C with the
smallest alkali ~and highest alumina
concentration increases to about 580°C in
comparison to samples A and B with glass
transition temperatures of 480°C and 530°C,
respectively. The crystallisation temperatures
follow the same trend. The effect of the varied
Na,O and Al.O3 concentrations on the glass
transition temperature has already been
reported by other authors for sodium
alumosilicate glasses of various compositions
[13-18]. It has been observed that with
increasing the alumina concentration, the
viscosity and the glass forming ability also
increase and the maximum value of viscosity is
achieved for a ratio [Na2O)/[AlI203] = 1 [11,
13-18]. A similar observation is reported in our
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Fig. 2 XRD-patterns of samples with 23.1 mol% Na,O
and 0 mol% Al,Os (1) and with 20.1 mol% Na,O and 3
mol% Al;Oz (2), annealed respectively for 4h and 3h at
550°C - formation of cubic BaTiOs; dashed line — lines
of BaTiOs.

study — the melts with equimolar alumina and
sodium oxide concentrations showed a glass
transition temperature about 50 K higher than
that of the sample with 16.1 mol% Na,O and 7
mol% Al>Oz and 100°C higher than that of the
sample with 0 mol% Al,Os.

In order to investigate the crystallisation
behaviour of the prepared glasses with the
compositions (23.1-
X)Na20/23.1Ba0/23TiO./7.6B203/17.4Si0,/5.8
Fe>O3/xAl203 with x = 0, 3, 7, 11, pieces from
the bulk were chosen and annealed for 3 or 4 h
at 550°C, i.e. above or near Tg. The annealing
times were chosen in such a way that the
average crystallite size hardly changes when
increasing the time of thermal treatment. Thus,
the crystals precipitated in specimens with
different compositions may be compared. The
resulting samples are visually well-crystallized
in the bulk and the XRD-patterns show only
the formation of cubic BaTiOs, (JCPDS Nr. 01-
079-2263), as shown in Figure 2. The obtained
BaTiOz phase is recognized as the cubic
modification since there is no visible splitting
in the characteristic peak at about 45.3° — as it
should be in the case of the tetragonal BaTiO3
modification [1, 19].

Some authors report that the change in the
symmetry of barium titanate from cubic to
tetragonal depends on the size of the
precipitated crystals [1, 19] or even discuss the
formation of a tetragonal core and a cubic shell
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Fig. 3 SEM-icrograph fa sample with 23.1 mol%
Na,O and 0 mol% Al,Os crystallised for 4h at 550°C
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Fig.4 SEM-micrograph of a sample with 20.1 mol%
Na>O and 3 mol% Al,Oz crystallised for 3h at 550°C.
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Fig.5 AFM image (topography mode) of a sample
with 16.1 mol% Na,O and 7 mol% Al,Os, annealed for
3h at 550°C — average size of the spherical BaTiO3;
crystals about 150 nm.
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for the growing barium titanate particle [1]. In
our work, however, we did not observe up to
now such a dependency and the crystallised
BaTiOs is always cubic. Similar observations
are done when imaging the microstructure of
the annealed samples (see Figures 3 to 5) —
only one morphological type of crystals is
present. The SEM imaging of samples with
different thermal history and composition
suggests that for annealing times t > 3 h the
mean size of the formed globular crystals only
slightly changes. In Figure 3 a SEM
micrograph of a sample without Al2Os is
shown. It is observed that spherical crystals
with a mean size of about 1um are formed. The
same crystal morphology is already seen in
other, similar as chemical composition, glass-
ceramic materials [9, 12] and suggests the idea
that first phase separation and subsequently
crystallisation in the droplets may occur in the
present set of compositions. The brighter
appearance of the formed crystals serves as an
evidence that they contain the heavier elements
of the initial composition, e. g. Ba, Ti and
probably, also some Fe. The addition of
transition metal oxides as dopants, in the
present study Fe and Ti, is a well-known
method for changing the modification and thus,
the properties of the resulting crystals. This has
already been reported for other Fe- and
(Ba,Fe, Ti)-containing glass systems [2,7,11].
The successful combination of two or more
transition metals may result in the formation of
core-shell  structures composed by both,
ferroelectric and ferromagnetic crystals. This
will enable to combine the properties of the
two phases formed, which may result in
multiferroic properties and the synthesis
products can find unique applications in
electronics [7, 8]. Anyway, the presented XRD
data, as seen in Fig. 1, support the presence of
only Ba and Ti and no Fe in the crystals. The
total lack of Fe in the barium titanate crystals,
or its presence in concentrations too small to be
detected, may be attributed to the relatively low
Fe>Os concentration. This is in contrast to the
data from other authors, who by sintering
powders obtained Fe-doped barium titanate [2].
According to these reports, however, the Fe-
doped barium titanate crystals change their

symmetry from tetragonal to hexagonal. This
effect occurs in parallel to the incorporation of
iron and is undesired because the hexagonal
phase is not ferroelectric and furthermore, in
comparison to the cubic modification it
possesses worse dielectric parameters.

The SEM-micrograph of a sample with 20.1
mol% Na2O and 3 mol% Al>Os (see Figure 4)
shows crystals with an average size of about
500 nm. The higher magnification in Figure 4,
compared to that in Figure 3, allows seeing that
the separate spherical crystals are in close
contact with each other, which constrains their
further growth. These crystals are smaller than
the ones shown in Figure 3, which represents a
SEM micrograph of the composition with 0
mol% Al>Oz. The same trend — decrease of the
average size of the crystals formed with
increasing alumina concentration - is also
observed in the XRD patterns of Figure 2. Here
the peaks of the sample with 3 mol % Al,Oz are
wider than those with 0 mol% Al2Os. The latter
observation might be explained by the higher
glass transition temperature and hence, the
higher viscosity of the glass with a higher
Al>O3 concentration when annealed at the same
temperature (550°C) as the glass without
alumina.

The microstructure of the samples shown in
Figures 3 and 4 proves the existence of
spherical crystals with core-shell structure.
Similar observations are done by other authors
who report the combination of two
modifications of BaTiOs, coexisting in one
core-shell crystal — tetragonal core and cubic
shell [1]. In [1] they report that the size of the
formed barium titanate crystals determines the
allotropic modification present and that the
process of crystallite growth leads to transition
within one and the same particle from cubic to
tetragonal barium titanate. In our investigation,
however, we could not conclude if this is the
reason for the formation of core-shell structure
in the growing crystals and further
investigation of the particles is needed in order
to elucidate this problem. In general, the
imaging of the samples with increasing Al>Os
content is difficult due to the decreasing size of
the crystals. Actually, the crystal morphology
in the sample with 7 mol% Al,Os crystallised
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for 3 h at 550°C could only be investigated by
AFM - the size of the crystals was found to
vary from about 100 to 150 nm, as seen in
Figure 5. From Figures 3 to 5 it can be
concluded that the volume concentration of
crystals in the samples is high — there is almost
no glassy phase remaining between the
crystals. The separate particles tend to
aggregate and form larger complexes which
grow together — as seen in Figure 3 and already
observed in other systems where the
crystallisation is preceded by droplet-like phase
separation [9, 12].

The observed morphology of the formed
crystals, as well as the resulting size variation
depending on the composition of the initial
glasses, may affect the dielectric properties of
the obtained barium titanate glass-ceramics and
will be a subject of further investigation.

4. CONCLUSIONS

A set of invert glass compositions (23.1-
X)Na.0/23.1Ba0/23Ti0,/7.6B,03/17.4Si0./5.8Fe;
Os/xAl;03 is melted and subsequently quenched on
a copper block, which leads to glass formation.
Annealing above or near Tg results in the
crystallisation of crystals of cubic BaTiO3 gathered
in spherical particles in the amorphous matrix,
whose mean sizes vary from 100 nm to 1 pum for
the different compositions. The X-ray diffraction
studies and the SEM investigations of the spherical
particles allow concluding that these are mainly
enriched in barium and titanium oxide and
formation of cubic BaTiOs occurs without the
participation of Fe in the crystals. With increasing
alumina and  decreasing  sodium  oxide
concentrations, the average particle sizes decrease.
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DA30B CbCTAB 1 MUKPOCTPYKTYPA HA HATPUEBO-AJIYMOBOPOCHUIIMKATHU
CTBKIJIA U CTBKIIOKEPAMUKU B CUCTEMATA Na,O/BaO/TiO2/Al,03/B203/Si02/Fe,03
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Xumuxomexnonozuuen u memanypauuen ynueepcumem, 6yn. "Kn. Oxpuocku” Ne 8, 1756 Cogpust, Bvazapus
mo LLlom uncmumym no xumus Ha cmvkiomo, Yuusepcumem ,, @puopux Llunep”, ya. ,, @paynxoghep” Ne 6,
20mo L y Vuueep @pudpux [Lunep”, yn. ,, Ppayuxogep” Ne 6, 07743
Hena, I'epmanus
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Hacrosiimara pabora nokiazBa JaHHM 3a CHUHTe3a, (ha3000pasyBaHETO M MHKPOCTPYKTypaTa Ha CTBKIA |
CTBKIIOKepaMuKkH, nonydeHu B cuctemara Na,O/TiO/BaO/Al,03/B,03/SiO2/Fe;03. XapakTepucTHIHUTE TeMIIepaTypH
Ha IpOOUTE ca ONpeesIeHH C MOMOIITa Ha TudepeHIaieH TepMUIeH aHaIi3. MeToIbT Ha peHTIeHOBaTa NU(PaKLus e
u3Mon3BaH 3a (aszoBa wuneHTH(UKanusa. CKaHUpalla eJNeKTPOHHa MUKPOCKONHUsS, KOMOMHHpaHa ¢ EHEepruiiHoO-
IUCIIEPCHBEH PEHTTCHOB aHAIM3, MO3BOJISBA XapaKTECPU3MpaHe HAa MHUKPOCTPYKTYypaTa W ONpPEACIssHE Ha XUMHYHUS
CbCTaB Ha (opMmupaHHTe KpucTand. [IpogyKTHUTE Ha CHHTe3a 3a BCHYKH H3CICABAaHM CHCTaBU ca aMOpQHU.
TeMmrepupaHeTo Ha MOJYYCHHUTE CThKJIA BOAM 0 Kpuctanu3anusata Ha chepuunu BaTiOz yactunum ¢ pasmepu or 100
NM 0 HAKOJIKO [m.
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It is a commonly accepted assumption that membrane fusion involves an hour-glass-shaped local contact between
two monolayers of opposing membranes, an intermediate structure called a stalk. The shape of the stalk is considered as
an axisymmetrical surface of revolution in 3D space, with a planar geometry in the initial configuration. The total
energy of the stalk is evaluated from the assumption that the stalk has a constant mean curvature. We analyze on this
basis the energetic path of evolution of the stalk from hemifusion to complete fusion, adopting the radius of the stalk,
the peel-off angle at the interstices and the stalk total energy as characteristic quantities. An extension of the original
model is proposed, in which any geometrical feature of the stalks can be expressed in explicit form, by considering the

stalks as nodoid surfaces.

Keywords: lipid membranes, stalk model, nodoid surfaces.

INTRODUCTION

Membrane fusion plays a vital role in cell
physiology and life, and for this reason has
attracted the interest of many researchers,
resulting in many attempts to develop repre-
sentative models of this process. The ability to
fuse is shared by biological membranes,
consisting of phospholipid  bilayers  with
embedded and bound membrane proteins, and
by artificially formed purely lipid membranes.
Normally, the membranes are mechanically stable,
due to powerful hydrophobic effect [38], which
drives self-assembly of the lipid molecules into
bilayer and maintains the bilayer integrity.
Membrane fusion requires transient structural
reorganization of at least some lipids (see [1, 4, 8,
22]). Experimental evidence points to the
existence of so-called hemifusion structures [3,
4, 39], which are relatively long living in-
termediates appearing during the early stage of
fusion. Membrane hemifusion is a possible
pathway [32] to the complete fusion of
membranes [4]. The modeling of the lipidic fusion
intermediates has more than two decades history.
Although, at the early stages, several different
structures have been suggested, only one of
them, called fusion stalk [9,15], is currently
recognized to describe adequately the transition
stage of membrane fusion [4,11].

Fusion stalk is a local lipidic connection

* To whom all correspondence should be sent:
E-mail: murryh@obzor.bio21.bas.bg
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between the proximal (contacting) monolayers of
the fusing membranes. At the stage of stalk
formation, the distal monolayers of the membranes
are still separated, and the achieved state is referred
to as hemifusion. A physical model of the fusion
process, based on this hypothetical intermediate
and referred to as the stalk model has been
developed in a series of contributions [4, 14, 20,
24, 25] and further modified by Siegel [34, 35] and
Kuzmin et al. [18]. A number of important
predictions of the stalk hypothesis have been
verified experimentally for fusion of protein- free
lipid bilayers and for some examples of
biological fusion. The hypothesis suggests that
merger of the proximal monolayers of the
membranes precedes merger of their distal
monolayers. Indeed, the existence of a distinct
hemifusion stage has been documented for
different experimental systems based on protein-
free bilayers [3-5,19,33] and for fusion of
biological membranes [6, 12, 21, 29, 37].

Current theories associate the initiation of
hemifusion with the formation of a contact zone
between the membranes in which the two proximal
monolayers are connected bya stalk-shaped neck.
The stalk then expands and a region is formed in
which the two distal monolayers form a single
bilayer. In general, the energetic cost of the
splay of the lipid chains in the stalk prohibits its
spontaneous expansion. However, the presence of
additional, external forces (e.g., pressure, surface
tension gradients, electrostatic

© 2014 Bulgarian Academy of Sciences, Union of Chemists in Bulgaria
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Fig. 2. Stepsin membrane fusion. Solid lines represent hydrophilicsurfaces, dotted lines hydrophobic surfaces (left).
Geometric parametersof the stalk (right).

effects) can lead to expansion of the stalk into a
hemifusion region and to the growth of this zone.
Clear evidence for the existence of these two
distinct prefusion stages, stalk formation and
hemifusion, was found for poly(ethylene glycol)-
mediated fusion of vesicles [19]. Looking at a
much smaller scales than continuum models do,
molecular dynamics simulations allow to study the
biological processes of lipid vesicle fusion in
atomic details, as reported in [13].

A few words related to energetic aspects are in
order, since a few factors may influence the
energy required to form intermediate structures.
A potential effect of membrane lateral tension on

membrane fusion was assessed by two-
dimensional simulations of the contact of
monolayers in [2]. In [7], an energetically

feasible structure of pre-stalk intermediates has
been advanced, called point-like protrusion. The
role of the Gaussian curvature elastic energy of
the intermediate structures on membrane fusion
has been highlighted in [36]. The role of
membrane edges due to tilt deformations as a
mechanism for the strong reduction of the energy
of fusion stalks has been analyzed in [28]. The
energetics of formation of vesicle intermediates
was analyzed in [23], where the authors calculate
the effects of membrane curvature and osmotic
stress, basing on the stalk assumption. A new
structure of the fusion stalk has been presented in
[17], the deformations of the two membrane
monolayers not only involve bending as in [15,
25,34], but also a tilt of the hydrocarbon chains.
The tilt constitutes an additional degree of
freedom and allows the monolayers to relax the
overall energy. This view contributes to resolve
partially the energy challenge (sometimes coined

energy crisis in the relevant literature, see [17])
inherent to the fact that membrane configurations
at the intermediate stages of fusion require high
energy barriers.

THE STALK MODEL

The fusion process involves the successive
steps of membrane aggregation, a destabiliza-
tion nucleating at a point defect inducing a
highly localized rearrangement of the two
bilayers, further inducing a mixing of the
components of the two bilayers, resulting in either
hemifusion (Fig. 1, middle) or full fusion (Fig. 1,
right).

A connection between membranes involves
local contacts between two phospholipid bilayers
in their aqueous environment, which is difficult
due to the hydrophobic nature of the interior
part of the membranes (each bilayer has a trans
and a cis-monolayer, Fig.2). The required
connection between the two membranes in order
for fusion to occur involves an hourglass-shaped
local contact between two monolayers of
opposing membranes, an intermediate structure
called a stalk in the original model developed in
[15].

The mechanical basis of the model relies on
the calculation of the shape of the stalk, taken as
an axisymmetrical surface of revolution in 3D
space (Fig. 2), with a planar geometry in the
initial configuration. The neutral surface is
represented as a dotted line. There x and z are
the coordinates of the contour, the parameter a is
the shortest distance separating the neutral
surface from the axis of revolution (the neck of
the stalk), ¢ is the distance from the axis of
revolution to the point where the stalk branches
become horizontal (the width of the stalk), 2h is
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the distance separating the two neutral surfaces,
and the angle between the neutral surface and
the horizontal line is .

The contour of the stalk surface is given from
the slope w. The bending energy of the stalk
depends on the principal and the spontaneous
curvatures. Assuming that the curvature of the
stalk is constant, the total energy of the stalk
is calculated versus parameter a, and is found to
be negative, hence promoting hemifusion (the
presence of spontaneous curvature in the
monolayers favors hemifusion). We analyze the
path of evolution of a stalk from hemifusion to
complete fusion, versus the radius of the stalk,
the peel-off angle at the interstices, and the
stalk total energy. The present contribution
proposes an extension of the model suggested in
[26], by considering explicitly a subclass of the
Delaunay surfaces, the so called nodoid surfaces.
Following the argumentation developed in [10] in
the case of beaded nerve fibers (the surfaces

there are unduloids), we elaborate a model in
which any geometrical characteristic of the stalks
can be expressed in explicit form, by considering
the stalks as nodoid surfaces Fig. 3.

A novel description of the shape of the stalk
is next exposed.

THE MATHEMATICAL DESCRIPTION

The sum of the principal curvatures is given by
the classical relation

cp(T) + () = Coaik )
with the two principal curvatures expressed
versus the angle w(x) as

siny(z)

d
cp(z) = — cm(T) = cos 1/1(37)% (2)

The slope of the at any point along the contour
of the stalk surface is determined from

Fig. 3. The profile curves of thenodoid (left, solid parts) generating under revolution the stalk surface and a 3D-view of
theopen part of the stalk (right).

Previous relations then lead  after
straightforward calculations to the equations

a 1
TCp = Ecstalkx + E(l - §Csta.lka) (4)

dz 1 a 1 —2 ~1/2
a = {[§Cstalkx + 5(1 - icstalka)] - 1} . (5)
Next, due to the relations we have also

2 2
c=4/a%— a or Ez“l— «(6)
Cstalk a ACstalk

From all above it results that the contour of

the stalk surface is given as the integral
z/a
2 1 1 _ -
a = ) {[iacstalkt + z(l — Eacstalk)] 2_ 1} 1/2dt
(7)

and when ¢y = Ih = const the stalk is called
stress free. The surface specified by the equation
(7) is a constant mean curvature (CMC) surface.
CMC surfaces of revolution were classified long
time ago by the French geometer Delaunay and
were described in analytical form in [30, 31].
D ifferentiating ¢,(x) and taking into account the
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expression for ¢,,(z) one gets the equation
dcp(x) . cm(T) — Cp(x)'
dr T (8)
This equation and the CMC condition
H— () + ¢,()

5 = Th = const (9)
yields
dey(z) _ 2(h = ()
dx T (10)
and therefore
b
p(z)=h+— (11)

where b is the integration constant.
By taking into account the geometrical relation

cp(z) = ) one finds immediately

T

b
siny(z) = hz + = (12)

and this is exactly the Gauss map of the surface.
From the two obvious geometrical conditions
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b
ha 4+ — =1,

b
h — =0
A c+ c (13)
it follows that

a a02

]h:a2—02’ ]b:_a2_02'(14)
Finally, the integration of the slope equation
© — tani(a)
— = tan T
1z (15)
gives the profile curve
B [ (22 — *)dzx
z= /tam/)(x)d:z: = a/a NG a2x2). (16)
A parameterization of the contour can be
done using the elliptic functions, i.e.,

c2 C4—CL4
z(u) = Edn(u,k), k:—c—2

2
z(u) = CEE(%JLm(u,k),k)faF(am(u, k), k)(17)
in which F (am(uk), k), E(am(u, k), k) denote
the incomplete elliptic integral of the first and
second kind respectively, that depend on their
argument in the first slot and the elliptic
modulus in the second slot. Plots of the
meridional sections of the cell fusion resulting
from those expressions are shown in Fig. 3 (left)
and a 3D view of the stalk is pictured on the
right.

GEOMETRIC AND ENERGETIC ASPECTS

Having the explicit parameterization (17) of
the profile curves it is a simple matter to write
down the parametrization of the relevant part of the
stalk surfaces in the form
x = (z(u) cosv, x(u) sinv, z(u) — 2(K(k))), v € (0,2m).

(18)

With this at hand it is easy to find also
coefficients E, F, and G of the first fundamental
form of the surface (18) via the formulas
(a? — ¢®)%dn?(u, k)

a?

E = x,.x,=

F = x,x,=0

G — i’U' }N(,U = Lgu’)
a
These coefficients are necessary to find out the
infinitesimal element 44 = VEG — F2du A dv

of the surface area

dA = (A — a?)dn’(u, k)du Adv. we K(k) 3K(k)
a? ’ 2 02 [
Integrating over the whole surface of the neck
one easily finds that the energy of the stalk is

given by the formula
1. 2 72 =) b K
W, = ék [(Cstalk — ]h) —-h } A= 271'kTE(t7 k)|K(k)/2

) (20)
in which k£ is the bending module and
E(K(k),k) and F(K(k)/2,k) denote the

omplete elliptic integrals of the second kind.

Having the explicid parametrization (18) of the
stalk one can find also its height 2h (see Fig. 2) by
the formula

h=2(K(k)/2) — z(K(k)). (21)

This allows to plot the dimensionless
normalized distance h/a which depends only on a
single parameter c (i.e., h) and to compare it with
the approximate function presented in [26]. The
result is depicted as curve 1 in Fig. 4.

h/a

1.2

1.0

(i8]

0.8
0.6

0.4

% h
0.8 1.0 1.2 1.4
Fig. 4. The first curve is produced via the analytical

result (21) and the second one is ploted by making use of
the approximation formula presented in [26].

It should be noted that the resulting plot in Fig. 4
has an universal character which is applicable to
any spontaneous curvature.

CONCLUSIONS

Fusion involves drastic although local changes
in the initial membrane structure. The membrane
configurations emerging at the intermediate stages
of fusion require input of energy and, hence,
represent energy barriers the membranes have to
overcome on the way to the new fused state.
Those energy barriers are essential determinants
of the fusion rate. The free energy of fusion

stalks has been calculated by different
approaches.
E.g, Kuzmin et al. [18] suggested a

theoretical model that includes, besides bending,
a tilt of the lipid molecules. The model starts
from preformed nipples that decrease the local
distance of two fusing membranes and requires an
extraordinary high energy to form a stalk out of
two apposed, planar bilayers. The geometry of this
model however is predefined.

Markin and Albanesi [26] postulated a stress
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free stalk. The key point of their model is the
optimization of the cross-sectional shape of the
stalks neck in terms of its bending energy.
Relying on numerics they did not recognize that
this is a constant mean curvature surface which
is the main point of the present study.
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CTEBJIOBU MOJIEJI HA CJINBAHE HA MEMBPAHU
M. Xamxunaszosa'”, X.-Dp. [anrxodep?

Y Uncmumym no 6uogusuxa u 6uomeduyuncko undicenepcmeo, bvnzapcka axademus na naykume, yi.
Axao. I'. bonues, 61.21, 1113 Cogus, bvarcapus
2 LEMTA — ENSEM 2, yn. @opem Xaiie, 54518 Banovoswp, I1.K. 60604, @panyus

IMocremmna Ha 6 mapt, 2013 r.; npuera Ha 24 anpui, 2013 T.
(Pesrome)

CBBpEMEHHOTO CXBalllaHE OTHOCHO CIMBAaHETO HAa MEMOpaHUTE €, Ue MPH TO3M Ipouec popMaTa Ha J(BETE JIOKAIHU
KOHTaKTHM IOBBPXHMHM HA ydacTBAIIUTE MeMOpaHH € mojo0Ha Ha (opmara Ha ISICHUCH YaCOBHHK, KOSTO Ce
onpuindaBa cbe credno. Popmara Ha cTEOIOTO ce pas3riIexkaa KaTo akKCHATHO CHMETPHYHA OBBPXHUHA B TPHMEPHOTO
MIPOCTPAHCTBO, JOKATO IIbPBOHAYATHATA KOHPHUIYpalus € C paBHUHHA reoMeTpus. IIbiHaTa eHeprus Ha cTHOJIOTO €
IIpeCMETHATa KaTo CIEJCTBUE HA MPEIIIOJIOKECHNETO, Y€ CTHOI0TO NMa NMOCTOsSHHA cpeiHa KpuBHHA. Ha Tasu ocHOBa ¢
aHaJIM3WpaHa W EBOJIOIMATA HAa €HEPreTHYHHUS IIBT Ha CTHOJOTO OT IOJYCIMBAaHE A0 IIBIHO CIHMBaHE, OTYUTAWKH
panuaIHOTO OTCTOSIHUE Ha CTHOJIOTO JI0 OCTAa HA CHMETpPHsS Karo (YHKIHS Ha Br'bjla KOWTO CKIIOYBA TAaHTEHTaTa C
abciucaTa B TOYKHTE OT npoduiHaTa KpuBa. lIpencraBeHO € pa3lIMpeHHe Ha CHIIECTBYBALIHMS MOJET, B KOHTO
Tre€OMETPUYHHUTE XapaKTEPUCTHKU Ha CTHOJOTO ca MpeACTaBeHH B siBHa (hopMa M OTUHMTAlKH, 4e To uMma (opmara Ha
HOJIOMJI, XapaKTePUCTHKHUTE Ha MeMOpaHaTa U 3a00uKassIIaTa s cpesa.
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Complex crystal aggregates from fluorspar are grown from vapor phase at specific P-T conditions. Quasi-
equilibrium for occurring mass-transport processes, phase transformations and crystal-chemical reactions is attained in
multicameral mode crucible by changing the temperature pressure imposed on molten portions of the used natural
fluorite and/or by varying the gas-permeability of the channels connecting different sections in crucible interior to
vacuum ambient. The sizes of the channels are reduced to provide Knudsen type diffusion thus limiting the induced
vapor fluxes through themq leading to super-saturation inside the peripheral crucible compartment. The grown
aggregates reveal a complicated habit formed during three stages growing process provided by relevant thermodynamic
and phases. The residual stresses in the aggregates are not observed whereas those in simultaneously grown boules from
the non-vaporized melts in crucible cameras are clearly distinguished. The optical transmittance of the boules are
considerably higher, especially in the UV, comparing to that of crystal aggregates, showing several peaks of specific
light-absorption due to enhanced presence of rare-earth (RE) impurities. The aggregates manifest their nearly full
reflectivity from visible to near IR region. The growth mechanisms from vapor phase by using natural fluorite with RE
are explained on thermodynamic grounds that allows the processes being put under reliable control. The results are
anticipated to help for developing new perspective techniques for vapor phase growth of several fluoride compounds
with complex structure and composition but with wide application. Similar growth mechanisms for CaF; crystals are

speculated being possible on the Moon in its very early period of formation.
Keywords: crystal structure, mass transfer, phase equilibrium, purification, optical medium

INTRODUCTION

The growth mechanism of calcium fluoride — as
product of ore minetalization or artificially grown
crystals — depends on thermodynamic and crystal-
chemical conditions of the surrounding medium.
Both the crystal habit and crystallographic
character of crystal faces can be changed in
accordance with P-T mineralization conditions and
solutions chemistry. It was firmly established
crystal transition from octahedral to cubic form via
some more complex intermediate forms [1]. The
habit of the real crystals is, as a rule, not
geometrically regular that is due to irregularity in
the mass-transport for supplying substance. One-
directional supply has been proved to distort
gradually the cubic crystal to mosaic block, rod-like
or lamellar whereat the symmetry decreases, the
habit becoming in some cases completely irregular.

The exact reconstruction of the existed
thermodynamic and crystal-chemical conditions
during the growth of CaF, natural or artificial
crystals appears a challenging task since it helps the
researchers to clarify the variety of interrelating
factors that may influence considerably the crystal
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alterations during ore mineralization as well as
during the application of the already developed
growing techniques (from solution, melt or vapor).
In the present paper the accent is put on the growth
of CaF, crystals from vapor phase as the less
explored technique as compared to growth from
solution and especially to growth from melt [2].
The object in study — single CaF, — has been
won recognition as preferable in many cases optical
medium for manufacturing optical elements
appropriate to satisfy the fast increasing needs of
large scale optics in deep ultra violet (UV), visible
(Vis) and infrared (IR) spectral regions. Since the
direct usage of natural fluoride for manufacturing
thereof optical elements is strongly restricted due to
impossibility, in practical, to be found sufficiently
homogeneous large single crystals with minimum
structural defect, the fluorspar has to be
transformed  appropriately to  sintered or
polycrystalline precursors that to be used as starting
material. On this ground several industrial
techniques have been developed for growing an
artificial fluorite from melt [2] unlike the growth of
CaF; crystals in over-saturated solutions where the
small sizes, incomparably lower crystallization rate,
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Fig. 1. A — Apparatus for crystal growing by BS method with furnace control panel assy (1) and growing chamber (2);
B — multicameral graphite crucible with supporting tail-end (1), batch of separated heat-adjusting Mo-rings (2),
cylindric body (3) and general cover with axially drilled channel (4); C — cross-section of multicameral crucible (2) with
a central camera (3) and up to 9 peripheral inserts (4), covered with corresponding lids (1) and (5). Some of the lids can
be taken away to accelerate the melt vaporization; D — view of two peripheral inserts (1) and (2), in-between the bottom
section of which a fluorspar condensate is formed by a shape of segment (3).

and uncontrollable arising lattice defects have made
it groundless. Nevertheless the latest very strict
requirements of vacuum UV and UV-laser optics
put higher challenges before the growers as
concerning the purity of starting fluorspar and final
product and the cost of the later. Here the Single
Crystal Technology appears a promising method
for increasing significantly the yield of high-sized
CaF; crystals [3].

Without comparable industrial effect but
submitting several specific scientific issues
appeared the growth of CaF; crystals from fluorspar
vapor containing some REs impurities. Such
starting material was used for development of
original Bridgman-Stockberger (BS) growing
technique where, in multi-camera crucible with
original construction, several boules were grown
from melts while inhomogeneous substance was
crystallized from vapor phase in supersaturated
peripheral crucible compartment [4]. At that the RE
content in the grown boules can be substantially
reduces at the expense of enriched correspondingly
to RE vapor grown substance. The technique’s
efficiency depends on the ability a given RE to
form a stable fluoride composition, the ionized
molecules of which may evaporate easily at the
temperature of the molten starting fluorspar and the
pressure over its surface. It was approved the
process can be put under control if an appropriate
P-T equilibrium was kept in all crucible cameras.
These cameras represent several inner axial-
symmetric inserts, loaded with starting grained
purified fluorspar (or thereof made precursors), and
put in a peripheral compartment (PC) with annular
cross-section (Fig. 1B, C). A central compartment —
“crucible core” — was also loaded with another

portion of fluorspar. One may adjust P-T conditions
inside the crucible so that to provide an intensive
bulk boiling in all peripheral and central melts. This
way vaporized material supersaturated the free
space in the PC, initiating nucleation upon its
coolest bottom section to start, during the slow
crucible withdrawal towards the lower (“cold”)
furnace zone. Thus formed crystallite was being
enriched to those REs, the fluorides of which
possessed sufficiently high wvapor pressure to
endure effective liquid to vapor phase
transformation. As a resulting production
represented a relatively cheap batch of parallel
boules with very high and close to each other
optical characteristics that may satisfy even the
contemporary, mostly strict demands of VUV- and
UV-optics whereas the PC sublimate, depending on
the degree of its RE’s concentration, can be used
for manufacturing selective light-shutters.

The present survey aims at experimental and
theoretical investigation of the possible phase
transformations of fluorspar vapor in the above
described multi-camera crucible at large varying P-
T conditions, wherein the grown crystallite would
be expected to possess unique structure and
properties. This suggests to be determined the triple
point (t.p.) phase diagram for the used fluorspar
that would allow being studied the relevant
alterations in quasi-equilibrium for the proceeding
mass-transport phenomena and related Kinetic
reactions. The longitudinal cross section view of
the grown crystallite would reveal how manner the
crystal habit may change according to phase
transformations mode. The results are anticipated to
clarify the mechanisms and regularities that govern
the processes and phenomena proceeding. This may
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increase the significance of growing single and
mixed crystal fluoride compounds from vapor
phase by modification and/or optimization of the
applied technique on the base on reliable
thermodynamic grounds. From geological point of
view the results can promote model simulations of
some mineral-genetic processes grounded on HV
low-gravity emissions that could be thought being
existed on the Moon or other small sized space
objects where similar conditions could whenever
being existed.

MATERIAL, METHODS AND APPARATUS

The starting material — grained fluorspar —
contained several tens ppm in total RE elements
where cerium was the prevalent one [5].

The growing experiments were performed using
BS apparatus (Fig. 1a), the furnace unit of which
allows a precise control over the thermal field
configuration.

Conditions for condensation or sublimation of
fluorite vapors were created by super-saturating the
free space in the PC of the above described multi-
camera mode crucible made by low porous, high
purity graphite. The crucible cameras were loaded
by weighed out portions of fluorspar, mixed
carefully with 2.4 wt.% PbF, that acted as
scavenger during the heating stage, thus providing a
removal — by chemical reactions — of the mostly
oxygen-containing contaminants [6]. The free
spaces in crucible cameras were connected to PC
free space by parallel system of channels, drilled
axially in corresponding cameras’ lids. The gas-
permeability of the channels, depending on their
diameter and length, can determine as prevalent one
of the three possible mass-transport mechanisms:
Knudsen diffusion, normal diffusion or viscous
flow. An axial channel in the outer cover of the
crucible connected its interior to the vacuum
chamber ambient. The partial and/or total effective
gas-conductivities of such designed system of
channels determine the established pressures inside
the cameras and the PC at a given T-head imposed
on the loaded crucible. The methodology consisted
in providing an intensive vaporization of different
in mass%, but significant partitions from the molten
portions in the cameras at controlled P-T
conditions, which led to super-saturation by
fluorspar vapors of the free space inside the PC,
with following therein crystallization of condensed
and/or sublimated substance on the cooler surface
of the flat bottom in-between the inserts, during the
slow crucible withdrawal towards the cold furnace
zone.  Essentially, the  experiments  were
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implemented as combined simultaneous crystal
growing from melt (inside the cameras) and from
vapor — in the PC.

The vaporized quantities were calculated as the
differences between the initial and final gross
weights in the loaded inserts. An average time-
duration of the process was taken to estimate the
vapor fluxes throughout the lids’ channels.

The T-head upon the molten portions was
altered to vary differently: up to 34 K (“low” head),
from 35 to 160 K — “intermediate” head and above
160 K — “high” head. This way a sequence of
physical-chemical and/or crystal-chemical
processes was initiated leading to shift in
desorption/adsorption  equilibrium, evaporation/
vaporization by melt boiling, condensation, ionic
replacements into fluorite lattice, melt and vapor
crystallization (sublimation).

Longitudinally  processed probes of the
crystallized material were investigated by optical
microscope in reflected and transmitted light,
electron microscope and electron-transmission
microscope. The used transmission electron
microscope (TEM) Phillips EM 420 worked with
accelerating voltage of 100 kV. The needed
specimens were prepared by the method of wet
suspending after grinding in alcohol and deposition
on a perforated carbon film with a thickness below
0.5 nm, mounted onto 3 mm diameter copper grid
disks.

The spectral distribution of the optical
transmission t was measured at room temperature
on 2.0 £ 0.15 mm-thick bi-side polished parallel
plates within an accuracy of + 0.3 nm in the
spectral range 195 — 800 nm using a Varian’s UV-
VIS spectrophotometer Cary 100. The absorption
coefficient, a, was calculated via Beer-Lamber’s
formula o = d* In (1/t) with d being the sample
thickness. These samples were tested as well for
internal stresses in polariscope/polarimeter PKS-
250 U.4.1.

The total internal reflection of fine grinding
probes was measured by using Evolution 300 UV-
VIS Spectrometer of THERMA.

RESULTS AND DISCUSSION

The condensation/sublimation of fluorite vapors
was found to start on segmental areas between the
particular inserts (Fig. 1D and Fig. 2a). At larger
resolution it is seen each one segment was built up
forming a basis representing pseudo-grained
fluorite aggregate consisting in skeleton CaF2 small
crystals whereupon one may think being condensed
and crystallized fluorite drops (Fig. 2b).
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Fig. 2. Optical microscope pictures of crystallized material in the PC of multicameral crucible imposed 7 hours in HV at
constant T-head, followed by 28 hours lasting crucible withdrawal with speed of 4 mm per hour in optimized furnace
unit of BS apparatus. a — condensed fluorspar vapors with segmental shape; b - condensed and crystallized fluorite
drops; ¢ — selectively grown plate-like and acicular fluorite crystals; d — fluorite drops, surrounded by deeper globules,
connected by fine particles of graphite and fluorite; e, f — different faceting of crystal faces for the condensed drops; g —
equal in sizes pits on places found close to inserts’ external surface; h — a stem-like single crystal with hexagonal cross-
section, incorporated into a fluorite drop; k — scale up fragment of picture h.

On the surface of thus formed basis, numbers of
plate-like and acicular crystals were grown
selectively (Fig. 2c).

The basis with height of =~ 4 mm was shown in
Fig. 2d being built in light corns, surrounded by
deeper globules with diameter of = 1 mm connected
by fine particles of graphite and fluorite. The drops,
sized between 4 and 10 mm, turned out clear,
without any inclusions and defects. The smaller
ones were found close to ideal sphere while the
bigger ones represented oblate spheroids. The
basic-drops boundary was sharply manifested as the
wetting angle between the sharp surface basic and
the drops varied from 20 to 60 degrees of circle
(measured from the SEM photos). This suggests a
large surface tension for condensing drops. Their

faceting occurred either with [111] crystal faces or
with numbers of [110] or [100] rough teeth-like
edges (Fig. 2e, f). In some cases these details were
rounded due, more likely, to re-melting the
crystallized  substance  and/or  sublimation
phenomena that was identified on Fig. 2g where
several equal in sizes pits were seen to appear on
the places found close to inserts’ external surface.
A case was also observed where a plane was
faceting a drop (Fig. 2e) that can consider an
indication for slower crystal growth on (111)-
direction as comparing (100) and (110) directions,
owing to mass-redistribution from drop’s surface of
the observed plane zone to the rest part of the
aggregate. In other case there was observed a stem-
like single crystal with hexagonal cross-section
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Fig. 3. Longitudinal cross-sectional view in optical microscope of probes taken from the material crystallized in PC: a,
b — stem- and plate-like crystals, crystallized on (100)- and (110)-directions with rectangular and square cross-sections;
¢, d, e — crystal aggregates — packages of hexagonal plates with acute teeth-like tips; f — splitting and secondary
selection for growing crystals; undermost — X-ray diagrams of three distinguished zones in the grown aggregates.

grown on (111)-direction that was incorporated into
a fluorite drop (Fig. 2h) where partial re-melting of
crystal faces can explain the scale up view of the
picture (Fig. 2k). At this junction one may suppose
the observed hexagonal single crystal has been
grown before the condensation and crystallization
of the surrounding drop to proceed.

Going further upwards the studied sample
aggregate it is seen that from fluorite drops have
been grown numbers of equal in sizes and with
equal orientation needle- and plate-like crystals.
Here some speculative suggestions as regards the
nucleation mechanism can be done. In the case
under consideration — as contrasted with the
crystallization proceeding via (111)-faceting in the
condensed drop — the crystallization of the stem-
and plate-like crystals was occurred on (100)- and
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(110)-directions with clearly seen rectangular and
square cross-section (Fig. 3a, b).

The orientation of these needle- and plate-like
crystals should inherit partially the drop’s matrix
that bore a specific surface of the aggregates —
packages of hexagonal plates with acute teeth-like
tips (Fig 3¢, d, €). It can be supposed a strong
competition to proceed between thus growing
single crystals in supersaturated by fluorspar vapor
ambient. Owing to that, the growth of crystals,
being they even insignificantly disoriented outside
the general (110) and (100)-directions, would be
totally suppressed. Thence specific rounded off
cavities arise between the needle- and plate-like
single crystals in the region of their expansion.
Considerable effect gained as well the structural
defects that caused splitting and secondary
selection for growing crystals (Fig. 3f).
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Fig. 4. TEM analysis of probes taken from crystal section shaped during the second stae

of grbwing. — SAEDI along

[110] direction of area a from crystal (1) shown at (b); b — Microcrystal (1) oriented at (110) plane; ¢ — above eight as

much higher magnification of area a from the crystal (1).

Fig. 5. TEM analysis of probes taken from crystal section grown during the third stage of the process: a — SAEDI along
[111] direction of round area from crystal shown at (b); b — micro-crystal oriented at (111) plane; ¢ — polycrystal
SAEDI of round area from crystal shown at (d) d — microcrystals with grain-shaped structure.

By X-rays phase analysis were distinguished
three zones of grown fluorite aggregates, and their
stoichiomerty were found to correspond of pure
CaF, without any X-raying peculiarities (Fig. 3-
undermost).

The electron diffraction analysis performed by
TEM manifested the growth of needle- and plate-
like crystals on definite fluorite drop should be
accompanied by its (111)-epitaxy related to (110)-
and (100)-epitaxy for corresponding basic forms.
The surface atomic layer should be modulated due
to establishing radius for drop’s rounding that
would cause splitting of the crystal lattice for
growing on the drop crystals. These processes were
identified on the electron-diffraction pictures as

enlargement and splitting of the index reflection
spots.

Three samples thought relevant to different
growth stages were investigated by TEM analysis.
In the sample corresponding to the first growth
stage (primary vapour phase crystallization) the
um-sized crystals were observed (Fig. 4b). The
obtained selected area electron diffraction image
(SAEDI) showed that the different particles
actually are single-crystals. The point maximums
are arc-like splited and the arcs (indicate with
arrow) are curved at round 10° (Fig. 4a). After
multiple magnifications of the particles (Fig. 4c),
the diffraction contrast visualized nano-sized defect
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Fig. 6. TEM analysis of probes taken from crystal section grown during the first stage of the process: a — SAEDI along
[112] direction of area a from crystal (1) shown at (b); b — micro-crystal (1) oriented at (112) plane.

areas disoriented up to 10°, which coincide with the
arc-like splitting of diffraction maximums.

In the sample from the second growth stage it
was observed a drop-like crystal, round 1 cm in
diameter, built from nm to um separate mono-
crystals (Fig. 5b, d). SAEDI showed the existence
of satellite (indicate with arrow) reflexes, the
disposition of which approved a perfect structure of
mono-crystals (Fig. 5a). The mono-crystals are
situated accidentally each by other and formed
poly-crystal SAEDI where no proofs for
texturization exist (Fig. 5c, d).

The sample from the third growth stage is
present from micro-crystals, grown on the crop-like
crystal. Fig. 6a shows the SAEDI from [112]
direction, resultant from the micro-crystal on Fig.
6b.

It is seen that two satellite point maximums are
situated at both sides of each main maximum at
angle round 2°. The particle morphology shows
mono-crystal (marked on Fig. 6b. as 1) with [110]
growth direction, development of the (131) and
(311) crystal faces. One can observe and the second
one crystal (marked on Fig. 6b as 2 and with dotted
lines), fused with the first one on (111) crystal face,
and having the same growth direction, development
of the same crystal faces. Round 2° fusion angle
was measured between the two crystals, which
coincides with the angle between the satellite point
maximums.

The analyzed view of SEM-microscopy pictures
allowed to be reconstructed the growth itself. It was
started with slightly disoriented each other nano-
crystals joined in micro-crystals, which were
differently oriented to the matrix and created a thin
layer. After the thin layer was grown the drop-like
poly-crystal aggregate was built up from perfect
mono-crystals different in sizes. Over them grew up
small-angle fused mono-crystals due to the almost
spherical matrix.Spectrophotometric analysis (Fig.
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7) was performed using 4 samples, two of which
(sample 1 and 2) were taken from boules grown
into different crucible inserts whereas the other two
(sample 3 and 4) — from crystallized material after
condensation/sublimation of fluorspar vapor in the
peripheral crucible compartment during the same
growth run. It is seen the spectra of samples 3 and
4, grown from the vapor phase, contain two clear
bands which, according to literature [7-10], can be
attributed to absorption near 198 and 306 nm due to
4f — 5d electron transitions in Ce*. The peaks
positions for both crystals were found being slightly
shifted at 197.3 nm and 302.5 nm, respectively.
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Fig. 7. Optical absorption coef?icie(nt s)pectra of CaF;
single crystals grown in different crucible compartments
from melt (samples 1 and 2) and from vapor phase
(samples 3 and 4).

One may suppose that fact is being a result of Sr
replacement for Ca into fluorite lattice, the presence
of which in the starting raw material was identified
by independent AAS analysis to vary within 0.03
and 0.05 wt % [11]. Thence, in accordance with
previously published data [12], a conclusion was
made the investigated samples can be considered as
a mixed CaixSrxF2> system with a very small x-
proportion where part of Sr bi-valence ions have
been replaced by cluster formations of Ce3* ions
compensated by F-interstitial. The efficiency of
such replacement has been studied being high for
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single alkali-earth host crystals [8] as well as for
mixed calcium strontium fluoride system [11].

The spectra of samples 1 and 2 (grown from
non-vaporized melts in crucible inserts) did not
reveal a presence of any absorption bands that
suggests, in practicle, all Ce ppm-amount has been
transmitted from liquid to wvapor phase and
crystallized thereof aggregates. The absorption
coefficient spectra for samples Nos. 1, 2 and 3 are
close to each other along the whole visible spectral
range, from 400 to 800 nm, manifesting a gradual
decrease therein, covered relatively narrow region
(0.4 — 0.3 cm™). The steeper slope of curve 3,
similar to that of curve 4, manifests a better
microstructure for both samples grown from vapor
phase, despite the curve 4 was located much higher
compared to the other three curves, indicating a
presence of light-scattering centers, caused by very
fine graphite inclusions ramdomly dispersed in this
sample, established by SEM microprobe analysis.
At the same time, the performed comparative
polarimetry of the investigated four samples
showed an absence of residual stresses (deep purple
coloration) of samples 3 and 4, in contrast to
samples 1 and 2 wherein the deep purple was
surrounded by narrow strips of red (22 nm/cm) and
blue (108 nm/cm) colors. This result can be
explained by external pressure whereupon the
growing boules have been undergone from the wall
of the inserts while similar effect should not appear
in the PC at the places where the crystals were
grown free of such pressure.

The view and optical properties of crystal
aggregates grown in the PC lead to conclusion of
their 3-stage formation. Thermodynamically such
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suggestion can be supported accepting relevant
alteration in P-T conditions according to triple point
phase equilibrium: CaFzse— CaFomer — CaFovap
established inside the PC. Taking In-form for P-
phase equilibrium;

InP(CaFZﬂcr) = InP(CaFZmelt) (1)

where the vapor pressure — T relationships for
tetragonal S-CaF- crystal phase and liquid CaF, are
expressed by [13]:

CaFasr: InP(atm) = -53480/T — 0.525InT + 56.08(2)
CaFamert: InP(atm)=-50200/T— 4.525InT + 53.96 (3)

one can easily calculated the lowest possible t.p.
being at T = 1689 K (1416 °C) and P = 8.35.10°
bars or 0.0635 torr. At such P-T conditions
established in the peripheral crucible compartment,
vapor to crystal phase transition (sublimation)
should start on places where T < 1689 K. At the
same time, the maintained low total vapor pressure
inside the crucible inserts/central camera provides a
mode of bulk boiling into the melts that initiate an
intensive vaporization, exceeding considerably the
surface evaporation. Besides, the cooling of the
lower section of overheated crucible below 1689 K
will start in a very short time after it has been
moved towards the lower (“cold”) furnace zone.

As higher temperature head has been imposed
on fluorspar melts in the inserts, that is, when
overheating T has been set up above 1689 K, the
sublimation/bulk boiling processes would occur at
relevant higher super-saturation pressure Pup >
0.0635 torr following the P - T phase diagram on
Fig. 8a. Supplement control can be implemented
efficiently by appropriate alteration of the effective
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Fig. 8. a — Ln-dependence of boiling temperature on equilibrium pressure inside the different crucible cameras
(inserts). b — Boiling temperature of CaF, melts in crucible inserts versus total gas-conductivity in corresponding lids’

channels.
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total gas-conductivity for the system of inner
parallel lids’ channels and the channel in the
general crucible cover (Fig. 8b).

For each one P-T combination conditioned
being below the equilibrium curve (Fig. 8a) the
sublimation and bulk boiling will be totally
suppressed being replaced by vapor to liquid phase
transition (condensation). This will occur when the
vacuum system succeeds to maintain a residual
pressure inside the crucible below the found lowest
value of 0.0635 torr in the t.p. phase diagram. Here
the vacuum system influence can be kept under
control by altering appropriately the channel gas-
permeability of the outer crucible cover so that
being provided Knudsen diffusion in it as the
slowest  possible mass-transport  mechanism
independent on the mean pressure into the channel.
The condensate will start to crystallize upwards on
the places, the temperature of which was dropped
below the fluorspar m.p. T, that is, near to the
bottom of the crucible during its penetration into
the cold furnace zone Z2. On this thermodynamic
ground, the three stages of aggregates’ formation
can find a reasonable explanation.

The first stage should cover the initial time
interval of crucible movement towards Z2 when P-
T conditions in the PC have been adjusted — by
appropriate chosen T-pressure and/or channels’ gas-
conductivities — being stayed higher than P-T phase
equilibrium curve shown in Fig. 8a. Such
thermodynamic conditions mean super-saturation
by fluorspar vapor of the free space in this
compartment. It occurs when the general channel
gas-permeability is being chosen sufficiently low to
determined Knudsen diffusion for gaseous/vapor
molecules and ions along the channel, whereat its
mass-transport resistance restricts the vapor flux
towards the vacuum chamber. Such conditions are
favorable for appearance of numbers of nucleation
centers on definite spots of the inner flatten surface
of crucible bottom (bounded by relevant catenaries
pertaining to the round solid grounds of the inserts)
in conjunction with its microstructure. These
centers lead to spontaneous growth of the observed
crystallites and very small globules. In fact the
established vapor pressure in the compartment
depends on both, the effective total gas-
conductivity of the system of inner lids’ channels
and the channel of the general crucible cover. Thus
the thermodynamic conditions in the PC may be
adjusted precisely choosing appropriate gas-
permeability’s combinations.

Since the sublimation growth rate upwards is
lower as compared to the speed of crucible
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withdrawal throughout the adiabatic furnace zone,
characterizing itself by a steep negative vertical T-
gradient, the mean temperature in the compartment
start to decrease, as the T-fall will be faster nearby
the sublimating on the ground aggregates.
Simultaneously, the level of super-saturation
pressure drops down in accordance with strong T-
dependence (= T2% [5]) of the attenuating bulk
boiling mechanism into the melts. As a result the
probability for condensation and following growth
of fluorite drops upon the already grown
globules/crystallites will rise up sharply (stage 2)
what really occurs as it is seen on the pictures in
Fig. 2 and Fig. 3.

The last (third) stage supposes the super-
saturation to increases again over the equilibrium
owing to accelerating growth in the condensed
drops whereat the temperature of their tip surface
tends to increase rapidly towards the corresponding
phase equilibrium value. As a result of that needles
and plates start to grow up upon the drops. As
intensively these forms are growing as larger the
liberated specific heat of crystallization becomes
that leads to supplementary re-heating the
aggregates with great probability for their partial re-
melting. This explains the observed microscopic
pictures on Fig. 2h, k.

Speculating with these results, one could
suppose similar mechanism to induce growth of
huge number of various fluorite crystal aggregates
at specific Moon’s conditions (HV, low gravity,
high-T) when, million years ago, large areas of its
surface has been occupied by basaltic likes. These
likes could think being a source of intensive
evaporation of fluorite at low gravity and absence
of atmosphere. This mineral may suggest being
present in the wombs of the Moon in the very early
time of its formation as Earth’s satellite. Further,
one can suppose the evaporated in the space
substance to fall dawn slowly on the surface due to
gravity force, whereon to condense and crystallize
and/or sublimate on mostly cool poles’ regions of
the Moon. The very high brightness of 10.0 (and
correspondingly estimated albedo) that has been
established for certain regions on the Moon (for
example the central peaks of Aristarchus [14,15])
means reflectivity close to 100% within a large
spectral region. Similar reflectivity spectra are
found for investigated CaF, aggregates (Fig. 9).

As seen the corrected baseline shows 100%
relative reflectance, that is, zero absorbance within
Vis — near IR. Maximum absorbance is observed in
UV region manifested by a slight peak at 265 nm.
The similarity for reflectivity spectra pertaining to
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aggregates’ crystals in study and some Moon’s
regions is a ground for providing further
exploration. This way one could approve or reject
the proposed challenging hypothesis for existing
nowadays regions on the Moon where to be found
any crystalline fluorite.
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Fig. 9. Reflectance spectrum of CaF, powder ground
from the aggregates grown in PC of the crucible. The
baseline was corrected to spectrum of reference sample:
Prectralon — PTFE with reflection of 99% in 400-1400
nm region and >95% — in 200-250 nm region.

CONCLUSIONS

The CaF, vapor growth mechanism may be
altered controllably to produce complex crystal
aggregates depending on established P-T quasi-
equilibrium in evacuating permanently space. This
is attained by appropriate alteration of temperature
head whereto are imposed several molten portions
of fluorspar in multi-camera crucible accordingly
the sizes (gas-permeability) of the channels
connecting different section in crucible interior and
ambient. Sufficiently small sizes of the channels
provide Knudsen type diffusion that determines the
slowest possible rate for proceeding mass-transport
processes in vapor/gaseous phase that leads to fast
supper-saturation by CaF, vapor the free space in
the crucible, the movement of which towards to
cooler furnace zone causes relevant alteration in P-
T phase equilibrium. The complicated habit of
grown aggregates is formed during three
consecutively proceeding growing stages in
accordance with the induced thermodynamic
alterations providing direct vapor to solid phase
transformation (sublimation) or indirect one — via
vapor condensation and following crystallization.
The sublimated crystals appear free of any residual
stresses whereas simultaneously grown boules from
non-vaporized melts in crucible cameras show
stresses’ distribution characteristic of the external
pressure imposed from cameras’ wall on growing
crystal. The optical transmission spectrum t of the

Relative Reflectance (%)

1000 1200

boules is considerably better, especially in the UV,
comparing to crystal aggregates containing
randomly dispersed graphite inclusions, the t-
spectra of which aggregates show several peaks of
light-absorption specific for calcium strontium solid
solution system. The aggregates manifest as well
nearly full reflectivity from Vis to near IR region.

The clarification of the growth mechanism of
CaF, from vapor phase by using natural fluorite as
starting material and how it could be efficiently
controlled gives opportunity for optimization of the
existing but as well for developing new more
efficient techniques on the base of effective phase
transformation control so that to be produced low
cost crystals with improved characteristics at the
expense of deep RE-purification of the starting
material. These techniques are supposed being
appropriate for growing several mixed fluoride
crystal systems with unique properties.

The results can be used for modeling fluorite
mineralization from vapor phase in HV conditions
where the crystal habit is being widely varied. Such
models are ground for hypothesizing similar
crystals formations could be found on the Moon in
differentiated as isolated mineral fluorite deposits.
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BHUCOKOBAKYVYMHU ®A30BU IIPEBPBIIAHN A HA ©JIYOPUTOBU ITAPU B
KPUCTAJIHU ATPET'ATU

. Myxoscku*, O. Butos, B. J/lumoB, b. Koctosa, C. I'euen
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(Pesrome)

KomrmiekcHu kpucTanau (IryoOpHUTOBH arperaTy ca u3paciu oT napHa ¢asa npu cnermpuanu P — T yenosus. Ksasu-
PaBHOBECHETO 33 MPOTUYAIIUTE MACOIPEHOCHH MpolecH, (ha30BUTE NMPEBPBILAHUS U KPUCTATHO-XUMHUYHHUTE PEAKLIUH €
MIOCTUTHATO B MHOI'OKaMEpeH THUI TUTe] 4pe3 NMPOMsHA Ha TEeMIepaTypHUS HATHCK, MPUIOKEH BBPXY pPa3TOIECHU
MOPLUH OT €CTECTBEH (IyOPUT /WM Ype3 TOAXOASAII0 BapupaHe Ha Ta30IpOITyCKIMBOCTTa HA KaHAJKUTE, CBhP3BaIlN
Pa3IMYHM CEKLMU OT BBTPEIIHOCTTA Ha THUIesa ¢ OKOJHATa BaKyyMHa cpeia. PazMmepure Ha KaHaJIuUTe ca HaMaJIeHH,
Taka 4e Ja obesneuar Kuyncenos tun audys3us, orpaHH4aBaiiky 110 TO3U HAYMH CKOPOCTTA Ha MAPONPEHACSIHETO Ipe3
TSIX, BOJELIO JI0 CBPBbXHACHIIAHE Ha Nepu(epHOTO OTHeNieHHe Ha Tureia. M3pacimure arperaTd pasKpUBaT CIOXKEH
xaburyc, obOpazyBaH IO BpeMe Ha TPHETAaNlHHs IpOleC HAa HM3pacTBaHE M O0E3le4YeH OT OTTOBOPHHUTE 3a TOBA
TepMoauHaMuKa U ¢azu. B arperarure He ce HaOMIOJaBaT OCTATHYHHU HANPEXKEHUS, JOKATO TaKWBA CE pa3TpaHHUYaBaT
SICHO B OyJIH, €THOBPEMEHHO M3DPAaCIi C TSX OT HEM3MapeHaTa 4acT Ha CTONMIIKUTE B KaMepuTe Ha turena. OnrudHara
MPOITYCKIMBOCT Ha OynWTe € 3HAYMTENHO II0-BHCOKA OT Tas3H, W3MEpPEHa 3a KPHCTAJIHHWTE arperatd, ocoOCHO B
YITPaBHOJICTOBHUS  CIIEKTPAJICH UAIla30H, PasKpUBaWKM HIKOJIKO HMBHIM Ha clelH(UYHAa CBETIMHHA abcopOrus,
IBIDKAII C€ Ha YBEIWYEHO IPHUCHCTBHE Ha penko3zemMHu (P3) mpuMecHH IIeHTpoBE B KpHCTaJHaTa pEIIETKA.
Arperatute pasKpuBaT TsAXHATa NPAKTHYECKH ITbJIHA OTpPaXKaTelHa  CIIOCOOHOCT OT BUIUMaTta 10 OJjm3Kara
nHppayepBeHa criekTpanHu 00JacTH. MexaHU3MHTE 3a pacTe OT ra3oBa (aza Mpu U3MOJ3BaHe HA MPUPOJEH (GIyopuT
¢ P3 npumecn ca 06gcHEHH BB3 OCHOBA Ha TEPMOAMHAMHYHH CHOOPAKEHHUS, KOETO MO3BOJSABA HAAEXKJEH KOHTPOI
BBpPXy Hporecute. [Ipeanomnara ce, 4e pe3ysITaTUTE IIe CIOMOTHAT 3a pa3pabOTBAaHETO HA HOBU NEPCIEKTUBHYU TEXHUKU
Ha KpHUCTAJEH pacTex OT mapHa (a3a Ha HIKOU (QIIyOpPHU CHEAWHEHMS ChC CIO0XHA CTPYKTypa U ChCTaB, HO C LIIMPOKO
npwiokeHne. Moxe Jja ce JAOMycHe, 4e Mogo0HN MexaHu3Mu Ha pactex Ha CaF2 xpucranm ca chlecTBYBalId Hpe3
HavyaHuA nepuo oT Gpopmupanero Ha JlyHara.
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Nano silica phosphoric acid as an efficient catalyst for one-pot synthesis of 2,4,5-tri-
substituted imidazoles under solvent free condition
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Nano silica phosphoric acid has been found to be an extremely efficient catalyst for the preparation of 2,4,5-
trisubstituted imidazoles via three-component reactions of benzil, aldehydes and ammonium acetate under solvent free
conditions. This process is simple and environmental benign in good to excellent yields. Furthermore, the catalyst can
be recovered conveniently and reused for at least three times with a gradual decline in activity.

Keywords: 2,4,5-trisubstituted imidazole, nano-silica phosphoric acid, benzil, solvent-free conditions, heterogeneous

catalyst.
INTRODUCTION

Compounds with an imidazole moiety have
many pharmacological properties and play
important roles in biochemical processes [1] Many
of the substituted imidazoles are known as
inhibitors of fungicides and herbicides, plant
growth regulators and therapeutic agents [2]
Recent advances in green chemistry and
organometallic chemistry have extended the
boundary of imidazoles to the synthesis and
application of a large class of imidazoles as ionic
liqguids and imidazole related N-heterocyclic
carbenes [3]. The best reported route for synthesis
of 2,4,5-trisubstituted imidazoles is presented by
condensation of benzil, aldehydes and ammonium
acetate in the presence of an acidic catalyst.

Recently some catalysts such as L-Proline [4],
montmorrilonite K10 [5], zeolite [5], nano sulfated
zirconia [5], [EMIM]OAc [6], Zr(acac)s [7],
[HeMIM]BF, [8], HOAc [9], tetra- butyl
ammonium bromide (TBAB) [10], polymer-
supported zinc chloride [11] and potassium di-
hydrogen phosphate [12] have been applied for the
above mentioned route.

Some of the reported protocols have
disadvantages such as harsh reaction conditions,
poor yields, prolonged reaction times, use of
hazardous and often expensive acid catalysts.
Moreover, the synthesis of these heterocycle
compounds has been usually carried out in polar
solvents such as ethanol, methanol, acetic acid,
DMF and DMSO leading to uncomfortable

* To whom all correspondence should be sent:
E-mail: bamoniri@kashanu.ac.ir

isolation and recovery procedures. These processes
also have generated wastes containing catalysts and
solvents, which must be recovered, treated and
disposed off. During the course of our studies
towards the development of new protocols to the
synthesis of organic compounds, we wish to report
a simple and efficient method for the synthesis of
2,4,5-triaryl substituted imidazoles in the presence
of nano-silica phosphoric acid (nano-SPA) under
solvent free conditions.

EXPERIMENTAL
Material and methods

Chemicals were purchased from Sigma—Aldrich
and Merck chemical companies and were used
without any purification. All products were
characterized by their FT-IR, H-NMR and
comparison of their physical properties with those
reported in the literature. FT-IR spectra were
recorded on a Bruker, Eqinox 55 spectrometer. In
all cases, the *H-NMR spectra were recorded on a
Bruker DRX-400 Avance instrument. Nano-SPA
was synthesized according to SPA procedure [22].
The SEM photograph of nano particles was
determined with VEGA/TESCAN scanning
electron microscope. The TEM photograph was
determined by Leo 912AB OMEGA microscope.

General procedure for the synthesis of 2,4,5-
trisubstituted imidazoles

Benzil (4 mmol), aldehyde (4 mmol),
ammonium acetate (8 mmol) and nano-SPA (0.04
g) was heated with stirring at 140 °C for 3 h (Table
2). The progress of the reaction was followed by
TLC on silica gel polygram SIL G /UV 254 plates.

© 2014 Bulgarian Academy of Sciences, Union of Chemists in Bulgaria
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After completion of the reaction, the mixture was
cooled to room temperature. CHCIl; was added to
the mixture and filtered to remove the catalyst.
After evaporation of the solvent, an oily residue or
an impure solid was obtained. By adding ethanol
and water to the residue, a milky to yellow solid
was obtained. The solid was then crystallized from
ethanol. All products are known and were identified
by comparison of their physical and spectral data
with those of authentic samples.

RESULTS AND DISCUSSION

Nano silica phosphoric acid (nano-SPA) as an
efficient and reusable catalyst was prepared by
reaction of nano-silica chloride with dry phosphoric
acid. Nano silica chloride was prepared by reaction
of commercial nano silicagel with thionyl chloride
in reflux condition. The particle size of nano-SPA
was measured by SEM and TEM phothography
(Figurel). As it is shown in SEM and TEM
photographs, the scale of nano-SPA particles are

smaller than 100 nm.
N % "

The acidic capacity of nano-SPA was presented
10.32 mmol. g*. It was determined via titration of
0.2 g of nano-SPA with standard solution of NaOH.
The FT-IR (ATR) spectra of silica chloride, nano-
SPA and H3PQ,.SiO; were shown in Figure 2. In all
ATR spectra, the Si-O-H and Si-O-Si stretching
bands are appeared in the range of 900 to 1100 cm-
! In silica chloride spectrum, the Si-Cl stretching
band is appeared in 700 cm™. In ATR spectra of
nano-SPA and H3P0O..SiO,, the P-O-H, P=0, P-O
stretching bands are appeared in 910-1040, 1637
and 2400-2800 cm™ respectively. According to
above data, we have suggested the structure for
nano-SPA with POsH. on silica gel (Scheme 1).

The X-ray diffraction (XRD) patterns of nano-
SiO; and nano-SPA are shown in Figure 3. Nano-
SiO; XRD pattern has a strong peak in 26 value of
21.8024° and FWHM equal to 1.771 and nano-
SPA XRD pattern has a strong broad peak in
21.718 and FWHM equal to 2.3616.

Fig. 1.. SEM (a) and TEM (b) photographs of nano SPA.
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Scheme 1. A proposed structure for nano-SPA.
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Fig. 3. X-ray diffraction (XRD) pattern of a) nano SiO; and b) nano-SPA

To find the optimum condition for the synthesis
of 2,4,5-trisubstituted imidazoles in the presence of
solid acid, we have synthesized 2, 4, 5-triphenyl
imidazole in the presence of SPA and nano-SPA
under various conditions (Table 1).

Reactions at different temperatures and various
molar ratios of substrates in the presence of SPA
and nano-SPA revealed that the best condition was
presented as solvent-free at 140 °C and a ratio of
aldehyde (mmol): benzil (mmol): ammonium
acetate (mmol): nano-SPA (g) equal to 1:1:2:0.01.
The reusability of the nano-SPA catalyst was also

examined for three times. After each run, the
product was filtered, the solvent was evaporated
and the catalyst was washed with CHCI; and
reused. Treatment with CHCI; removes tars more
efficiently from the catalyst surface (table 1, entries
14 and 15). The catalyst was reusable, although a
gradual decline in activity was observed. Therefore,
various aldehydes were used as substrates for the
synthesis of 2,4,5-tri-substituted imidazoles at
140°C under solvent-free condition (Scheme 1 and
Table 2).
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Table 1. Synthesis of 2,4,5-triphenyl imidazole using SPA or nano-SPA under different conditions?

oW
o

% P I
ot @ + 2NH,0Ac —
o o

aThe molar ratio of benzaldehyde: benzil: ammonium acetate is equal to 1:1:2

Catalyst

Entry Catalyst, () Solvent Condition Time, (h) Yield, (%) Ref.
1 SPA (0.05) - 120 °C 3 60 -
2 SPA (0.06) - 120°C 3 50 -
3 SPA (0.06) - 140°C 3 92 -
4 SPA (0.06) DMSO 110°C 3 86 -
5 SPA (0.06) CH:Cl 45 °C 24 20 -
6 SPA (0.06) n-Hexane 50 °C 24 50 -
7 SPA (0.06) EtOH 75°C 6 48 -
8 SPA (0.06) HOAc 80°C 24 50 -
9 SPA (0.06) MeOH 65 °C 6 46 -
10 SPA (0.06) Isopropanol 82°C 6 45 -
11 SPA (0.06) - Ball mill 30 (min) 60 -
12 SPA (0.06) Ethyl acetate Ultrasound 30 (min) 70 -
13 nano-SPA (0.01) - 140 °C 3 95 -
14 nano-SPA (0.01), 2nd run - 140 °C 4 65 -
15 nano-SPA (0.01), 3rd run - 140 °C 4 50 -
16 L-Proline MeOH 60°C 9 90 [4]
17 Zeolite EtOH reflux 60 (min) 80 [5]
18 K10 EtOH reflux 90 (min) 70 [5]
19 Nano —sulfated zirconia EtOH reflux 45 (min) 87 [5]
20 [EMIM]OAC EtOH Ultasound/r.t. 45 (min) 87 [6]
21 Zr(acac)s EtOH Ultasound/r.t. 25 (min) 94 [7]
22 Zr(acac)s EtOH reflux 2.5 90 [7]
23 [HeMIM]BF,4 - MW 2 (min) 93 [8]
24 - HOAc MW 5 (min) 98 [9]
25 TBAB Isopropanol 82°C 20 (min) 95 [10]
26 Polymer-ZnCl; EtOH reflux 4 96 [11]
27 KH:PO, EtOH reflux 40 (min) 93 [12]
28 SSA - 130 °C 50 (min) 83 [14]
29 SSA - mw 10 (min) 85 [14]
30 I2 EtOH 75°C 15 (min) 99 [15]
31 [Hbim]BF4 - 100°C 25 (min) 93 [16]
32 InCl3.3H.0 MeOH r.t 12 73 [17]
33 - PEG-400 110°C 1/5 88 [18]
34 Yb(OTf)3 HOAc 70°C 2 92 [19]
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Table 2. Synthesis of 2,4,5-trisubstituted imidazoles in the presence of nano-SPA at 140 °C and solvent free condition

in 3 hours.2

Ph o o

<O+ Ar)L H + 2NH,0Ac

nano-SPA

Ph

RN

Ph solvent free Al
uoecah PN '
H
@The molar ratio of aldehyde: benzil: ammonium acetate is equal to 1:1:2
Entry Ar Y((Ij/il)(g M.P., "C (Iit) Ref.
1 CsHs 90 274(274-275) [6]
2 4-CH3CeHas 87 236(227-229) [14]
3 4-NO,CeHs 78 240(239-242) [6]
4 4-CICeHs 85 261(260-262) [5]
5 2-OMeCsH4 93 210(210-211) [4]
6 4-OMeCsH, 94 230 (230-231) [7]
7 2-CICeH4 80 186(188) [16]
8 2,4-DiCICsH3 88 175(174-175) [7]
9 4-BrC¢H4 80 254(254-256) [5]
10 2-NO2C¢H4 88 230 (230-231) [4]
11 3-NO,CgH4 89 >300 (>300)[ [18]
12 4-OH CgH4 90 267 (265-267) [18]
13 2-BrCsH.4 80 201 (201-202) [6]
CONCLUSION 7. A.R. Khosropour, Ultrason. Sonochem., 15, 659
. . . - 2008).
In this article, we have synthesized nano silica 8. (M.X)ia, Y. Lu, J. Mol. Catal. A:Chem., 265, 205
phosphoric acid and studied its structure with FT- (2007).

IR, XRD, SEM and TEM. A simple method for the
synthesis of 2,4,5-trisubstituted imidazoles using
nano-silica phosphoric acid as a reusable, eco-
friendly, inexpensive and efficient catalyst was
demonstrated. Short reaction times, high yields,
simplicity of operation and easy work-up are some
advantages of this method.
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(Pe3tome)

YcraHOBEHO €, Ye HaHO-CHITHIINEeBO-(pocdopHaTa KHCeNInHA € U3KIIOUUTETHO e(heKTUBEH KaTaIM3aToP 3a MOTy4aBaHETO
Ha 2,4,5-Tpu3aMecTeHN WMHAA30JIM 9pe3 TPHU-KOMIIOHCHTHAa peakuus Ha OCH3WI, alfexXuAd W aMOHHENI aleTaT B
OTCHCTBHE HA pa3TBOpHUTEN. [IpolechT € MpocT U ChbBMECTHM C OMa3BaHETO HA OKOJIHATA CPefa, KaTo [aBa BHCOKHU
no6uBu. OCBEH TOBA KaTalu3aTHPBT JIECHO CE pereHepupa U MOBE [la Ce M3I0JI3Ba TPUKPATHO C TIOCTEIICHHO CrajaHe
HAaKTUBHOCTTA MY.
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A novel series of some substituted

[3-benzoyl-5-(4-substituted)-2,3-dihydro-1,3,4-oxadiazol-2-yl] and [5-(4-

substituted)-4h-1,2,4-triazol-3-yl] derivatives were prepared from benzoic acid hydrazones with the aim to get better
antibacterial activity, antifungal activity, antitubercular and anti-inflammatory activity. Chemical structures of
synthesized compounds were supported by means of IR, *H NMR and mass spectroscopy. Title compounds were
evaluated for antibacterial activity, antifungal activity, antitubercular and anti-inflammatory activities. QSAR for the
tittle compounds had been performed using TSAR 3.3 software and results were found satisfactory. Among the
synthesized compounds some compounds found to possess all these activities

Key-words: QSAR, antibacterial, antifungal, antitubercular, anti-inflammatory activity.

INTRODUCTION

As the currently marketed drugs like isoniazide
offer resistance against tubercle bacilli there is need
to develop newer chemical entities which offer least
resistance with suitable molecular modifications
such as conversion into corresponding aryl
Oxadiazoles, 1,2,4-triazole derivatives. This found
fruitful in relieving these problems associated with
currently marketed antitubercular drugs. Microbial
infections have become more dreadful and
dangerous so the search of new antibiotics and
antibacterial is a continuous process in drug
discovery. The 1,3,4-oxadiazole and 1,2,4-triazoles
had been reported for various biological activities
like antimicrobial activity [1], antitubercular
activity[2], anticancer activity[3], anti-
inflammatory activity[4] , MAO inhibitors [5] ,
analgesic activity [6], glycogen synthase kinase-3f
inhibitors [7] etc. With reference to above reported
medicinal utilities of 5-aryl-1,3,4- Oxadiazoles and
1,2,4-triazole derivatives promote to synthesize
new potential 5-aryl-1,3,4- Oxadiazoles and 1,2,4-
triazole derivatives and evaluate its possible
pharmacological  activities like  antifungal,
antibacterial, anti-HIV, anticancer, antitubercular,
antiviral etc. Based on these observations it was
planned to synthesize some 5-aryl-1, 3, 4-

* To whom all correspondence should be sent:
E-mail: nachiketl111@rediffmail.com

oxadiazole and 1, 2, 4-triazole derivatives and
screened for antimicrobial, antitubercular and anti-
inflammatory activities.

EXPERIMENTAL
Materials&Methods

Melting points were determined in open
capillary method and are uncorrected. The *H-NMR
spectra were recorded on sophisticated multinuclear
FT-NMR  Spec-trometer model  Advance-I1I
(Bruker) using dimethylsulfoxide-ds as solvent and
tetramethylsilane as internal standard. IR spectra

were recorded on Thermo Nicolet IR 200
spectrophotometer using KBr disc method.
Biological activity (anti-inflammatory activity)

values are reported as inhibitory activity on
Carrageenan induced rat paw edema (% inhibition
at 2 hr). Pharmacological screening values therein
were converted into Log (% Inh) were used for
multiple correlation analysis with descriptors
generated using TSAR 3.3 software.

QSAR Methodology

All molecules were drawn in Chem draw ultra
8.0 module in Chemoffice 2004 software and
imported into TSAR software. Charges were
derived using Charge 2-Derive charges option and
optimized by using Cosmic-optimize 3 D option in
the structure menu of the project table. Substituents

© 2014 Bulgarian Academy of Sciences, Union of Chemists in Bulgaria
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were defined and descriptors were calculated for
whole molecule as well as for the Substituents.
Several equations were generated correlating both
Log (% Inh) with physicochemical parameters
(descriptors) by multiple linear regression analysis
(MLR) method. Data was standardized by range
and leave one out method was used for cross
validation. Models were excluded if correlation was
exceeding 0.9 for more rigorous analysis.
Correlation matrix was generated to find any
Intercorrelation between  the descriptors.
Intercorrelation between the descriptors in the final
equation is less than 0.2. [8]

Antimicrobial screening
Antibacterial activity

The newly prepared compounds were screened
for their antibacterial activity against Escherichia
coli (MTCC 443), Bacilus subtilis (ATCC12228)
and Staphylococcus aureus (ATCC25923) bacterial
strains by disc diffusion method. In all the
determinations tests were performed in triplicate
and the results were taken as a mean of three
determinations. Levofloxacin was used as a
standard drug [9].

Anti fungal activity

The newly prepared compounds were screened
for their antifungal activity against C. albicans and
A. niger in DMSO by agar diffusion method. In all
the determinations tests were performed in
triplicate and the results were taken as a mean of
three determinations. Amphotericin B was used as a
standard drug.

Anti-tubercular activity

The antitubercular screening was carried out by
Middle brook 7H9 agar medium against HssRv.
Strain. Middle brook 7H9 agar medium containing
different derivatives, standard drug as well as
control, Middle brook 7H9 agar medium was

O=—NHNH,

o)
ArJLH + NH,

_—
Stirr for about 3-5 min

——N—N=C—Ar
H H
POCI,
-
Ar—COOH

inoculated with Mycobacterium tuberculosis of
Hs7Rv  Strain.  The inoculated bottles were
incubated for 37°C for 4 weeks. At the end of 4
weeks they were checked for growth. [10]

Anti-inflammatory activity

Carrageenan Induced hind Paw Edema: Anti-
inflammatory  activity was determined by
Carrageenan Induced Rat hind Paw method of
winter et al. wistar rats (120-150 g) was used for
the experiment. The conventional laboratory diet
was fed with adequate supply of drinking water.
The animals were randomly selected, marked to
permit individual identification and kept in
polypropylene cages for one week prior to dosing
to allow acclimatization of them to laboratory
conditions. The drugs were prepared as a
suspension by triturating with water and 0.5%
sodium CMC. The standard group received
50mg/kg body weight of Ibuprofen, test group
received 200mg/kg body weight of synthesized
compounds and the control group received 1% wi/v
of CMC. [11]

Synthesis of [3-benzoyl-5-(4-substituted)-2, 3-
dihydro-1, 3, 4-oxadiazol-2-yl] (A1-Ao)

To a mixture of 0.01 mole of I, and 0.01 mole of
benzoic acid was added 10 mole of Phosphorus
oxychloride at temp. of -5%. The reaction mixture
refluxed at 100 ° C for 2 hrs. The reaction mixture
was cooled to room temperature, the excess of
POCI; was concentrated through high vacuum, the
residue was quenched with ice and the solid
separated was filtered and dried through pump to
afford corresponding aryl Oxadiazole (Al).
Similarly 1b-3c was prepared using 2 and 3 along
with Para Amino Benzoic acid and Para amino
Salicylic acid respectively [12].

o
<:> B
Ar'/&o)\"'\r

B1-B9

2 hrs.

B
i
"

Al-A9

Scheme
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Synthesis of [5-(4-substituted)-4H-1, 2, 4-triazol-3-
yl] (B1-Bo)

Mixture of 0.01 mole of I;, FeCI3.6H20 (0.02
mole)&0.01  mole of INH /Pyrazinamide/
Benzamide was ground by pestle & mortar at room
temp. After complete conversion as indicated by
TLC. The reaction mixture was digested with
water. The resultant solid was filtered, washed with
water. The crude material is purified by
recrystallization from  methanol to afford
corresponding triazoles (B:-Bs). Similarly Bs-Bg
was prepared using I and I respectively [13].

Spectral data

Ai: IR (KBr) cm®: 3310.43 (-CH=CH str.),
3213.45 (-NH str.), 3010.23 (Ar-CH str.), 1682.11
(-C=0 str.), 1525.32 (-C=N str), 1245.36 (-C-N
str). 'H NMR: 7.6-7.8 (4H pyridine), 6.8-7.0 (2H —
CH=CH), 6.8-7.2 (10H phenyl), 4.0 (1H —NH),
m/e(100%0): 367.14

Az: IR (KBr) cm?: 3310.43 (-CH=CH str.),
3010.23 (Ar-CH str.), 1682.11 (-C=0 str.), 1525.32
(-C=N str), 1245.36 (-C-N str). 'H NMR: 8.1-8.6
(3H pyrazine), 6.8-7.0 (2H -CH=CH), 6.8-7.2 (10H
phenyl), m/e(100%): 353.13

Asz: IR (KBr) cm®: 3310.43 (-CH=CH str.),
3213.45 (-NH str.), 3010.23 (Ar-CH str.), 1682.11
(-C=0 str.), 1525.32 (-C=N str), 1245.36 (-C-N
str). 'H NMR: 6.8-7.0 (2H —-CH=CH), 6.8-7.2
(15H phenyl), m/e(100%0): 366.15

As: IR (KBr) cm™: 3213.45 (-NH str.), 3010.23
(Ar-CH str.), 1682.11 (-C=0 str.), 1525.32 (-C=N
str), 1245.36 (-C-N str). 'H NMR: 7.6-7.8 (4H
pyridine), 6.8-7.2 (9H phenyl),4.0 (1H NH), 0.8-1.2
(3H-OCHs), m/e(100%): 371.14

As: IR (KBr) cm™: 3010.23 (Ar-CH str.), 1682.11
(-C=0 str.), 1525.32 (-C=N str), 1245.36 (-C-N
str). *H NMR: 8.1-8.6 (3H pyrazine), 6.8-7.2 (9H
phenyl), 0.8-1.2 (3H —-OCHz), m/e(100%): 357.12
As: IR (KBr) cm™: 3213.45 (-NH str.), 3010.23
(Ar-CH str.), 1682.11 (-C=0 str), 1525.32 (-C=N
str), 1245.36 (-C-N str). 'H NMR: 6.8-7.2 (15 H
phenyl),0.8-1.2 (3H —OCH?s), m/e(100%b): 355.13
Az IR (KBr) cm™: 3213.45 (-NH str.), 3010.23
(Ar-CH str.), 1682.11 (-C=0 str.), 1525.32 (-C=N
str), 1245.36 (-C-N str), 1016.11 (-C-O-C str.). H
NMR: 7.6-7.8 (4H pyridine), 6.8-7.2 (5H phenyl),
5.4-58 (3H furyl), 4.0 (I1H NH), m/e(100%):
331.11

As: IR (KBr) cm™: 3010.23 (Ar-CH str.), 1682.11
(-C=0 str.), 1525.32 (-C=N str), 1245.36 (-C-N
str), 1016.11 (-C-O-C str.). 'H NMR: 8.1-8.6 (3H
pyrazine), 6.8-7.2 (5H phenyl), 5.4-5.8 (3H furyl),
m/e(100%0): 317.09
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Ao: IR (KBr) cm™: 3213.45 (-NH str.), 3010.23
(Ar-CH str.), 1682.11 (-C=0 str.), 1525.32 (-C=N
str), 1245.36 (-C-N str), 1016.11 (-C-O-C str.). H
NMR: 6.8-7.2 (10H phenyl), 5.4-5.8 (3H furyl),
m/e(100%0): 315.10

B:i: IR (KBr) cm?: 3310.23 (-CH=CH str.),
3010.23 (Ar-CH str.), 1689.78 (-C=0 str), 1525.32
(-C=N str), 1245.36 (-C-N str), 1016.38 cm™(-C-O-
C str), 'H NMR: 6.8-7.2 (15 H phenyl), 6.0-6.4
(2H -CH=CH), 5.8 (1H 1,3,4-Oxadiazolyl),
m/e(100%0): 354.14

B.: IR (KBr) cm: 3310.23 (-CH=CH str.),
3208.12 (-NH str. ), 3010.23 (Ar-CH str.),
1689.78 (-C=0 str), 1525.32 (-C=N str), 1245.36 (-
C-N str), 1016.38 cm™?(-C-O-C str), *H NMR: 8.2-
8.6 (3H pyrazine), 6.8-7.2 (14H phenyl), 6.0-6.4
(2H —CH=CH), 5.8 (1H 1,3,4-Oxadiazolyl), 4.8-5.2
(2H —NH>), m/e(100%0): 369.15

Bs: IR (KBr) cm?: 3310.23 (-CH=CH str.),
3208.12 (-NH str. ), 3210.45 (-OH str.), 3010.23
(Ar-CH str.), 1689.78 (-C=0 str), 1525.32 (-C=N
str), 1245.36 (-C-N str), 1016.38 cm*(-C-O-C str),
'H NMR: 6.8-7.2 (13H phenyl), 6.0-6.4 (2H —
CH=CH), 5.8 (1H 1,3,4-Oxadiazolyl), 5.0 (1H —
OH),4.2 (2H —NHy), m/e(100%0): 385.14

Bs: IR (KBr) cm™: 3010.23 (Ar-CH str.), 2810.23
(-CHs str.), 1689.78 (-C=0 str), 1525.32 (-C=N str),
1245.36 (-C-N str), 1016.38 cm™(-C-O-C str), 'H
NMR: 6.8-7.2 (14 H phenyl), 6.0-6.4 (2H -
CH=CH), 5.8 (1H 1,3,4-Oxadiazolyl),0.8-1.2 (3H —
CHs), m/e(100%): 360.15

Bs: IR (KBr) cm™: 3210.45 (-NH str.), 3010.23
(Ar-CH str.), 1689.78 (-C=0 str), 1525.32 (-C=N
str), 1245.36 (-C-N str), 1016.38 cm™*(-C-O-C str),
IH NMR: 6.8-7.2 (13 H phenyl), 5.8 (1H 1,3,4-
Oxadiazolyl), 4.8-5.2 (2H —-NH), 0.8-1.2 (3H —
CHs), m/e(100%): 375.16

Bs: IR (KBr) cm™: 3210.45 (-OH str.), 3208.13 (-
NH; str.), 3010.23 (Ar-CH str.), 1689.78 (-C=0
str), 1525.32 (-C=N str), 1245.36 (-C-N str),
1016.38 cm*(-C-O-C str), *H NMR: 6.8-7.2 (12 H
phenyl), 5.8 (1H 1,3,4-Oxadiazolyl), 5.0 (1H —OH),
4.2 (2H -NH,), 0.8-1.2 (3H —CH3), m/e(100%):
391.15

B7: IR (KBr) cm™: 3010.23 (Ar-CH str.), 1689.78
(-C=0 str), 1525.32 (-C=N str), 1245.36 (-C-N str),
1016.38 cm*(-C-O-C str), *H NMR: 6.8-7.2 (10 H
phenyl), 6.2-6.6 ( 3H furyl), 58 (1H 1,3,4-
Oxadiazolyl), m/e(100%): 320.12

Bs: IR (KBr) cm: 3210.23 (-NH; str.), 3010.23
(Ar-CH str.), 1689.78 (-C=0 str), 1525.32 (-C=N
str), 1245.36 (-C-N str), 1016.38 cm™*(-C-O-C str),
'H NMR: 6.8-7.2 (9H phenyl), 6.2-6.6 ( 3H furyl),
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5.8 (1H 1,3,4-Oxadiazolyl),408-5.2 (2H —NH,),
m/e(100%6): 335.13
Be: 3210.45 (-OH str.), 3208.13 (-NH str.),
3010.23 (Ar-CH str.), 1689.78 (-C=0 str), 1525.32

Table 1. Analytical & physicochemical data of the synthesized compounds (Ai-As & B1-Bg)

(-C=N str), 1245.36 (-C-N str), 1016.38 cm™(-C-O-
C str), 'H NMR: 6.8-7.2 (8 H phenyl), 5.8 (1H
1,3,4-Oxadiazolyl), 5.0 (1H —OH), 4.2 (2H —NH,),
m/e(100%): 351.12

Elemental analyses

Comp. Mol. Formula Mol. Wt. l\f'P' Yield Calcd. (found)
C %
C H N
A C22H17Ns0O 367.40 196-198 75.64 71.92 4.66 19.06
A, C21H15Ns0 353.38 240-242 74.67 71.38 4.28 19.82
As C23H1sN4O 366.42 231-233 68.24 75.39 4.95 15.29
Ay C21H17Ns02 371.39 225-257 77.06 67.91 4.61 18.86
As  CyHisNsO; 357.37 250-252 66.95 622 4.23 19.60
As C22H17N302 355.39 272-275 72.23 74.35 4.82 11.82
A; C1gH13N502 331.33 188-190 64.99 65.25 3.95 21.14
Ag C17H11N50; 37.30 210-212 68.82 64.35 3.49 22.07
Ag Ci19H13N30; 315.33 228-230 75.68 72.37 4.16 13.33
B: C23H1sN20, 354.40 250-253 79.85 77.95 5.12 7.90
B C23H19N30; 369.42 230-233 80.12 74.78 5.18 11.37
Bs Ca23H19N303 385.42 210-212 72.15 71.67 4.97 10.90
B. C22H120N203 360.41 184-186 67.94 73.32 5.59 7.77
Bs C22H21N303 375.42 230-232 64.72 70.38 4.64 11.19
Bs C22H21N304 391.42 263-265 71.67 67.51 5.41 10.17
B C19H16N203 320.34 210-212 70.96 71.24 5.03 8.74
Bs C19H17N303 335.36 233-235 71.67 68.05 5.11 12.53
By C19H17N304 351.36 273-275 71.72 64.95 4.88 11.96
Table 2. Antibacterial and antifungal activity of synthesized compounds (A1-Ag & B1-Bo)
Compd Zone of inhibition at 200pcg/mL (in mm.)
' E. coli B. subtilis S. aureus A. niger C. albicans
Aq 24 25 26 15 22
A; 20 23 25 16 21
As 20 24 25 19 22
Ay 25 26 23 20 21
As 24 23 26 21 22
As 20 22 24 18 23
Ay 21 23 22 20 21
As 22 24 25 20 22
Ag 23 22 20 18 22
B 24 26 23 19 21
B: 25 23 24 21 23
B3 26 22 24 20 22
B, 24 25 26 21 23
Bs 23 25 26 20 22
Bs 26 23 26 20 21
B 26 23 25 19 21
Bs 25 24 26 20 21
Bo 25 26 26 21 20
Levofloxacin 26 25 26 - -
Amphotericin B - - - 22 23
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Table 3. Antitubercular activity of the synthesized compounds (A1-A¢ & B1-Bo).

Compound

25 ng/mL

50 pg/mL

100 pg/mL

As
Az
As
Ay
As
As
Az
As

Streptomycin

NWAVOVDIOVDDVXOVODODODONOXINIOIOIOOOI0D

VOOV IODIONVWIODONMIODONVIOIONVIOIOW

OVWAODOLLIOTOLLIOOLLBLIOVBLVIONDNDIOnN,m

Table 4. Anti-inflammatory activity of synthesized compounds (Ai-Ag & B1-By)

Mean increase in paw volume (ml)=SEM

Time in minute

Treatment % % % % %
O inhibition 39 inhibition 60 inhibition % inhibition 120 inhibition

Carrageenen 4,01 0.48+0.03 0.78+0.09 0.85+0.12 0.89:0.14

(Control)

lbuprofen 0.24£0.03 0 0312007 3541 030£0.07 6153  027£0.06 6823  0.26:0.13  70.78
At 024£001 0  0.34:003 2916 035:001 5512  033:001 6117 030001  66.29
As 0242002 0 0332003 3125 0324001 5897  030:001 6470 028002 6853
As  023:001 416 034:001 29.16 038:001 5128  0.38:0.02 55290 032002  64.04
As 0248002 0 0.33:001 3125 033£002 5769  031£002 6352 0294001  67.41
As 023001 416 032+001 3333 0342001 5641  032+001 6235  030£0.02  66.29
As  024:002 0  035:001 27.08 039:0.02 50 038001 5529 032003  64.04
AT 023002 416 033001 3125 035£0.02 5512  034£0.02 60 030£0.01  66.29
As  024£002 0  033:0.02 3125 035:003 5512 0312002 6352 030002  66.29
As 023003 416 0332002 3125 0344001 5641  032£0.02 6235  030£0.02  66.29
Bi  024:001 0 0324002 3333 034:002 5641 033001 6117  029:0.01  67.41
Ba  024:002 0  034+0.03 29.16 0343003 5641  035¢0.01 5882 0312002  65.16
Bs  023£003 416 033:0.04 3125 035:001 5512  0.33+0.02 6117  030£0.03  66.29
Ba 0242001 0  036£0.01 2500 035002 5512  0.35£0.02 5882 033002  62.92
Bs  024£001 0  034:001 2916 036£001 5384  0.35:0.02 5882  031+001  65.6
Be  024£001 0  034£002 2916 035:002 5512  0.35:0.01 5882  033£0.02 6292
BT 023:001 416 033002 3125 034:002 5641 0324002 6235 0302001  66.29
Bs  024:002 0 0344003 29.16 0.36:003 5384  0.36:003  57.64 032003  64.04
Bo  024£002 0  034:0.02 2916 037:0.02 5256  0.36:0.03  57.64  033£0.02  62.92
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Table 5. Structures and Log (% Inh) of A;-Ag and B1-Ba.

Sr. Comp.

0 ()
No. Name Structure % Inh Log (% Inh)

)\
PO
1. A ) HoH 66.29 1.821448
T

B
)
2 Az 68.53 1.835881

B
)
3. As 64.04 1.806451

N—N
O
N OMe
4, A [I\jH 67.41 1.828724

N
/ »\@
N OMe
5. As 66.29 1.821448

N—N
/ »\@
N OMe
6. As 64.04 1.806451

N—N
N\ o
Lo
7. A o / 66.29 1.821448

B
N
8. As /_(ﬁ\/ 66.29 1.821448
"

B
N
9. Ao / \ / 66.29 1.821448

10. B1 )\ _ 67.41 1.828724
o 5=
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(o]
O L
11. B o)\cc@ 65.16 1.813981
H
H,N
(o]
O L
12 Bs o)\cc@ 66.29 1.821448
H
H,N OH
\
13 B4 @/Qo)\QOMe 62.92 1.798789
o
\
14 Bs dO@OMe 65.16 1.813981
H,N
o
\
15 Bs Qj%)\@we 62.92 1.798789
H,N OH
[e]
16 By ] ) 66.29 1.821448
|/
o
17 Bs o ) () 64.04 1.806451
|/
H,N
o
18 Bo o ) () 62.92 1.798789
|/
H,N OH
Table 6. Equations generated between log (% Inh) and descriptors.
Sr. No. Equation S R r? 2y F
Series
(A1-Ag Y = -0.199 *X3 - 0.229 * X1 -
and B 1553%X2. 12575 0361 0838 0702 0538 1417
Bo)
Where Significance of the terms:
Y = Log (% Inh) N= No. of Molecules
X1: ClogP - s = standard error --- less is better

X2 =VAMP HOMO (Whole Molecule)

X3 = Dipole Moment Z Component (Whole
Molecule)

X4 = Inertia Moment 2 Length (Whole Molecule)

92

r = correlation coefficient — higher is better > 0.7,
r’cv = cross validated r?- higher is better > 0.5,

F Value = higher is better

Observed and predicted data and graphs are
presented in Table 6 and Fig 1.
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Fig 1. (a) Correlation graph; (b) Histogram of observed and predicted log (% Inh) data for 18 compounds

Table 7. Observed and predicted log (% Inh) value data for 18 compounds

Comp. No. Observed Predicted Value Residual Value Res_ldual
Value Variance

Aq 1.821448 1.820758 0.00069 0.0043
A; 1.835881 1.843681 -0.0078 0.0027
As 1.806451 1.805551 0.0009 0.0090
Ay 1.828724 1.818924 0.0098 0.0009
As 1.821448 1.814184 0.007264 0.0049
As 1.806451 1.810851 -0.0044 0.0070
Ay 1.821448 1.819752 0.001696 0.0044
As 1.821448 1.812048 0.0094 0.0060
Ag 1.821448 1.830548 -0.0091 0.0313
B 1.828724 1.836242 -0.00752 0.0019
B> 1.813981 1.813581 0.0004 0.0035
Bs 1.821448 1.813648 0.0078 0.0006
B, 1.798789 1.802989 -0.0042 0.0403
Bs 1.813981 1.823181 -0.0092 0.0122
Bs 1.798789 1.7921 0.006689 0.0273
B7 1.821448 1.825678 -0.00423 0.0135
Bs 1.806451 1.813899 -0.00745 0.0049
Bg 1.798789 1.79345 0.005339 0.0324

A. niger by disc diffusion method on nutrient agar
DISCUSSION media. The standard drug used was Levofloxacin

Statistical evaluation of the equations is in
accepted range. The correlation coefficient is high
with less standard error. The residual value and
residual variance for each series also is less
indicating good predictive power of models. From
equation it is observed that two electronic
parameters Dipole Moment Z Component (Whole
Molecule) and VAMP HOMO (Whole Molecule)
as well as one steric parameter Inertia Moment 2
Length (Whole Molecule) contribute (-0.227, —
1.469 and — 0.414 respectively) negatively for the
activity so electron withdrawing and less bulky
groups may enhance the activity (%1 Inh).

The synthesized derivatives were screened for
anti-bacterial activity using DMF as a solvent
against the organisms S. aureus, B. subtilis and E.
coli., and antifungal activity using C. albicans and

and Amphotericin B for antibacterial and antifungal
activity respectively.

Antibacterial activity

The compounds A1, Az, As, As, As, By, Bs B,
B7, Bs, Bs has excellent Antibacterial activity
against S. aureus, the compounds A;, Bs, Bs have
shown Antibacterial activity against B. subtilis,
while A4, By, Bs, Bs, B7, Bs, Bg shows Antibacterial
activity against E. coli, when compared with
standard Levofloxacin.

Antifungal activity

The compounds As, By, Bas, By has excellent
antifungal activity against Aspergillus niger (NCIM
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Fig. 3. Antifungal activity of synthesized compounds.

596), while the compounds A1, Az, As, As, As, Ao,
B., Bs, Ba, have shown Antifungal activity against
Candida albicans (NCIM 3102) when compared
with standard Amphotericin B.

Antitubercular activity

All  the compounds were screened for
antitubercular activity by Middle brook 7H9 agar
medium as described by Elmer WK et al. against
Hs7Rv strain. Compounds Ai, As, A7, B2, B4, and
B- has shown promising antitubercular activity.

Anti-Inflammatory activity

All the compounds were evaluated for Anti-
inflammatory activity by Carrageenan Induced Rat
hind Paw method. The synthesized compounds
Ao, A4,As,AsAs, 81,83,87,and Bs showed better
anti-inflammatory activity found comparable with
standard drug lbuprofen (70.78% inhibition) at the
same dose (100 pg/kg).
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JI3AMH, CUHTE3A U ®APMAKOJIOTMUEH CKPUMHUHT HA HSIKOU [3-BEH30MJI-5-(4-
3AMECTEHU)-2, 3-TUXUPO-1,3,4-OKCAUA30JI-2-UJI] U [5-(4-3AMECTEHU)-4H-1, 2,
4-TPUA30JI-3-WI] TIPOU3BOIHU

H.C. Jurxe™* P.B. Caynarap?, I.A. Jxeitn 3

Ylenapmamenm no gpapmayesmuuna xumus, Cenckocmonancku koredxc no papmayus Ipasapa,Jlonu, Hnous.
2[lenapmamenm no papmayesmuuna xumus, Konesic no papmayus P.I'. Canxan,Hawux, Hnous
S0enapmamenm no papmayesmuunu nayku u uscreosanus, Yuueepcumem Bxazeanm, Adxcmep Padxcacman, dnous

Toctenmna Ha 28 cenremspy, 2012 r.; kopurupana Ha 15 ampui, 2013 1.

(Pestome)

CuHTe3MpaHa ¢ HOBA Cephsl OT HAKOW 3aMecTeHH [3-OeH3omi-5-(4-3amectenn)-2, 3-muxuapo-1,3,4-okcaanazon-2-
wi| u [5-(4-3amectenn)-4H-1, 2, 4-rpuazon-3-mi] npoussoauu. IlenTa e mocTHraHeTo Ha MO-M00pa aHTHOAKTEpHAIHA,
MPOTUBO-THOMYHA, TMPOTUBOTYOCPKYJI03HA U IMPOTHBO-BH3MAIUTENHA aKTHBHOCT. XHUMHYHATA CTPYKTypa Ha
CHHTE3WPAHNTE ChEAWHEHHS € MOTBBpAcHa oT IR, IH NMR #u Mac-criekTpockonusi. CheqUHEHHATA ca OICHEHH 3a
aHTHOaKTepHaaHa, MPOTUBO-TBOMYHA, MPOTHBOTYOEPKYIO3HA M MPOTHBO-BB3MAIUTENHA aKTHBHOCT. [loiydeHun ca
3aJI0BOJIMTENIHH PE3YNTaTh 3a cpaBHeHHeTo no merona QSAR ¢ m3nomsBanero Ha copryep TSAR 3.3. Hskou or
CbCAUHCHUSATA HpOHBﬂBaT BCUYKH H36p0€HI/I AKTUBHOCTH.
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Some new mercury complexes of a bidentate Schiff base ligand with two nitrogen atoms as donor sites have been
prepared and characterized by spectroscopic and analytical studies such as IR, UV-Vis, 'H NMR and 3C NMR,
elemental analysis and molar conductivity. The IR spectrum of ligand showed the characteristic asymmetric and
symmetric vibrations of iminic groups at 1624 and 1620 cm* respectively that were unified and shifted by 6-8 cm™ to
lower energies. The iminic proton signals of ligand were appeared as two doublets at 7.87 and 7.77 ppm that were
downfielded to 7.92-8.91 ppm after coordination to mercury ion in the complexes. The analytical data confirmed 1:1
ratio for ligand to metal salt in all complexes. The structural optimization of ligand and complexes was performed at the
UB3LYP/LANL2MB/ level of theory and then some important structural (Bond length(A), Bond angle(®) and Torsion
angle(®)) and theoretical energetic(HF-Energy, ZPE, AE, AG, AEeewonic and AH) data were derived. The bond
lengths(A) of Hg-N(1) and Hg-N(2) were decreased from from mercury chloride to mercury thiocyante complex and
then decreased in mercury azide complex. The bond angle (°) of N(1)-Hg-N(2) in the complexes was smoothly
increased from mercury chloride to mercury thiocyante complex and then decreased in mercury azide complex. The
opposite of this trend was evaluated for X(1)-Hg-X(2). Accordingly pseudo-tetrahedral geometry was suggested for all
complexes. Therefore the general formula for Hg(11) complexes is ML X that in which X= CI-, Br-, I, SCN-and Ns".

Key-words: Schiff base; Theoretical; Optimization; Spectroscopic; Mercury.

INTRODUCTION

Schiff bases as an important class of chelating
ligands have played an important role in the
development of coordination chemistry because of
formation of various stable complexes with the
most transition metal ions [1-7]. Synthesis of new
Schiff bases and their metal complexes are still the
aim of many recent investigations due to the wide
applications of Schiff bases ligands and their
complexes in the biological and chemical fields [6-
10]. DNA cleavage activity [11], biomimetic
enzyme models [12-14], tumor growth inhibitors,
as antivirus, antifungal and antibacterial agents in
biological fields [15-18] and ability to reversibly
binding oxygen [19], their usage as catalysis [20-
23], liquid crystal [24, 25], pigments and dyes and
polymer stabilizers [26] in chemical fields are the
most important applications of Schiff bases. Also,
Schiff-bases with donors (N, O, S and etc.) have
structural similarities with neutral biological
systems and due to the presence of imine groups are

* To whom all correspondence should be sent:
E-mail: mmzohori@mail.yu.ac.ir
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utilized in explanation of the mechanism of
transformation and racemization reaction in
biological system [27-29].

In the course of our studies on transition metal
Schiff base complexes [30-35], we report synthesis
and characterization a series of HgLX> in which X=
Cl, Br, Iy SCN" and N3z with N, N'-bis((E)3-
phenylallylidene)-4-methyl-1,2-phenylendiamine
(L) as a new bidentate ligand. The structural
features of the Schiff base and their metal
complexes have been studied by various spectral
and analytical. Furthermore, the structural
optimization of ligand and complexes was
performed at the UB3LYP/LANL2MB/ level of
theory and then some important structural and
theoretical energetic data were derived.

EXPERIMENTAL
Materials and methods
Cinnamaldehyde, 4-methyl-1,2-phenylen-
diamine, mercury(ll) halides and other chemicals
were purchased from either Aldrich, Merck or BDH
Chemicals. All of the chemicals used were
analytical grade. Solvents such as methanol and
dichloromethane were purified and dried before the

© 2014 Bulgarian Academy of Sciences, Union of Chemists in Bulgaria
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use according to the standard methods. FT-IR
spectra as KBr pellets were recorded on a JASCO
FT/IR-680 spectrometer in the 4000400 cm
range. Electronic spectra were recorded in DMSO
and chloroform solutions on a JASCO-V570 model
spectrometer with quartz cells of 0.5cm path length.
'H and C NMR spectra were obtained using a
Brucker DPX FT-NMR spectrometer at 500MHz
with the samples dissolved in DMSO-ds mixture
using TMS as internal standard. Carbon, hydrogen
and nitrogen of dried samples were performed
using elemental analyzer. The melting points ("C)
of the complexes were recorded on Bl Barnstead
melting point instrument. Conductivity
measurements of the ligand and their complexes
were made on freshly prepared 10 M solutions in
DMSO and/or chloroform at room temperature with
a Metrohm 712 conductometer with a dip-type
conductivity cell made of platinum black.
Theoretical optimization of the Schiff-base ligand
and its complexes were carried out at the
UB3LYP/LANL2MB/ level of theory.

Preparation of N, N'-bis((E)3-phenylallylidene)-4-
methyl-1,2-phenylendiamin (L)

N, N'-bis((E)3-phenylallylidene)-4-methyl-1,2-
phenylendiamin (L) as a bidentate Schiff base was
synthesized by condensation reaction between 4-
methyl-1,2-phenylendiamine (5 mmol, 0.611 g) and
trans-cinnamaldehyde (10 mmol, 1.321 g) in 40 mL
diethyl ether as solvent under ice bath with rigorous
stirring for 5-6 h. After completion of the reaction,
the solvent was reduced under vacuum to give the
Schiff base as very viscous oil. For more
purification, the oil was washed twice with n-
hexane and dried under vacuum.

IR(KBr,cm?): 3376(m), 3051(w), 3024(w),
2916(w), 2848(w), 1624(s), 1600(s), 1582(s),
1507(s), 1448(s), 1382(w), 1302(m), 1150(w),
998(m), 848(w), 802(m), 751(s), 690(s). UV-Vis
[(CHCI5), A(nm) (e,M1cm™)]: 296(37173) and
376(13002). 'H-NMR spectra (in DMSO-dg)(ppm):
7.87(d, 1H, J= 7.15 Hz), 7.77(d, 1H, J= 6.52 Hz),
7.66-7.42(m, 6H), 7.24(m, 5H), 7.04(d, 2H, J=8.30
Hz), 7.00(bd, 2H, J= 8.20 Hz), 6.91(d, 2H, J= 8.45
Hz), 2.43(s, 3H).

Preparation of mercury complexes

A solution of ligand (1 mmol, 0.350 g) in 10 mL
methanol was added drop wise to a methanolic
solution (20 mL) of HgX, salts, in which X=
chloride, bromide, iodide, thiocyanate and azide
(mercury thiocyanate and azide were prepared
similar to previous report[31]), under severe stirring

under room temperature conditions. The complexes
were obtained after 2-3 h as colored precipitates
that were filtered and washed with ethanol for more
purification. Then complexes were dried at 80-100
°C under vacuum and were kept in a desiccator over
silica-gel.

HgLCl:

IR(KBr), cm™: 3434(m), 3055(w), 3026(w),
2919(w), 2854(w), 1618(vs), 1575(vs), 1564(vs),
1492(m), 1448(m), 1368(m), 1168(s), 992(m),
857(w), 807(m), 748(s), 686(s), 458(w). UV-
Vis[(CHCIs), Mnm) (e, Mtcm™)]: 326(44496) and
376(33708). 'H-NMR spectra (in DMSO-dg)(ppm):
8.77(bs, 2H), 7.68(bs, 4H), 7.58(bs, 3H), 7.42(bs,
6H), 7.24(m, 4H), 2.35(s, 3H). *C-NMR spectra (in
DMSO-ds)(ppm): 164.30, 163.56, 148.52, 148.12,
140.98, 138.75, 138.52, 134.88, 134.82, 130.68,
130.63, 129.20, 129.08, 129.00, 128.04, 127.99,
126.70, 119.72, 119.08, 20.73.

HgLBr::

IR(KBr), cm™: 3445(m), 3054(w), 3026(w),
2919(w), 2852(w), 1618(vs), 1575(vs), 1562(vs),
1492(m), 1348(m), 1366(w), 1167(s), 990(m),
856(w), 748(s), 686(s), 458(w). UV-Vis[(CHCIs),
Mnm) (e,Mtecm?)]: 327(39674) and 377(29963).
'H-NMR spectra (in DMSO-dg)(ppm): 8.85(s, 1H),
8.84(s, 1H), 7.67(d, 4H), 7.62(m, 4H), 7.43(m, 6H),
7.34(d, 1H, J= 7.90 Hz), 7.14(d, 2H, J= 14.10 Hz),
2.36(s, 3H). *C-NMR spectra (in DMSO-ds)(ppm):
164.46, 163.68, 149.02, 148.60, 140.84, 138.80,
138.62, 134.77, 134.72, 130.83, 130.77, 129.45,
129.14, 128.99, 128.91, 128.64, 126.36, 119.74,
119.12, 20.76.

HgLl2:

IR(KBr), cm™: 3466(m), 3053(w), 3024(w),
2920(w), 2856(w), 1616(vs), 1575(vs), 1561(vs),
1491(m), 1448(m), 1364(w), 1168(s), 985(s),
861(w), 806(m), 748(vs), 686(s), 458(w). UV-
Vis[(CHCI3), Mnm) (e,M*cm™)]: 326(32623) and
376(23042). 'H-NMR spectra (in DMSO-dg)(ppm):
7.92(d, 1H, J= 16.50 Hz), 7.89(d, 1H, J= 19.60 Hz),
7.73(bs, 6H), 7.51(m, 4H), 7.29(m, 5H), 7.27(d,
2H, J=16.05 Hz), 3.17(s, 3H).

HgL(SCN).:

IR(KBr), cm™: 3481(m), 3056(w), 3025(w),
2922(w), 2853(w), 2118(vs), 1617(vs), 1575(vs),
1562(vs), 1493(m), 1448(m), 1368(m), 1169(s),
993(m), 853(w), 750(s), 685(m), 462(w). UV-
Vis[(DMSO0), A(nm) (e,M*cm™)]: 333(41070) and
379(32160). 'H-NMR spectra (in DMSO-dg)(ppm):
8.91(bs, 2H), 7.63(m, 6H), 7.44(m, 5H), 7.19(m,
4H), 6.75(m, 1H), 6.53(m, 1H), 2.37(s, 3H). =*C-
NMR spectra (in DMSO-dg)(ppm): 164.72, 163.96,
149.30, 148.91, 141.00, 138.80, 138.71, 134.77,
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134.72, 130.76, 130.70, 129.38, 129.02, 128.24,
128.20, 127.86, 127.44, 126.39, 119.86, 119.24,
20.68.

HgL(N3)2:

IR(KBr), cm™: 3453(m), 3055(w), 2926(w),
2853(w), 2035(vs), 1616(m), 1575(m), 1490(w),
1448(m), 1367(w), 1166(m), 995(m), 858(w),
752(m), 685(m), 458(w). UV-Vis[(CHCIs), M(nm)
(e, Mem™)]: 323(33768) and 377(24461). 'H-NMR
spectra (in DMSO-dg)(ppm): 8.55(bs, 2H), 7.78(m,
2H), 7.66(m, 4H), 7.41(m, 8H), 7.20(m, 2H),
6.99(s, 1H), 2.33(s, 3H).

RESULTS AND DISCUSSION

Physical data

The Schiff base ligand, N, N’-bis((E)3-
phenylallylidene)-4-methyl-1,2-phenylendiamin (L)
was prepared by condensation of trans-
cinnamaldehyde  and  4-methyl-1,2-phenylen-
diamine in a 2:1 molar ratio. Some Schiff base
complexes of mercury(ll) were synthesized
successfully with this ligand and the structure of
ligand and its complexes was confirmed by the data
obtained from elemental analysis, IR, UV-Vis and
'H and C NMR spectra. Elemental analyses and
other physical properties of the ligand and its
complexes are summarized in table 1. The results of
the elemental analyses are in a good agreement
with the proposed formula. The molar conductivity
of ligand and all mercury complexes have been
recorded in the solutions of chloroform (102 M)
except for HgL(N3)2 that measured in DMSO at
room temperature. The range of molar conductivity
(0.44-15.840 cm? M) exhibit all complexes are
naturally non-electrolytes [36].

IR spectra

The most important infra-red frequencies of the
Schiff base ligand (L) and its complexes are listed
in table 2. In the spectrum of ligand, appearance of
the strong bands at 1624 and 1620 cm™ that are
assigned to the asymmetric and symmetric
stretching modes of the azomethine groups,
v(C=N), indicating that the condensation has been
occurred successfully. In the spectra of all
complexes this peak shifted about 6-8 cm™ to the
lower energies [37, 38]. The lowering in frequency
of vibration of the azomethine (C=N) bond in the
complexes spectra is an evidence that the Schiff
base has been bonded to the mercury ion. In the
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spectrum of ligand, the absorption bands assigned
to aromatic, aliphatic and iminic CH were appeared
at 3051 and 3024, 2916 and 2848 cm™,
respectively. For all complexes, these bands have
smoothly shifted to the higher frequencies. The
stretching frequency in the spectrum of ligand at
1582 cm is assigned to the olefinic moieties [39],
v(C=C), that shifted to the lower frequency after
coordination of ligand to the metal ion. The most
important absorption bands in the spectra of
complexes that are observed as week peaks at the
region 446-474 cm® maybe assigned to stretching
frequency of M-N [40]. In the IR spectrum of
HgL(SCN), the strong absorption peak at 2118 cm
! is assigned to coordination of —SCN(S-
coordinated) to the mercury ion while the peal at
2035 cm™ in the spectrum of HgL(Ns): is attributed
to coordination of the N3 to metal ion [41, 42].

Electronic Spectra

The spectral data including the Amax are shown in
table 2. Electronic spectra of the ligand and its
complexes were measured in CHCIl; except for
HgL(Ns). that was recorded in DMSO at room
temperature. In the spectrum of ligand two
absorption bands are appeared. One of them is due
to m- m* electron transfer of aromatic rings that is
appeared at 296 nm and the other one at 376 nm is
attributed to m- w* transition of the azomethine
group which is mainly localized within the imine
chromophore. In the electronic spectra of the
complexes, the absorption band of aromatic rings
shifted to the higher wavelengths. Observation of
electronic spectra of complexes exhibited that the
iminic band for entries 3, 5 and 6 shifted a few
nanometers to higher wavelengths and for entries 2
and 4, this band had not shift. Each two transition
bands are found to have more intensity after
coordination of ligand to metal ion. For the
complexes of [IB transition metals, the d-d
transition bands are not expected due to d'° electron
configuration. In these types of complexes, the
most important bands are charge transfer (L-M)
transition. In the electronic spectra of titled
complexes, the bands of charge transfer (L-M)
transition were not observed that may be because of
overlapping of it with -n* transition of the ligand
[43]. According to our previous report on this type
of ligands, the suggested structure for the
complexes is pseudo-tetrahedral [30, 31, 44] as
drawn in fig. 1.
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Fig. 1. Suggested structure for the complexes with general formula
HgL Xz wherein X= CI', Br’, I, SCN", Ns".

Table 1. Synthetic, analytical and conductivity data for the ligand and its complexes.

Found (Calcd.) (%)

. AM
0, 0,
Compound Color M.p.(°C)  Yield (%) c N H (cm? QM)
1 Ligand yl_ell?:\}v V'Z‘;fse 81 85.38 (85.68) 8.19(7.99)  6.13(6.33) 0.313
2 HgLCl Brown  183(dec.) 71 48.48(48.28) 4.38(4.50)  3.46(3.57) 0.440
3 HgLBr2 Orange  172(dec.) 70 42.34(42.24) 4.04(4.94)  3.22(3.12) 3.297
4 HgLl2 Brown  172(dec.) 88 37.52(37.31) 3.39(3.48)  2.86(2.76) 1.399
5 HgL(SCN): Brown 161(dec.) 70 - - - 0.912
6 HgL(Na3)2 Brown 169(dec.) 72 - - - 15.840
Table 2. Infra-red (cm't) and UV—Vis (nm) spectral data of the Schiff-base ligand and its complexes.
Compounds  vCHaom  vCHaipn O yo=N  ve=c  YCH VOC v N SCN/-Ns A
arom(oop) arom(oop)

1 Ligand 3051, 3024 2916 2848 1624 1582 751 690 - - 296, 376
2 HgLCl2 3055, 3026 2919 2854 1618 1575 748 686 458 - 326, 376
3 HgLBr2 3054, 3026 2919 2852 1618 1575 748 686 458 - 327, 379
4 HgLl2 3053, 3024 2920 2856 1616 1575 748 686 458 - 326, 376
5 HgL(SCN)2 3056, 3025 2922 2853 1617 1575 750 685 462 2118 333, 379
6 HgL(Ns)2 3055 2926 2853 1616 1575 752 685 458 2035 323, 379

'H and **C NMR spectra

The *H and *C NMR spectra of ligand and its
complexes were recorded in  deuterated
dimethylsulfoxide (DMSO-dg) at 500 MHz. The
results obtained from the studies of 'H and *C
NMR spectra exhibit that the data are in agreement
with pseudo-tetrahedral structure that is proposed
for complexes (fig 1.). According to H NMR
spectrum of ligand, the signal of methylene protons
(3Hq) appeared at 2.43 ppm as a singlet. This signal
shifted to up fields after coordination of ligand to
mercury ion except in entry 4 that shifted to 3.17
ppm. Because of unsymmetrical structure of ligand,
the signals of iminic protons have different
chemical shifts and showed as individual doublet
signal at 7.87 ppm for 1H. and 7.77 ppm for 1H.
due to coupling with 1H: and 1H¢ respectively that
shifted to weaker fields in the *H NMR spectra of
all complexes in relative to free ligand. After

coordination of ligand to metal ion, the shapes of
the iminic protons peaks have been changed in
some cases. For example, these signals in the
entries 2, 5 and 6 overlapped together and were
shown as broad singlet. The changes in the
locations and shapes of iminic protons resonance
signals are other evidences to confirm the synthesis
of Schiff base complexes. In the spectrum of
ligand, the signals of 4Hn, tjand j @and 3H i, i and c are
appeared as multiplet signals at 7.42-7.66 and 7.24
ppm respectively. The resonance of 1H, and 1H,
were observed at 7.04 ppm as a broad doublet
signals that were shifted to down field after
complexation in the complexes. In the spectrum of
ligand, the signal of olefinic protons 1H: and 1Hs
appeared at 7.00 ppm as a broad doublet that had a
red shift in the spectra of all complexes. 1Hy and
1Hy exhibited a doublet signal at 6.91 ppm due to
coupling with 1H:; and 1H: respectively. In the
spectra of all complexes, this signal shifted to down
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fields except for complex of entry 5 that shifted to
up fields as two individual multiplet signals. The
13C NMR spectra of the complexes showed two
different signals for iminic carbons that appeared at
164.30-164.72 ppm for Cr and at 163.56-164.96
ppm for C;. The signals of carbon atoms adjacent to
the donor nitrogen atoms, C14 and Cg were appeared
in weaker fields at the region 148.52-149.30 ppm
and 148.12-148.91 ppm respectively. Also the
resonances of methyl carbon atoms (Ciz) were
observed at the range of 20.68-20.76 ppm. In the
13C NMR spectrum of HgL(SCN)., the resonance at
129.38 ppm may be assigned to carbons of SCN-
moiety. The other signals are appeared as it has
listed in the experimental section. FT-IR, UV-
visible, *H-NMR and *C-NMR spectra of HgLCl,
are depicted in figure 2 as typical spectra.

Optimization of structures

The structure of ligand and its mercury
complexes was optimized theoretically at the level
of UB3LYP/LANL2MB. The optimized structures
of ligand, HgLBr, and HgL(Ns). are shown in
Figgﬂre 3. The results predict the pseudo-tetrahedral

e
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geometry for all complexes. Some energetic and
structural parameters are summarized at table 3and
4. HF energy, zero point energy, total energy,
Gibbs free energy, enthalpy, electronic energy and
corrected ones were evaluated in the ranges of -
1062.10 —(-1428.90), 0423-0.446, -1061.696-(-
1428.461), -1061.739-(-1428.518), -1061.655-(-
1428.410) respectively as seen in table 1. As shown
in table 4, the imine bonds of free ligand are
shortened after coordination to mercury ion due to
probable ©-back bonding from mercury ion to ©* of
C=N bond of ligand. M-N(1) and M-N(2) bonds are
shortened from mercury chloride to mercury
thiocyanate complex and then lengthened at azide
complex. The angle of N(2)-Hg-N(1) is increased
from mercury chloride(72.446°) to mercury
thiocyanate complex(73.598°) and then decreased
at azide complex(68.335°). The angle of X(1)-M-
X(2) show a reverse trend with respect to N(2)-Hg-
N(1) so that is decreased from mercury
chloride(129.603°) to  mercury thiocyanate
complex(125.858°) and then increased at azide
complex(169.605°). The torsion angles around the

...............

...............

Fig. 2. The FT-IR(a) UV-visible(b), *H-NMR(c) and *C-NMR(d) spectra of HgLCl,
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Fig. 3. Optimized structure of ligand and two complexes
Table 3. Some energetic parameters derived for optimized structure of complexes.
HF corrected corrected Corrected Total corrected
Compound  gorgy  ZPE ZPE total AE AG AG AFeect, AH AH
ligand -1062.10 0.423  0.406 -1061.696  -1061.739 -1061.755 -1061.656 -1061.655 -1061.671
HgLCl> -1134.90 0426  0.409 -1134.490  -1134545 -1134561  -1134.443  -1134.442 -1134.458
HgLBr, -1131.35 0.426  0.409 -1130.940  -1130.996 -1131.012  -1130.894 -1130.893 -1130.909
HgLl2 -1127.80 0.425  0.409 -1127.388  -1127.443  -1127.459  -1127.342  -1127.341 -1127.357
HgL(SCN), -1308.40 0.444  0.426 -1307.969  -1308.026  -1308.042  -1307.919 -1307.918 -1307.935
HgL(Ns)2 -142890 0.446  0.429 -1428.461  -1428.518  -1428.535  -1428.410 -1428.410 -1428.427
Table 4. Selected bond distances, bond angles and torsion angles of optimized structures.
Selected data L HgLCl2 HgLBr HgLl2 HgL(SCN):2 HgL(Ns)2
Bond length(A)
Ho-N(1) - 2.377 2.373 2.370 2.355 2510
Hg-N(2) - 2.375 2.373 2.368 2.369 2.504
Hg-X(1) - 2.622 2.786 2.985 2.754 2.265
Hg- X(2) - 2.620 2.787 2.987 2.759 2.262
C(7)=N(1) 1.331 1.339 1.339 1.340 1.340 1.336
C(7)=N(2) 1.330 1.338 1.338 1.340 1.342 1.336

Bond angle(®)

N(2)-Hg-N(1) - 72.446 72.695 72.989 73.598 68.335
N(2)-Hg-X - 106.889 112.268 112.05 111.394 92.636
N(2)-Hg-Y - 105.411 109.876 111.63 112.989 96.022

N(1)-Hg-X(1) - 113.928 106.908 108.30 114.820 92.936

N(1)-Hg-X(2) - 114.292 112.138 110.51 106.242 95.595

X(1)-M-X(2) - 129.603 128.942 127.88 125.858 169.605

Torsion angle(®)
N(1)-C(8)-C(14)-N(2) 0.089 -1.700 -1.281 -0.801 -2.079 -1.708
N(1)-C(7)-C(6)-C(5) -1.015 -27.649 -26.509 -25.775 -26.838 25.321
N(2)-C(7")-C(6")-C(5") -179.181 -179.625 -178.869 -2.423 177.861 179.032
C(6)-C(5)-C(4)-C(3) 179.63 -179.812 -179.422 -179.83 169.894 177.325
C(6-C(5)-C(4")-C(3") -0.429 174.951 -4.114 -2.948 -5.738 -1.431
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C(8)-C(14), C(7)-C(6), C(7")-C(6"), C(5)-C(4) and
C(5')-C(4") based on numbering in the figure 1,
were extracted from optimized structures and
tabulated in table 4. As seen in table 4, torsional
angles suggest the non-planer structure of ligand in
all compounds. Two azomethine nitrogens are not
in a plane and have an angle in the range of 0.089°-
(-2.079) °© with respect to each other. The imine and
olefin bonds have torsional angles of -27.649° to -
1.015° and -178.869° to 179.032° in both sides of
ligand structure of complexes. The left and right
phenyl rings of aldehyde section of ligand have
torsional angles of -179.83° to 179.63° and -5.738°
to 174.951° respectively with respect to the
conjugated olefin bonds in the ligand and its
complexes.

CONCLUSION

In this work, we reported the synthesis of some
new mercury complexes of a bidentate Schiff base
ligand. These compounds were characterized by
spectroscopic and analytical studies such as IR,
UV-Vis, *H NMR and *C NMR, elemental analysis
and molar conductivity. The general formula of
MLX> was proposed for Hg(ll) complexes in which
X is CI, Br, I SCN- and Ns. Furthermore, the
structural ligand and complexes were optimized at
the UB3LYP/LANL2MB/ level of theory and then
some important structural (Bond length(A), Bond
angle(®) and Torsion angle(®)) and theoretical
energetic(HF-Energy, ZPE, AE, AG, AEeectronic and
AH) data were derived. Consequently, the pseudo-
tetrahedral geometry was suggested for all mercury
complexes.
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CHUHTES3A, CIIEKTPAJIHO OXAPAKTEPU3NPAHE U TEOPETUYHO
N3CJIEABAHE 3A HAKOUN )XUBAYHU KOMIUIEKCH C
KOOPAMHAIMOHHO YNCJIO YETHUPHU

M. MonTe3pozoxopu *!, X. Tapakon?, C. Xenpu?, C.A. Mycasu?, C.J[xyxapn’

Y lenapmamenm no xumus, Ynueepcumem e Acyoac, Acyoac, Upan
2lenapmamenm no xumus, Ynusepcumem ¢ Hcegpaxan, Hepaxan, Hpan
3 lenapmamenm no gpynoamenmanmu nayxu, Knon Scyoxc, Hensmcku ynuwepcumem Azao, Acyoxc, Hpan

Iocrenuna Ha 29 okromBpu, 2012 r.; kopurupana Ha 9 ampu, 2013 r.
(Pesrome)

[MonyueHu ca HOBM KOMIUIEKCH Ha KHMBaka ¢ Juranau ot ouaentarHu llludosu Gasu ¢ aBa a30THM aTOoMa Karo
JIOHOPH OXapaKTepPU3UPAaHM 4pe3 CIEKTPOCKONMYHM M aHAIMTUuHu MeToay, kato IR, UV-Vis, 'H NMR u C NMR,
eNIEMEHTeH aHaJlW3 M MOJapHa npoBoAMMOCT. |R-crekTpuTe Ha JHMraHIUTE MOKA3BAT XapaKTEPUCTUYHHM Ha
acUMETPHYHU ¥ CHMETPHYHM BHOpallMH HA MMHHO-TPYIIUTE IPH ChOTBETHO 1624 m 1620 cm, kouTo ce m3paBHABAT K
otMmectBar ¢ 6-8 cm! kbM no-HucKkK eHepruu. VIMMHHUTE NPOTOHHW CHTHAIM HA JIMTAHJMTE CE MOABSBAT KAaTO JIBa
nmy6nera nipu 7.87 u 7.77 ppm, kouTo ce moHmxkasat a0 7.92-8.91 ppm cien xoopIuHHpaHEe KbM JKHBAYHUTEC HOHH B
Te3d KOMIUICKCH. J[aHHUTE OT aHaJM3UTe, NOTBBPJACHU NpU OTHOIeHWe 1:1 3a nuraHmuTe KbM METalHaTa COJI BbB
BCUUYKM KoMIulekcH. CTpyKTypHaTra ONTHMH3AlMs Ha JIMT@HAWTE M KOMIUIEKCHUTE € IpeJCTaBeHa IpH HHUBOTO
UB3LYP/LANL2MB Ha TeopusTa U ca TIONy4eHH HAKOM BaKHU CTPYKTYPHH JaHHH (IbJKMHA Ha Bpb3kata (A), Brui
Ha Bpb3Kara (°) and bren Ha ycykBane (°)) U Ha eHepretndnu xapaktepuctuku (HF-eneprus, ZPE, AE, AG, AEccxrponna
u AH). JIsmxunute Ha Bpb3kata (A) HY-N(1) 1 Hg-N(2) HamansBat oT KOMILIEKCHTE MEPKYPH-XJIOPU KbM MEPKYpPH-
THOIIMAHAT W JIO KOMIUIEKCca MepKypu-a3uia. breabr Ha Bpb3kata (°) or N(1)-Hg-N(2) B xommiekcure miaBHO
HaMaJsiBa OT KOMIUIEKCUTE MEPKYPU-XJIOpUI KbM MEPKYpHU-THOLIMAHAT U JI0 KOMIUIeKca MepKypu-asun. OOparHara
TeHaeHuus ce 3abems3Ba 3a X(1)-Hg-X(2). TlceBmo-TeTpaeapudHa TeOMETpHs Ce Mpejiara 3a BCHUKH KOMILIEKCH.
O6wa popmy:na 3a Hg(I)-kommnekcure e MLX; kpaero X= CI, Br, I, SCN-and Ns".
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In this study, two mathematical models based on the Feed-Forward Back Propagation Artificial Neural Network
(FFBP-ANN) are employed for the prediction of CO, mole fraction in liquid (x1) and vapor (y1) phases in the Vapor
Liquid Equilibrium (VLE) for fifty-six COz-containing binary mixtures. 2104 data sets from the open literature have been
used to construct the models. Furthermore, some new experimental data (not applied in ANN training) have been used to
examine the reliability of the model. Predictions using ANN were compared with available literature data and the results
confirm that there is a reasonable conformity between the predicted values and the experimental data. The average
absolute deviation percent (AAD (%)) for ANN model | (x1 prediction) and ANN model Il (y1 prediction) are 1.572 and
0.848 respectively. The study shows that the neural network model is a good alternative method for the estimation of
phase equilibrium properties for this type of mixtures.

Key words: vapor liquid equilibria; carbon dioxide; modeling; artificial neural network, supercritical fluid extraction,

refrigerant

INTRODUCTION

Prediction of vapor liquid equilibrium data is a
necessary need in chemical engineering processes.
Carbon dioxide (CO) is an important component in
binary mixtures and estimation of VLE data for
binary mixtures containing CO, is necessary in
different processes such as supercritical extraction,
refrigeration, absorption and more recently, in the
development of new and improved methods for
carbon capture and storage [1]. Supercritical fluid
extraction processes for selectively recovering high
purity active principles from biological substrates is
a technology of interest to the food, cosmetics and
pharmaceutical  industries.  Extraction  using
supercritical fluids is now being used in the industry
because it is non-flammable, non-toxic and it is
available in a highly purified form at low cost and it
can be employed at near-environmental
temperatures [2—4]. However, the design of this type
of processes requires the knowledge of phase
equilibrium diagrams over a vast range of
temperatures and pressures [5]. From this point of
view, knowledge of the phase behavior of systems
containing carbon dioxide is of growing importance
due to the increased use of supercritical CO; as an

* To whom all correspondence should be sent:
E-mail: s.atashrouz@gmail.com

environmentally benign solvent alternative to
volatile organics in chemical processes [1]. Another
application of carbon dioxide is recently in binary
systems that have been utilized for crystallization,
purification of solids and reaction media. CO; and
methanol binary mixture is an example of this type
of systems [6]. Also binary mixtures containing CO;
and refrigerant mixtures are recently of great
importance. For nearly 60 vyears, chlorofluoro-
carbons (CFCs) have been widely used as solvents,
foam-blowing agents, aerosols and especially
refrigerants due to their stability, non-toxicity, non-
flammability, good thermodynamic properties and
so on. However, they also have a harmful effect on
the earth’s protective ozone layer. So, they have
been regulated internationally by Montreal Protocol
since 1989. Much effort has been made to find the
suitable replacement for CFCs. Initial CFC
alternatives included some hydro chlorofluoro-
carbons (HCFCs) but they will be also phased out
internationally because their o0zone depletion
potentials (ODPs) and global warming potentials
(GWPs) are significant though less than those of
CFCs. Hydrofluorocarbons (HFCs) synthetic
refrigerants which have zero ODPs were proposed as
promising replacements for CFCs and HCFCs.
HFC-134a (1,1,1,2-tetrafluoroethane; CF3CH2F) is
an environmentally acceptable refrigerant, which

104 © 2014 Bulgarian Academy of Sciences, Union of Chemists in Bulgaria



S. Atashrouz, H. Mirshekar: Phase equilibrium modeling for binary systems containing COz ...

has replaced the ozone-depleting dichlorodifluoro-
methane (CFC-12) in a wide range of applications
especially in automotive air-conditioning and
domestic refrigeration [7]. In order to develop
refrigeration processes estimation of VLE data for
binary mixtures containing CO, and HFCs has a
great importance. Furthermore for the new total
flooding clean agents that were being developed to
replace certain Halon fire extinguishing agents, the
discharge time required to achieve 95% of the
minimum design concentration shall not exceed 10 s
and the expellant gas is needed for their lack of vapor
pressure. Generally, Nitrogen is used as an expellant
gas because it does not be liquefied at high pressure,
but carbon dioxide has some merits to nitrogen such
as price, storage area and supplementary
extinguishing effect for R123 and R124 as fire
extinguishing agents [8]. In  another
environmentally view, the emission of carbon
dioxide has been identified as the main contributor
to global warming and climate change. The
challenge for modern industry is to find cost
effective solutions that will reduce the release of CO>
into the atmosphere. Reduction of CO, emissions
can be achieved by a variety of means. A physical
absorption process is one of the most important
possibilities. The advantage of this method is that it
requires relatively little energy. Diisopropylether, an
excellent solvent, is expected to absorb CO2[9]. So
in this point of view, knowledge of VLE data for
binary mixtures that has a solvent for absorption of
CO; is important. In another application the high-
pressure phase equilibrium information of mixtures
composed of CO; and alcohols is of particular
importance and has been actively studied for various
utilities. For example, the phase equilibrium
behaviors of low-molecular weight alcohols such as
methanol and ethanol in CO; are essential for the
effective evaluation of cosolvents to CO,-based
supercritical solvents. Also the phase equilibrium
information of high molecular weight alcohols such
as 2-ethoxyethanol with CO, is valuably used to
processes in the food and cosmetic industries [10].
Information about the phase behavior of fluid
mixtures can be obtained from direct measurement
of phase equilibrium data or by the use of equation
of state based thermodynamic models. Direct
measurement of precise experimental data is often
difficult and expensive, while in the second method
Several conventional thermodynamic models such
as equations of state (EoS) are used for estimating
the VLE [11]. A thermodynamic model provides the
necessary relationships between thermodynamic
properties and can be used in combination with

fundamental relations to generate all the properties
required to perform phase equilibrium calculations.
The most common thermodynamic models are
equations of state and among them cubic equations
of state are the most popular. Although
thermodynamic models have been derived from
strong theoretical principles these methods include a
large number of equation of states and excess Gibbs
free energy models. that are tedious and involve a
certain amount of empiricism to determine mixture
constants, through fitting experimental data and
using various arbitrary mixing rules, making
difficult the selection of the appropriate model for a
particular case [12].

On the other hand artificial neural
networks(ANN), which can be viewed as an
universal approximation tool with an inherent ability
to extract from experimental data the highly non-
linear and complex relationships between the
variables of the problem handled, have gained broad
attention within process engineering as a robust and
efficient computational tool [12]. Recently, ANN
has found extensive application in the field of
thermodynamics and transport properties such as the
estimation of VLE, viscosity, density, vapor
pressure, compressibility factor and thermal
conductivity and etc [13-18].

In this research, two comprehensive models
based on multi-layer FFBP-ANN were developed to
estimate VLE data for fifty-six binary mixtures
containing CO, the importance of which was
mentioned above. Model | and model Il predict CO;
mole fractions in the liquid (x1) and vapor (yi)
phases respectively. The mixtures include 1-butanol,
1-heptanol , 1-hexanol, 1-octanol, 1-pentanol, 1-
propanol, 2-butanol, 2-ethoxyethanol, 2-
methoxyethanol, 2-methyl-1-propanol, 2-pentanol,
2-propanol, 3-methyl-1-butanol, 3-methyl-2-butanol
, 3-pentanol, acetic acid, a-pinene, benzene,
chloroform, cyclohexanol, cyclohexanone,
cyclopentanol, decanal, DHAEE, DIPE, ethyl
butyrate, EPAEE, ethanol, fenchone, Hs, limonene,
methanol, methyl acetate, methyl linoleate, methyl
oleate, methyl propionate, m-xylene, n-hexane ,
dimethylformamide, n-octacosane, n-octane, o-
xylene, propylene carbonate, perfluorohexane,
propane, p-xylene, R32, R116, R123, R134a, R152a,
R610, styrene, tertpentanol, tetrahydrofuran and
water. The developed models were trained and
evaluated by using the experimental data for binary
mixtures reported by [1-3], [5-9], [19-50] and
properties for fifty-six pure components reported by
[19], [20], [51]. The experimental data were divided
into three groups in the random manner for the
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development of the ANN models. One part of the
experimental data (60%) was used to train the
networks and the rest was used to evaluate the
performance of the networks for the test (20%) and
validation (20%) of the model. Finally, for the model
validation, the prediction of the ANN models was
compared with the experimental data.

Applications of ANN for the prediction of VLE

Applications of ANN for the prediction of VLE
have been reported in a number of papers.
Application of ANNs to predict VLE was first
conducted by Petersen et al. [52]. They have
developed an ANN with aim of estimating activity
coefficient based on group contribution methods.
After that ANN has been used to estimate bubble
point conditions of the benzene-toluene binary
mixture by Guimaraes and McGreavy [53]. Sharma
et al. [54] have reported the use of ANN models to
predict the liquid and vapor phase compositions for
VLE calculation of methane-ethane and ammonia-
water binary mixtures. Urata et al. [55] have
developed a new way for prediction of VLE using
ANN in three steps. In the first step, the sign of
logarithm of activity coefficient (y ) is estimated for
each binary system using ANN. In the second step,
two sets of relation between liquid mole fraction and
In (y) are constructed. And finally in the third step,
vapor-liquid  composition and  equilibrium
temperature are calculated using the estimated
activity coefficient. The researches that were
mentioned above have used multilayer perceptron
(MLP) network for VLE calculation but Ganguly
[56] has developed ANN with radial basis function
(RBF) network to predict VLE of binary and ternary
systems. Piowtrowski et al. [57] have used a feed
forward multilayer neural network to simulate
complex VLE in an industrial process of urea
synthesis from ammonia and carbon dioxide. Bilgin
[58] employed a FFBP neural network to estimate
the isobaric VLE data for the methylcyclohexane-
toluene and isopropanol-methyl isobutyl ketone
binary mixtures. Mohanty [59] has used multilayer
perceptron ANN to predict liquid and vapor phase
compositions for CO,- ethylcaprate, CO--
ethylcaproate and CO,- ethylcaprylate binaries. Also
Mohanty [60] in another paper has reported the use
of ANN to estimate the bubble pressure and the
vapor phase composition of the CO»-
difluoromethane with this aim that difluoromethane
was an attractive alternative to chlorofluorocarbons
(CFCs) and hydro chlorofluorocarbons (HCFCs).
Karimi and Yousefi [11] have developed four ANNs
for estimating VLE data for four binary refrigerant
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mixtures. Yamamoto and Tochigi [61] have used a
reconstruction-learning neural network to estimating
margules parameters and then they used of the
margules parameters to estimate VLE for binary
mixtures mentioned in their work. Ghanadzadeh and
Ahmadifar [62] have used ANN for prediction of
boiling temperature of two binary alcohol mixtures.
Si-Mousa et al. [12] have used ANN to correlate
VLE of CO;- esters mixtures in high pressure
condition. Faindez et al. [13] have applied an ANN
for Phase equilibrium modeling in ethanol- congener
mixtures in the alcoholic beverage production. Also
Faundez et al. [63] have empoloyed ANN to estimate
water- congener mixtures found in alcoholic
beverages. Zarenezhad and Aminian [64] have
developed a feed forward neural network model with
four hidden layers to predict the vapor-liquid
equilibrium of seven binary mixtures of CO,-
alkanols. Abedini et al. [4] have used ANN to
estimate VLE data of six CO,- alcohol systems
include CO,- methanol, CO,- ethanol, CO,- 1-
butanol, CO,- 2-butanol, CO,-1-pentanol and CO,-
2-pentanol.

As it is mentioned, information about phase
behavior for binary mixtures containing CO; has a
great importance in different processes. The
previous works do not develop a widespread model,
as an example, they only develop models containing
CO; and alcohols or esters. This type of modeling is
not a model which corresponds to different binary
systems and is limited to especially binary mixtures,
with the same chemical groups. The present work,
with the aim of developing a comprehensive model,
corresponds to different binary systems and has not
been presented in the literature.

Artificial Neural Network

Neural networks consist of arrays of simple
active units linked by weighted connections. ANN
consists of multiple layers of neurons arranged in
such a way that each neuron in one layer is connected
with each neuron in the next layer. The network used
in this study is a multi-layer feed forward neural
network with a learning scheme of the Back-
Propagation (BP) of errors and the Levenberg-
Marquardt algorithm for the adjustment of the
connecting weights. Neurons are the fundamental
processing element of an ANN, which are arranged
in layers that make up the global architecture[11].

The main advantage of using ANNSs to predict the
VLE data lies in their ability to learn the relationship
between the complex VLE data for different binary
mixtures. The ANN input is the first layer in the
network through which the information is supplied.
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The number of neurons in the input layer depends on
the network input parameters. Hidden layers connect
the input and output layers. Hidden layers enrich the
network for learning the relation between input and
output data. In theory, ANN with only one hidden
layer and enough neurons in the hidden layer, has the
ability to learn any relation between the input and
output data. Transfer function is the mathematic
function that determines the relation between neuron
output and the network. In other words, transfer
function indicates the degree of nonlinearity in the
network. Practically, in the feed forward BP-ANN
model some limited functions are used as transfer
functions[65]. Normally, the transfer functions of all
neurons in the hidden layers are similar. Also, for all
neurons in the output layer, the same transfer
function is used. For the prediction of phenomena,
logistic transfer function is the most conventional
transfer function that is used in the hidden layers,
because it is very easy to differentiate the sigmoid
transfer function for using in the BP algorithm [66—
68]. The sigmoid transfer function is as follows:

1
14 e~ et

Opj(net) = (1-a)

net = Y1l wix; (1-b)

Which "n" in Eq. (1) is the number of inputs to
the neuron. "w" is the weight coefficient
corresponding to the input "x;"* and "Oy;" is the output
corresponding to the "j" neuron. For completion of
this section, we illustrate the learning BP algorithm.

ANN Training Algorithm

The Back-Propagation Algorithm is one of Least
Mean Square methods, which is normally used in
engineering. In a multilayer perceptron, each neuron
of a layer is linked to all neurons of the previous
layer. Fig. 1 shows a perceptron with a hidden layer.
Each layer output acts as the input to the next
neurons.

Input Layer Output Layer

Hidden Layer

Fig. 1. Perceptron structure with a hidden layer

In order to train Multilayer Feed Forward Neural
Network, Back-Propagation Law is used. In the first
stage, all weights and biases are selected according
to small random numbers. In the second stage, input
vector Xp= Xo, X1... Xn1 and the target exit Tp= to, ti...
tm-1 are given to the network, where the subscripts n
and m are the numbers of input and output vector,
respectively. In the third stage, the following
guantitative values are calculated and transferred to
the subsequent layer until it eventually reaches the
exit layer [69].

Op; = fIXs wixi] 2

The fourth stage begins from the exit layer,
during which the weight coefficients are corrected.

wij(t + 1) = w;;(t) +nbp;0p; 3)

Where "Wij(t)" stands for the weight coefficients
from node "i" to node "j" in time "t", "1 is the rate

coefficient, =% refers to the corresponding error
of input pattern "P" to the node "j" and “Ori s the

output corresponding to the "j" neuron. "0 s
calculated by the following equations for exit layer
and hidden layer, respectively:

8pj = 0pj(1 = 0p;) Xk SprWjk ®)

Here, the X acts for k nodes on the subsequent
layer after the node "j" [69]. In the learning process,
there are several parameters that have influence on
the ANN training. These parameters are the number
of iterations, number of hidden layers and the
number of hidden neurons. To find the best
architecture of the model, best set of the
aforementioned parameters based on minimizing the
network output error should be chosen [70].

EXPERIMENTAL DATA

The first step in an ANN modeling is compiling
the database to train the network and to evaluate
network ability for generalization. In the present
study, the experimental VLE data for fifty-six
mixtures reported by [1-3], [5-9], [19-50] have
been used for training and validation of the ANN
models. The pure component properties (normal
boiling point (Ty), critical temperature (T¢), critical

pressure (P.) and acentric factor (¢) ) of the fifty-
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six Pure component used in this work were collected
from different literature [19], [20], [51] and the
collection was listed in Appendix I. also the range of
T, P, Xy and ys is reported in Appendix 1.

Development of the ANN Model

In estimating VLE by using ANN, most of the
previous works predict two VLE parameters, and all
of them use only one ANN model for predicting
these two VLE parameters. The use of only one
ANN for the prediction of two VLE parameters leads
to the complexity of the network and also reduces
the network accuracy. This is because of the order of
standard deviation for the output parameters.

Standard deviation (STD) for a number of data
sets defines as:

STD = =1L, (x; — %)? (6)
Where
- 1on
X =—Yi-1 X (7)

In Eqg. (6) and Eq. (7) "n" is the number of data
point and "x" is the average of data sets.

When the order of standard deviation of an output
parameter is higher than the other, the error of the
higher standard deviation output, affects the other
output parameter and this problem reduces accuracy
of ANN model.

To investigate this influence, with the aim of
calculating x; and y1, three models were considered:

Model I (x1 prediction), model Il (y; prediction) and
the model I11 (X1 and y; prediction). The inputs of the
all models are P, T, T¢, P, @. The standard
deviation of y; and x; is 0.1794 and 0.2751
respectively. Model | and model Il with 339 and 310
parameters respectively and model 111 with different
structure has been developed and the results were
shown in Table 1. As shown model | that predicts
only x1 has more accuracy in comparison with other
structures of model Il1. The accuracy of this model
is better than even the ANN structures with more
parameters in model I1l. Also in regard to model 11
the accuracy of this model is better in predicting of
y1 than the entire model Il structures. So according
to Table 1 for VLE modeling by ANN for have more
accuracy we should develop two separate ANN for
every VLE parameter

Two ANN models were considered for the
prediction of CO, mole fraction in the vapor and
liquid phases. In order to describe the phase behavior
of the fifty-six CO; (1) - component (2) binaries by
two ANN models, eight variables have been selected
in this work: four intensive state variables
(equilibrium temperature, equilibrium pressure and
equilibrium CO. mole fractions in the liquid and
vapor phases) and four pure component properties of
the components (normal boiling point, critical
temperature, critical pressure and acentric factor).
The choice of the input and output variables was
based on the phase rule. Therefore, the equilibrium
temperature and pressure, together with the pure

Table 1. AAD (%) for model I, model 11 and different structure of model I11.

AAD (%) AAD (%)
Number of ANN parameters

X1 Y1
3392 1.572 -
310° - 0.848
101 4,781 2.425
182 3.674 2.283
275 2.556 1.580
321 2.405 1.601
460 2.109 1.373
671 2.033 1.270
839 2.069 1.248
911 1.776 1.319
959 2.014 1.416
1103 2.092 1.313
1962 1.658 1.087
4438 2.085 1.253

@model I: predicting only x1
bmodel I1: predicting only y1
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Table 2. Architecture of the optimized ANN models.

Hidden layer 1

Hidden layer 2 Output layer

Network Training No. of Activation Activation No. of Activation
: - No. of neurons - -
Type Algorithm neurons function function neurons function
BRBP using tansi Model I: tansi Linear
FFBP- Levenberg- Model I: 14 MATL,%B 15 MATL,%‘B 1 (purelin
ANN? Marquardt Model II: 15 functi Model I1: - MATLAB
R unction function -
optimization 12 function)

anewff MATLAB function.
btrainbr MATLAB function.

component properties have been selected as input
variables and the CO, mole fraction in the liquid and
vapor phases as output variables. A simple scheme
of inputs and output to the developed ANN models
was shown in Fig. 2.

p(Mpa) ———»
(k) —»
Tk)—»
PdMpa)———»

A simple scheme
— 5 Output
of the model

) >
To(k)—»

Fig. 2. A simple scheme of inputs and output to the
models, output for the model | and model Il are x; and y;
respectively

In the training phase, the number of neurons in
the hidden layers was important for the network
optimization. However, decision on the number of
hidden layers neurons is difficult because it depends
on the specific problem being solved using ANN.
With too few neurons, the network may not be
powerful enough for a given learning task. With a
large number of neurons, the ANN may memorize
the input training data very well so that the network
tends to perform poorly on new test data and is
called “over-fitting”. To prevent the over-fitting
issue, we should evaluate average absolute
deviation percent (AAD (%)) for train set,
validation set and test set and they must be in the
same order of magnitude. Average absolute
deviation percent (AAD (%)) was calculated from
the following relation:

100 wn

E.
AAD (%) =— X1y |y, P — y£4| (8)

n

Where "n" is the number of data point, "Exp" and
"Calc" superscripts stand for the experimental and
calculated CO; mole fraction respectively.

ANN modeling for the VLE of fifty-six CO, (1)-
component (2) binaries was carried out in
MATLAB ver. 7.9.0 program. Initially, the program
starts with the default FFBP-ANN type (newff
MATLAB function), the Levenberg-Marquardt BP
training algorithm (trainlm MATLAB training
function) and one hidden layer. Once the topology
is specified the starting and ending number(s) of
neurons in the hidden layer(s) have to be specified.

The number of neurons in hidden layer(s) is then
modified by adding neurons one at a time. The
procedure begins with the logarithmic sigmoid
activation function and then the hyperbolic tangent
sigmoid activation function for the hidden layers
and the linear activation function for the output
layer. The results of different runs of the program
show that the Bayesian Regularization Back
Propagation (BRBP), using Levenberg-Marquardt
optimization models, train more successfully than
models using attenuated training. Table 2 shows the
structure of the optimized ANN models.

RESULTS AND DISCUSSION

Using the random selection method, 60% of all
data were assigned to the training set, 20% of all
data were assigned to the validation set and the rest
of the data were used as the test set. In the training
process, different hidden layers and neurons were
tried and finally the optimized ANN obtained for
this study were two networks with two hidden layers
containing 14 neurons in layer 1 and 15 neurons in
layer 2 for model I and two hidden layers containing
15 neurons in layer 1 and 12 neurons in layer 2 for
model Il. In an optimized ANN, the AAD (%) for
the train, validation and test data sets are in the same
order of magnitude. AAD (%) and also, network
performance, sum of squares error (SSE) for the
train, validation and test sets of data were listed in
Table 3.

Table 3. SSE and AAD (%) for the models.

0, 0, 0,
Model SSE AAD_(A)) AAD (%) AAD (_/o)
train test validation
| 0.38097 1.603 1.497 1.572
I 0.26887 0.864 0.751 0.896

The ability of the models for the prediction of
CO2mole fraction in the vapor and liquid phases are
shown in the Fig. 3 and Fig. 4. Where “R” is
correlation coefficient and defined by:

2?:1(95_3?)(3’_37) (9)
\[Z?zl(x—f)z S (y-3)?

R = Correl(x,y) =
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Where "n" is the number of data point, "x" and
"y" are target and output parameters respectively
and "X " and "y" are the average of the target and

output.
1 T T T
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091 o TrainData  R=099549 00 9 S &8
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Fig. 3. Comparison of the experimental and
modeling results for the mole fraction in liquid phase of
COgz in fifty-six binary mixtures by ANN model I.
1 —Y1mm=Y1exp X e
031 o TrainData  R=0.99577

08 0 Test Data R=0.99622
|| ¢ Validation Data R=0.99767

T 10000

ANN Model,Y

0.17 .
1 1 1 1 1
0.2 0.3 04 0.5 0.6 0.7 0.8 0.9 1

1 ]
Experimental Data.\'(1

Fig. 4. Comparison of the experimental and
modeling results for the mole fraction in vapor phase of
COy in fifty-six binary mixtures by ANN model II.

As shown, good agreement for the prediction of
ANN model and the experimental data are observed.
So the ANN models can be reliably used to estimate
x1and y1 for CO.- binary systems within the ranges
of parameters considered in this work.

Figs. 5 to 9 show the y;-x; curves for the five
COz-containing binary mixtures including 1-
butanol, propane, R610, perflourohexane and 1-
propanol and also Figs. 10 to 14 show the p-xiy:
curves for five CO,-containing binary mixtures
including 2-butanol, 2-methoxyethanol, H,, R123,
R152a at different temperatures. The lines are the

results of ANN models. They include a comparison
between experimental data and ANN results. As
shown, the Figures show good agreement between
experimental data and the prediction of the ANN
models. By comparing the behavior of Fig. 12 with
that of other p-x1y: Figures, it can be seen that
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Fig. 5. y1-x1 curve for the CO; (1) — 1-butanol (2)
binary mixture at 354 k.
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Fig. 6. y1-x1 curve for the CO; (1)-Propane (2) binary
mixture at 253 k.

0.95 ___e__@--@'
0.9 -
0.85F o
0.8 ¢/
> 075/
0.7
0.65 /

b
o.sz 4

QO Exp,263k
----' ANN, 263 k
0.5 i ;

0.2 0.4 0.6 0.8 1

X

Fig. 7. y1-x1 curve for the CO, (1) — R610 (2) binary
mixture at 263 k.

treatment of H>-CO- system is completely different
from others, while the ANN models with a good
reliability predict this treatment and this shows that
ANN models are strong models to predict VLE data
even with completely different treatment.
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Fig. 14. p-x1y1 curve for the CO2 (1) — R152a (2) binary mixture at different temperatures.

CONCLUSIONS

In this work, two comprehensive FFBP-ANN
models were developed for the prediction of x; and
y1 data for fifty-six CO,-containing binary mixtures
at different temperature range. It was shown that
good agreement between the model predictions and
the experimental data was achieved.

The study and its results allow us to obtain these
conclusions:

1. It was shown that in prediction of two VLE
parameters by use of ANN for reducing the errors
and increases the accuracy of ANN, two separate
ANN for every parameter should be used.

2. The advantage of the ANN model is its
applicability for the all fifty-six CO.-containing
binary mixtures in just two models, while the
thermodynamic models are used for an especially
binary mixture.

3. Use of ANN models for prediction of VLE
data is less cumbersome way in comparison with
thermodynamic models, especially in cases with no
information about appropriate thermodynamic
model.

4. The AAD (%) for the model I and model 1l
were obtained 1.572 and 0.848 respectively.
Therefore, the ANN model can be reliably used to
estimate x; and y; for CO»- binary systems within
the ranges of parameters considered in this work.
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Appendix I. Physical properties for components used in this work 2

Name Tu(K) Tc(K) P.(Mpa) Acentricity

1-Butanol 390.90 563.10 4.42 0.5930
1-heptanol 449.80 632.00 3.16 0.5600
1-hexanol 430.20 611.00 3.47 0.5600
1-octanol 468.30 652.50 2.86 0.5870
1-pentanol 411.10 588.20 391 0.5790
1-Propanol 370.30 536.80 5.17 0.6230
2-butanol 372.70 536.10 4.17 0.5770
2-ethoxyethanol 408.15 567.00 4.23 0.7591
2-methoxyethanol 397.55 562.00 5.01 0.7311
2-methyl-1-propanol 381.00 547.80 4.20 0.5920
2-pentanol 392.15 552.00 3.87 0.6746
2-propanol 355.40 508.30 4.76 0.6650
3-methyl-1-butanol 405.20 579.40 3.92 0.5558
3-methyl-2-butanol 384.65 572.00 3.96 0.3510
3-pentanol 388.45 547.00 3.87 0.6748
Acetic acid 391.10 592.70 5.77 0.4470
a-pinene 429.29 632.00 2.76 0.2862
Benzene 353.24 562.10 4.92 0.2150
Chloroform 334.30 536.40 5.37 0.2180
Cyclohexanol 434.30 625.00 3.75 0.5280
Cyclohexanone 428.80 627.00 3.90 0.4480
Cyclopentanol 413.95 577.58 4.39 0.7738
Decanal 488.15 657.00 2.15 0.6416
DHAEE® 655.63 803.10 1.14 1.0797
DIPE 341.70 500.30 2.88 0.3310
Ethyl Butyrate 394.70 567.00 3.06 0.4610
EPAEE® 640.81 792.66 1.22 1.0102
Ethanol 351.40 513.90 6.15 0.6444
fenchone © 466.00 685.19 2.98 0.3335
H: 20.55 33.44 1.32 -0.1201
limonene ¢ 449.00 659.48 2.75 0.3232
Methanol 337.80 512.60 7.38 0.5570
methyl acetate 330.40 506.80 4.69 0.3260
methyl linoleate 551.32 749.58 211 0.5699
methyl oleate 617.00 764.00 1.28 1.0490
methyl propionate 352.80 530.60 4.00 0.3500
m-xylene 412.27 617.05 3.54 0.3260
n-hexane 341.88 507.90 3.03 0.3007
N,N-dimethylformamide 426.15 647.00 4.42 0.3755
n-octacosane 704.76 832.00 0.85 1.2375
n-octane 398.82 568.60 2.50 0.4018
o-xylene 417.58 630.37 3.73 0.3023
propylene carbonate 515.05 778.25 5.40 0.6325
Perfluorohexane 329.80 448.80 1.66 0.5140
Propane 231.05 369.90 4.26 0.1524
P-xylene 411.51 616.26 3.51 0.3259
R32 221.50 351.60 5.82 0.2710
R-116 194.90 293.00 3.06 0.2451
R123 300.76 458.15 3.79 0.2931
R134a 246.93 374.15 4.06 0.3256
R152a 248.16 387.04 4.44 0.2557
R610 271.20 386.40 2.32 0.3740
styrene 418.31 636.00 3.84 0.2971
tertpentanol 375.50 545.00 3.95 0.4831
Tetrahydrofuran 337.00 540.10 5.19 0.2169

water 373.15 647.30 22.12 0.3440

aTaken from Ref. [51].° Taken from Ref. [19]. ¢ Taken from Ref. [20].
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Appendix 1. Range of data used for developing of the ANN models.

Systems: CO2 (1) + T/K AP/Mpa Ax1 Ay1

1-butanol 354,398,430,324,333,355,392,426,313 2.067-16.939 0.074-0.9031  0.7976-0.9959
1-heptanol 374,411,431 4.038-21.391 0.2173-0.87 0.8932-0.9978
1-hexanol 324,353,397,403,431,432 2.268-20.128 0.035-0.9008  0.801-0.9974
1-octanol 328 4-15 0.2406-0.7772 0.9435-0.9997
1-pentanol 313,323,333 1.81-11.72 0.091-0.76 0.968-0.998
1-propanol 344,373,397,426,313,323,333 2.15-15.769 0.095-0.835 0.54-0.993
2-butanol 335,348,374,402,431,313 4.03-14.536 0.2906-0.8965 0.7082-0.9946
2-ethoxyethanol 323,330,337,344 1.29-12.37 0.0788-0.969  0.9052-0.9999
2-methoxyethanol 322,329,336,343 1.19-12.4 0.0576-0.9535 0.9105-0.9999
2-methyl-1-propanol 313,323,333,313,323,333,343,353 2.11-14.04 0.094-0.9328  0.9294-0.9961
2-pentanol 313,313,323,333 1-10.587 0.025-0.985 0.9645-0.997
2-propanol 334,344,353,378,398,413,432,443 2.03-13.788 0.06-0.888 0.443-0.975
3-methyl-1-butanol 313,323,333 2.08-10.68 0.111-0.895 0.97-0.994
3-methyl-2-butanol 313,323,333 2.147-10.249 0.105-0.9055  0.9681-0.9956
3-pentanol 313,323,333 1.942-10.207 0.0957-0.9072 0.9678-0.9942
acetic acid 313,333,353 1.1-11.1 0.0964-0.7098 0.948-0.9952
a-pinene 313,323,333 7.15-10.93 0.478-0.908 0.983-0.9983
benzene 298,313 0.89383-7.7504  0.1063-0.9327 0.9754-0.9959
Chloform 303,313,323,333 0.032416-9.9689 0-1 0-1
cyclohexanol 433,473 3.55-21.5 0.089-0.602 0.84-0.947
Cyclohexanone 433,453 3.03-21.52 0.103-0.736 0.843-0.962
cyclopentanol 373,403 0.914-11.838 0.0177-0.3942 0.9264-0.9891
decanal 288,303,313 1.68-8.22 0.28-0.96 0.989-0.998
DHAEE 313,333 4.24-23.54 0.5325-0.9443 0.9822-0.9999
diisopropyl ether 265,273,293,313,333 0.547-2.554 0.1127-0.7589 0.9269-0.9998
EB 313,333,353,373 2-12 0.18-0.9495 0.8153-0.9978
EPAEE 313,333 2.86-20.79 0.2842-0.9402 0.979-0.9999
ethanol 313,333,353,313,313,322,333,338,344 0.57-13.9 0.0269-0.9668 0.8068-0.9948
Fenchone 313,323,333 7.04-11.2 0.606-0.92 0.9808-0.9997
H2 278,290 4.805-19.253 0.8455-0.9912 0.4945-0.9575
limonene 313,323,333,323,343 7.04-135 0.429-0.93156 0.96053-0.9996
methanol 313,278,288,298,308,313,320,330,335,342,303  0.573-12.39 0.0247-0.935  0.0977-0.9982
methyl acetate 308,318,328 0.7-9 0.128-0.9802  0.892-0.9978
methyl linoleate 313,333 2.86-18.03 0.5217-0.9509 0.9806-0.9999
methyl oleate 313,333 2.86-18.03 0.4876-0.943  0.9812-0.9999
methyl propionate  313,333,353,373 1-12 0.3125-0.9058 0.3282-0.9887
m-xylene 313,333,353 0.7-10.37 0.04-0.6971 0.951-0.9754
n-hexane 298,313 0.44372-7.6578  0.0495-0.924  0.9253-0.9904
dimethylformamide 293,313,338 0.43-11.05 0.0345-0.8823 0.9874-0.9998
n-octacosane 573 0.99405-5.0574  0.0596-0.27 0.9957-0.9983
n-octane 313 0.52-3.522 0.0588-0.3905 0.9966-0.9979
o-xylene 313,333,353 0.79-14.86 0.0536-0.8345 0.8469-0.9756
PC 313,333,353,373 1-13 0.081-0.7279  0.952-0.9968
perfluorohexane 303,313,323 0.479-3.454 0.0911-0.5588 0.8467-0.9806
propane 253,263,273,283,293,303,313,323 0.2442-7.2062 0-1 0-1

P-xylene 313,333,353 0.61-12.37 0.04-0.8377 0.8228-0.9748
R32 283,293,303,305,313,323,333,343 1.106-7.464 0-1 0-1

R116 253,273,283,291,294,296 1.051-6.448 0-1 0-1

R123 313,323,333 0.873-8.074 0.1219-0.9209 0.7352-0.9788
R134a 252, 272, 292, 323,328,329,333,338,339,354 0.131-7.369 0-0.867 0-0.983
R152a 258,278,298,308,323,343 0.144-7.6482 0-1 0-1

R610 263,283,303,308,323,338,352 0.1823-6.8628 0.0218-0.9473 0.2418-0.983
styrene 333,338,343,348 6-13.42 0.428-0.932 0.895-0.998
tertpentanol 313,323,333,345 4.56-11.44 0.2409-0.9236 0.9253-0.9977
tetrahydrofuran 313,333,353,298,313 0.47-10.29 0.0687-0.983  0.9347-0.998
water 323,333,353 4.05-14.11 0.008-0.0217  0.9857-0.9966
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MOIEJIWUPAHE YPE3 U3KYCTBEHN HEBPOHHU MPEXX HA BUHAPHU CUCTEMU,
CbABPXAIIN BBI'JIEPOAEH JUOKCU/L

C.Artampy3*, X. Mumekap

Henapmamenm no unoicenepra xumust, Texnonoeuuen ynugepcumem Amupradup (Ilonumexnuuecku ynusepcumen 6
Texepan), Kamnyc Maxwaxp, Maxwaxp, Hpan.

Toctenuna Ha 7 sinyapu, 2013 r.; kopurupana Ha 28 maif, 2013 r.

Wzmom3BaHu ce aBa MareMaTWIHH Mojena, Oasupanun Ha FFBP-ANN-HeBpoHHH Mpexku 3a NpencKka3BaHETO Ha
mosnaute gyacth Ha CO B Teuna (X1) u maposa (Y1) dasa npu pasHoBecuero teunocT-mapu (VLE) 3a mermecer u mect
ounapuau cmecH, cbabpxkan CO,. 3a chcTaBsHe Ha MojaenuTe ca u3noi3BaHu 2104 rpynu OT JaHHU, HAMEPCHU B
JUTEepaTrypaTa. 3a TECTBAHCTO HA MOJCIUTE Ca W3MOI3BAaHHM CKCIICPUMCHTANHM NIaHHM, Hempwiaranu mpu ANN-
TpeHupaneTo. [Ipencka3aHuTe pe3ynTaTH, MOJIYYCHH Ype3 HeBPOHHUTE MPEXKH Ca CPABHECHHU C JIOCTBHITHH JUTCPATYPHH
JAHHA ¥ € HaMEpPEHO PE30HHO chriacue ¢ TsaX. CpeaHuTe aOCONIOTHU OTKIOHEHuWs, monydeHu ¢ moxaena ANN-I 3a
MosHuTe 9acTh X1 ¥ ¢ Mojgena ANN-II 3a momHuTe yactu Y1 ca crotBeTHO 1.572 % 1 0.848 %. M3cnensanero noxasea,
4e MOJICITMPAHETO C HEBPOHHU MPEXH € 0OBDP aITEPHATUBEH METOJI 32 OLICHSIBAHETO Ha (pa30BUTE PABHOBECHS 3a TO3U
THII CUCTEMU.
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In this study, the effect of temperature on the rate of bacterial oxidation of Fe (Il) at different microbial
concentrations has been investigated. Reactions were carried out by using r4A1FC2B3 strain of Acidithiobacillus
ferrooxidans at 15, 25 and 35 °C and maximum bacterial activity, thus maximum oxidation rate, was reached at 35 °C.
At this temperature, the lag phase, the adaptation period of the bacteria, was very short and oxidation started
immediately. The average bacteria count determined by microscopic method was 2.321x108 cells/mL.

Key words: Fe (Il), bacterial oxidation, Acidithiobacillus ferrooxidans, effect of temperature

INTRODUCTION

The bioleaching involves the extraction of
metallic compounds from ores and concentrates by
using the catalyst effects of microorganisms under
normal pressure and between 5-90 °C. It is a
simple, efficient and environmentally friendly
method to process ores and has been successfully
applied in the industrial scale for the recovery of
copper, gold and uranium over 25 years. The
process utilizes water, air, and microorganisms
which all can easily be found from the environment
[1,2].

Belonging to the chemotrophic organisms,
Acidithiobacillus ferrooxidans are the most used
bacteria in the bioleaching process. The organism
is rod shaped, non-spored, a gram-negative, self
spontaneous, single pole whipped. It uses
carbondioxide as the carbon source and ammonium
as nitrogen source [3-5]. Espejo et al.[6] studied the
oxidation of Fe(ll) and elemental sulfur by both,
adsorbed and non-adsorbed A. ferrooxidans on
solid surface. Nestor et al.[7] investigated the
leaching mechanisms of refractory gold minerals by
A. ferrooxidans. Mason and Rice [8], following an
adaptation process, studied the leaching of iron and
nickel from Ni-Fe(ll)-FeS and  Cu-Ni-Fe
concentrates by using A. Ferrooxidans.

Sand et.al.[9] studied the bacterial leaching of
metal sulfides by different bacteria and observed
diverse effects of different bacteria on leaching and
the generation of sulfuric acid and Fe(lll) ions by
bacteria such as Acidithiobacillus ferrooxidans,
Leptospirillum  ferrooxidans and  Sulfolobus/

* To whom all correspondence should be sent:
E-mail: deryatekin@atauni.edu.tr

Acidionus. Ojumu et al. [10] presented a review on
published studies and related rate equations for
microbial ferrous-iron oxidation. They reported a
broad range of Kkinetics models and large
discrepancies on Kkinetics constants. They also
indicated the lack of data on the effects of some
factors such as pH and temperature on
biooxidation.

As the case for chemical reactions, biological
reactions are also temperature dependent. However,
unlike chemical reactions, the rate of biological
reactions starts decreasing over a certain
temperature and it is important to determine
optimum reaction temperature where the rate is
maximum. Bosecker [11] found out that, with the
Acidithiobacillus ferrooxidans the rate of oxidation
of Fe(ll) was lower temperatures. In lower
temperatures, there is a reduction in the extraction
of metals. However, at higher temperatures
thermophilic bacteria can be used for leaching. The
bacterial oxidation of ferrous iron is based on the
reaction:

AFeSOs + 2HySOs 40, € 2Fe)(SO)s
+2H,0 1)

EXPERIMENTAL
Bacteria and Medium

The bacteria Acidithiobacillus ferrooxidans
which are non-spore cells growing under aerobic
conditions were obtained from acid mine drainages.
The bacteria, also used by Kocadagistan [12], were
the type r4A1FC2B3 modified by the use of 9K33
growth medium of 9K by Silverman and Lundgren
[13]. The medium was sterilized by autoclaving,

© 2014 Bulgarian Academy of Sciences, Union of Chemists in Bulgaria



D. Tekin et al.: The Effect of Temperature on Rate of Bacterial Oxidation of Fe(ll)

where the basal salt and iron solution being
autoclaved separately and combined when cool. In
order to reduce the precipitation of ferric iron, 10 N
H>SO, was added to the iron solution. Cultures of
r4A1FC2B3 were incubated in 500-mL Erlenmeyer
flasks each containing 200 mL of 9K medium and
10% (v/v) inoculum at a constant temperature of
30°C on a rotary shaker at 200 rpm.

Preparation of Cell Suspension

Cultures of r4A1FC2B3 grown under the
conditions already described were used to prepare
the cell suspension. Bacteria were harvested toward
the end of their exponential phase of growth (36-48
h after inoculation). In order to remove the
insoluble ferric iron compounds, the cultures were
filtered. Cells were washed twice with 10 mL of a
solution of sulfuric acid (pH 2.0) to remove the
remaining ferric iron. The cell pellet was finally
suspended in 6 mL of a sulfuric acid solution of pH
2.0. In order to make cell suspensions of different
concentrations, different volumes of r4A1FC2B3
culture were used. Before using a cell suspension in
initial-rate experiments, its bacterial concentration
was determined.

Bacterial oxidation experiments

Bacterial oxidation experiments of Fe(ll) were
carried out in a shaker of the type ROSI 1000
Thermolyne Orbital Shaking Incubator. During the
experiments, several samples at certain intervals
were taken for Fe(ll) and Fe(lll) analyses. For
Fe(l) analyses, Shimadzu UV160A
spectrophotometer was used. Fe(lll) analyses were
completed by titration using EDTA solution with
sulfosalisilic acid indicator.

RESULTS AND DISCUSSION

The growth of bacteria was followed by
microscopic method proposed by Giirgiin and
Halkman [14]. The average count of bacteria was
found to be 2,321x 10°.

Since in the isolation experiments of the
r4A1FC2B3 bacteria strain, the bacteria was
adapted to 15, 25 and 35 Celsius degrees, the effect
of temperature on the bacterial oxidation of Fe(ll)
is investigated with experiments at these
temperatures. All experiments were made using the
pH value of 2 and repeated for each bacterial
concentration. In each experiment Fe(ll) and Fe(l11)
analysis were made at different times and the
results obtained are shown at Figure 1-4. As seen
from the Figures, maximum oxidation was obtained
at 35°C. This was in agreement with others, that the
maximum temperature for bacteria to grow is pH
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dependent, and found to be 45°C over the pH range
of 2.5 to 3.5 and 35°C at a pH of 1.5 [15,16], where
maximum temperature for bacteria to grow is pH
dependent and a lower optimum temperature with
decreasing pH was expressed [16].

9000

8000

= 7000

)

E 6000 —e—re i) [ 150¢)
-g 5000 —a— e (ll)( 25¢0C)
% 4000 —h—Fe (ll) 35°C)
§ coden Fe () { 150C )
o 3000 enees Fe (1) {25 9C )
§ 2000 @ Fe (1) (350C)

1000

0

0 2 4 6 8 10 12
Time ( day )

Fig. 1. Concentrations of Fe(ll) and Fe(lll) vs. time,
for different temperatures (For initial bacteria conc.
0,5x10° cells/ml)

®
2
3

w
8
3

—e—rFe(lj{152C)
—s—Fe(llj{ 25¢C]
—a—Fe(llj(355C]
eetes Fe (I} {152C)
weegens Fe (I} {252C)
@ Fe (I} {352C)

2
3

2
3

2
3

Iron Concentration (mg/L)
Mow B oo oo

]

=]

2
3

0 2 4 6 8 10 12
Time {day}

Fig. 2. Concentrations of Fe(Il) and Fe(lll) vs. time,
for different temperatures (For initial bacteria conc.
1x10° cells/ml)

9000

8000

g
=]

@
2
=4

—e—Fe () { 152C)
—a—fe (ll){ 25¢C)
—a— Fe (ll) (35C)
cosgees Fe () (150C)
eees Fe (llI) (25 9C )
ceee Fe () (352C)

Iron Concentration (mg/L)
MNoW B e
8 8 8 8
S & & ©

g
=]

=]

Time (day)
Fig. 3. Concentrations of Fe(ll) and Fe(lll) vs. time,
for different temperatures (For initial bacteria conc.
1,5x10° cells/ml)

10000

9000

8000

?/mu
E —— Fe () ( 15°C)
§ 6000
| —a— e () ( 25°C)
B s000
g —a&— Fe () ( 352C)
£ 4000 oo Fe (i) {15 5)
§ oo wedees Fe () { 259C)
E— wev@ e Fe (1) (35 9C)

2000

1000

0

0 2 a 6 8 10 12
Time (day)

Fig. 4. Concentrations of Fe(ll) and Fe(lll) vs. time,
for different temperatures (For initial bacteria conc.
2x10° cells/ml)



D. Tekin et al.: The Effect of Temperature on Rate of Bacterial Oxidation of Fe(ll)

CONCLUSIONS

From the Figures 1-4 obtained for the bacterial
oxidations of Fe(ll) at 15 °C, 25 °C and 35 °C, the
following conclusions may be drawn.

Highest conversion of Fe(ll) was reached at the
end of the 6th day. For the experiments carried out
at 15 °C by adding 0.5 mL bacteria initially,
concentration of Fe(ll) was 8,210 mg/L at the end
of the 2nd day which dropped to 2,706 mg/L at the
end of 6th day. However, the corresponding
concentration values of Fe(ll) at 25°C were 8,150
mg/L and 1,820 mg/L, whereas for 35°C, Fe(ll)
concentrations were 6875 mg/L and 516 mg/L at
the end of 2nd and 6th day, respectively.

When 1 ml of bacteria is added initially, these
values of Fe(ll) dropped from 8,009 mg/L to 2,350
mg/L for 15°C , from 7,993 mg/L to 446 mg/L for
25°C and from 7,100 mg/L to 116 mg/L for 35°C.
For an initial bacteria concentration of 1.5 ml, the
Fe(ll) concentrations at the end of 2" and 6™ day
were 7,991 mg/L and 912 mg/L for 15°C, 7,660
mg/L and 374 mg/L for 25°C, 5,449 mg/L and 106
mg/L for 35°C. If the initial concentration of
bacteria increases to 2 mL, corresponding Fe(ll)
concentrations of 7,726 mg/L and 392 mg/L for
15°C, 7,465 mg/L and 265 mg/L for 25°C and
4,649 mg/L and 66 mg/L for 35°C were obtained.

REFERENCES

1.B.P. Gilbertson, Mineral Processing and Extractive
Metallurgy, 109, 61 (2000).

2.H. Brandl, Microbial leaching of metals. In: Rehm H.J.
(ed.), Biotechnology, Wiley-VCH, Weinheim, 2001,
p. 191.

3.J.A. Brierly, C.L. Brierly, Can. J. Microbiol., 19, 183
(1973).

4.A. Sandstrom, S. Petersson, Hydrometallurgy, 46, 181
(1997).

5.M.E. Clark, J.D. Batty, C.B. Van Buuren, D.W. Dew,
M.A. Eamon, Hydrometallurgy, 83, 3 (2006).

6.R.T. Espejo, B. Escobar, E. Jedlicki, P. Uribe, R.
Badilla-Ohlbaum, Applied and Environmental
Microbiology, 54, 1694 (1988).

7.D. Nestor, U. Valdivia, P.A. Chaves, Int. J. Miner.
Process, 62, 187 (2001).

8.L.J. Mason, N.M. Rice, Minerals Engineering, 15,
795(2002).

9.W. Sand, T. Gehrke, P.G. Jozsa, A. Schippers,
Hydrometallurgy, 59, 159 (2001).

10. T.V. Ojumu, J. Petersen, G.E. Searby, G.S. Hansford,
Hydrometallurgy, 83, 21 (2006).

11.K. Bosecker, FEMS Microbiology Reviews, 20,
591(1997).

12.E. Kocadagistan, Bioleaching of copper ore from
Cayeli(Turkey), Ph Thesis, Ataturk Universty,
Erzurum, 2007.

13.M.P. Silverman, D.G. Lundgren, J. Bacteriol. 77,
642 (1959).

14.V. Giirgiin, K. Halkman, Gida teknolojisi dergisi, 7
Ankara, 1990.

15.M. Nemati, S.T.L. Harrison, Journal of Chemical
Technology and Biotechnology, 75, 526 (2000).

16.L. Ahonen, O.H. Tuovinen, Appl. Environ.
Microbiol. 55, 312 (1989).

BJIMSTHUE HA TEMITEAPTYPATA BHPXY CKOPOCTTA HA BAKTEPHAJIHO
OKHCJIEHUE HA Fe(Il)

. Texun™, C. roproxl ,fI.K. Bbatixan

! Tenapmamenm no exonozuuno unscenepcmso, @axynmem no unscenepcmso, Yuusepcumem Amamiopx, Epzopym,

Typyus
2 Jlenapmamenm no xumuuyro undcenepcmeo, Paxynmem no unicenepcmeo, Ynusepcumem Amamiwopx, Epzopym,

Typyus

[Tocremuna Ha 7 pespyapu, 2013 r.; npuera Ha 26 maprt, 2013 1.

I nacrourmara paboTa ce H3CieaBa CKOPOCTTa Ha OakTepuanHo okucieHue Ha Fe (II) mpu pasmuunu
KOHIIEHTPAI[MKM Ha MUKpoopranu3mu. Peakiuure ca ussbpiienu ¢ mam r4A1FC2B3 na Acidithiobacillus ferrooxidans
npu 15, 25 u 35°C. MakcumanHa MUKpOOHa aKTHBHOCT M ChOTBETHO CKOPOCT Ha OKHMCIIeHHe ca rocturaatu npu 35 °C.
IIpu Ta3u Temneparypa nar-dasara (IEpUOIBT 3a aAaNTUPaHe) Ha OAKTEPUUTE € MHOTO KPaThK M OKHCICHHUETO 3ar04Ba
ne3abasHo. CpeuuiT 6poit Ha Gakrepunte € 2.321x10° knetkn/mun.
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Hydrodesulfurization of thiophene on the CoMo/Al,Oj3 catalyst modified by coking
pretreatment
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The activity of a commercial CoMo/Al203 catalyst was examined in the reaction of thiophene
hydrodesulphurization. The catalytic measurements were performed in a gradientless flow circulating system
at atmospheric pressure. It was found that preliminary coking of the catalyst lead to a considerable decrease of
its hydrodesulphurization activity while the selectivity to butane increases. It is also found that the catalyst
coking pretreatment reduces its surface, and the formation of monolayer coke and dendrites is observed. It’s
possible at special conditions of catalyst coking, to increase the selectivity and therefore output of some

products in the reaction.

Keywords: activity; Cobalt-molybdenum/alumina; catalyst; coking pretreatment; thiophene hydrodesulphurization

INTRODUCTION

The main reasons for the deactivation of Co-
Mo/AI203 catalysts are the coke formation, the
adsorption of the nitrogen containing compounds
and heavy metals on their surface [1]. A broad area
in the literature is also devoted to the question of the
influence of coke on the physico-chemical properties
of the heterogeneous catalytic systems including Co-
Mo catalysts [2]. During the formation of coke part
of the active centers of catalysts are blocked and
their activities decreases. The study of the
mechanism of the formation of coke becomes
complicated owing to the fact that, the precursors of
coke can be reagents, intermediates and the products
of the reaction. The effect of coke on the selectivity
of these catalysts is not well elucidated and
carbonaceous deposit influence differently sites on
the catalytic surface [3]. In some cases it can be
shown that the reduction of the general activity of
the catalyst is beneficial to its selectivity. The coking
pretreatment of catalyst is one of method to study the
influence of coke formation on their physico-
chemical properties. Such pretreatment of
heterogeneous catalysts use various types of coking
agent like anthracene, naphthalene and cyclohexene
[4], phenanthrene [5], toluene [6], butene [7],

* To whom all correspondence should be sent:
E-mail: itoua_63@yahoo.fr

butadiene [8], propene and toluene [9], acetylene
[10]. The present work studies the effect of coking
on the catalytic properties of CoMo/AI203
hydrotreating catalysts, using toluene as a coking
agent.

EXPERIMENTAL
Catalyst

An alumina supported cobalt-molybdenum
industrial catalyst 5AKM, (Russian product) was
used for all the experiments. The composition of
active parts of catalyst in wt.% is CoO 4 % , MoO3
13 % , Fe203 0,13 %.

Catalytic activity measurements

The catalytic activity was measured at
atmospheric pressure in a metal flow-circulating
gradientless system connected directly to a gas
chromatograph by means of a 6-way valve. The
circulating contour was kept at a constant
temperature  of  110°C  [15].  Thiophene
hydrodesulphurization was used as a model reaction.
All runs were carried out in the 200 — 425 °C range
with excess hydrogen. The hydrogen-thiophene
volumetric ratio at the reactor inlet was 30:1. The
thiophene Gas Hourly Space Velocity (GHSV) was
33.5 h-1. The temperature in the reactor was
maintained within = 1.0°C accuracy. Product
selectivities were estimated as a ratio between the
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reaction rate of production of the corresponding
product and the sum of the reaction rates of all
products.

Experimental confirmation that the reaction
proceeded in the Kinetic region was obtained by
carrying out experiments with differently sized
catalyst grains and by calculating Weisz’s criterion
[16] which was less than 1.

The reactor was loaded with 1 g of catalyst of 0.1
mm size. Thiophene was introduced into the reactor
with a Gilson 302 pump. Hydrogen was admitted
within 1% accuracy using a Matheson electronic
mass flow controller.

The catalyst activation of samples were treated in
a routine way prior to the activity measurements.
The procedure involved drying for 1 h at 120°C in a
flow of purified hydrogen at rate of 60 ml.h-1. After
that the temperature was slowly raised to 400° C and
the catalyst is reduced at the same temperature for 2
h. Catalyst sulphidisation was performed at 400° C
for 2 h using a hydrogen-hydrogen sulfide gas
mixture (9:1) at a flow rate of 70 ml.h-1.

After activation the hydrogen sulfide flow was
stopped and the temperature was lowered to the
operating range for 1 h. After this preliminary
operation the activity measurements were started.

Coking pretreatment of catalyst

Different tests were providing preliminary to find
optimal conditions of coking. Various liquid toluene
flows (1.2, 2.4 and 3.6 ml.ht) were used at different
coking times (2, 3, 4 and 20h). Regarding the
requirements of the equipment and the proceeding
conditions of HDS reaction, the optimal toluene flow
selected for precoking was 1.2 ml.h™,

Coking was carried out in the same reactor after
the activation of catalyst. The coking agent used was
toluene. The conditions of catalyst coking are as
follows: reaction temperature = 450°C; feed rate of
toluene = 1, 2 ml.h't. The process proceeds in a flow
of Ar at a flow rate of 1700 mlh?. Before
introducing toluene, the catalyst is flushed with
Argon for 15 min.

Analytical methods

The reaction products were analyzed using
online gas chromatograph (Tsvet 104) equipped with
a thermal conductivity detector and six ports
sampling valve. Reaction products were separated
using two columns one for the analysis of thiophene
at a column temperature of 110°C (2 m long column
packed with 10% Carbowax 1500 on Chromosorb
W) The second column (8 m long, packed with 20%
oxidipropionitrile on Diatomite C) was used to
analyze hydrogen sulphide and C4 hydrocarbons, at

15 °C. Hydrogen was used as a carrier gas at a rate
of 40 ml min-1 [17].

Electron spin resonance (ESR) spectra were
recorded on a Brucker 200 D instrument at room
temperature in the 0-5000 G range. All the spectra
were acquired under similar conditions.

RESULTS AND DISCUSSION

For quantitative measurement of deposited coke
ESR technique were used. Figure 1 shows the
Electron Spin Resonance (ESR) spectra of the
standard activated carbon and of the coke in the
catalyst (curves 1 and 2).

Fig. 1. ESR signal of standard activated carbon and of
coke on the catalyst

Figure 2 presents the number of paramagnetic
particles formed versus coking time. The curve has
three different regions. The initial coking process
starts slowly and after 1.5 h it is accelerated
substantially until 5th h. Up to 5 h the curve grows
as a straight line to 20h. The explanation of this
behavior of the catalyst is following. In the first two
hours a few coking centers are formed on the catalyst
surface of the fresh catalyst. After reaching some
critical value of the formed coking centers period a
fast deposition of coke on those centers proceeds in
the second period. In the third period formation of
new coking centers on the less active catalyst centers
followed by deposition of additional coke on them is
evident.
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Fig. 2. Number of paramagnetic particles formed versus
coking time

Figure 3 presents the dependence of the rate of
thiophene decomposition at 350°C on the number of
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paramagnetic particles formed on the catalyst
surface at different coking time. The reduction in the
activity of the catalyst is almost proportional to the
increase in the number of paramagnetic particles.
This dependence has also three divisions, which
correspond to divisions in the curve on Figure 2. In
the first period of time a linear fast decrease of the
reaction rate is observed because most active catalyst
active centers are blocked. In the second period
reaction rate is constant which means that the coke
is deposited on initially formed coking centers. After
multi layers coke deposit was formed in the third
period steady decrease of reaction rate was observed
due to constant rate of blocking the less active
surface active centers.

/

Rate of decompodition of
thiophene
R0
=

d 4 B 8 10 12
Relathve intensity of paramagnetic signal X.1061%

Fig. 3. Dependence of the rate of decomposition of
thiophene with the relative intensity of paramagnetic
signal (relative quantity of coke)

Figure 4, shows the dependence of the rate of
decomposition of thiophene on temperature for fresh
and coked catalyst for 3 h with 2,87.10%
paramagnetic particles deposited. For the two
samples the dependence has the same character. This
clearly indicates that the mechanism of the process
does not change after the coking of catalyst. With the
increase in temperature, the rate of decomposition of
thiophene increases. For all temperatures studied,
fresh catalyst's activity is 15 % higher than the coked
sample.

&*

325 345 IE5 385 4i¥5 425 adh
Temperatwre [“C)

Fig. 4. Dependence of the rate of decomposition of
thiophene with temperature of reaction. 1 - fresh catalyst,
2 - coked catalyst for 3 hours
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To have an idea about the way in which deposited
coke is located on the surface of the catalyst, we have
measured its specific surface at different period of
coking. Figure 5 presents the dependence of the
surface area of the catalyst from quantity of coke
deposited defined by the intensity of the signal
g=2.004.
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Fig. 5: Surface area of the catalysts coked at different time

It is seen that specific surface area decreases
quickly at the beginning of coking process until
approximately the third hour corresponding to
2,87.10% paramagnetic particles. With the increase
in the quantity of coke after 20 h of coking, there is
very small changes of the surface area of the catalyst,
nevertheless there is an increased in the quantity of
coke deposited on its surface. The results presented
on figure 2 confirms the suggestion of monolayer-
multilayer growth of coke on the catalyst surface
[11]. The rate of thiophene decomposition is reduced
by coke deactivation. On figure 5 the specific surface
is practically unchanged up to 5 h. Probably
multilayer coke is formed and not occupied all
catalyst surface [12]. The influence of this coke is
not sensitive on the specific surface.

Table 1 shows the selectivity of each product in
the reaction at various temperatures for catalyst
coked for 3h and for fresh sample. It can be seen that,
at the same temperature the butane selectivity of
coked catalyst is higher than that of the fresh sample.
With the increasing of temperature the butane
selectivity of both samples grows, however at the
same degree of thiophene conversion carried at low
temperature, the butane selectivity of the coked
sample is higher than that of the fresh sample. The
higher butane selectivity of coked catalyst compared
to that of the fresh sample shows that, under the
conditions of our tests, coking has little influence on
the hydrogenation sites. This behavior can be
explained by the observations reported in [13, 14].
The formation of coke on the catalyst surface not
concerns all its surface. Part of catalyst sites preserve
its activity.
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Table 1. Selectivities on the different hydrocarbon
reaction products during the HDS of thiophene
decomposition on catalyst coked for 3h and for fresh
catalyst

Trans- .
Catalyst OT Butane 1-butene  2- Cis-2-
C butene
butene
Fresh 350 0,31 0,12 0,32 0,2
Coked 0,43 0,08 0,29 0,18
Fresh 375 0,33 0,17 0,3 0,2
Coked 0,55 0,08 0,2 0,14
Fresh 425 0,42 0,15 0,25 0,17
Coked 0,71 0,05 0,12 0,09

Other studies show that the formation of coke on
the surface of Co-Mo/Al,O; catalysts does not
influence the process of adsorption and desorption of
the reagents and the products on the virgin surface of
catalyst [14]. Our results confirms the existence of
several types of active centers, which are influenced
by the formation of coke obtained during the
reaction of hydrogenation.

The selectivity of butylene-1 of coked catalyst is
smaller than that of fresh catalyst at the same
temperature of reaction. That is in line with the
observation of high hydrogenation rate on coked
catalysts. With the increase of the temperature, the
selectivity of the fresh sample increases whereas that
of the coked sample decreases. The higher butene-1
selectivity of fresh catalyst can be explained by the
high temperature dependence of the activity of the
active sites of hydrodesulfurization on temperature
compared to those of hydrogenation and
isomerization active sites. The low butylene-1
selectivity of coked catalyst shows that, after coking
the rate of butane-1 rate formation is significantly
reduced due to decrease of rate of decomposition of
thiophene compared to that of hydrogenation and
isomerization reactions.

After coking, the cis-2-butylene and trans-2-
butylene selectivities decrease which shows that,
coking led also to partial deactivation of the
isomerization centers. The selectivities of these
products decrease with the increase in the
temperature, which is a proof that the rate of
conversion of butylene-1 into butane increases more
quickly than its isomerization to cis-2-butylene and
trans-2-butylene.

CONCLUSION

On the basis of the results obtained, following
conclusions can be made:

10
11

12

13
14

15

16
17

There are three periods of coking of
hydrodesulfurization CoMo/Al,QOj3 catalyst in which
catalyst deactivation is proceeding by different
mechanisms.

Most of deposited coke forms multi-layer coke
coverage of the surface, mainly during second and
third period of coking.

The three types of active centers:
hydrodesulphurization, hydrogenation and
isomerization, are deactivated in different way
during catalyst coking. The centers of
hydrodesulphurization and isomerization are not
very sensitive to coke while the centers of
hydrogenation are more sensitive. That gives the
possibility, by a partial deactivation of the catalyst to
influence on its selectivity and respectively on the
output of the various products of the reaction.
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XUAPOOUYUCTKA HA TUODEH BBPXY CoMo/Al03 KATAJIM3ATOP, MOAVDUITPAH YPE3
IMPEJIBAPUTEJIHA KOKCYBAIIIA OBPABOTKA

B B. Utyal?, Y. Bnanos?, I1. Onroka?, JI. Ilerpos®

Y Unemumym no xamanus, Bvneapcka axademus na naykume, Cogusi 1113, Bvazapus
2 Bucwe yuunuwe BP 237, Yuusepcumem Mapuen Hzyabu, bpasaeun, Konzo;
3 lenapmamenm no Xumuuno u Mamepuaino unsicenepcmeo, @axyimem no uHICEHEPCMeo, Ynusepcumem Kpa
Ab6oynasus, [Jraceda, Kparcmeo Cayoumcka Apabus

Tloctenmna Ha 13 mapt, 2013 r.; npepaboTena Ha 21 centemspy, 2013 1.

(Pe3tome)

AxtuBHOCTTa Ha ThproBckn CoMo/Al>O3 karanmzatop Oe m3ciieiBaHa B peakIisATa Ha XUIPOOUYNCTKA Ha THO(DEH.
KaranutuuHuTe M3MEpBaHUS ce U3BBpIIBaXa B LUMPKYyJIHpalna OesrpaJueHTHAa CHCTEMa IPH aTMOCc(epHO HalsraHe.
VYcraHOBeHO Oe, Ye NMpeiBapuTeIHO KOKCyBaHe Ha KaTallM3aTopa BOJM 0 3HAYMTEIHO HaMaJlsIBaHEe Ha aKTHBHOCTTA MY,
JIOKaTo CEJISKTUBHOCTTA MO OTHOLIeHHE Ha OyTaHa ce yBein4yaBa. YCTaHOBEHO Oe CHIIO TakKa, Ye INPEIBapUTEIHOTO
TpeTHpaHe Ha KaTajHM3aTopa 4Ype3 KOKCyBaHEe HaMallsiBa HeroBaTa IIOBBPXHOCT M ce HalOJroJaBa o0pa3yBaHETO Ha
MOHOCJIOi OT KOKC W ICHAPHUTH. BB3MOXKHO € IpH CIELHAIHH yCIOBHS Ha KOKCYBaHE Ha KaTalu3aTopa 1a yBEIUYH
CEJIEKTHBHOCTTA M CJIEIOBATEIIHO T0OMBA HA HSKOH MPOIYKTH HA pPEaKlusTa.
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Pyrazole and their derivatives are found to have profound biological activity. In the present work some novel
substituted pyrazole derivatives were synthesized. Pyrazole are synthesized by treating ethyl bis [methylthio] -2-
cyanoacrylate with hydrazide derivatives. The derivatives of pyrazole were prepared by Schiff base reaction.All the
synthesized compounds were characterized by IR, 'H-NMR and Elemental Analysis. All the newly synthesized
derivatives were evaluated for antimicrobial activity on different micro-organisms (E.coli, S. aureus, A.niger, C.
albicans)at the concentration of 200ucg/mL by using cup-plate agar diffusion method. The activity was measured in
terms of zone of inhibition and compared with standard drug ciprofloxacin for antibacterial and griseofulvin for
antifungal activity. These compounds were also evaluated for antitubercular activity (M. tuberculli) at 25, 50 and 100
pcg/mL  concentrations. All the compounds were screened for in-vitro anti-inflammatory activity at different
concentration 1ike200 pg/ml, and 300 pg/ml, by inhibition of protein denaturation method. lbuprofen was used as
standard drug. Potent compounds were screened for in vivo anti-inflammatory activity in albino rats at 200 pg/ml

concentration to confirm the results.

Keywords:Pyrazoles; Antibacterial; Antitubercular and Anti-inflammatory.

1. INTRODUCTION

Pyrazoles

Pyrazoles refers to the class of heterocyclic
compounds characterized by 5 — memberedaromatic
ring structure composed of three carbon atoms
and two nitrogen atoms inadjacent positions, of
two nitrogen atoms one basic nitrogen and
neutral nitrogen, thearomatic nature arises from the
four electrons and the unshared pair of electrons on
the —NH nitrogen.

[

/N

pyrazole
Pyrazole derivatives have a long history of
application in  agrochemicals as herbicides
andinsecticides and in pharmaceutical industry as
antipyretic and anti-inflammatory.Antipyrine is the
one of the earliest synthetic drugs and is named after
its antipyreticproperties. Butazolidine, another
pyrazolone is a powerful anti- inflammatorydrug
usedin rheumatic conditions. Many pyrazole
derivatives are associated with anti-fungal, anti-

* To whom all correspondence should be sent:
E-mail: shashipattan@yahoo.com

diabetic and anti-inflammatory properties. The
success of pyrazole COX-2 inhibitor hasfurther
highlighted the importance of this heterocycles in
medicinal chemistry.

Pyrazole derivatives have been reported to show
a broad spectrum of biological activity including
antimicrobial [29-44], anti-inflammatory [45-54],
antituberculosis [55, 56], antiviral [57, 58],
hypoglycemic [59, 60], anti-tumor [20-25],
antihypertensive [26-28]. Due to its wide range of
biological activity, pyrazoleshave received a
considerable interest in the field of drug discovery
and therefore pyrazolering constitutes a relevant
synthetic target in pharmaceutical industry. In fact,
such a heterocyclic moiety represents the core
structure of a number of drugs.

RESULTS AND DISSCUSSON

The twelve Pyrazole derivatives have been
synthesized during the course of research work.

The synthesized compounds were subjected to
various antibacterial, antifungal and antitubercular
and anti-inflammatory screening by the standard
methods.

o Antibacterial activity: All the compounds
were screened for antibacterial activity at 200
png/ml concentration. However the compounds A,

© 2014 Bulgarian Academy of Sciences, Union of Chemists in Bulgaria
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As; B C, and C; have shown maximum
antibacterial  activity, while the remaining
compounds have also shown moderate antibacterial
activity, when compared with standard drug
Ciprofloxacin against Staphylococcus aureus
(Gram positive) and Escherichia coli (Gram
negative) .

¢ Antifungal activity: All the compounds were
screened for antifungal activity. However
Compound A;, ByBs; C.andCshave showed
maximum activity, while the remaining compounds
have also shown moderate Antifungal activity,
when compared with standard Griseofulvin against
Aspergillusniger&Candida albicans.

e Antitubercular activity: All the compounds
were screened for antitubercular activity by Middle
brook 7H9 agar medium as described by Elmer WK
et al. against Hs/Rv Strain. However Compounds
A4, B1, B Bs; and Bs have shown promising
antitubercular activity against Mycobacterium
tuberculosis of Hs;Rv Strain. Streptomycin was
use as std. drug.

e Anti-inflammatory  activity: ~ All  the
compounds were screened for in-vitro anti-
inflammatory activity at different concentration
like200 pg/ml, and 300 pg/ml, by inhibition of
protein denaturation method. Compounds A, As,
B,, B; Cs; and C, have shown promising anti-
inflammatory activity. Ibuprofen was used as
standard drug. The Compounds A1, A, Bs Ba C;
and Cs were screened for the in vivo anti-
inflammatory activity at 200 ug/ml concentration.
CompoundA:, Bs B4, C; and C; shows good anti-
inflammatory activity.

Regarding the above result, it is suggested that
compounds substituted with electron-releasing
groups (-OCHs, -OH) increase the antimicrobial
activity and anti-inflammatory activity.

The proposed work has given out many active
antibacterial, antifungal, antitubercular and anti-
inflammatory agents. Some of the compounds have
showed moderate activities. These compounds with
suitable modification can be explored better for
their therapeutic activities in the future.

The experimental work comprises of scheme
(procedures) [55,56,57,58,59]

1. Synthesis of ethyl
cynoacrylate.

2. General procedure for synthesis of ethyl 5-
amino-3-(methylthio)-1-substituted-1Hpyrazole-4-
carboxylate

3. General procedure for synthesis of 1-
substituted-5-amino-4-[(hydrazinooxy)carbonyl]-
1H-pyrazole.

bis(methylthio)- 2

126

4. General Procedure for synthesis of 2-{[5-
amino-1-substituted-3-(methylthio)-1H-pyrazole-4-
yl]carbonyl}-5-methyl-2,4-dihydro-3H-pyrazole-3-
one.(V)

5. General procedure for
derivative of pyrazole.

Step 1: Synthesis of ethyl bis(methylthio)- 2
cynoacrylate(l): Pulverized potassium hydroxide
(0.2mol) was suspended in dioxane (100mL) and a
solution of ethylcynoacetate (0.1mol) and carbon
disulphide(0.1mol) in dioxane(50mL) was added
with stirring and cooling to maintain temperature of
15-20°c. After stirring for 20 min, the solution was
diluted with 250 ml ether. The yellow precipitate
was filtered, washed with dioxane-ether and dried
in vacuo over NaOH and P»Os. A solution of
dithiolates (2mM) and methyl iodide (4mM) in abs.
ethanol was kept at 0°C for 2 days. The ethanol was
removed by evaporation in vacuo and water added
to the residue. The insoluble solid was filtered and
dried on recrystalised ether to yield colorless
crystal.

NC
\ Base NC\ cs, NC\ CHyl NC\ /CHaS

CHy ——> CH  —— CH—CSs — > c——c¢

synthesis  of

C,Hs00C C,Hs00C C,Hs00C C,Hs00C CHgS

Step 2: General procedure for synthesis of
ethyl  5-amino-3-(methylthio)-1-substituted-1H-
pyrazole-4-carboxylate  (IIl): A hydrazide
derivative (100 mM) and ketene dithioacetal
derivative (150 mM) in methanol (70 mL) was
heated under reflux till completion of reaction. The
reaction was monitored by thin layer
chromatography using mixture of chloroform and
methanol (8:2) as eluent. The reaction mass was
cooled to 0-5° C to crystallize the product. On
filtration and washing with chilled methanol it
afforded pyrazole derivatives
Step 3:General procedure for synthesis of 1-
substituted-5-amino-4- [(hydrazinooxy)carbonyl]-
1H-pyrazole(1V): A mixture of 0.01 mole of
com.(l1l) and 0.2 mole (10mL) of Hydrazine
hydrate were taken in 250 mL round bottom flask
attached to a refluxed condenser and refluxed
with50 ml of 95% ethanol for 15 hrs. The resultant
mixture was concentrated in 250 ml beaker. It was
cooled at room temperature and kept in refrigerator
for 2 hrs. The solid mass thus separated out was
filtered, dried and purified by recrystallization from
ethanol.

Step 4:General Procedure for synthesis of 2-
{[5-amino-1-substituted-3(methylthio)-1H-
pyrazole-4-yl]carbonyl}-5-methyl-2,4-dihydro-3H-
pyrazole-3-one.(V): A mixture of the hydrazide
(IV) (10 mM) and ethyl acetoacetate (10 mM) in
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absolute ethanol was heated at reflux for 3 h. The
reaction mixture was cooled and the formed
precipitate was filtered off, dried and recrystallized
from acetic acid.

Step 5: General procedure for Microwave
Assisted synthesis of derivative of pyrazole(VI): A
mixture of 2 mM of aldehyde and 2 mM of
different aryl or alkyl amines (V) was taken and
triturated in a mortar pestle. Then above mixture
was transferred to a vessel which was then kept in
microwave for synthesis. 4 to 5 mL of DMF was
also added to mixture before putting it in
microwave. Microwave was run at 400-480 W for 3
to 6 min for depending on reaction mixtures.
Reaction completion was monitored continuously
after each run by TLC. Then product was washed
with ethanol, solvent was evaporated, dried and
recrystalized with ethanol.

Scheme:
NC\ . /SCH;
c=—c + H,NHN—R
C,Hs00C SCH
2015 3 (“)
() Reflux for
2103 hrs Methanol
HyCS COOC,Hs
| \ D
N~y NH

R

Reflux for | NHaNH;H,0
15 hrs Ethanol

i
C—NHNH,
H4CS

I\

N
>N NH, (V)

R

3 hrs

O
C_N
Hscsy/g\

Microwave
at 400-480 W
for 3to 6 min.

O
C—‘N
Hacsv/g\
N=CH—R'

(v

Reflux for l Ethyl Aceto Acetate

R'CHO
DMF

SPECTRAL DATA

Infra Red / *H-NMR spectral study of the
synthesized compounds. (A1-Cy)

Ay

IR Bands (cm™): 2997, 1712, 1630, 1602, 1112,
668

Types of Vibrations: C-H, C=0, C=N, C=C, C-N,
C-S-C

& Values in ppm: 8.76-9.34, 7.52-7.83, 1.94-2.53
No. Of Protons: 3H of Pyrazine, 6 H of Aryl, 2 H of
Methyl.

Az

IR Bands (cm™): 2992, 1710, 1645, 1610, 1142,
1086, 686.

Types of Vibrations: C-H, C=0, C=N, C=C, C-N,
C-0, C-S-C.

8 Values in ppm: 8.76-9.34, 7.62-7.84, 2.53.

No. Of Protons: 3H of Pyrazine, 4 H of Aryl, 1 H of
Methyl.

Az

IR Bands (cm™): 3398, 2988, 1698, 1634, 1592,
1286, 1046, 694

Types of Vibrations: 10.9, 8.7-8.6, 8.0, 7.65-7.03,
2.8,25,18

& Values in ppm: 8.76-9.34, 7.62-7.84, 2.8.

No. Of Protons: 3H of Pyrazine, 4 H of Aryl, 3 H of
Methyl.

Ay

IR Bands (cm™): 2998, 1702, 1653, 1612, 1574,
1086, 674

Types of Vibrations: C-H, C=0, C=N, C=C, C=C,
C-N, C-S-C

8 Values in ppm: 8.76-9.34, 7.33-7.60, 1.94-2.53.
No. Of Protons: 3H of Pyrazine, 5 H of Benzene, 2
H of Methyl.

B:

IR Bands (cm™):1699, 1634, 1597, 1080, 683
Types of Vibrations: C-H, C=0, C=N, C=C, C-N,
C-S-C

& Values in ppm: 7.92-, 7.33-7.60, 1.94-2.53.

No. Of Protons: 4 H of 4-Pyridine , 6 H of Aryl, 2
H of Methyl.

Bs

IR Bands (cm™): 3400, 2994, 1689, 1622, 1586,
1124, 1078, 697

Types of Vibrations: O-H, C-H, C=0, C=N, C=C,
C-N, C-O, C-s-C

6 Values in ppm: 7.92-8.89, 7.08-8.59, 1.94-2.53.
No. Of Protons: 4 H of 4-Pyridine , 5 H of Aryl, 2
H of 2 Methyl.
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Bs

IR Bands (cm™): 2997, 1762, 1699, 1621, 1015,
681

Types of Vibrations: C-H, C=0, C=N, C=C, C-N,
C-S-C.

d Values in ppm: 7.92-8.84, 7.33-8.60, 1.94-2.53.
No. Of Protons: 4 H of 4-Pyridine , 5 H of 1-
Benzene, 2 H of 2 Methyl.

C:

IR Bands (cm™): 3016, 1709, 1642, 1602, 1087,
690

Types of Vibrations: C-H, C=0, C=N, C=C, C-N,
C-s-C

& Values in ppm: 7.92-8.84, 7.33-8.60, 1.94-2.53.
No. Of Protons: 5 H of Benzene , 5 H of Aryl, 2 H
of Methyl.

07

IR Bands (cm™): 3021, 1702, 1641, 1578, 1210,
1043, 673

Types of Vibrations: C-H, C=0, C=N, C=C, C-N,
C-0, C-S-C

d Values in ppm: 1.6-4.22, 6.8-8.59, 7.45-8.04

No. Of Protons: 5 H of 1-Benzene , 5 H of Aryl,2

H of Methyl

Cs

IR Bands (cm™): 3024, 1731, 651, 1597, 1253,
1104, 686

Types of Vibrations: C-H, C=0, C=N, C=C, C-N,
C-0O, C-s-C

& Values in ppm: 7.02-8.59, 7.45-8.04, 1.94-2.53
No. Of Protons: 5 H of 1-Benzene , 4 H of Aryl, 2
H of Methyl

Cs

IR Bands (cm™): 3026, 1714, 1640, 1600, 1131,
692

Types of Vibrations: C-H, C=0, C=N, C=C, C-N,
C-S-C

d Values in ppm: 7.33-8.04, 5.5-6.6, 1.94-2.53

No. Of Protons: 10 H of 1-Benzene ,2 H of
methylene, 2 H of Methyl

INSTRUMENTAL DETAILS
Infrared Spectra

The peaks in IR Spectrum gave an idea about
the probable structure of the compound. IR region
ranges between 4000-650 cm™. The derivatives
including intermediates were recorded on Jasco
FT/IR 4100, which showed different vibration
levels of molecules by using potassium bromide
(KBr) pellet technique.

'H-NMR Spectra

NMR Spectroscopy enables us to record
differences in magnetic properties of the various
magnetic nuclei present and to deduce in the large
measure about the position of these nuclei within
the molecule. We can deduce how many different
kinds of environment are there in the molecules and
also which atoms are present in neighboring
groups. The proton NMR spectra, enables us to
know  different chemical and  magnetic
environments  corresponding to  protons in
molecules.

'H-NMR of the title compounds were recorded
on sophisticated multinuclear FT NMR
Spectrometer model Avance-11 (Bruker), DMSO-d6
as internal standards. The instrument is equipped
with a Gyromagnet of field strength 9.4T. Its 'H
frequency is 400 MHz.The chemical shift data were
expressed as 6-values related to TMS.

C H N Analysis

The permiscible limit for C H N analysis were
performed on Thermo finnigan. Model: FLASH EA
1112 series.

Microwave Synthesis

Microwave synthesis were performed on
instrument of LG company, Model no.:MH-6349
EB.

Table of derivatives. List of synthesized compounds with their IUPAC names.

1-(5-(benzylideneamino)-3-(methylthio)-1-
Aq (pyrazine-2-carbonyl)-1H-pyrazole-4-yl)-3- ~
methyl-1H—pyrazole-5(4H)-one

CHj

CH3 N

S N
7//\3\ 0
N —
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CHj
CHs N=
é N
1-(5-(4- methoxybenzylideneamino)-3- 7//\;\ 0
A (methylthio)-1-(pyrazine-2-carbonyl)-1H- N« N=CH OCH
2 pyrazole-4-yl)-3-methyl-1H-pyrazole-5(4H)- N 3
one Cc=0
0
K&N
CHg
CHy N=
é N
1-(5-(2- hydroxybenzylideneamino)-3- 7//\3\ o
A (methylthio)-1-(pyrazine-2-carbonyl)-1H- N< N=CH
3 pyrazole-4-yl)-3-methyl-1H-pyrazole-5(4H)- ’}1
one c=0 HO
N)\
k&N
CHs
CHs N=
Is N
3-methyl-1-(3-(methylthio)-5-(3- T\g\ o
Al phenylallylideneamino)-1-(pyrazine-2- N< N=CH-C=CH
carbonyl)-1H—pyrazole-4-yl)-1H—pyrazole- ’}‘ H
5(4H)-one C=0
N)\
k&N
CHs
e
S N
. . N I '\ ©
1-(5-(benzylideneamino)-1-isonicotinoyl-3 N
B1 (methylthio)-1H—pyrazole-4-yl)-3-methyl- N N=CH
1H-pyrazole-5(4H)-one (|:=O
]
N
N
CHj;
N
S N
1-(1-isonicotinoyl-5-(4- 7//3\\ 0
B methoxybenzylideneamino)-3- 3- N<y, N=CHOOCH3
2 (methylthio)-1H—pyrazole-4-yl)-3-methyl- |
1H-pyrazole-5(4H)-one c=0
)
X
N
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CHs
N
S N
1-(5-(2-hydroxybenzylideneamino)-1- T\g\ _O
B3 isonicotinoyl-3-(methylthio)-1H-pyrazole-4- > | N=CH
yl)-3-methyl-1H—pyrazole-5(4H)-one c=0 o
g
NS
N
CHs
g 0
S N
1-(1-isonicotinoyl-3-(methylthio)-5-(3- 7\‘//\3\ _O
Bs phenylallylideneamino)-1H-pyrazole-4-yl)-3- TNT o NTCHTC=CH
methyl-1H-pyrazole-5(4H)-one é:o
g
\N
CH;
CH3 N=
! N
S
1-(5-(benzylideneamino)-3-(methylthio)-1- 7//\3\ o
c phenyl-1H-pyrazole-4-yl)-3-methyl-1H— N =c
! pyrazole-5(4H)-one N NTCH
CH3
CHj '}‘é
N
1-(5-(4- methoxybenzylideneamino)-3- S
c (methylthio)-1-phenyl-1H—pyrazole-4-yl)-3- I\ ©
2 methyl-1H-pyrazole-5(4H)-one N\N N=CH-QOCH3
CH,
SN
S N
1-(5-(2- hydroxybenzylideneamino)-3- I \ o)
Cs (methylthio)-1-phenyl-1H-pyrazole-4-yl)-3- N —
methyl-1H—pyrazole-5(4H)-one N N—CH
HO
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Cs

3-methyl-1-(3-(methylthio)-5-(3-
phenylallylideneamino)-1-phenyl-1H-
pyrazole-4-yl)-1H—pyrazole-5(4H)-one

CH3

CH N=
' N

S
m o
N< =
N

N—CH‘C=CH‘®
H

Table. Analytical data of synthesized compounds

Elemental analyses

Comp. Mol. Formula Mol. Wt. M.P°C RfValue Yield % Calcd. (Found)
C H N
A1 CxoHuN/O2S  419.46  140-142  0.74 71 (g;é;) (i:gg) ég:gz)
A>  CxuHiN7OsS  449.49. 143-145  0.70 67 (ggzié) (j:gg) éi:gi)
As Ca0H17N70sS 43546  152-154 0.67 63 (gg:ﬁ) (g:gg) (55245122))
As  CaHiN/O2S 44550 194196 0.72 79 (ggfé) (i:gg) ég:%)
B: CxuHiNeO2S  418.47  178-180 0.76 58 (ggﬂ) (i:gg) (58;82)
B  CxHxNeOsS 44850 145-147  0.75 56 (gg:gg) (j:gi) ég:;g)
Bs  CxuHisNeOsS — 434.47  146-148  0.71 65 (ggzgg) (3:23) ég:gg)
Bs  CasHNeO2S 44451 186-188  0.68 70 (23113) (1:2451) (12333)
Ci  CaHwNsOS 38947 126-128  0.76 63 (gﬁg) (i:gg) (1;:32)
Co  CxmHzuNsO2S 41950 139-141  0.68 64 (ggzgg) (g:g% ég:gg)
Cs  CxuH1oNsO2S 40547  146-148  0.65 68 (ggég) (j:;é) (g:ﬁ)
Cs  CasHaNsOS 41551  165-167  0.72 72 06.48 = 509 1085

(66.44) (5.05)

(16.86)

TLC Solvents: Methanol:Benzene (1:9)

PHARMACOLOGICAL AND MICROBIOLOGICAL SCREENING
Anti-bacterial and Anti-fungal activity of synthesized compounds:

Zone of inhibition at 200pcg/mL (in mm.)

A. niger C. albicans

ATCC 25922 ATCC 25923 NCIM 596 NCIM 3102

Compd. E. coli S. aureus
A1 16 14
Az 18 23
As 21 24
As 15 16
B1 12 14
B2 18 22
Bs 16 19
B4 18 17
C1 13 14
C2 18 21
Cs 22 24
Cs 18 12
Ciprofloxacin 28 26
Griseofulvin - -

12 16
21 23
21 18
14 18
16 14
24 25
23 24
14 22
12 20
22 24
20 26
17 13
28 25

Compounds Az, Az B2, Cz and Cs have shown promising antibacterial activity
against Std. Ciprofloxacin. Compounds Az, B2, Bs, C2, and Cs have exhibited

excellent antifungal activities against Std. Griseofulvin.
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Anti-tubercular activity of the synthesized compounds:

Compound code

25 ucg /MI

50 ucg /mL 100 pcg /mL

A1
A2
As
As
B:1
B2
B3
Ba
Ci1
C2
Cs
Cs
Streptomycin

NV XVIOVDODODIOIOIOIODOIOD

VWDV ODOTODOLLOHWMAOIDOAD
VWDV ODOODOOLOVLONMLIOW

R- Resistance; S- Sensitive

Compounds A4, Bi, B, Bs and B4 have shown
promising antitubercular activity at both the
concentration 50 and 100 pcg /mL. Hsz Rv strain

Streptomycin was used as standard drug. However,
Streptomycin has shown antitubercular activity at
25 pucg /mL.

was used as standard

tubercular

organism.

In-vitro Anti-inflammatory activityof the synthesized compounds:

Absorbance Value (Mean + SE)

Inhibition of Denaturation (in %)

Compound =55 ' /mL 300 pg/mL 200 ug/mL 300 pg/mL
Control 0.095 0.095 - -

Ibuprofen 0.180 0.195 89.4% 105.2%
As 0.142 0.152 49.47% 60.00%
A 0.162 0.173 70.52% 82.10%
As 0.156 0.169 64.21% 77.89%
A 0.130 0.143 36.84% 50.52%
B: 0.134 0.141 41.05% 48.42%
B, 0.146 0.157 53.68% 65.26%
Bs 0.155 0.167 63.15% 75.78%
Ba 0.135 0.146 42.10% 53.68%
G 0.130 0.139 36.84% 46.31%
C 0.141 0.152 48.42% 60.00%
Cs 0.160 0.174 68.42% 83.15%
Cs 0.142 0.158 49.47% 66.31%

The percentage inhibition of denaturation was
calculated by using following formula:
% of Inhibition = 100 X [Vt/Vc - 1]

Where, Vt = Mean absorbance of test sample.
V¢ = Mean absorbance of control.

In-vivo Anti-inflammatory activity of the synthesized compounds

Increase paw volume

Compound

% Decrease paw volume after 3 hour

1 hour 2 hour 3 hour
Control 0.37(+0.02) 0.39(+0.008) 0.45(x0.03)
Diclofenac sodium  0.10(+0.03) ***  0.10(x0.05) ***  0.12(+0.011) *** 73.33
A1 0.12(+0.007) ***  0.23(+0.03) ** 0.26(+0.02) ** 42.22
Az 0.08(+0.02) ***  0.09(+0.05) ***  0.13(x0.009) *** 71.22
Bs 0.08(+0.009) ***  0.12(+0.05) ***  0.17(+0.011) *** 62.23
B4 0.10(£0.06) ***  0.13(x0.009) ***  0.16(+0.02) *** 64.45
C2 0.07(£0.04) ***  0.09(x0.05) ***  0.14(0.009) *** 68.89
C3 0.11(£0.03) ***  0.14(£0.07) ***  0.16(+£0.012)*** 64.45

The results are expressed as mean = SEM (n
=6). Significance was calculated byusing one-way
ANOVA with Dunnet’s t- test. The difference in
results was considered significant when p<0.05.
*p<0.05 vs control at 200 mg/kg b.w; **p<0.01
vscontrol at 200 mg/kg b.w; ***p< 0.001 vs control
at 200 mg/kg b.w.
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CHUHTE3A U OXAPAKTEPU3MUPAHE HA HAKOU 3AMECTEHA
[TPOM3BOAHU HA ITNPA30JIA C BUOJIOI'MYHO IMTPUJIOKXKEHUE

C.P. Iatau’*, T1.B. Maren?, I'.C. ATxapl, A.B. I[)KaHrapl, C.A. Tatan®, Jx.C. [Tatan?

Ylenapmamenm no gpapmayesmuuna xumus, Cenckocmonarncku xonedxic no gpapmayus ,, Ipasapa “, Jlonu, Unous
2 Jlenapmamenm no 6uomexnonoeus, Konesc no uskycmea, Hayka u mopeosus PVP, Jlonu, Hnous
8 llenapmamenm no (papmaroznosus, Konesc no uskycmsa, nayxa u mopeoeus. PVP, Jlonu, Hnous

IMoctenuna na 7 HoemBpH, 2012 r.; xopurupana Ha 27 despyapu, 2013 r.

(Pesrome)

[Mupa3oabT ¥ HETOBUTE MPOM3BOJHK MMAT TOJIsiIMa OHOJOTHYHA aKTUBHOCT. B HacTosiaTa pabota ca CHHTE3UpaHH
HOBHM 3aMECTEH MPOM3BOJHM Ha THpasona. Te ca CHHTE3WPaHH dYpe3 TPETHPAHETO Ha eTwi Owuc-[mermnrno] -2-
[IMaHOAKPHJIATC TIPOU3BOAHM Ha xuapasuza. [Ipous3BoHuTE HA ITHpa3ona ca mojiydeHu upe3 peakiust ¢ Hndosn 6asu.
BcHuKK TIOJTYYeHH CheMHeHus ca oxapaktepusupan ¢ IR, 'H-NMR u enementen aHanus. Bcuuku HOBOCMHTE3MPAHH
ChE/IMHEHMS Ca M3MHMTAHU 32 AaHTUMHUKPOOHA aKTHBHOCT BBhpXY pas3iuunu mukpoopranusmu (E.coli, S. aureus, A.niger,
C. albicans) npu xonuentpamu 200ug/mL ype3 qudysus B arap B cTpiiia Ha [leTpu. AKTHBHOCTTA € OnpeeNsiHa Ype3
30HUTE HA HHXHOHMpPaHEe U CPaBHEHA C ACHCTBHETO HAa CTAHIAPTHOTO JIEKAPCTBO HUIMPOGIOKCAIMH 32 aHTUMHUKPOOHA 1 €
rpu3eo(yIBUH 32 AaHTUTBOMYHA AKTHBHOCT. M3MUTAaHUTE CheAMHEHHS Ca TECTBAHU U 32 AHTHTYOEPKYJI03HAa aKTHBHOCT
cnpsimo M. tuberculli npu konuentpanuu ot 25, 50 u 100 pg/mL, a 3a in-vitr0 npoTHBO-BB3MATUTEIHA AKTHBHOCT —
npu kourenTpanuu 200 pg/ml u 300 ug/ml mo mMerona Ha JAeHaTYpUpPAHETO HA MPOTEHHH. KaTto cTaHmapTHO IeKapCcTBO
e u3non3BaH uOynpodeH. CheAMHEHHUATA Ca M3MUTAHM 3a iN VIVO IPOTHBO-BB3MAJIMTEIHA aKTHBHOCT CHpsMO Oenn

mumky mpu 200 pg/ml 3a TOTBBbpKACHUE HA PE3yNITATHTE.
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The present paper reports the synthesis and characterization of novel dicoumarinamines (7) as potential bioisostere
compounds of dicoumarols (4). 3,3'-Methylenebis(4-amino-2H-chromen-2-one) (7a) was obtained in high yield in a
reaction of 4-aminocoumarine (5) with aqueous formaldehyde. Best results in reactions of 5 with aldehydes 6 (b-h)
were obtained when reactions were performed in acidified ethanol as a solvent. The structure and relative stability of the
possible rotamers were studied by DFT methods at B3LYP/6-31+G** level with regard to their potential biological

activity.

Key words: aminocoumarins, bioisostere, dicoumarols, anticoagulant, DFT.

1. INTRODUCTION

Currently, the chemistry and bioactivity of
coumarins are of remarkable interest to medicinal
chemists. Large number of compounds with
coumarin scaffold are known to possess a wide
range of pharmacological properties including
antibacterial [1-2], antifungal [3-4], antioxidant [5-
6], anticancer [7-8], antituberculosis [9-10], anti-
HIV ~ [11-12], antimalarial [13-14], anti-
inflammatory [15], anti-allergic [16], and many
other activities.

Probably, the most well-known bioactive
coumarins are anticoagulants. Over six decades,
warfarin (1) is the mainly prescribed oral
anticoagulant drug. In last 20 years, related
compounds, such as phenprocoumon (2) and
acenocoumarol (3) are used as oral anticoagulation
therapy worldwide (Figure 1). Nowadays, new or
modified coumarins with same pharmacological
activity are still in the focus of many research
groups [17-20]. All these compounds are analogues
and inspired of dicoumarol (4a) as a prototype.
Anticoagulant activity of 4a is known for nearly one
century and even before discovering of its structure
in 1940. Dicoumarols (4) and similar [21]
compounds nevertheless attract intense interest
because of their activity (Figure 1) [22-26].

The different substituents in the coumarin
derivatives have considerable influence on their
biological activity. So, the identification of crucial
structural characteristic is essential for the

* To whom all correspondence should be sent:
E-mail: popovski.emil@gmail.com

development of new analogues with improved
efficacy and lower side-effects. The design and
synthesis of new derivatives with high specific
activity for known and other pharmacological
targets is a nowadays challenge. The present paper
reports the synthesis and characterization of novel
dicoumarinamines (7) as potential bioisosteric
compounds of 4. Also, density functional theory
(DFT) was employed to interpret the observed NMR
spectra of the studied species. These results were
used to investigate the preferred conformation of the
compounds and the molecular properties with
regard to their potential biological activity

EXPERIMENTAL

Aldehydes 6 were purchased commercially and
used without further purification.

Melting points were determined on a Reichert
hot-stage apparatus.

The FTIR spectra (4000-400 cm™) were recorded
at ambient temperature with 16 scans on Perkin-
Elmer System 2000 with the resolution of 4 cm™
using KBr pellets. The data for strong (s) and very
strong (vs) bands are given.

The NMR spectra were run on a Bruker 250
DRX Spectrometer using standard Bruker Topspin
software. DMSO-ds was used as a solvent and the
chemical shifts were referenced to the residual
solvent signal (2.5 ppm for *H and 39.5 ppm for *C
spectra). The signals were assigned with the aid of
1D and 2D 'H, BC, DEPT, COSY, HMQC and
HMBC spectra. The digital resolution of the 1D-
spectra was 0.12 Hz/Pt for H and 1.4 Hz/Pt for 13C.
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O

R =H (for 4a), alkyl, aryl, heterocyclic
Fig. 1. Structures of well-known anticoagulants

The HR-ESI mass spectra were recorded on a
QTof premiere conjugated with HPLC system.

The quantum chemical calculations were
performed using the Gaussian 09 program package
[27] running on MADARA grid. The geometries of
possible conformational isomers of compound 7h
were fully optimized using density functional theory
(DFT). We employed B3LYP functional and
standard 6-311+G** basis set. The stationary points
found on the molecular potential energy
hypersurfaces were characterized using standard
analytical harmonic vibrational analyses.

4-Amino-2H-chromen-2-one  (5) is  not
commercially available and it was synthesized as
described previously [28].

3,3'-Methylenebis(4-amino-2H-chromen-2-one)
(7a, C19H14N204).

To an aqueous (37%) formaldehyde solution (50
cm?®), well powdered 5 (1.012 g; 6.28 mmol) was
added. The reaction mixture was stirred and heated
up to 60 °C. After 2 h, the dense mixture was left to
cool at room temperature. The crystals of the
product 7a were collected by simple vacuum
filtration. The typical yield of crude product was
about 80%. For additional 10%, filtrate was cooled
in ice bath. The purification was performed by
dissolving the product in DMSO and precipitation
with ethanol. Dirty white crystals, Mp: >300 °C
(decomp.); FTIR(KBr)/cm®: 3391(s), 3213(s),
1669(s), 1645(vs), 1614(vs), 1600(vs), 1551(s), 748
(s); *H-NMR (250.13 MHz; DMSO-dg ) 6: 8.04 (br
d, 2H, 3J = 8.0 Hz, H-5), 7.83 (br s, 4H, NH,), 7.62
(td, 2H, 3J = 8.0 Hz, 4J = 2.0 Hz, H-7), 7.35 (overl,
4H, H-6, H-8), 3.65 (s, 2H, CH,); ®*C-NMR (62.8
MHz; DMSO-dg) o: 164.8 (C2), 93.6 (C3), 153.5
(C4), 114.4 (C4a), 123.1 (C5), 124.0 (C6), 132.2
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(C7), 116.9 (C8), 152.0 (C8a), 21.1 (CHy); ESI
TOF-MS (positive ions) (m/z): calcd. for [M+H]*:
335.1032; found: 335.1034.

3,3'-Ethylidenebis(4-amino-2H-chromen-2-
one)(?b, Con15N204).

To ethanol (40 cm?®), acetaldehyde (6b) (0.9 cm?;
16.10 mmol), well powdered 5 (1.997 g; 12.39
mmol) and 8 drops of “HCI” were added. Reaction
mixture was refluxed for 2 h. After cooling, water
was added (drop by drop) to precipitate the product.
The typical yield of the crude product was about
90%. The purification was performed by dissolving
the product in ethanol and precipitation with water.
Pale ocher crystals, Mp: 202 °C (decomp.);
FTIR(KBr)/cm™:  3370(s), 3221(s), 1648(vs),
1610(vs), 1546(vs), 754(s); *H-NMR (250.13 MHz;
DMSO-ds ) 6: 8.03 (br d, 2H, 3J = 8.0 Hz, H-5),
7.79 (br s, 4H, NHy), 7.62 (td, 2H, 3J = 8.0 Hz, 4=
2.0 Hz, H-7), 7.35 (overl, 4H, H-6, H-8), 4.58 (q,
1H,3J = 7.5 Hz, CH), 1.66 (d, 3H, 3J = 7.5 Hz, CH3);
BC-NMR (62.8 MHz; DMSO-ds) 6: 164.2 (C2),
97.1 (C3), 153.2 (C4), 114.7 (C4a), 123.1 (C5),
124.0 (C6), 132.2 (C7), 116.8 (C8), 152.0 (C8a),
27.8 (CH), 15.6 (CHs); ESI TOF-MS (m/z): calcd.
for [M+Na]*: 371.1008; found: 371.1007.

3,3'-Prophylidenebis(4-amino-2H-chromen-2-
one)(?c, C22H20N204).

To ethanol (40 cm?®), butyraldehyde (6c) (1.4
cm?; 15.53 mmol), well powdered 5 (2.007 g; 12.45
mmol) and 8 drops of “HCI” were added. Reaction
mixture was refluxed for 1 h. After cooling, the
crystals of the product were collected by simple
vacuum filtration. The typical yield of the crude
product was about 80%. The purification was
performed by recrystallization from ethanol.
Colorless crystals, Mp: 262-264 °C; FTIR(KBr)/cm’
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11 3389(s), 3212(s), 1630(vs), 1609(vs), 1546(vs),
1435(s), 756(s); *H-NMR (250.13 MHz; DMSO-ds )
6. 8.02 (br d, 2H, 3J = 8.0 Hz, H-5), 7.80 (br s, 4H,
NH,), 7.53 (td, 2H, %) = 8.0 Hz, “J= 2.0 Hz, H-7),
7.25 (overl, 4H, H-6, H-8), 4.40 (br t, 1H,3J =75
Hz, CH), 2.20 (m, 2H, CH:-a), 1.22 (m, 2H, CH:-b),
0.85 (t, 3H, % = 7.5 Hz, CH3); °C-NMR (62.8
MHz; DMSO-ds) o: 164.4 (C2), 96.1 (C3), 153.8
(C4), 114.6 (C4a), 123.0 (C5), 123.8 (C6), 132.0
(C7), 116.6 (C8), 151.9 (C8a), 33.3 (CH), 31.0
(CHza), 21.4(CH:b), 13.9 (CHs); ESI TOF-MS
(m/z): caled. for [M+H]*: 377.1501 found:
377.1500.
3,3'-Furfurylidenebis(4-amino-2H-chromen-2-

0ne)(7d, C23H16N205).

To ethanol (40 cm?), furfural (6¢) (1.2 cm?
14.49 mmol), well powdered 5 (1.857 g; 11.52
mmol) and 8 drops of “HCI” were added. Reaction
mixture was refluxed for 90 min. After cooling, the
crystals of the product were collected by simple
vacuum filtration. The typical yield of the crude
product was about 80%. The purification was
performed by dissolving the product in DMSO and
precipitation with ethanol with several drops of
water. Ocher crystals, Mp: 300-301 °C;
FTIR(KBr)/cm™:  3452(s), 3358(s), 3221(s),
1645(vs), 1626(vs), 1608(vs), 1598(vs), 1548(vs),
1533(s), 1438(s), 756(s); *H-NMR (250.13 MHz;
DMSO-ds ) 6: 8.08 (br d, 2H, 3] = 7.5 Hz, H-5),
7.81 (br s, 4H, NH), 7.65 (td, 2H, 3J = 8.0 Hz, )=
2.0 Hz, H-7), 7.50 (br s, 1H, H-4"), 7.40 (overl, 4H,
H-6, H-8), 6.33 (dd, 1H, 3J = 3.0, 2.0 Hz, H-4"),
6.02 (brs, 1H, H-3"), 5.77 (s, 1H, CH); *C-NMR
(62.8 MHz; DMSO-ds) o: 163.6 (C2), 93.6 (C3),
153.6 (C4), 114.4 (C4a), 123.2 (C5), 123.9 (C6),
132.4 (C7), 116.8 (C8), 153.6 (C8a), 33.2 (CH),
151.6 (C1-furanyl), 105.6 (C2-furanyl), 110.2 (C3-
furanyl), 141.6 (C4-furanyl); ESI TOF-MS (m/z):
calcd. for [M+H]": 401.1137; found: 401.1140.

3,3'-Benzilidenebis(4-amino-2H-chromen-2-one)
(76, C25H13N204).

Synthesis and purification as 7d. The typical
yield was about 85%. Colorless crystals, Mp: 328-
330 °C (decomp.); FTIR(KBr)/em™:  3375(s),
3207(s), 1667(s), 1638(vs), 1622(vs), 1609(vs),
1593(vs), 1543(vs), 1520(s), 1436(s), 752(s); H-
NMR(250.13 MHz; DMSO-ds ) J: 8.07 (d, 2H, 3] =
7.5 Hz, H-5), 7.78 (br s, 4H, NH,), 7.65 (td, 2H, 3] =
8.0 Hz, 4] = 2.0 Hz, H-7), 7.40 (overl, 4H, H-6, H-
8), 7.20 (overl. 2H, H-m), 7.10 (overl. 3H, H-o, H-p)
5.92 (s, 1H, CH); C-NMR(62.8 MHz; DMSO-dg)
0. 164.0 (C2), 94.5 (C3), 154.1 (C4), 114.5 (C4a),
123.2 (C5), 123.8 (C6), 132.2 (C7), 116.7 (C8),
152.1 (C8a), 37.4 (CH), 138.0 (Ci), 126.5 (Co),

128.0 (Cm), 125.4 (Cp). ESI TOF-MS (m/z): calcd.

for [M+H]*: 411.1345; found: 411.1336.
3,3'-(4-Chlorobenzilidene)bis(4-amino-2H-

chromen-2-one)(7f, C2sH17CIN2O4).

Synthesis and purification as 7d. The typical
yield was about 90%. Colorless crystals, Mp: 315-
317 °C; FTIR(KBr)/cm™: 3403(s), 3216(s),
1637(vs), 1627(vs), 1611(vs), 1545(s), 1437(s),
758(s); H-NMR(250.13 MHz; DMSO-ds ) J: 8.08
(br d, 2H, 3J = 7.5 Hz, H-5), 7.80 (br s, 4H, NH),
7.65 (td, 2H, 3J = 8.0 Hz, 4J = 2.0 Hz, H-7), 7.40
(overl, 4H, H-6, H-8), 7.29 (d, 2H, %] = 8.0 Hz, H-
m), 7.12 (d, 2H, 3J = 8.0, H-0) 5.89 (s, 1H, CH);
B3C-NMR(62.8 MHz; DMSO-dg) 6: 163.9 (C2), 94.1
(C3), 154.2 (C4), 114.4 (Cda), 123.2 (C5), 123.9
(C6), 132.4 (C7), 116.7 (C8), 152.1 (C8a), 37.0
(CH), 137.2 (Ci), 128.5 (Co), 127.9 (Cm), 130.0
(Cp). ESI TOF-MS (m/z): calcd. for [M+Na]*:
467.0775; found: 467.0777.

3,3'-(4-Nitrobenzilidene)bis(4-amino-2H-
chromen-2-one)(7g, C2sH17N30).

Synthesis and purification as 7d. The typical
yield was about 80%. Dirty white crystals, Mp:

>235 °C decomp.; FTIR(KBr)/em™: 3441(s),
3354(s), 3207(s), 1634(vs), 1609(vs), 1547(s),
1528(vs), 1439(s), 1350(s), 758(s); 'H-NMR

(250.13 MHz; DMSO-ds ) 6: 8.12 (d, 2H, 33 = 7.5
Hz, H-0), 8.11 (br d, 2H, 3J = 7.5 Hz, H-5), 7.84 (br
s, 4H, NH,), 7.65 (td, 2H, 3J = 8.0 Hz, “J= 2.0 Hz,
H-7), 7.40 (overl, 4H, H-6, H-8), 7.40 (d, 1H, 3J =
8.5, H-m) 6.04 (s, 1H, CH); C-NMR (62.8 MHz
CDCls, DMSO-dg) o: 164.0 (C2), 93.5 (C3), 154.4
(C4), 114.4 (C4a), 123.3 (C5), 124.0 (C6), 132.5
(C7), 116.7 (C8), 152.1 (C8a), 37.3 (CH), 141.3
(Ci), 129.6 (Co), 116.7 (Cm), 148.0 (Cp); ESI TOF-
MS (m/z): calcd. for [M+Na]*: 478.1015; found:
478.1022.
3,3'-(4-Methoxybenzilidene)bis(4-amino-2H-

chromen-2-one) (7h, Ca6H20N20s).

Synthesis and purification as 7d. The typical
yield was about 80%. Colorless crystals, Mp: 278-
280 °C; FTIR(KBr)/cm™: 3435(s), 3382(s), 3220(s),
1644(vs), 1624(vs), 1607(vs), 1593(vs), 1546(vs),
1509(s), 1434(s), 753(s); H-NMR(250.13 MHz;
DMSO-ds ) &: 8.08 (br d, 2H, 3J= 7.5 Hz, H-5), 7.78
(br s, 4H, NHy), 7.63 (td, 2H, 3J= 8.0 Hz, 4J= 1.2
Hz, H-7), 7.56 (d, 2H, %J= 8.0, H-0), 7.40 (overl, 4H,
H-6, H-8), 6.81 (d, 2H, 3J= 8.0, H-m), 5.87 (s, 1H,
CH), 3.71 (s, 3H, CHa); *H-NMR(250 MHz; CDCl5)
8: 7.61 (br d, 2H, 3J= 8.0 Hz, H-5), 7.56 (td, 2H, 3J=
8.0 Hz, 4J= 1.2 Hz, H-7), 7.30 (overl, 4H, H-6, H-
8), 7.13 (d, 2H, 3J= 8.0, H-0), 7.00 (br s, 4H, NH,),
6.78 (d, 2H, 3J= 8.0, H-m), 6.13 (s, 1H, CH), 3.74
(s, 3H, CHs); ®*C-NMR(62.8 MHz; DMSO-ds) 4:
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163.9 (C2), 94.7 (C3), 154.0 (C4), 114.5 (Cda),
1232 (C5), 1235 (C6), 132.2 (C7), 116.7 (C8),
152.1 (C8a), 36.7 (CH), 129.7 (Ci), 127.5 (Co),
1134 (Cm), 157.8 (Cp), 54.9 (OCHa); =C-
NMR(62.8 MHz; CDCls) §: 165.3 (br, C2), 96.9 (br,
C3), 153.9 (br, C4), 114.6 (C4a), 121.5 (C5), 123.9
(C6), 132.0 (C7), 117.5 (C8), 152.7 (C8a), 37.2
(CH), 129.7 (Ci), 127.8 (Co), 113.6 (Cm), 157.2
(Cp), 55.2 (OCHs); ESI TOF-MS (m/z): calcd. for
[M+Na]*: 463.1270; found: 463.1275.

RESULTS AND DISSCUSSON

Not many reactions in which 4-aminocoumarin
(5) is involved have been studied so far, although
some of its derivatives possess biological activity
[29-31]. In our previous work we had shown that
the C-N bond distance at 5 indicates a considerable
degree of double bond character [28]. The
conjugation of NH; with coumarine moiety is most
probably the reason for very low nucleophility of
the nitrogen atom in molecule. Knowing this, we
were almost sure that aldehydes in reaction of 5
would not give nucleophilic addition product or
Mannich reaction products. As we predicted,
reactions of 5 with some aliphatic and aromatic

aldehydes (6) led to corresponding
dicoumarinamines (7) as products (Reaction
Scheme 1).

Compound 5 is not soluble in water at room
temperature, but soluble in aqueous solution of
formaldehyde (6a) from where (after several
minutes) crystals of dicoumaroamine 7a were
formed. Higher yield was obtained when reaction
mixture was heated up to 60 °C. Reactions with
other aldehydes 6 can be performed in agueous
mixture acidified with HCI, especially with alkyl
aldehydes 6b and 6c. However, the best results
were obtained when reactions were performed

refluxing acidified mixture of 5 and 6 in ethanol as
a solvent.

It has been shown that the dicoumarol
derivatives substituted at the bridge carbon exhibit
a double hindered rotation around the bonds
connecting this carbon. The restricted rotation is
due to intramolecular hydrogen bonds [32-33]. The
presence of hydrogen bonded structure for
dicoumarols was confirmed with DFT, AIM [34]
and X-ray studies [35]. The formation of these
intramolecular hydrogen bonds may hold the
structures in a suitable configuration for binding to
an enzyme and hence may be an important factor
for the biological activity. That is why we
considered that is interesting to gain information on
a similar process for diaminocoumarines. The most
of the investigated compounds were insoluble in
CDCl;s. Their NMR spectra were measured in
DMSO-ds. It is known that the intramolecular
hydrogen bond is broken by the molecules of the
solvent DMSO by competitive intermolecular
bonding. From all investigated compounds only 7h
was dissolvable in CDCIs to obtain spectra in a
solvent permitting formation of intermolecular
hydrogen bonds. The comparison of the H spectra
in DMSO-ds and CDClI;s showed differences in the
chemical shifts, mostly of H-5 (0.46 ppm), CH (-
0.26 ppm) and H-o (0.43 ppm), indicating different
conformational behavior. The H spectrum didn't
exhibit doubling or broadening of signals but the
signals for C-2, C-3 and C-4 in the *C spectrum
were broad indicating a dynamic process. Due to
the low concentration, variable temperature
measurements were not possible. B3LYP/6-
311+G(d,p) calculations showed presence of only
two stable rotamers C1 and C2 (Figure 2 ) with an
energy difference AE = 9.8 kcal/mol.

(0]
NH
2 R%
X 6 H
o (0]
5
a)R =-H b) R = -CH,

o=~

C) R= -CH2CH2CH3

HR= @Cl g)R= @Noz

d)R= /(o\>
nr= o,

Reaction Scheme 1.
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C1

C2

Fig. 2. Structures of the rotamers of 7h molecule optimized by B3LYP/6-311+G** calculations.

The preferred rotamer (C1) is stabilized with an
intramolecular hydrogen bond in analogy to the
dicoumarols. The other is sterically favored. The
hydrogen bonding NHz--O= is less strong
compared to the OH---O= and the gain of steric
energy could stabilize a rotamer without hydrogen
bonding.

As a conclusion, 4-aminocoumarine reacts with
aldehydes leading to the corresponding
dicoumarinamines  as  products. In  this
way, eight compounds have been prepared and
characterized for the first time. The preferred
rotamer of the compound 7h is stabilized with an
intramolecular hydrogen bond in analogy to the
dicoumarols. The novel dicoumarinamines might
be potential bioisostere compounds of dicoumarols.

Acknowledgement: This work was supported by
the Macedonian Ministry of Education and Science
(Contract 03-1586) and Bulgarian National
Science Fund (Contract BM-02/07)

REFERENCES

1. M. Mladenovi¢, N. Vukovi¢, S. Sukdolak, S.
Soluji¢, Molecules, 15, 4294 (2010).

2. A. Jakhar, J.K. Makrandi, Indian J. Chem., 51(B),
291 (2012).

3. AA. Al-Amiery, A.A.H. Kadhum, A.B. Mohamad,
Molecules, 17, 5713 (2012).

4. V.M. Navarro-Garcia, G. Rojas, M. Avilés, M.
Fuentes, G. Zepeda, Mycoses, 54(5), €569 (2011).

5. A/AAH. Kadhum, A.A. Al-Amiery, AY. Musa,
A.B. Mohamad, Int. J. Mol. Sci., 12, 5747 (2011).

6. S. Cavar, F. Kovag, M. Maksimovi¢, Food Chem.,
133,930 (2012).

7. R. Patel, N. Patel, Anti cancer activity of synthetic
coumarin derivatives on Hep2 cells: Anti Cancer
mechanism of Coumarin derivatives through Microtubule
inhibition. LAP Lambert Academic Publishing GmbH &
Co. KG: Saarbriicken, 2011.

8. Y.M. Ma, Y.B. Zhou, C.M. Xie, D.M Chen, J. Li,
Acta Pharmacol. Sin., 33(3), 407 (2012).

9. A. Gursoy, N. Karali, Turk. J. Chem., 27, 545
(2003).

10. R.V. Patel, P. Kumari, D.P. Rajani, K. H.
Chikhalia, Med. Chem. Res. (Abstract from
Doi: 10.1007/s00044-012-0026-x).

11. S. Stanchev, F. Jensen, A. Hinkov, V. Atanasov,
P. Genova-Kalou, R. Argirova, |. Manolov, ISRN
Pharmaceutics, Doi:10.5402/2011/137637 (2011).

12. E.B.B. Ong, N. Watanabe, A. Saito, Y. Futamura,
K.H.A. El Galil, A. Koito, N. Najimudin, H. Osada, J.
Biol. Chem., 286(16), 14049 (2011).

13. J.K. Adesanwo, O. Ekundayo, F.O. Shode, V.C.O.
Njar, AJ.J. Van den Berge, A.T. Oludahunsi, Niger. J.
Nat. Prod. Med., 8, 69, (2004).

14. R. Argotte-Ramos, G. Ramirez-Avila,
C. Rodriguez-Gutiérrez Mdel, M. Qvilla-Mufioz,
H. Lanz-Mendoza, M.H. Rodriguez, = M. Gonzalez-
Cortazar, L. Alvarez, J. Nat. Prod., 69(10),1442 (2006).

15. Y.A. Selim, N.H. Ouf, Org. Med. Chem. Lett.,
D0i:10.1186/2191-2858-2-1, (2012).

16. A.E. Nugroho, S. Riyanto, M.A. Sukari, K.
Maeyama, Int. J. Phytomed., 3, 84, (2011).

17. M. Gebauer, Bioorgan. Med. Chem., 15(6), 2414
(2007).

18. O.M. Abdelhafez, K.M. Amin, R.Z. Batran, T.J.
Maher, S.A. Nada, S. Sethumadhavan, Bioorgan. Med.
Chem., 18(10), 3371 (2010).

19. J.-C. Jung, S. Oh, Molecules, 17(1), 240 (2012).

20. J.-C. Jung, E. Lim, Y. Lee, D. Min, J. Ricci, O.-S.
Park, M. Jung, Molecules, 17(2), 2091 (2012).

139



B. Mikhova et al.: Synthesis and structure of some novel dicoumarinamines

21. H.Y. Zhou, J.L. Hong, P. Shu, Y.J. Ni, M.J. Qin,
Fitoterapia, 80(5), 283 (2009).

22. H. Madari, D. Panda, L. Wilson, R.S. Jacobs,
Cancer. Res., 63(6), 1214 (2003).

23. A. Hernandez, G. Lopez-Lluch, J.A. Bernal, P.
Navas, J.A. Pintor-Toro, Mol. Cancer. Ther., 7(3), 474
(2008).

24. B. Buranrat, A. Prawan, U. Kukongviriyapan, S.
Kongpetch, V. Kukongviriyapan, ~ World  J.
Gastroenterol., 16(19), 2362 (2010).

25. S.M. Qadri, Y. Kucherenko, C. Zelenak, K. Jilani,
E. Lang, F. Lang, Cell. Physiol. Biochem., 28, 857
(2011).

26. D. Zavr$nik, S. Muratovi¢, D. Makuc, J. Plavec,
M. Cetina, A. Nagl, E.D. Clercq, J. Balzarini, M. Mintas,
Molecules, 16(7), 6023 (2011).

27. M. J. Frisch, G. W. Trucks, H. B. Schlegel, G. E.
Scuseria, M. A. Robb, J. R. Cheeseman, V. G.
Zakrzewski, J. A. Montgomery, Jr., R. E. Stratmann, J. C.
Burant, S. Dapprich, J. M. Millam, A. D. Daniels, K. N.
Kudin, M. C. Strain, O. Farkas, J. Tomasi, V. Barone, M.
Cossi, R. Cammi, B. Mennucci, C. Pomelli, C. Adamo, S.
Clifford, J. Ochterski, G. A. Petersson, P. Y. Ayala, Q.
Cui, K. Morokuma, D. K. Malick, A. D. Rabuck, K.
Raghavachari, J. B. Foresman, J. Cioslowski, J. V. Ortiz,
A. G. Baboul, B. B. Stefanov, G. Liu, A. Liashenko, P.

Piskorz, 1. Komaromi, R. Gomperts, R. L. Martin, D. J.
Fox, T. Keith, M. A. Al-Laham, C. Y. Peng, A.
Nanayakkara, C. Gonzalez, M. Challacombe, P. M. W.
Gill, B. G. Johnson, W. Chen, M. W. Wong, J. L. Andres,
M. Head-Gordon, E. S. Replogle and J. A. Pople,
Gaussian 98, Revision A.7, Gaussian, Inc., Pittsburgh
PA, 1998.

28. B. Stamboliyska, V. Janevska, B. Shivachev, R. P.
Nikolova, G. Stojkovic, B. Mikhova, E. Popovski,
ARKIVOC, (x), 62 (2010).

29. M. Di Braccio, G. Grossi, G. Roma, C. Marzano,
F. Bacccichetti, M. Simonato, F. Bordin, Farmaco,
58(11), 1083 (2003).

30. G. Roma, M. Di Braccio, A. Carrieri, G. Grossi,
G. Leoncini, M.G. Signorello, A. Carotti, Biorg. Med.
Chem., 11, 123 (2003).

31. A.M.M. El-Saghier, M.B. Naili, B.Kh. Rammash,
N.A. Saleh, K.M. Kreddanc, ARKIVOC, (xvi), 83 (2007).

32. R. Labbe-Bois, C. Laruelle, J. Godfroid, J. Med.
Chem., 18, 85 (1975).

33. C. Laruelle, J-J. Godfroid , Can. J. Chem., 54(5),
813 (1976).

34. N. Trendafilova, G. Bauer, Ts. Mihaylov, Chem.
Phys., 302, 95 (2004).

35. E. J. Valente, D. S. Eggleston, Acta Cryst. C, 45,
785 (1989).

CHUHTE3A U CTPYKTYPA HA HSIKOU HOBU TUKYMAPHUH-AMUWHU
B. Muxosa’, B. SInescka’, b. Crambosnuiickal, . I[perep3, E. IMTonoBcku >*

Y Hnemumym no opeanuuna xumus ¢ Llenmup no gpumoxumus, Boreapcka axademus na naykume, 1113 Cogpus
2 Unuemumym no xumus, axymem no ecmecmeenu nayku u mamemamuxa, Yuueepcumem ,, Ce.ce. Kupun u Memoouii “,
Ckonue, Maxedonus
3 Uncmumym no opeanuuna xumus, Yuueepcumem ,,Jlatibnuy “ ¢ Xanosep, Xanosep, 'epmanus

IMoctenuna na 23 suyapu, 2013 r.; kopurupana 30 mapt, 2013 .

(Pesrome)

B nacrosimara pabora ce cho0OIIaBa 3a CHHTE3aTa W OXapaKTePU3UPAHETO HA HOBH MHKyMapuH-aMuHH (7) KaTo
MOTEHLUMATHO OHO-U30CTEPHH CheOUHEHUs Ha qukymaponute (4). 3,3'-meruneH-6uc(4-amuno-2H-xpomeH-2-oH) (7a) e
MOJIy4eH C BHCOK J0OMB B peakimsaTa Ha 4-amuHokymapuH (5) ¢ ¢opmangexun BB Boaa. Haii-nobpu pesynraté Ha
peakimaTa Ha 5 ¢ amgexuau 6 (b-h) ca mocTurHatm koraro peakuusTa ce H3BBPIIBA B MOJKHCICH €TaHI KaTo
pastBoputen. CTpyKTypara M OTHOCHTENIHATA CTAOMIHOCT Ha BB3MOXKHHUTE poTamepH ca uscnensanu ¢ DFT-merona Ha
HuBo B3LYP/6-31+G** ¢ ornex TaxHaTa OHOJOTHYHA aKTHBHOCT.
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There are two coupling schemes for obtaining Russell Saunders atomic term symbols (terms) for the equivalent
electrons, one is Russell-Saunders (L-S) coupling scheme and another is spin-orbit (j-j) coupling scheme. The Russell
Saunders atomic term symbol provide the information about spectral and magnetic properties of an atom. For this work
computation is done to calculate all the possible microstates and atomic terms for equivalent electrons of nf* and nf!®
configurations and a comparative study is carried out between the Russell Saunders atomic terms of nf* and nf'®
configurations. The possible microstates counted for these configurations are 1001 and the terms obtained from these
states are 47, these terms are quintets (5), triplets (22) and singlet’s (20) and the predicted ground state term for both the
configurations is quintet I (). The ground states for nf* and nf* configuration are °l, and °lg respectively.

Key-words: Term symbol, Russell-Saunders term, Microstate, Singlet, Triplet and Quintet.

INTRODUCTION

The Russell —Saunders (L-S) coupling scheme
first proposed by Henry Russell and Frederick
Saunders in 1923 [1] and originally used for
electrons in partially filled shells of elements with
lower atomic number but for the elements with
greater atomic number spin-orbit coupling becomes
more significant because higher nuclear charge [2-
4]. However, for heavier transition elements and
rare earth elements it is still convenient to use
Russell-Saunders scheme [5]. The vector model for
terms which was developed before the quantum
mechanical treatment was successfully used to
interpret the complex spectra of systems with
valence electrons in different sub shells [6]. The
current nomenclature for the various energy levels
(*IL) is based on the Russell-Saunders coupling

which leads to the three vectors S LandJ . L is
the vectorial sum of the orbital angular momentum

vectors of the valence electrons, S is the vectorial
sum of the spin angular momentum vectors of the

valence electrons and J is the vectorial sum of

Land S. L and S coupled together to give a state
of definite J [7] and the allowed values of J range
from L+ S to |L-S|. The each term split into (2J+1)
terms differing in energy by an amount proportional

* To whom all correspondence should be sent:
E-mail: parmeshwar1978@gmail.com

to the applied field strength (Zeeman effect) and
states are characterized by a quantum number M,
which have allowed values of J, J-1..., -J +1, -J [8].
It follows that if L>S the J can take 2S+1 values,
but if L<S it can take 2L+1 values, when L=0J can
take only one value. The values of J may be either
1+1/2 or 1-1/2 but 1-1/2 is of lower energy state
since in 1-1/2 state the orbital and spin are opposed
[9, 10] By knowing the allowed values of L, S and
J one can define the energy levels for the valence
electrons [11].

A Russell-Saunders atomic term is applied for
energy associated with the state of an atom
involved in a transition and term symbols are
abbreviated description of the energy levels in a
multi electron atom. The degenerated state is
broken up into two or more states due to electronic
repulsion when the ion or atom is introduced into a
lattice [12]. The equivalent electrons are those
which have same values of | such as np?, nd*, nf? or
nf®> configuration. The formulation of hole can be
used for the sub shell that is more than half full and
the equivalent electrons for a pair of atoms with n|"
and nl*" (x=6, 10 orl4) configurations give rise
identical Russell Saunders atomic term symbols
[13]. Therefore, the equivalent electrons of nf* and
nfl® configurations give identical terms. The
numbers of microstates for the incomplete sub shell
increase with increase in the number of electrons in
orbital of the sub shell but in the nonequivalent
electronic system the number of microstates are

© 2014 Bulgarian Academy of Sciences, Union of Chemists in Bulgaria

141



P. L. Meena et al.: Comparative Studies on Russell-Saunders Atomic Term Symbols (Terms) for Equivalent Electrons ...

much greater than the similar equivalent electronic
system [14]. In the Russell Saunders coupling a
term is specified by @5*Y L, [2, 3, 7, 10] where 2S +
1 the multiplicity or spin multiplicity of a term. The
number of states deriving from a given term is
simply (25+1) x (2L+I) and the stability order and
ground state term can be predicted by applying
Hund’s rule [5, 10-15].

The problem with equivalent d or f electrons or
nonequivalent electrons is finding the microstates,
which are 252 for nd® 364 for nf®, 1001 for nf*,
2002 for nf® 3003 for nf® and 3442 for nf’ for
equivalent electrons and for nonequivalent
electrons 910 for 2 d*, 3640 for f3d* and 10010 for
f4dl. Methods have been introduced to help
generate the states [16, 17] and used for cases up to
nd® for equivalent electrons. The Russell Saunders
terms have been determined for equivalent
electrons of nf® and nf!! configuration [18, 19] and
for nonequivalent electrons of f2d! configuration
using R-S coupling scheme [20].

METHODOLOGY
Counting Total number of Microstates for nf*and
nf® configurations

The total number of microstates for any
configuration can be counted using by following
expression [21].

Number of ways of filling electrons N=

221 +1)! or n! (1)
x(221 +1) - xh) x!(n!-x!

n= 2(21+1) or double of the total number of
orbital’s, x= Total number of electrons in sub shell.
So, for nf* configuration n= 2(21+1) =14 and x=4
and for nf'° configuration n= 2(21+1) =14 and x=10.

]
For nf* configuration N = _ 4 and for
41(141-41)
1
nfl® configuration N = .14
10! (14!1-41)

_ 14x13x12x11x10X9x8X7X6X5x4x3x2x1

4Ax3x2x1x10X9IXBX7 x6xX5x4x3x2x1
Therefore, N = 1001 Microstates for nf*

N= 14x13x12x11x10x9x8x7x6x5x4x3x2x1

Ax3x2xIX10X9XBX7 X6X5x4x3x2X1
Therefore, N = 1001 Microstates for nf'°

Counting the values for Total Orbital Angular
Momentum Quantum Number (L), Total Spin
Angular Momentum Quantum Number (S), M,, Ms
and J

Therefore, L values for nf* and nf°
configurations are 0,1,2,3,4,5,6,7,8,9 and 10 and the
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atomic terms codes for these L values are S, P, D,
F,G, H I,K, L MandN.
The length of total orbital angular momentum

vector L is|L|=+/L(L+1) h. 3)
Therefore, | L | are +110 h, ¥/90 h, +/72 h, +/56 h,
J42h /30 h V20 h, V12 b, /6 h V2 hand 0.

S = (51+82), (S1+52-1).....| (51-52) |. (4)

Therefore, S vectors are for nf* and nf?
configurations are 2, 1 or 0.

Therefore, S vector length is |§|=1/S(S +1) h. (5)
Therefore, for nf* and nfl® configurations of

S vectors are \/E h, V2 1 and zero.

The component of the total angular momentum
along a given axis is M =2L+1 (6)

Here L=10 (maximum value of L for nf* and
nfl® configurations), Therefore, M =2x10+1=21
values that ranging from +10 to -10.

The spin state for a given S value is
Ms= (2S+1) @)
Here S=2(maximum value of S for nf* and nf'®
configurations), Therefore, Ms=2x2+1=5 values
that ranging from +2 to -2.

Therefore, J values for *M term are 10, 9 and 8
and other terms illustrated in table 5 Magnitude of
vector sum of L and S or magnitude of J

is\/J(J+1) h (8)

The vectorial sums for L and S for some terms
are illustrated in figure 1.

L=5 L=5 I L=9
=10 = J=9
51 51 51

Ml Mg ha

Coupling of L and S for 3M terms and for W, Mo and s States

-

Yig
Coupling of L and S for 90 terms and For 3Ga, 307, W36 G s and 545 tates
Figure 1: L-S coupling for J values for different terms
and states

The Fundamental Tables for Russell Saunders
Coupling Scheme

The fundamental table for equivalent electrons
for nf* configuration (table 1) and for nf° (table 2)
configuration for Russell Saunders coupling
scheme representing possible spin states that
allowed by the Pauli Principle with the microstates.
These tables include total number of microstates
with spin states. The fundamental table 3
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Table 1: The fundamental table for equivalent
electrons of nf4 configuration used in Russell Saunders
coupling scheme representing possible spin states that
allowed by the Pauli Principle with microstates.

SN Possible spin states Total Total
T for nf* electrons spin microstates
1 1 1 1 1 +2 35
2 1 1 0 ! +1 140
3 1 0 ! ! 0 210
4 1 ! ! ! -1 140
5 ol -2 35
6 U 0 +1 105
7 U ! 0 210
8 U ! -1 105
9 1 0 21

Total number of microstates for nf* configuration -1001

Table 2: The fundamental table for equivalent
electrons of nf'% configuration used in Russell Saunders
coupling scheme representing possible spin states that
allowed by the Pauli Principle with microstates.

SN Possible spin states for nf° Total Total
T electrons spin  microstates
T 1 I 35
N P R N N ¢ 140
K N A 210
L R 1 N A A A A 140
I N e 4 35
6 1L 11t +1 105
LA P A N A 0 210
S N -1 105
9 1ttt 0 21

Total number of microstates for nf'° configuration - 1001

Table 3: The fundamental table representing total
microstate numbers according to M. and Ms valufor
equivalent electrons of nf*and nf'° configurations.

Ms— +2 +1 0 -1 -2 Total
10 1 1
9 1 2 1 4
8 2 5 2 9
7 4 8 4 16
6 1 7 14 7 1 30
5 1 11 20 11 1 44
4 2 15 28 15 2 62
3 3 20 34 20 3 80
2 4 23 41 23 4 95
1 4 26 44 26 4 104
T™L 5 27 47 27 5 111
-1 4 26 44 26 4 104
-2 4 23 41 23 4 95
-3 3 20 34 20 3 80
-4 2 15 28 15 2 62
-5 1 11 20 11 1 44
-6 1 7 14 7 1 30
-7 4 8 4 16
-8 2 5 2 9
-9 1 2 1 4
-10 1 1

Total 35 245 441 245 35 1001

representing microstate numbers according to M.
and Ms values for equivalent electrons for nf* and
nfl® configurations and table 4 representing
microstate array M. versus 25+1 in a statistical way
for both the configurations

Resolving the Microstate Chart into Appropriate
Atomic States and Drawing Sub Tables for Each
Terms

An atomic state forms an array of microstate
consisting 2S+1 columns and 2L+1 rows. Thus, for
a °N state requires two columns or (21x3) array, *M
state requires (19x3) array and SL state requires
(15x5) array'®. By removing each state from the
microstate table a microstate sub table for each
Russell Saunders term can be drawn. This treatment
on microstates for both nf* and nf'® configurations
give 51, 5G, °F, °D, °S,*M, 3L, 3K(2), 3I1(2), *H(4), °G
(3), 3F(4), °D(2), °P(3), N, L(2), K, I(3), H(2),
'G(4), 'F, D(4) and S (2) atomic terms. The
microstates of electrons remain conserved in atomic
terms, therefore, it is verified by obtaining the
microstates from the atomic terms and it is given in
table 5.

Stability and splitting pattern of Russell- Saunders
Atomic Terms

The splitting pattern and stability order of
Russell- Saunders atomic terms for equivalent or
non-equivalent  electrons for a particular
configuration can be predicted by applying Hund’s
rule. For the nf* and nf® configuration it is
illustrated in (figurel) and this splitting pattern give
different ground states for nf* and nf®
configurations, since one (nf%) has less than half fill
orbital configuration and another (nf'°) has more
than half fill orbital configuration.

RESULT AND DISCUSSION

There are the three types of Russell Saunders
atomic terms obtained from the microstates for
equivalent electrons of nf* and nfl° configurations
that are quintets (5), triplets (22) and singlet’s (20).
These terms are °l, °G,°F, °D, °S, M, 3L, 3K(2-
Terms), 31(2-Terms), 3H(4-Terms), 3G (3-Terms),
3F(4-Terms), °D(2-Terms), 3P(3-Terms), N, L(2-
Terms), 'K, M(3-Terms), H(2-Terms), !G(4-
Terms), 'F, 'D(4-Terms) and!S (2-Terms). The
ground state term for both the configurations
obtained is Quintet I (°I).

CONCLUSION

It is concluded that the equivalent electrons of
nf* and nf'° configurations can be arranged in 1001
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Ms—>  +2 +1 0 1 2 Total
10 | 1
9 | | | 4
8 I (I | 9
7 Il 1T Il 16
6 Il THLTELL Ml 30
5 | M (I (T | 44
4 | HHE NN TETEE | 62
3 lll (T EA R R Il 80
2 11 L TELEELAL R CEREECTEL =
1 O L 2

MO I I DO e e 112
=L O S W e 104
=2 I I A TCEEECTEL |
-3 I (H AT I ECREAE | 80
-4 | (HHIIHT I T | 62
-5 | M EREARETY (T | 44
-6 Il HTHLTEL Ml 30
-7 lll T Il 16
-8 I (I | 9
-9 | || | 4
-10 | 1

Total 35 245 441 245 35 1001

Table 4: The fundamental table representing microstate array My v/s 2S+1 in a statistical way for
equivalent electrons of nf*and nf'° configurations.

SN Term Total Several Possible Array Micro
"7 symbol values of J Terms States
1 IN J=1 INyg 21x1 21
2 3M J=3 3M10.3Mg Mg 19x3 57

3L J=3 3Ly 3Lg 3Ly 17x3 51

3 IL(2) J=1 g (17x1)2 34
4 3K(2) J=3 3Ks, °K7 3Ks (15x3)2 90
K J=1 K- 15x1 15

5| J=5 5 %1751 515514 13x5 65

5 1(2) J=3 317 316215 (13x3)2 78
@A) J=1 He (13x1) 39

6 3H(4) J=3 3Hg3Hs 3Hy (11x3)4 132
H(2) J=1 Hs (11x1)2 22

5G J=5 SGG ,565 ,564 ,5G3,5G2 9x5 45

7 3G(3) J=3 3Gs, G4 3G3 (9x3)3 81
1G(4) J=1 1G4 (9x1)4 36

5F J=5 5Fs 5F4 5F3 °F, 5F 7X5 35

8 3F(4) J=3 3F, 3F3 3F, (7x3)4 84
IF J=1 15, 7x1 7

5D J=5 5D4 ,5D3,5D2,5D1,5Do 5x5 25

9 3D(2) J=3 D3 %D, 2D; (5x3)2 30
ID(4) J=1 D, (5x1)4 20

10 3P(3) J=3 3P, 3Py 3Py (3x3)3 27
11 ) J=1 53, 1x5 5
13(2) J=1 1S, (1x1)2 2

Total number of microstates for nf* and nf'° configuration-1001

Table 5: Conservation of state or levels a cross verification of terms and microstates for equivalent the electrons of
nf*and nfl® configurations.

energy states or levels that have different values of these states by R-S coupling treatment. Theoretical
s (spin quantum numbers) and | (angular quantum stability order of these Russell-Saunders atomic
numbers) and 47 Russell-Saunders atomic terms according to Hund’s rule is

spectroscopic terms symbols (terms) obtained from
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'3(2-Terms)

Singlet

Termms

Trplet Terms |pf*  pflt

'3(2-Terms)

D0 4-Terms)

1G(4-Terms)

Singlet VH(2-Terms)

Tenms U 3- Terrns)

Triplet Terms

D
L F Quintet
S i Terms
SIG 5[
’Is
nf* configuration
Iy

(L-3) Coupling, (L.-L) Coupling, (5-5) Coupling

Quintet F L
Terts g el
SI SIG

I

nf'? configuration

(3-3) Coupling, (L-L) Coupling, ¢ 3-L) Coupling

Fig. 2: The stability order and splitting pattern of Russell- Saunders atomic terms for equivalent the
electrons for nf*and nf'° configurations.

*I>5G>SF>5D>5S>3M>3L>3K (2)>31(2)>3H (4)>3G(3)
>3F(4)>3D(2)>°P(3)>IN>1L(2)>K>(3)>H(2)>G
(4)>'F>1D(4)>!S(2) and the stability order of
ground state terms for nf* configuration is °ls <°I; <
5|6 <5|5 <5|4 and for nf1 js 5|s > 5|7 >5|6 >5|5 >5|4. This
study illustrates that equivalent electrons for nf*and

nfl® configurations give same type of atomic terms
and same number microstates but the ground states
for both configurations are different, since nf*
configuration has less than half fill orbital
configuration while nfl® configuration has more
than half fill orbital configuration. Therefore, the
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ground state for nf* configuration is quintet | four
(°l4) and for nf° configuration is quintet | eight (°ls).
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CPABHUTEJIHU U3CJIEJBAHUSA HA ATOMHUTE TEPMOBH CUMBOJIU (TEPMOBE)
HA RUSSELL-SAUNDERS 3A EJIEKTPOHH OT nf* U nf!°-KOH®UT'YPAILTUU

I1.JI. Meena'*, H. KyMapl, A.C. Meenal, K.C. Meena?®

Y lenapmamenm no xumus, Ynusepcumem M.L.S., Yoaiinyp, Padocacman, Hnous
2,ﬂenapma/wehtm no xumus, [lpasumencmeen xonexc M.L.\V., bxunsapa, Paoxcacman, Hnous

IMoctenuia Ha 29 oktomBpH, 2012 r.; kopurupana Ha 9 anpui, 2013 .
(Pesrome)

CohlilecTBYBaT JBE CIPETHATH CXEMH 3a ONpEICITHETO Ha aTOMHHTE TEPMOBH cHMBOJH (TepMmoBe) Ha Russell-
Saunders 3a exBuBaneHTHHTE eNeKTpoHH — cxemara Russell-Saunders (L-S) u cmnun-opGurannara (j-j) cxewma.
ArtomunTe TepMoBH cuMBoiH 1o Russell-Saunders maBar unpopMmanust 3a CIEKTPaIHUTE U MATHHUTHHUTE CBOMCTBA Ha
aTomute. B Tasu pabora 3a W3BBPLICHH W3YMCICHHS Ha BCHYKH BH3MOXKHH MHKPO-CHCTOSIHHS U aTOMHH TEPMOBE 32
enektponnute koudurypamuu nf* u nfl%, xakro u mexnmy atromuure Tepmose Ha Russell-Saunders ma nf* u nft®
KOHHTypauuu. Bb3MOXKHUTE MUKPO-CHCTOSHHS 3a Te3u KoHurypaumu ca 1001, a momydeHuTe TepMOBe 3a Te3H
cherosiHus ca 47, xaro te3n tepmoBe ca kBuHTeTH (5), Tpumeru (22) u cunrieru (20). TepMbT Ha MpeaCcKa3aHOTO
OCHOBHO ChCTOSIHHE 3a jiBeTe KoHpurypamuu e ksuuteT | (°1). OcnoBaute chetosnus Ha Nf* u nfl® konurypanuure ca
cpoTBeTHO °ls u °ls.
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The electroextraction of copper from acidic (130 g/L H,SOs) sulphate electrolytes in the presence of zinc or
ferrous ions was studied by means of galvanostatic methods. The coatings, deposited from electrolytes containing 1 g/L
Cu?* and 50 g/L Zn?*, are composed predominantly of Zn (80-90%). The coatings are black and powdery. Pure Cu
coatings are produced at 1 A/dm? in electrolytes containing 10 g/L Cu?* and 50 g/L Zn?*. The deposits are light red,
smooth and semi-bright. Current efficiency of Cu deposition at 2 A/dm? from electrolytes containing 10 g/L Cu?*
abruptly declines with the increase in Fe?* concentration. It is higher than 90% and is practically independent of Fe?*
concentration during deposition from electrolytes containing 50 g/L Cu?*. The coatings obtained from electrolytes
containing 10 g/L Cu?* in the presence of Fe?* ions are dark red, rough and math and those obtained from electrolytes
containing 50 g/L Cu?* are light red, smooth and bright. The results of the microprobe analysis indicate that in both

cases the coatings are of pure copper.

Keywords: copper; zinc; iron; electrodeposition; electroextraction

INTRODUCTION

After a number of pyro- or hydrometallurgical
ore treatments, large amounts of wastes with high
metal content remain (Table 1).

There are numerous papers dedicated to the
recovery of metals by electrolysis from scrap metal
pickling wastewater [10], gold plant waste streams
[11], spent  copper-cyanide  electroplating
electrolytes [12], and stripping solutions in the
manufacture of printed circuit boards [13]. Copper
electrodeposition onto porous, fluidized and
spouted bed electrodes and the treatment of copper-
containing waste streams is studied by J. W. Evans
et al. [14]. A study of Fe removal from Cu leachate
by limestone precipitation followed by direct
electrowinning of Cu has been conducted by B.
Zhang [15]. The recovery of Cu from printed circuit
board scraps, containing (in wt. %): Cu (24.3-30.2),
Fe (0.08-0.18) and Sn (2.5 - 4.9) by mechanical
processing and electrometallurgy is demonstrated
by H. M. Veit et al. [16]. The recovery of Cu and
Sn from waste stripping solutions containing 2—40
g/L Cu and 150 g/L SnO; is studied by S. Roy and
R. Buckle [17]. M. Aghazadeh et al. [18] developed
the fundamentals of a method for the direct
recovery of Cu from brass (Cu-30 wt.% Zn) scrap
based on simultaneous electrolytic dissolution of

* To whom all correspondence should be sent:
E-mail: isivanov@ipc.bas.bg

the scrap at the anode and electrodeposition of Cu
at the cathode in an acidified sulfate electrolyte. L.
Petkov and B. Spasov [19] found out that
electrolytic Cu extraction from dilute H,SO,
solutions on a pulsating cathode permits complete
Cu extraction from these solutions. L. Petkov and I.
Dardanova [20] established that electrolysis from
dilute H,SO, solutions by a fluidized bed cathode
reduces the Cu content from 1 g/L to 0.2-0 5 mg/L.

These methods, however, are inapplicable to the
extraction of metals from solid wastes like
powders, cakes, dusts, drosses, scraps, etc., where
the content of non-ferrous metals is much higher.
Though these hard waste products contain Cu and
Zn in commensurate amounts, there are no data
available in the literature reporting of attempts to
electroextract them separately.

In the literature we have met only one paper
concerning the influence of little amounts of Zn2*
on Cu electrodeposition. Muresan et al. [1] have
observed that during electrowinning of Cu from
wastes the deposits morphology slightly differs in
the presence of Zn?*. This suggests that Zn?* ions
are electrosorbed at the interface and slightly
modify the effective surface of the copper deposits.
The changes occur at small Zn?* additions and there
are no significant differences between the deposits
obtained with Zn?* concentrations of 0.05 and 0.5
o/L.
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Table 1.

Waste

Metal content, wt.%

“Blue powder” that results from condensing
furnace gases during the thermometallurgical
processing of non-ferrous ores.

Zn (25-41), Pb (20-25), Fe (3-5),
Cu (0.5-1) [1, 2].

Cakes obtained during purification of the
electrolytes for zinc electrowinning:

1. Copper cake

2. Copper-cadmium cake

3. Collective cake

4. Cobalt-nickel cake

5. Lead-zinc cake

Cu (36-54), Zn (5-10) [3].
Cu (10), Zn (30), Cd (12) [3].
Cu (5.8), Zn (35.9), Cd (7.2) [3].
Cu (25), Zn (20), Cd (3) [3].
Zn (17-22), Pb (4.5-7), Cu (1.8-4.5), Fe
(23-27) [3].

Flue dusts at a secondary copper smelter treated
in the electrowinning zinc plant.

Flue zinc dust in smelting processes.

Mixture of zinc scrap and zinc dross resulting
from the zinc cathode industry.

Cake from a Waelz kiln processing zinc-lead
carbonate ores.

Beta cake at the cadmium plant in the cobalt
removing stage.

Cementates obtained during the treatment of the
Zn sulphate leach liquor with As;Oz and Zn
powder.

Zn (40-65), Cu (1-6), (Pb 6-20),
Fe (0.1-1.5) [4].
Zn (19.4), Fe (24.6), Cu (0.42) [5].
Zn (51.01), Cu (2.7), Fe (1.6), Pb (4.28)
[6].
Zn (11.3), Fe (8.3), Pb (24.6) [7].

Zn (8.0-9.5), Co (0.5-1.4), Fe (2.3 —
5.6), Cu (1.1) [8].
Cu (28.6), Zn (22.4) [9].

We found only three papers that discuss the
influence of ferric and ferrous ions on the
electroextraction of Cu from electrolytes with low
metal concentration. Dew and Phillips [21] studied
their effect on the cathodic and anodic reactions for
dilute (5 g/L) acid CuSOQs electrolytes with varying
concentrations and mixtures of reacting species.
The cathodic reduction of Fe* to Fe?" leads to a
significant decrease in current efficiency of
deposition at high Fe** concentrations. Re-oxidation
of Fe?" to Fe®* at the anode will compound the
effect of Fe®* concentration on the current
efficiency. The same authors [22] also investigated
the effect of Fe?* and Fe®* on the efficiency of Cu
electrowinning from solutions containing less than
2 gdm?® Cu?, with an equivalent or higher
concentration of iron as Fe?* and Fe®". Experiments
showed that the current efficiency decreased in
proportion to the increase in Fe** concentration. The
work has shown that the Chemelec cell can achieve
reasonable efficiencies for direct electrowinning
from dilute leach liquors. Das and Gopala Krishna
[23] studied the influence of Fe®*" concentration
(varied from 0.5 to 6.0 g/L) on current efficiency,
power consumption and cathode quality during Cu
electrowinning in an open channel cell. A decrease
in current efficiency started with increasing Fe®*
concentration at each of the flow rates studied.
When Fe?* was added to a Cu?* - Fe®" electrolyte,
the harmful effect of Fe** on the current efficiency
was reduced. More than 90% current efficiency

may be achieved if the Fe3*/ Fe?" ratio is
maintained < 1. A marginal increase in the current
efficiency was observed at an increase in Cu®*
concentration. This may be due to the fact that upon
increasing Cu?* concentration in the bath, the
solution viscosity increases, which impedes the
distribution of Fe* over the cathode surface. A
decrease in current efficiency was observed when
Fe3* concentration was increased from 1.0 to 2.0
g/L at each H2SO4 concentration.

The literature review shows that the problem
concerning the recovery of metals by electrolysis
from hard wastes is neglected.

The aim of this paper is to study the influence of
electrolyte composition and electrolysis conditions
on the process of metal recovery from acidic
sulphate electrolytes containing Cu?*, Zn?* and Fe?*
ions in ratios close to the proportion of these metals
in the solid metallurgical wastes.

EXPERIMENTAL

Galvanostatic deposition was carried out in a 0.5
dm?® bath on rolled copper cathodes (5.0 cm?) at
current densities of 0.5, 1, 2 or 5 A/dm? using two
Pb-Ag (1%) anodes. Cu cathodes were degreased in
an ultrasonic bath and etched in dilute (1:1)
solution of HNOs;. The potentials of deposition
were measured using mercury/mercurous sulphate
electrode in 0.5M H>SO,; (SSE), its potential vs.
NHE being +0.720 V.
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Table 2. Cathodic potentials, Cu and Zn content (in wt.%), phase composition and surface appearance of coatings

obtained after 30 min deposition on copper cathodes.

Deposit
cErIT?Sgsoilt)i/(t)erll i, E,V composition, % Coating
oL ’ Aldm? CU cath. cu 7n appearance
black
cuz-1 1 -1.425 16.2 83.8 powdery
Zn*'-50 black
H,S04-130 5 -1.665 12.0 88.0 powdery
orange
1 0460  100.0 0.0 smooth
Cu?*-10 semi-bright
Zn%*-50
H,S04-130 dark red
5 -0.655 95.1 49 spongy
brittle

The applied current densities in this study are
adequate to the conditions for industrial metals
plating. Usually plant Cu electroextraction or
electrorefining is carried out at current densities of
1 - 3 A/dm?, whereas the current density (5 A/dm?)
is a plant condition for Zn electroextraction. Cu?",
Zn* and Fe?* concentrations were selected taking
into account the ratio between these metals in waste
products generated from nonferrous metallurgical
industry.

Cu?* ions (as CuS0.5H,0) were added to
electrolytes containing 220 g/L ZnS0O4.7H,O (50
g/L Zn?*) and 130 g¢/L H,SO.. Fe?* ions (as
FeSO4.7H,0) were added to electrolytes containing
10 or 50 g/L Cu?* and 130 g/L H,SO.. Both Cu?
and Fe?" ions were added to electrolytes containing
220 g/L ZnS0O4.7H,0O (50 g/L Zn?*) and 130 g/L
H,SO..

Metal deposition was carried out at a practically
constant concentration of Cu?*, Zn?* or Fe?* ions.
The Cu?* concentration decreases only by 0.05 —
0.4% after 30 minutes and by 0.5 - 4% after 5 hours
of deposition.

X-ray powder diffraction patterns for phase
identification (characterization) of the deposits
were recorded in the angle interval 20 - 110 (26) on
a Philips PW 1050 diffractometer equipped with Cu
Ka tube and scintillation detector. The surface
morphology of the deposits was examined and
EDX Analysis was performed by scanning electron
microscopy (SEM) using a JEOL JSM 6390
microscope.

Electroextraction of Cu in the presence of Zn**

ions.

The data in Table 2 show that an increase in
Cu?* concentration in the electrolyte results in a
decrease in the Zn content in the deposits. On the
contrary, an increase in the current density yields an
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increase in the content of Zn in the coatings. In
electrolytes with low concentration of Cu?* (1 g/L),
the cathodic potentials are highly negative at both
current densities, which facilitates the deposition of
Zn. Besides, at the low Cu?" concentration level,
deposition of Cu occurs at a limiting diffusion
current density (about 2 mA/cm?), which probably
further decreases on longer deposition. This finding
could explain the low content of Cu in the obtained
coatings. There are no such diffusion limitations for
the Zn?* ions and hence this metal is deposited at
the current density typical of electrochemical
kinetics. At the higher Cu?* concentration (10 g/L)
the process of Cu deposition is not impeded by
diffusion limitations and becomes predominating,
as Cu is a more electropositive metal. At 1 A/dm?,
when the cathodic potential is between -0.460 and -
0.485 V, a pure Cu coating is deposited, whereas at
5 A/dm?, when the potential is more negative, the
obtained coatings contain 4.9% Zn phase as well.
Figures 1la and b show SEM pictures of coatings
obtained after 30 min deposition at 1 (1a) or 5
(1b) A/dm? in electrolytes containing 1 g/L Cu?',
50 g/L Zn?* and 130 g/L HzSO.. In both cases the
deposits are composed predominantly of Zn
(between 80 and 90%). The coatings are black in
color and powdery. Figures 2a and 2b show SEM
pictures of coatings obtained after 30 min
deposition from electrolytes containing 10 g/L
Cu?*, 50 g/L Zn?* and 130 g/L H,SO.. The coatings
obtained at 1 A/dm? (2a) are light red in color with
smooth and semi-bright surface. They are
composed of pure Cu. The coatings deposited at 5
Aldm? (2b), however, are dark red, spongy and
brittle. The coatings composition is 95.1% Cu and
only 4.9% Zn.

Figures 3a and b show the SEM micrographs of
pure copper coatings obtained after 30 min
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25KV | X1,000 10pm 11 30 SEI 25kV | X1,000 10pm 09 30 SEI
(a) (b)
Fig. 1a. SEM micrographs of coatings obtained after 30 min deposition in an electrolyte, containing (g/L): Cu?* - 1,

Zn?* - 50 and H,SO4 — 130 at 1 A/dm?.
Fig. 1b. SEM micrographs of coatings obtained after 30 min deposition in an electrolyte, containing (g/L): Cu?* - 1,

Zn?* - 50 and H.SO4 — 130 at 5 A/dm?2.

P

|~ {25KV " X1,000 - d0pm.. 10 30°SE - 25KV X1,000  10pm 09 30 SEI
(@) (b)
Figure 2a. SEM micrographs of coatings obtained after 30 min deposition in an electrolyte, containing (g/L): Cu?* - 10,

Zn?* - 50 and H,SO4 — 130 at 1 A/dm?.
Figure 2b. SEM micrographs of coatings obtained after 30 min deposition in an electrolyte, containing (g/L): Cu?* - 10,

Zn% - 50 and H,SO4 — 130 at 5 A A/dm?.

”.

LN &= 4
25kV  X1,000 10pm 10.30 SEI (+ /

25KV X1,000 10ym 10 40 SEI
(@ (b)
Figure 3a. SEM micrographs of coatings obtained after 5 h deposition in an electrolyte, containing (g/L): Cu?* - 10,

Zn?* - 50 and H,SO4 — 130 at 1 A/dm?.
Figure 3b. SEM micrographs of coatings obtained after 5 h deposition in an electrolyte, containing (g/L): Cu?* - 20,

Zn?* - 50 and H.SO4 — 130 at 1 A/dm?2.
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deposition at current density 1 A/dm?and potentials
between -0.430 and -0.530 V vs SSE in electrolytes
containing (g/L) Cu? - 10 or 20 and H»SO4— 130.
The coating obtained in the electrolyte containing
10 g/L Cu?" is dark red, rough and brittle (Figure
3a). The coating obtained in the electrolyte,
containing 20 g/L Cu?* is light red, smooth and
semi-bright (Figure 3b). Light red, smooth and
semi-bright coatings of pure Cu deposit are
obtained at current density 0.5 A/dm? in electrolytes
containing 10 or 20 g/L Cu?". The current yield of
Cu deposition is 97 — 99% in all cases.

Electroextraction of Cu in the presence of Fe?*
ions.

Figure 4 shows the dependence of current
efficiency of Cu deposition (CEc) on Fe?
concentration. It is seen that CEc, sharply decreases
with the increase in Fe* concentration during
deposition in electrolytes containing 10 g/L Cu?*
and 130 g/L H,SO, at a current density of 2 A/dm?
(curve 1) and in electrolytes containing 50 g/L Cu?*
and 130 g/L H,SO, at a current density of 1 A/dm?
(curve 2). It is higher than 90% and is practically
independent on Fe?* concentration during
deposition in electrolytes containing 50 g/L Cu?*
and 130 g/L H,SO, at a current density of 2 A/dm?
(curve 3). The very weak influence of Fe?* on the
electroextraction of Cu from electrolytes containing
50 g/L Cu? can be explained by the impeded
access to the cathode of the Fe** ions formed on the
anodes [23]. The reduction of ferric ions to ferrous
ions on the cathode and the increased H; evolution
may lead to a decrease in Cu current efficiency.
This is, probably, the reason for the significantly

20kV  X1,000 - 10pm

(@)

0070 # 10 40 SEI
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lower current efficiency when the concentrations of
Cu?* and Fe?* are equal (10 g/L).
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Figure 4. Dependence of the current efficiency of 5
hours galvanostatic deposition of copper as a function of
Fe?* concentration. Electrolytes: 1) 10 g/L Cu?* and 130
g/L H2SO4, current density 2A/dm?; 2) 50 g/L Cu?* and
130 g/L H,S0y4, current density 1 A/dm?; 3) 50 g/L Cu?*
and 130 g/L H,SOs, current density 2 A/dm?.

Figures 5a and b present SEM micrographs of
copper coatings deposited for 5h at 2 A/dm? in
electrolytes containing 10 g/L Cu?*, 10 g/L Fe?* and
130 g/L H2SO4 (Figure 5a) and 50 g/L Cu?*, 10 g/L
Fe?* and 130 g/L H,SO, (Figure 5b). It is observed
that coatings obtained from electrolytes containing
10 g/L Cu?* in the presence of Fe? ions are dark
red, rough and mat, probably, as a result of
increased hydrogen evolution. The coatings
obtained from electrolytes containing 50 g/L Cu?*
are light red, smooth and bright. The results of the
microprobe analysis indicate that all coatings are of
pure copper.

0KV X1,000 M0um 10054 09 50 SEI

(b)
Figure 5a. SEM micrograph of Cu coating obtained in an electrolyte containing 10 g dm= Cu?*, 10 g dm Fe?* and 130
g dm H;SO,. Current density 2A A/dm?. Potential -0.615 V. Deposition time 5 h.
Figure 5b. SEM micrograph of Cu coating, obtained in an electrolyte, containing Cu?*- 50 g dm, Fe?- 10 g dm=and
H,S04- 130 g dm. Current density 2A/dm?. Deposition time 5 h.
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Electroextraction of Cu in the simultaneous
presence of Zn?* and Fe?* ions.

20kV  X1,000 10pm 0078 10 40 SEI
Figure 6. SEM micrograph of Cu coating, obtained in
electrolytes, containing (g/L): Cu?* - 50, Zn?* - 50,
Fe?* - 10 and H,SO4 - 130. Current density 2 A/dm?.
Deposition time 5 h.

Figure 6 show deposit composition, surface
appearance and SEM images of a copper coating
deposited for 5 h at 2 A/dm? current density in an
electrolyte containing 50 g/L Cu?*, 50 g/L Zn?*, 10
g/L Fe* and 130 g/L H,SO.. It is seen that the
simultaneous presence of Zn?* and Fe?" ions leads
to obtaining of a fine-grained coating similar to the
coating obtained in the electrolyte containing only
50 g/L Cu?* and 10 g¢/L Fe?* (Figure 5b). The
coating is light red in color, smooth and semi-
bright. The microprobe analysis evidences that the
coating is of pure copper.

CONCLUSION

Depending on the ratio between Cu?* and Zn?*
ions in the electrolyte, conditions can be created
favoring deposition of pure Cu and Zn phases, as
well as an alloyed Cu-Zn phase with a different
composition.

The coatings produced by means of
galvanostatic  deposition  from  electrolytes
containing 1 g/L Cu?, 50 g/L Zn** and 130 g/L
H,SO4 are composed predominantly of Zn (80-
90%). The coatings are black, smooth and powdery.
Pure Cu coating is produced by deposition at 1
A/dm? in an electrolyte containing 10 g/L Cu?, 50
g/L Zn?* and 130 g/L H,SO. Alloyed Cu-Zn
coatings are produced at 5 A/dm? with Zn content
of 4.9%. The coating deposited at 1 A/dm? is
orange in color, smooth and semi-bright, while the
coating obtained at 5 A/dm? is dark red, spongy and
brittle.

To produce fine-grain, dense and smooth
coatings of pure Cu in the presence of Zn?* ions, the
concentration of Cu?* ions in the electrolyte should

be higher than 10 g/L and the current density
should not exceed 1 A/dm?.

On galvanostatic Cu deposition at 2 A/dm? from
electrolytes containing 10 g/L Cu?" and 130 g/L
H2S04, the current efficiency abruptly declines with
the increase in Fe?* concentration from 1 to 10 g/L.
The coatings obtained at a current density of 2
A/dm? from electrolytes containing 10 g/L Cu?* and
10 g/L Fe?" are of pure copper, dark red in color,
brittle and powdery.

The current efficiency of copper
electrodeposition in electrolytes containing 50 g/L
Cu?* and 130 g/L H,SO, is higher than 90% and
slightly decreases with the increase in Fe?
concentration. The coatings are of pure copper,
light red in color, smooth and semi-bright in
appearance.

On galvanostatic deposition at 2 A/dm? from
electrolytes containing 50 g/L Cu?*, 50 g/L Zn?*, 10
g/L Fe?* and 130 g/L H2SO, the obtained coatings
are of pure copper, light red in color, smooth and
semi-bright.
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N3BJIMUAHE HA METAJIM OT TBBPJIU METAJIYPTUUHU OTIIA JBI.
TAJIBAHOCTATUYHA EJIEKTPOEKCTPAKIIVSI HA MEJI OT CYJI®ATHU
EJIEKTPOJINTU, CbABPXKAILU Zn** U Fe?* MOHU

I'. A. Xomxaorny, Us. C. iBaHOB

Hucmumym no gusuxoxumus “Axao. P. Kauwes”, Bvacapcka akademus na Naykume, yi. “Axao. I'. Bonueg”,
onok 11, Cogus 1113

IMocrenuna Ha 2 aBryct 2012 r.; mpuera Ha 26 cenrremspy, 2012 .

(Pesrome)

IMocpeacTBOM TajBaHOCTATHYHM METOAU € M3CIIE/BaHa eJeKTPOSKCTPaKIUITa Ha Mel oT cepHokucean (130 g/L)
cy/1aTHHU eJEKTPOJIUTH B IIPUCHCTBUETO HA ZN%* uim Fe?* Hionu. TIoKpUTUATA, OTIIOKEHH OT EJEKTPOJIUTH, ChIbPKAIIH
1 g/L Cu?* u 50 g/L Zn?* ca cheTaBenu npeaumuo ot Zn (80-90%). ITokpuTusaTa ca YepHU M NpaxoobpasHu. [TokpuThs
oT umcTa Mej ce noiaydasar npu 1 A/dm? ot enexrpomutu, chabpikamu 10 g/L Cu?* u 50 g/L Zn?*. IokputusTa ca
CBETJIOUEpPBEHH Ha LBAT, INIAJAKH M TodyOnectamy. JIoOMBLT O TOK Ha MEJHOTO oTiarane mpu 2 A/dm? ot
eNeKTposuTH, chabpikamu 10 g/L Cu?* psasko HamaisiBa ¢ HAPACTBAHETO HA KOHLIEHTpauuaTa Ha Fe?*. JIoGuBBT mo Tok
€ H0-BUCOK 0T 90% U NPKTHYECKU HE 3aBHCH OT KOHLIEHTpaluaTa Ha Fe?* mpu oT/araHe oT eleKTPOIMTH, ChAbPIKAIIH
50 g/L Cu?*. IokpuTusATa, MOIy4eHH OT eNeKTponuTH, chabpxkamu 10 g/L Cu?* B mpuchcTBueTo Ha Fe?* iionu ca
THMHOYEPBEHH, TPAlaBd U MATOBH, a TE€3H IOJYYEHH OT eleKTponuTH, chabpxamu 50 g/L Cu?* ca ceTiouepseHy,
rinajaku u onectsingy. M B iBaTa ciiy4asi HOKPUTHSITA Ca OT YHCTA ME/I.
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Removal of detergents by zeolites and membranes

B. Tsyntsarski?, B. Petroval, T. Budinova'®, N. Petrov!, A. Sarbu?, T. Sandu?,
M. Ferhat Yardim?®, A. Sirkecioglu®

nstitute of Organic Chemistry, Bulgarian Academy of Sciences, Acad. G. Bonchev str., BL.9, 1113 Sofia
2 National Research and Development Institute for Chemistry and Petrochemistry-ICECHIM, Polymers Department,
202 Independentei Spl., Bucharest, Romania
3 Istanbul Technical University, Department of Chemical Engineering, 34469 Maslak, Istanbul, Turkey

Received January 16, 2013; Accepted February 12, 2013

The adsorption of sulfonic and phenolic substances in detergents by natural zeolites from Turkish and
Romanian deposits was investigated. The zeolites were characterized by IR spectroscopy and surface measurements.
The effects of contact time and pH on the adsorption process were investigated. It was established that the specific
surface area is the determining factor which influences mostly on the adsorption of detergents. The removal of
detergents was also investigated by applying different membranes. They have demonstrated higher adsorption capacity

values than zeolites.

Key words: zeolite; membrane; adsorption; detergent; water

INTRODUCTION

The production of different washing materials
has been always accompanied by regular
accumulation of substantial quantities of detergents
in waste waters. Currently used detergents
generally consist of surfactants, bleaching agents,
additives for secondary benefits, enzymes, etc. The
effective removal of these hardly degradable
pollutants from waste waters is a global problem of
great importance. Many research efforts on the
improvement of the adsorption process and
adsorbent materials for removal of organic
pollutants from waste water streams have been
developed in the last years. Activated carbon is the
most used adsorbent; however its regeneration is
difficult and expensive. Recently many researchers
are investigating new, efficient and regenerable
adsorbents, such as inorganic materials, e.g.
zeolites and clay materials [1-8]. An important
benefit of zeolites is that they are stable and
inclined to regeneration. Since the thermodynamics
and kinetics of gas-phase adsorption of organic
molecules by zeolites have been thoroughly
investigated, the studies of adsorption of organic
molecules by zeolites from aqueous solutions are
relatively rare [7]. The adsorption from aqueous
solution depends not only on the zeolite pore
structure, but also on the competition between the

* To whom all correspondence should be sent:
E-mail: goriva@orgchm.bas.bg

organic molecules and water molecules for the
zeolite adsorption sites.

Advances in nano-scale science and engineering
are providing unprecedented opportunities to
develop low-cost and environmentally acceptable
water  purification processes. Besides, the
adsorptive  materials, membranes, membrane
separation techniques are also promising as an
effective alternative for water purification from
various pollutants. The fundamental understanding
of membrane performance is important for the
suitable selection and application in industrial
systems. There are many studies on the removal of
organic substances from diluted solutions using
membranes [9-14], but reports on separation of
toxic detergents by membranes are rare in the
literature. This paper gives a brief overview of the
use of membranes in the purification of water,
contaminated by toxic detergents.

This work aims to investigate the influence of
structural and surface properties of zeolites and
membranes on detergent removal (sulfonic and
phenolic substances) in aqueous solution. This is a
part of our efforts to develop an average scale
module for purification of small factories waste
waters from different pollutants, on the base of
multi-layered filter containing natural zeolites and
polymer membranes.

© 2014 Bulgarian Academy of Sciences, Union of Chemists in Bulgaria 157
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EXPERIMENTAL
Characterization of the initial materials

In this study three zeolite samples and two
membrane samples were investigated towards
adsorption of sulfonic and phenolic substances. The
first zeolite sample is from Romania (location:
Marsid, Bocsa-Borla) and the other two zeolite
samples are from Turkey (location: Bigadic and
Gordes).

The membrane samples are prepared as follows:

Membrane M1 - from polymer mixture of 80 %
C1 (prepared from monomer mixture of 90 %
acrylonitrile (AN) and 10 % vinyl acetate (AcV)
and 20 % polyvinyl alcohol (APV) , with
coagulation bath composition of 70 % iso-propanol
(1zOH) and 30% water.

Membrane M2 — polymer mixture of 80 % C2
(prepared from a monomer mixture of 80 % AN,
20% AcV) and 20 % APV.

Analytical methods for characterization of zeolites

The following methods were applied and
equipment’s were used for characterization of the
zeolites:

- X-ray diffractometer BRUKER D8
ADVANCE, equipped with DIFFRA Cplus
Commender XRD (Bruker AXS), and using Bragg-
Brentano diffraction method, with coupling ®-0 in
vertical configuration.

- Surface measurements were performed by
porosimeter ASAP 2020 (Micromeritics).

- The samples were also analyzed by FTIR
spectroscopy,  using  Bruker IFS 113V
spectrophotometer, with resolution of 1 cm™. The
samples were mixed with potassium bromide and
the mixture was pressed into pellets to be used in
the analysis.

Adsorption from aqueous solutions

Adsorption experiments were carried out by
using a zeolite sample Marsid with two fractions:
<0.09 mm and 0.10-0.14 mm.

The adsorption capacity of the adsorbents for

sulfonates and phenolic compounds  were
investigated by using Bulgarian commercial
dishwashing liquid (pH 6.7). Adsorption

experiments were conducted using aqueous
solutions, containing different volumes of liquid
detergent. Portions of adsorbents with amount of
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0.1 g were used in the adsorption measurements.
They were added to portions of the liquid detergent
with volume of 5-30 mL and water was added in
order to obtain final volume of 50 mL for each
solution. Then the solutions were shaken for 5 min
to 2 h. The amount of the sulfonates and phenolic
compound were determined at wavelengths 220 and
269 cm respectively, using UV spectrophotometer
Pharo 300 [15, 16].

The factors affecting the sorption of the
investigated detergents from aqueous solution, such
as contact time, particle size distribution and effect
of pH were studied.

The effect of pH of the solution on the
equilibrium adsorption of sulfonate and phenolic
compounds is investigated by using 0.1 g adsorbent
and 50 mL solution (containing 20 mL liquid
detergent) at 1 h contact time. The initial pH values
of the solutions were adjusted with either HCI or
NaOH.

RESULTS AND DISCUSSION.
Characterization of the natural zeolite samples

The results from XRD analysis (Fig.1) show that
all the studied natural zeolites dominantly contain
clinoptilolite.

Table 1 was prepared on the base of XRD
results, which demonstrates the content of different
minerals in the zeolite samples.

From XRD and atomic spectrophotometry
results, the structural chemical phase composition
of the samples were established and data are
presented in Table 2.

The data in Table 2 show that the Turkish
zeolites contain slightly higher amount of Al-Os in
comparison with zeolite sample Marsid. All the
samples have high amount (>60%) of silicon
dioxide, whereas Gordes zeolite has the highest.
The content of aluminium oxide in all samples is in
between 12-13 %. There are higher amounts of
alkaline oxides in Bigadic and Gordes zeolites than
Marsid zeolite. At the same time, the Bigadic
zeolite contain more CaO and Fe;Os than Marsid
zeolite (contains half of the amount of Fe,O;
contained in Bigadic zeolite), and their content in
Gordes zeolite (contains one-third of the amount of
Fe,Os contained in Bigadic zeolite) is the lowest.

Surface characterization results of Marsid,
Bigadic and Gordes zeolites are presented in
Table 3.
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Fig 1. XRD patterns of Marsid, Gordes and Bigadic clinoptilolites

The data from Table 3 shows that the Marsid
clinoptilolite has higher surface area and lower pore
volume and pore radius than the other zeolites, as
the average pore radius is lowest for the zeolite
Marsid. Chemical character of the surface of
Gordes and Marsid zeolies is probably due to the
higher content of alkaline oxides.

The IR spectra of the zeolite Marsid is shown in
Fig. 2. The bands are assigned to different vibration
modes of the zeolite matrix were presented in Table
4 [17-19]. IR spectra (not shown) of Bigadic and
Gordes zeolites are similar. IR results confirm that
the investigated natural zeolites mainly contain the
mineral clinoptilolite.
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Fig. 2. IR spectra of clinoptilolite.

Table 1. Content of different minerals in zeolite samples

Table 4. IR bands of clinoptilolite .

Bigadic Gordes Marsid
Clinoptilolite content, % (@95 >96 75-80
Plagioclase + - +
Cristobalite + - +
Quartz + + +
Biotite + + -
Clays + - -

Table 2. Chemical composition of the clinoptilolite
samples, (wt. %).

Hydroxy groups of basic 4000-3000 cmt
nature
CO; (in the air) 2300 cm?
H,0 (air+ads.) 1637 cm?!
Si—O asymmetric stretching 1204 cm*
Si—O-Al asymmetrical 1062 cm*
stretching
O-Si-0 symmetric stretching 791 cm?
symmetric stretching of free 727 cmt
SiO4
symmetric stretching of free 667 cm
SiO4
0O-Si—0 bending 608 cmt
“‘pore opening’’ vibration of 525 cm?
free SiO4
Si—O bending 468 cm?

Bigadic  Gordes Marsid
SiO; 64.00 71.98 66.21
Al>,O3 13.56 12.56 12.37
Na,O 0.45 0.96 0.39
K20 3.61 4.28 243
CaO 3.61 1.99 2.44
Fe.0s 1.35 0.45 0.74
MgO - 0.42 0.86
H2.0 5.67 7.40 6.82
SiO,/AlLOs 4.72 6.32 5.35
Table 3. Surface characteristics of zeolites.
Specific Pore Average
Clinoptilolite Area, Volume Pore ~ pH
m?/g cm®/g Diameter A
Marsid 43.4 0.061 56.36 4.8
Gordes 30 0.165 42.12 75
Bigadic 28 0.075 111.2 7.3

Adsorption experiments for the zeolite samples

The results of the adsorption of detergents from
aqueous solutions, containing different volumes of
liquid detergent, 5, 10, 15, 20 and 30 mL (for each
solution water was added in order to obtain final
volume of 50 mL), are shown in Fig. 3, Fig. 4 and
Fig. 5 for Marsid, Gordes and Bigadic zeolites,
respectively. All the isotherms are type L of Giles
classification, indicating that adsorption proceeds
by the formation of a monolayer in the range of
concentrations used [20].
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The experimental data were fit to the Langmuir
equation in linear form [21]:

Ce/Qe = 1/Qob+ Ce/Qo 1)

where C. is the equilibrium pollutant concentration
remaining in solution after adsorption (mg L™), Q.
is the amount of pollutant adsorbed on the
adsorbent (mg g%), Q. is the maximum amount of
the pollutant per unit weight of adsorbent (mg g3),
and b is a constant related to the affinity of
adsorption sites (L mg™?). The shape of the
isotherms shows that the process of adsorption of
detergents can be described by Langmuir theory,
which states that adsorption proceeds via a
monolayer formation.

Results (Fig. 3, Fig.4 and Fig. 5) show that
Marsid zeolite with granulometric composition of <
0.09 mm has the highest adsorption capacity. The
samples with alkaline character of the surface -
Bigadic and Gordes zeolites - show lower
adsorption capacity towards both sulfonic and
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Fig. 3. Adsorption of detergents on Marsid zeolite: 1-
sulfonic compounds, 2-phenolic compounds.

phenolic compounds (Fig. 4 and Fig. 5). These
results indicate that the determining factors for their
adsorption properties are the surface area and the
pore size distribution of the samples, as well as the
different chemical composition and chemical
character of the surface.

Fig 6 shows the adsorption of sulfonic and
phenolic compounds on the zeolite Marsid sample
with particle size 0.10-0.14 mm. The enhancement
of the particle size decreases the specific surface
area, which causes reduction of the number of the
active sites.

Comparing Fig 3 and Fig. 6 allows to
understand the effect of the granulometric
composition of the zeolites on the adsorption of
both detergents (all zeolites show similar
dependence).
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Fig. 4. Adsorption of detergents on Gordes zeolite: 1 -
sulfonic compounds, 2 - phenolic compounds.
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Fig. 6. Adsorption of detergents on Marsid zeolite
samples with particle size 0.10-0.14 mm.

The increase of the size of the particles leads to
decrease of the adsorption activity. Figure 7 shows
the effect of the contact time on the removal of
sulfonic compounds by Marsid zeolite. Data
indicate that the removal of sulfonates increases
with time and attains equilibrium in 30 minutes for
all initial concentrations of the sulfonate solutions.

Sulfonate adsorption increases sharply for a
short time and slows gradually when equilibrium is
approaching. This behavior can be attributed to the
decrease in the number of available sites on the
zeolite surface during the process. The plot shows
that the amount of sulfonate compounds adsorbed
on the adsorbents (mg/g) vary in smooth and
continuous curves, leading to saturation, which
indicates the possibility for formation of monolayer
coverage of sulfonates on the surface of the
adsorbent. The kinetic curves (not shown) of the
removal of sulfonates versus contact time for other
zeolite samples show the same dependence.

161



B. Tsyntsarski et al.: Removal of detergents by zeolites and membranes

0.30 ] = -

0.25 4 L]

0.20 4

0.154

0.10+

0.05

adsorption of sulphonic detergent, g.g™*

0.00

0 lIO 2I0 3I0 4IO 5IO BIO
Time of treatment, min

Fig. 7. Effect of contact time on adsorption at different

concentrations of sulfonic compounds on zeolite Marsid.

Effect of pH on adsorption on zeolites

The pH of the aqueous solution has strong
effects on the adsorption of different substances on
the zeolite surface. pH is one of the key factor that
control the adsorption in such processes, since it
influences the electrostatic interactions between the
adsorbent and the adsorbate.

The adsorption depends on the nature of the
surface of the adsorbent and of the substances in the
water solution. It was established that the Marsid
zeolite has the lower pH value than other zeolites.
Fig. 8 and Fig. 9 shows the effect of pH values on
the adsorption of detergents on Gordes and Marsid
zeolites. The target pH value was obtained by
adding adequate amounts of NaOH or HCI diluted
solutions to the initial non-buffered solution,
containing sulfonic and phenolic compounds. The
uptake of both compounds was found to be
maximal at pH 6, independently with the fact that
they have different pH values at initial conditions.
As expected, these results confirm that both
compounds are preferentially adsorbed from their
neutral solutions. For both pollutants the amount
adsorbed appeared to be much altered at neutral pH.

As the pH increases, the surface of zeolites is
being negatively charged until solution pH > pHezc,
where the amount of negative charges becomes
predominant in the zeolite surface. At this point, the
fall in the uptake is probably due to the repulsive
interactions, that appear between the anionic form
of the adsorbates and the charges on the
clinoptilolite surface. Other reason could be the
competitive adsorption between sulfonate/phenolic
and chlorine ions (probably present as impurities),
which hinders detergent uptake.
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Adsorption of detergents using membranes

Two types of membranes with different
chemical composition are used in the experiments.
The results are presented in Fig. 10 and Fig. 11.
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Fig. 10. Dependence of productivity of purification of

detergents (1 - sulfonic; 2 -phenolic compounds) on

membrane M1, at different amount of detergents in 50
mL solution.
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As can be seen from Figure 10 and Figure 11,
the removal of detergents from water increases
sharply in the case of membrane M2 by attaining
the highest value of 82 %, whereas the removal is
52 % for the membrane M1.

The differences in chemical composition of the
acrylic copolymers affect the structure of the
resulting membranes.

As can be seen from Fig.12, the membrane M1
is more compact (dense), with smaller pores,
compared to the membrane M2, which is less
compact, with more and larger pores.
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Fig. 11. Dependence of productivity of purification of
detergents (1 — sulfonic; 2 -phenolic compounds) on
membrane M2, at different amount of detergents in 50
mL solution.

a
Fig.12. Optical microscope images of membranes M1 (a) and M2 (b).The red square has area of 1 mm?2.

REFERENCES

1.G.A. Garwood, M.M. Mortland, T.J. Pinnavaia, J. Mol.
Catal. 22, 153 (1983).

2. T.A. Wolfe, T. Demirel, E.R. Baumann, J. Water
Pollut. Control Fed., 58, 68 (1986).

3. S.A. Boyd, M.M. Mortland, Experientia 41, 1564
(1985).

4. S.A. Boyd.,, M.M. Mortland, J. Mol. Catal. 34, 1
(1986).

It seems that the differences in chemical
composition and the morphology of the membranes
lead to their different purification -efficiency
towards detergents.

CONCLUSIONS

The main factors, determining the adsorption

properties towards detergents, are the surface area
and the pore structure of the zeolites. Increasing the
particle size leads to decrease in the adsorption
capacity of the samples, due to reduced surface
area. The uptake of both sulfonic and phenolic
compounds was found to be maximal at pH 6.
These results confirm that both compounds are
prefferably adsorbed from their water solutions in
neutral forms.
The experiments conducted with membranes
demonstrated that they have considerably higher
adsorption capacities compared to zeolites. The
chemical composition and morphology of the
membranes is believed to be very important factor
affecting the efficiency of the membrane for the
removal of sulfonic and phenolic compounds from
waste waters.

b

5. K.R. Srinivasan, H.S. Fogler, Clays Clay Miner., 38,
287 (1990).

6. R.C. Zielke, T.J. Pinnavaia, Clays Clay Miner., 36,
403 (1988).

7. H.T. Shu, D. Li, AA. Scala, Y.H. Ma, Sep. Purif.
Technol., 11, 27 (1997).

8. Y.H. Shen, Water Res., 36, 1107 (2002).

9. L. Kastelan-Kunst, K. Kosutic, V. Dananic, B.F.T.
Kunst, Water Res., 31, 2878 (1997).

10. W. Reimann, Desalination, 109, 51 (1997,).

163



B. Tsyntsarski et al.: Removal of detergents by zeolites and membranes

11. M.J. Rosa, M.N. De Pinho, J. Membr. Sci., 1994, 89,
235-243.

12. F. Van Voorst Vader, Trans. Faraday Soc., 56, 1067
(1960).

13. J.-L. Rigaud, D. Levy, D. Mosser, O. Lambert, Eur.
Biophys. J. 27, 305 (1988).

14. S.M. El-Said, Ass. Univ. Bull. Environ. Res., 7, 137
(2004).

15. Y.L. Hoffman, H.P. Angstadt, Chromatography,
234, 666 (1987).

16. B. Petrova, T. Budinova, B. Tsyntarski, N. Petrov,
C.O. Ania, J.-B. Parra, Bulg. Chem. Commun., 42, 141
(2010).

17. O. Korkuna, R. Leboda, J. Skubiszewska-Zieba, T.
Vrublevska, V.M.  Gunko, J. Ryczkowski,
Microporous&Mesoporous Materials, 87, 243, (2006).

18. M. Akgul, A. Karabakan, Microporous&Mesoporous
Materials, 145,157 (2011).

19. M. Ostrooumov, P. Cappelletti, R. DeGennaro, App.
Clay Sci., 55, 27 (2012).

20. G.H. Giles, T.H. MacEwan, S.N. Nakhwa, D. Smith,
J. Chem. Soc., 3973 (1960).

21. I. Langmuir, J. Am. Soc., 409, 161 (1916).

N3BJIMYAHE HA JETEPT'EHTU YPE3 3EOJINTU 1 MEMBPAHU

b. ]_II/IHLIapCKI/Il, b. HeTpOBal, T. BYI[I/IHOBal*, H. HeTp0B1, A. Cap6y2, T. CaHz[yz,
M. depxar SApaum®, A. Cepkuunory®

Unemumym no opeanuuna xumus ¢ Llenmop no pumoxumus, BAH, Axao. I'. bonues, 6.9, Coghus 1113
2 Hayuonanen usciedoeamencku uHcmumym no xumus u nempoxumus, ni. Heszaeucumocm 202, Byxypewy, Pymvhus
3 Ucmanbyncku mexnuuecku ynusepcumem, @axynmem no unsicenepna xumus, 34469 Macnax, Ucmanbyn, Typyus

Toctenuna 16 stuyapu 2013 r.; Ilpuera 3a medar 12 depyapu 2013 r.

(Pe3rome)

W3scnensana 6e amcopOuusta Ha cyiadoHAaTH U (PEHOJIATH, CHIBPIKAIIM CE B JCTCPreHTH, C MOMOIITA Ha
npupoHu 3eonautd oT Typuus u PymbHus. 3eonutute 0sixa oxapakTepusupanu nocpeactsoM MY crnekrpockonus u
r3y4yaBaHe Ha MOBBPXHOCTHUTE CBOWMCTBA. M3cienBano Oe BIMSHUETO HA BPEMETO Ha KOHTAKT M Ha PH BBpXy mpolieca
Ha ajzcopOuus. YcraHoBeHo Oe, de crienMpuyuHaTa MOBBPXHOCT € omnpenesil (akTop, KOWTO BiUse B HalW-rojsMa
CTElleH BbpXY ajcopOiusaTa Ha JeTepreHTuTe. be u3cineqBano u U3BIMYaHETO Ha IETEPreHTH C MIOMOILTA Ha Pa3IuYHU
MeMOpaHH, KOUTO MTOKa3axa I10-BUCOK a/ICOPOIIMOHEH KalallUTEeT B CPABHEHNE C M3CIICIBAHNTE 3E€0IHUTH.

164



Bulgarian Chemical Communications, Volume 46, Number 1(pp.165 — 174) 2014

Synthesis of 2,4,5-trisubstituted and 1,2,4,5-tetrasubstituted-1H-imidazole
derivatives and or 2,4,5-Triaryloxazoles using of Silica-Supported
Preyssler Nanoparticles
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One-pot multi-component condensation of benzil and or benzoin, aldehydes, ammonium acetate and primary
amines were used for synthesis of 2,4,5-trisubstituted and 1,2,4,5-tetrasubstituted-1H-imidazole derivatives under reflux
conditions using Silica-supported Preyssler nanoparticles heteropolyacid as a catalysts. This catalyst has several
advantages (simple work-up, inexpensive and reusability). These catalysts were also successfully employed in the

synthesis of triaryloxazoles.

Keywords: substituted imidazole; silica-supported Preyssler nanoparticle; benzil; aromatic aldehyde;

triaryloxazoles; multicomponent reaction
INTRODUCTION

Imidazole is a  five-membered ring
heteroaromatic compound with two nitrogen atoms
at 1 and 3 [1]. This type of compound is known to
exhibit a broad range of pharmaceutical and
industrial applications. For instance, the imidazole
core unity is present in many compounds with
pronounced biologic activities such as angiotensin
inhibitors [2], anti-inflammatory [3], glucagon
antagonist [4], antiviral [5], fungicidal [6], and high
cytotoxicity, which has indicated them as new
candidates in cancer therapy [7]. Heterocyclic
compounds with imidazole ring systems have many
pharmaceutical activities and play important roles
in biochemical processes [8]. Highly substituted
imidazole derivatives are also the key intermediates
in the synthesis of many therapeutic agents.
Omeprazole, Pimobendan, Losarton, Olmesartan,
Eprosartan and Triphenagrel are some of the
leading drugs in the market with diverse
functionality [9]. Triarylimidazoles are used in
photography as photosensitive compound [10]. In
addition, they are of interest due to their herbicidal
[11], analgesic [12], fungicidal [13],
antiinflammatory [14] and antithrombotic activities
[15]. There are numerous methods in the literature
for the synthesis of highly substituted imidazoles:
(a) condensation of 1,2—diones, aldehydes, primary
amines and ammonia [16], (b) N-alkylation of

* To whom all correspondence should be sent:
E-mail: aligharib5@yahoo.com

trisubstituted imidazoles [17], (c) condensation of
benzoin or benzoin acetate with aldehydes, primary
amines and ammonia in the presence of copper
acetate [18] (d) cyclization of sulfonamides with
mesoionic 1,3-oxazolium-5-olates [19], (e) four
component condensation of diones, aldehydes,
primary amines and ammonium acetate in acetic
acid under reflux conditions [20], (f) condensation
of  p-carbonyl  -N-acyl-N-alkylamines  with
ammonium acetate in refluxing acetic acid [21] and
(g) conversion of N-(2-oxo)amides with ammonium
trifluoroacetate under neutral conditions [22]. The
synthesis of triarylimidazoles from the three
component reaction of 1,2-dicarbonyl compounds,
aldehyde and ammonia was independently
discovered by Radziszewski [23]. However, long
periods of time and harsh conditions were
frequently associated with low yields of production.
Davidson et al. [17] showed can reduce the reaction
times using acetic acid as solvent and ammonium
acetate instead of ammonia. This last protocol
became wusual and default procedure for the
synthesis of triarylimidazoles [24]. Polyoxo-
metalates (POMs) are metal-oxo anionic clusters
whose chemical properties can be controlled by
transition-metal substitution and the countercation
used. POMs have wide applications in many fields
such as catalysis, medicine, magnetic properties,
materials, surface chemistry, photochromism, and
electrochromism, owing to their so-called
“‘valueadding properties.”” These properties,
combined with their ability to donate and accept
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electrons and their stability over a wide range of
conditions, make them attractive candidates for
catalysis. A new and efficient method for the
preparation of 4(3H)-quinazolinones fromthe
condensation of anthranilic acid, orthoester and
substituted anilines, in the presence of catalytic
amounts of silica-supported Preyssler nanoparticles
is reported [25]. An efficient, improved, and
environmentally benign procedure for catalytic
oxidation of benzyl alcohols to the corresponding
benzaldehdes was developed in the presence of
nano-SiO,-supported  Preyssler  heteropolyacid
(HPA), both in thermal conditions and under
microwave irradiation [26]. Silica-supported
Preyssler nanoparticles appear to be a new and
efficient solid acid catalyst for an economical, and
environmentally benign one-pot synthesis of 3-
substituted phthalides [27]. An efficient and
environmentally benign procedure for the catalytic
esterification of salicylic acid with aliphatic
alcohols, CiHz+1OH (n = 1-5) and benzylic
alcohols, RCsHisCH,OH (R = H, NO2, OCHjs, Br,
Cl, Me) was developed using nano-SiO-supported
Preyssler heteropolyacid both under thermal
conditions and microwave irradiation [28].

EXPERIMENTAL
Catalyst Preparation

Supported  heteropolyacid  catalyst  was
synthesized according to the literature [29,30] using
a support in powder form (SiO;) with an aqueous
solution of the heteropolyacids. After stirring the
mixture, the solvent was evaporated, dried at 120°C
and calcined at 250°C in a furnace prior to use.
Silica-supported Preyssler nano-structures were
obtained through the microemulsion method [29].

Synthesis of 2,4,5-triaryl-1H-imidazoles (5a-Z4)
from the benzils (1a-Z4):
General Procedure:

A mixture of benzils (1 mmol) and aromatic
aldehyde (2a-Z4) (1 mmol), ammonium acetate (4
mmol) and EtOH (4 mL) was heated under reflux
with magnetic stirring until the mixture melted.
Silica-supported Preyssler nanoparticles (0.03
mmol) were added to this mixture and stirred under
reflux for 3 h. The progress of the reaction was
monitored by thin-layer chromatography (TLC).
After completion of reaction, the reaction mixture
was cooled to room temperature and poured on 100
ml ice water and diluted with dichloromethane, and
separated from the catalyst by filtration. Pure
products were obtained after the addition of water
to the organic layer. Two phases of solution were
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extracted and then the solvent was evaporated to
afford 2,4,5-triaryl-1H-imidazoles (5a-Z4). The
separated solid was filtered and washed with water.
The residue was dried, and recrystallized from
methanol: water (8:1) mixture.

Synthesis of 2,4,5-triarylimidazoles (5a-Z4) from
the benzoin (5):

A mixture of benzoin (1 mmol) and aromatic
aldehyde (2a-Z4) (1 mmol), ammonium acetate (5
mmol) and EtOH (4 mL) was heated under reflux
with magnetic stirring until the mixture melted.
Silica-supported  Preyssler nanoparticles (0.03
mmol) were added to this mixture and stirred under
reflux for 3 h. The progress of the reaction was
monitored by thin-layer chromatography (TLC).
After completion of reaction, the reaction mixture
was cooled to room temperature and poured on 100
ml ice water and diluted with dichloromethane, and
separated from the catalyst by filtration. Pure
products were obtained after the addition of water
to the organic layer. Two phases of solution were
extracted and then the solvent was evaporated to
afford 2,4,5-triaryl-1H-imidazoles (5a-Z4). The
separated solid was filtered and washed with water.
The residue was dried, and recrystallized from
methanol: water (8:1) mixture.

Synthesis of 2,4,5-triaryloxazoles (9a-j):

A 10 mL round-bottom flask equipped with
magnetic stirrer was charged with benzoin (5) and
or benzils (1la-Z4) (1.0 mmol), aldehydes (2a-j)
(1.0 mmol), NH4OAc (4, 4.0 mmol) and Silica-
supported Preyssler nanoparticles (0.05 mmol),
followed by EtOH (4 mL). The reaction mixture
was stirred and gently refluxed for 4 h. After the
completion of the reaction with the monitoring of
TLC, 4 mL of water were added. The solid was
filtered under reduced pressure and washed with
small portions of a mixture of cooled EtOH/H,O
(1:1, v:v). The crude product was recrystallized
from acetone/water 9:1 or toluene.

Selected Spectra data:

2-(2,4-dichlorophenyl)-4,5-diphenyl-1H-imidazole
(Table 1, entry 5):

mp 175-176 °C. IR (KBr, cm?) vma: 3425,
3069, 1590, 824, 765, 698. 'H NMR (300 MHz,
DMSO-dg,) on: 12.6 (s, 1H), 7.84 (d, J = 8.4 Hz,
1H), 7.80 (s, 1H), 7.45-7.65 (m, 12H). °C NMR
(100 MHz, DMSO-ds) dc: 126.5, 127.4, 127.4,
127.8, 128.2, 128.5, 128.4, 128.7, 128.7, 129.55,
130.6, 132.4, 132.6, 133.9, 134.8, 137.1, 142.4.
EIMS m/z 364 (M*-2, 100), 165, 123, 69, 55.
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2-(4-methoxyphenyl)-4,5-diphenyl-1H-imidazole
(Table 1, entry 17):

mp 231-232 °C. IR (KBr, cm?) vma: 3400,
3060, 1611, 1490, 1179, 1027, 830, 760. *H NMR
(300 MHz, DMSO-ds,) dn: 12.47 (s, Br, 1H), 8.00
(dt, J = 8.8Hz, 2.0 Hz, 2H), 7.50 (d, J = 7.2 Hz,
4H), 7.37 (t, J = 7.2 Hz, 4H), 7.28 (t, J = 7.2 Hz,
2H), 7.06(dt, J = 8.8 Hz, 2.0 Hz, 2H), 3.82 (s, 3H).
13C NMR (100 MHz, DMSO-dg) 8¢c: 55.2, 114.2,
1229, 126.7, 127.1, 127.7, 128.4, 145.7, 159.5.
EIMS: m/z (%) = 326 (M+, 100), 311, 283, 235, 97.

Reusing the Catalyst

The reusability of the catalyst was also
investigated. The synthesis of 3a was selected as

O O
O
1

the model reaction (Scheme 1). After completion,
the catalyst was filtered off and washed three times
with 10 ml of dichloromethane, dried at 80°C under
reduced pressure (2 h), and subjected to the second
run of the model reaction.

RESULTS AND DISCUSSION

We report for the first time a direct and
efficient method for the preparation of substituted
2,4,5-triaryl-1H-imidazole  derivatives by the
condensation of benzil or 1,2-diketones (1) and or
benzoin, aromatic aldehyde (2) and ammonium
acetate using silica-supported Preyssler
nanoparticles as a novel and efficient catalytic
system (Scheme 1), (entries 5a-Z4, Table 1).

2a-Z4 O
Benzyl or . Silica-supported Preyssler nanoparticles l N\@
(0] OH Solvent-free, Reflux, 3 h - N \ /
SO o
O O NH,OAc
3 4 5a-74

Benzoin

Scheme 1 Synthesis of 2,4,5-trisubstituted-1H-imidazole derivatives (5a-Z4) in the presence of Silica-Supported
Preyssler Nanoparticles under Solvent-Free Conditions at reflux conditions and in proper times.

Table 1. Synthesis of 2,4,5-Trisubstituted Imidazoles via condensation of benzil, aldehydes, ammonium acetate and
using silica-supported Preyssler nanoparticles under solvent-free conditions at reflux conditions and in proper times.

Time (h) aYield (%) MP (C)
Entry Substrate 2 Product 3 Benzil Benzoin Benzil Benzoin Found Reported (lit.)
. A,
1 I® 1 15 96 92 269-270  (274-276)[19
W o @ ( )[129]
a
.,
2 o)~ ) 15 25 98.5 96 240-241 240-242
H O H b
(o] NO,
3 @4 U | N@ 15 2 %3 96 >262 >260 [18]
H N
O,N O H c
QL
4 @_/( i N@ 15 2 96 92 180-182  (183-184)[20]
H O H Cl d
e L,
5 c|@4<° | N\%ch 1 15 91 94 175176 176.5-177 [31]
H O H Cl e
O O N
6 Br@—4H | N\%@sr 1 15 93 98 260-262  261.5-263.5 [21]
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Br
7 @_«0 1 2 90 95 202-203  201-202[32]
H H Br
O
8 — )~ H } 2 25 97 91 188-189  189-190 [33
o X
9 o :I 15 2 91 96 200-201  202-203 [32]
H
O N,
10 a— )~ \ —( )-c 15 2 96 98 261-263  262-264 [21
H Nh ) [21]
j
Cl N
11 @40 u W@ 15 2 94 95 196-198  195-197 [31]
H O H Cl K
on L,
12 @40 \ k 1 15 % 98 271 272 [17]
H H HO
O
13 Ho 15 2 91 95 234 23319
< “H [19]
OH
14 O 2 %g o 15 2 96 97 272 272 [17]
ne H Q—qu n
OH
o O, -
15 { \ @ 2 25 96 98 261-263  260.5-262 [24]
O,N
OH
16 p \ H }oem 15 2 95 97 242 243 [17]
Fkco H H HO
O N,
17 X \I 3 2 25 86 92 231-233  230-232[21
HCO‘©—<H O N:_@ [21]
q
OCHg O N
18 P \N\ 1 2 81 84 209-211  210-210.5 [21]
H HsCO
H;CO
19 co @ ? ocH3 2 3 84 89 217-219  216-218[22]
H OCH3
HsCQ
20 o @ 2 1 2 93 96 196 197 [34]
H OCH3t
H3CO,
o)
21 Hico § \ 2 4 86 84 261-262 261 [17]
HsCO OCH3W
CHs
22 @_/g’ 2 3 90 91 207-208  205-207 [21]
H HH3C
o]
23 s 1 2 88 88 234-236  232-235[20
e~ ) ?L [20]
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Silica-supported Preyssler nanoparticles |

24 (HSC)ZN@% \N%@Nwz 1 2 92 96 257-259  257-258[33]
H
25 ° i: 2 3 90 01 292-293  291.5-292 [21]
NG R 21
26 HsCS :I@x 1 25 98 98 241-243  242-244[35]
S z2
27 [)-cro \ =T 15 25 94 94 250-260  260-261 [33]
}
28 [ )-cro <7 1 3 92 96 199-200  200-201 [33]
o 74
3lsolated yield.
(CHZ)n n=0,1 O
N\ —

Benzyl 4

NH,OAc, Solvent-free, Reflux, 3 h

7a-j

Scheme 2. Synthesis of 1,2,4,5-tetrasubstituted-1H-imidazole derivatives (7a-j) in the presence of Silica-Supported

Preyssler Nanoparticles under Solvent-Free

Similar methodology was applied for the
synthesis of 1,2,4,5-tetrasubstituted-1H-imidazole
derivatives (7a-j) which were also obtained in good
to excellent yields by the condensation of benzil
(1), aldehydes (2), aromatic amines (4) and
ammonium acetate (Table 2) in presence of nano-
structured Preyssler supported on silica as catalyst
under solvent-free conditions. (Scheme 2).

The effect of solvent on the model reaction was
studied by carrying out the reaction in a solvent-
free system and in a variety of solvents including
ethanol, methanol and acetonitrile at reflux
conditions. As shown in Table 3 the best results in
terms of yield and time have been achieved in free-
solvent and ethanol conditions. Thus it was applied
as solvent of choice. It is noteworthy to mention
that in the absence of the catalyst and just refluxing
the substrate in free-solvent and ethanol, no
reaction took place.

To determine the most appropriate reaction
conditions and evaluate the catalytic efficiency of
silica-supported  Preyssler  nanoparticles, the
synthesis of 5a (as model reaction) was carried out
in various conditions. First, we tried the reaction
without catalyst. When a mixture of benzil,
aromatic aldehyde and ammonium acetate was
stirred under reflux conditions for 14 h in the

Conditions

at reflux conditions and in proper times
absence of silica-supported Preyssler nanoparticles,
no conversion was detected. This observation
indicated that a catalyst is necessary for this
transformation. To study the effect of solvent on the
yield of this reaction, the model reaction was
carried out in various solvents and a solvent-free
system wusing 0.03 mmol of silica-supported
Preyssler nanoparticles as the catalyst. As shown in
Table 1, the best results in terms of yield and time
were achieved in solvent-free conditions and in the
presence of EtOH as solvent, too. To investigate the
effect of silica-supported Preyssler nanoparticles,
we carried out comparative experiments with some
silica-gel-supported  heteropolyacids, and the
comparative results are summarized in Tables 1 and
2 for the synthesis of 2,4,5-triphenyl-1H-imidazole
(5a) and 1,2,4,5-tetrasubstituted-1H-imidazole (7a).
We have performed aldehydes consisting electron
withdrawing groups or electron donating groups at
different positions but it did not show any
remarkable difference in the yield of product and
time of the reactions. Different mechanistic
pathways have been proposed for this
multicomponent reaction having the benzil or
benzoin as starting materials [30]. The proposed

rationale by Kokare et al. [31] seems to be in
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Table 2. Synthesis of 1,2,45-tetrasubstituted-1H-imidazole via condensation of benzil,

aldehydes,

ammonium acetate and amine using Silica-Supported Preyssler Nanoparticles under reflux conditions and in

proper times.

Time (min.) aYielda (%) MP (°C)
Entry Substrate 2 Product 3 Benzil Benzil Found Reported
o <) 256-257
1 @4H :I 30 91 (261-262)[19]
o]
2 . 20 97 222-225 219-220 [33
ON@H :I aVal [33]
b
O N\
3 ) ‘ ke, 25 o1 161-163 158-160 [33]
H UG
C
. L,
| \>‘©*CI
4 20 96 149-152 146-148 [24
o~ N [24]
d
o S )-crs
5 Hac@—éH s 30 81 192-193 189 [36]
e
HO OCHg
N
6 /(5\ ’ N\*Q““ﬂ 60 92 117-119 112-115 [33]
H38 OCHj3 OCH;
OCHj3 f
(0]
7 25 93 205-207 198-201 [24
NC@H :I> e [24]
g
8 @j\% :I m 30 86 219-221 218-220 [24]
P N(CH3), _ _
9 mcw@—{' :I - 30 94 180-182  183-185[23, 24]
10 E}mo :I Y 17 91 156-158 156-157 [24]
3lsolated yield.
accordance with the results in Table 1 (Scheme 3). starting from benzoin, the cyclization of

The authors suggested the initial formation of N,N-
ketal (10) under heteropolyacid acidic catalysis
from benzaldehyde (2a) and 2 equivalents of
NHsOAc (4). It was assumed that the same
activation occurs in the heteropolyacid catalysis.
Therefore, the condensation of 8 with benzil (1)
after losing 2 equivalents of water, leads to the
conjugate intermediate 9 which rearranges via a
[1,5]-sigmatropic proton shift to afford the
corresponding lophine (5a). On the other hand,
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intermediate imino-alcohol (10) should occur by an
intramolecular attack of nitrogen in a more
hindered and saturated carbon to afford the
dihydroimidazole intermediate (11) (Scheme 4).
Additionally, the needed oxidation step to produce
the conjugated intermediate (12) could explain the
minor reactivity that is observed in the reactions
starting from benzoin. The intermediate (12) is
suggested as common specie in both mechanistic
pathways.
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Table 3. Synthesis of 2,4,5-triphenyl-1H-imidazole (3a) in the presence of various silica-supported heteropolyacids
in different solvents and proper times.

Entry Solvent Catalyst Reaction Time (h) 2Yield (%)
Benzil Benzoin Benzil Benzoin

1 Free H3[PM01,040]/SiO2(50%) 15 2 84 82
2 Free H4[PM01:VO4]/SiO2(50%) 15 2 91 88
3 Free H3[PW1,040]/Si0,(50%) 15 2 87 85
4 Free H14[NaPsW300110)/SiO, Nanoparticles 1 1.5 96 92
5 Free H14[N3.P5W300110]/Si02(50%) 1 15 94 90
6 EtOH H3[PM012040)/Si0,(50%) 15 2 83 80.5
7 EtOH Ha[PM011VO40]/Si0,(50%) 15 2 89.5 87
8 EtOH Ha[PWi1,040]/Si02(50%) 15 2 85.5 84
9 EtOH H14[NaPsW300110)/SiO, Nanoparticles 1 1.5 95 91
10 EtOH H14[NaPsW300110]/Si02(50%) 1 15 91.5 87.5
11 MeOH H3[PM012040]/Si0,(50%) 2 2 83 80
12 MeOH H4[PM011VO4]/Si02(50%) 2 2 88.5 86
13 MeOH Ha[PW12040)/Si05(50%) 2 2 84.5 84
14 MeOH H14[NaPsWs500110]/SiO, Nanoparticles 2 2 93 90
15 Acetonitrile H14[N6.P5W300110]/Si02(50%) 2 2 89.5 86
16 Acetonitrile  H3[PM01,040]/Si0,(50%) 25 3 80 77
17 Acetonitrile  Hi[PM01,VO4)/SiO»(50%) 25 3 85 84.5
18 Acetonitrile H3[PW12040]/S|02(500/0) 2.5 3 82 82
19 Acetonitrile  Hi4[NaPsW3,0110)/SiO,, Nanoparticles 2 25 92 88.5
20 Acetonitrile H14[N6.P5W300110]/Si02(50%) 2 2.5 87.5 85

3lsolated yield.

Ol\\ NH, O -2H,0 O _N~H sigmatropic [1,5]
2NH3 )\ n —_— :/ — >
P H = Ph” “NH, NS
2a 8

20
C
1

5a
Scheme 3. Suggested mechanistic pathway starting from benzil (5a).

-HZO —HZO OX|dat|on
NH2 +
OH

o N\
) H@

Scheme 4. Suggested mechanistic pathway starting from benzoin (5a).

I
N
O""
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Table 4. Comparative study of various supported heteropolyacid catalysts for the preparation of 2,4,5-

trisubstituted (5a) under reflux conditions and solvent-free

Entry Catalyst Amount of catalyst Time (h) Yield (%)
(mmol) Benzil Benzil
1 H14[NaPsW300110]/SiO- 0.08 8 96
nanoparticles

2 H14[NaPsW300110)/Si02(50%) 0.09 10 94

3 H3[PM01,040]/Si0,(50%) 0.09 10 84

4 H4[PM011VO40)/SiO02(50%) 0.09 10 91

5 Hs[PW1,040)/Si02(50%) 0.09 10 87

6 Free - - -

The generality of this process was demonstrated
by the wide range of substituted and structurally
divers aldehydes to synthesize the corresponding
products in high to excellent yields (Table 1). The
high yield transformations were carried out without
any significant amounts of undesirable side
products. Unlike some previously reported
methods, the present method does not require toxic
or anhydrous organic solvents to produce the 2,4,5-
trisubstituted imidazole derivatives. Comparison of
silica-supported Preyssler nanoparticles,
H3[PM012040]/SiO2  (50%), Hi[PM011VO4]/SiO:
(50%),  H1a[NaPsW300110)/SiO2  (50%)  and
H3[PW12040]/SiO, (50%) shows that silica-
supported Preyssler nanoparticles led to greater
yields and the higher activity. The results are
represented in Table 3. Although it is difficult to
offer an explanation for the different activity
between these heteropolyacids, certainly there is a
complex relationship between the activity and
structure of polyanion. By changing the constituent
elements of polyanion (both hetero and addenda
atoms), the acid strength of HPA as well as its
catalytic activity is able to vary in a wide range
[34]. This observation can be explained by
considering the reaction mechanism. As shown in
Schemes 3, 4 the first stage of the reaction is the
activation of the carbonyl group by an acidic
catalyst. According to previous reports, the acidic
property of the Preyssler type of heteropolyacids is
greater than the Keggins [35].

The efficiency of H14[N8.P5W300110]/Si02(50%)
and Hi14[NaPsW300110]/SiO, nanoparticles  as
catalyst was also studied for this reaction, but the
model reaction (reaction of benzil, aromatic
aldehyde and ammonium acetate) did not go to
completion in the presence of these catalysts even
after long reaction times (8 h) and more amounts of
catalyst (Table 4). The reactions were carried out as
described in the synthesis of lophine (see Table 1).
In the absence of the catalyst (Table 4, entry 6), 9
was only isolated in a poor yield.In
H14[NaPsW300110]/SiO2 nanoparticles, the catalyst

172

is supported into silica nano-particles. As the
particle size decreases, the relative number of
surface atoms increases, and thus activity increases.
Moreover, because of quantum size effects,
nanometer-sized particles can exhibit unique
properties. There are several advantages for the use
of nano-structured Preyssler supported on silica as
catalyst for this transformation, which include high
conversions, low cost, and reusability of the
catalyst. In addition, the use of supported catalyst
under heterogeneous conditions facilitates ease of
separation and recovery of the catalyst. The
insolubility of the catalyst in different organic
solvents provided an easy method for its separation
from the product. The catalyst was easily separated
by filtration and reused with only a gradual
decrease in its activity. The synthesis of 2,4,5-
trisubstituted and 1,2,4 5-tetrasubstituted-
1Himidazole derivatives using acetic acid for few
hours is a well-established procedure [36,37].
However, this method suffering by several
drawbacks such as drastic reaction conditions,
difficult to handle, longer reaction time, tedious
work-up, low yields, All such drawbacks were
overcome in the present procedure as silica-
supported Preyssler nanoparticles is easy to handle,
short reaction time, yields are good, simple work-
up procedure (Scheme 1). We have carried out
aldehydes consisting electron withdrawing groups
or electron donating groups at different positions
but it did not show any remarkable difference in the
yield of product and time of the reactions. All the
reactions proceeded very efficiently and the results
are summarized in Table 1. Similarly, we have
studied the condensation of benzil, aldehydes,
ammonium acetate with primary aromatic amines.
The neat reactions were also attempted under
conventional heating, keeping similar reaction
conditions. The direct heating of reactants without
solvent took more time for completion of reactions
and gave the products with low vyields. In some
reactions decomposition of reactants took place.
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CONCLUSION

In conclusion we have presented use of Silica-
supported Preyssler nanoparticles as a catalyst for
efficient synthesis of 2,4,5-triaryl-1H-imidazoles
and 1,2,4,5-tetrasubstituted imidazoles  with
moderate to excellent yields from benzil as well as
benzoin. For all the presented reactions, the
ethanol-water solvent was used which is relatively
environmentally benign and supporting to green
Chemistry. The advantages of the reported method
are the use of cheap, mild, and easily available
catalyst, easy work-up, and better yields. Further
studies on the application of this method for the
synthesis of highly functionalized biologically
active imidazoles are underway.
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CUHTE3A HA 2,4,5-TPU3AMECTEHMU U 1,2,4,5-YETUPU3AMECTEHU-1H-
VMUJIA30JIOBU [TPOU3BOIHU WM 2,4,5-TPUAPMIIOKCA30JIU C TIOMOILTA HA
HAHOYACTHLIM OT PREYSSLER‘OB KATAJIM3ATOP BBbPXY IOJUJIOKKA OT
CWJINLIMEB TUOKCUL

1

A. Tapu6™>*, b.X. Xatemurryp Xopacaun?, M. Jxaxaurup®, M. Pomranua?,
JI. Baxtuapu?, C. Moxazec3ane?

Ylenapmamenm no xumus, Ucnamcxu ynueepcumem Aszao, Mawixao, Upan

23emedencku yenmuwp 3a uscnedéanus u yciayeu, Mawxao, Hpan

Ilomy4ena Ha 28 mait, 2012 r.; xopurupana Ha 5 ¢peBpyapu, 2013 .

(Pestome)

W3non3Bana e enHO-CTENEHHAa CHHTE3a Ha MHOTOKOMIIOHEHTHA KOHZIEH3alMs Ha OeH3wn (W/uiau OeH30MH),
aJIexuau, aMOHUEB alleTaT U MbPBUYHM aMHUHHM 3a MojTy4yaBaHeTo Ha 2,4,5-Tpusamectenu u 1,2,4,5-yeTpruzaMecTeHu-
1H-uMuma30m0BM MPOM3BOAHK NpH peduiyke Kataau3upana oT Preyssler‘oBa xeTeporosMKuceIWHA BHB BHI Ha
HAHOYACTHUIM, (UKCUpPAHHU BBPXY IOJJIOKKA OT CHIMLHUEB TUOKCHI. TO3M KaTajau3aTrop MMa HSAKOJKO MpPEJINMCTBA:
IpocTa Mpoleypa, HUCKA [IEHa ¥ MHOTOKpaTHa yrnorpeba. To3n KaTtann3aTop € W3MOJI3BaH YCIEIHO U MPU CHHTe3aTa
Ha TPUAPHIIOKCA3OJIH.
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A facile synthesis of 1-(2, 4-dihydroxyphenyl)-3-aryl-propane-1,3-diones via
Baker-Venkataraman rearrangement under solvent free conditions at room
temperature
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A simple and highly efficient method for the synthesis of 1-(2,4-dihydroxyphenyl)-3-aryl-propane-1,3-diones
via Baker-Venkataraman rearrangement involving grinding of 2-aroyloxy-4-hydroxyacetophenones with pulverized
potassium hydroxide at room temperature under solvent free conditions has been described. The structures of these
compounds were identified from their spectral data (FT IR, *H NMR, *C NMR, Mass). This protocol avoids the use of
hazardous chemicals and organic solvents at any stage of the reaction.

Keywords: 2-aroyloxy-4-hydroxyacetophenones, 1-(2,4-dihydroxyphenyl)-3-aryl-propane-1,3-diones, Baker-
Venkataraman rearrangement, solvent free conditions, grinding technique

INTRODUCTION

1-(2,4-Dihydroxyphenyl)-3-aryl-propane-
1,3-diones, commonly known as 2,4-dihydroxy
dibenzoylmethanes are the required key
intermediates for the synthesis of various
naturally occurring compounds [1] such as
flavones [2], pyrazoles [3], isoxazoles [4],
pyramidines [5], benzodiazepine [6] and also
posses a broad spectrum of pharmacological
activities like antibacterial [7], antiviral [8],
insecticidal [9], antioxidant [10], antitumor
[11] and antimutagenic [12] activity. Further
these compounds have been found to be potent
anticarcinogenic [13,14], antiestrogenic [15],
breast cancer chemopreventive blocking agent
[14] and also used as anti sunscreen agents
[16]. In recent studies, B-ketoenols has been
reported to be important pharmacophores for
the HIV-1 integrase inhibitors [17]. Their metal
complexes also exhibited good biological
properties [18,19].

The most common method for the synthesis
of these B-diketones is by Baker-Venkataraman
rearrangement of 2-aroyloxyacetophenones.
Due to their important role in various fields,
continuous efforts have been made to simplify

* To whom all correspondence should be sent:
E-mail: dksharma_84@rediffmail.com

the procedures for their synthesis which
include the use of potassium hydroxide in
pyridine medium [20] or by heating with
barium hydroxide in dimethylsulphoxide
medium [21]. The above transformation has
also been carried out in aqueous-benzene
biphase medium using phase transfer catalysis
[22]. Other bases which have been used for this
rearrangement include sodamide [23], sodium
hydride  [24], sodium  hydroxide in
dimethylsulphoxide [25], and potassium
carbonate in aqueous medium  under
microwave irradiations [26].

Some of the above mentioned conditions
possess shortcomings, such as use of harsh or
hazardous chemicals, longer reaction time and
elevated temperature. The shortcomings led us
to develop a safe, environmentally benign, and
more  efficient  condition for  Baker-
Venkataraman rearrangement.

In continuation of our work to develop eco-
friendly procedures for the synthesis of organic
compounds under solvent free conditions [27],
we report herein a simple and efficient method
for the synthesis of 1-(2,4-dihydroxyphenyl)-3-
aryl-propaane-1,3-diones via Baker-
Venkataraman rearrangement under solvent
free conditions wusing grinding technique
(Scheme 1).

© 2014 Bulgarian Academy of Sciences, Union of Chemists in Bulgaria 175
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KOH
grinding, rt

2a-2h
2 R1 R2 Rs
a H H OCHjs
b Cl H H
c H H H
d H CH3 H
e H Cl H
f H OCHjs H
g H H CHs
h H H Cl

EXPERIMENTAL

Melting points were determined in open
capillary tubes and were uncorrected. IR
spectra were recorded on Perkin-Elmer
spectrum BX series FT-IR Spectrophotometer
with KBr pellets. NMR spectra were recorded
on Bruker Avance (400 MHz) instruments
using TMS as an internal standard. Mass
spectra were recorded on Bruker-Daltonich
mass spectrometer. A mortar and pestle of
porcelain was used for all the experiments. All
the chemicals were obtained commercially and
used as received. Resacetophenone was
prepared by the Nencki reaction as reported in
the literature [28].

General Procedure for the synthesis of 1-(2,4-
dihydroxyphenyl)-3-aryl-propane-1,3-diones
2a-29

The  substituted  2-aryloxy-4-hydroxy-
acetophenones (1.95 mmol) was ground with
pulverized potassium hydroxide (1.95 mmol) in
a mortar by pestle for 5 minutes and the
reaction mixture was left at room temperature
for another 5-10 minutes. The completion of
the reaction was checked by TLC. The reaction
mixture was diluted with ice cold water and
acidified with conc. HCIl. The solid that
separated out was filtered, washed with water
and recrystallized from aqueous ethanol to
afford 1-(2,4-dihydroxyphenyl)-3-aryl-propane
-1,3-diones.
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1-(2,4-Dihydroxyphenyl)-3-phenylpropane-1,3-
dione 2a.

IR (KBr) vma/cm™: 3428 (OH), 1710 (C=0);
'H NMR (CDCls) 8/ppm: 5.10 (s, 1H, Ar-OH),
6.35-6.65 (m, 2H, H-3,H-5), 6.75 (s, 1H, -
CH=C-), 7.40-7.50 (m, 3H, H-3, H-4', H-5,
7.85-80 (m, 2H, H-2', H-6), 8.05 (d, 1H,
J=8.0 Hz, H-6), 12.35 (s, 1H, Ar-OH), 15.50
(s, 1H, enolic OH); 3C NMR (CDCls): &/ppm:
94.0 (C-a), 104.3 (C-3), 109.1 (C-5), 115.1 (C-
1), 126.1 (C-2), 126.1 (C-6), 128.1 (C-4),
128.5 (C-3), 128.5 (C-5), 130.7 (C-1Y), 1325
(C-6), 163.4 (C-2), 165.5 (C-4), 184.6 (C-P),
190.1 (s, C-y); MS (ESI): m/z 256.056 (M*).

1-(2,4-Dihydroxyphenyl)-3-(3'-methoxyphenyl)
propane-1,3-dione 2b.

IR (KBr) vmadcm™: 3422 (OH), 1708 (C=0):
'H NMR (CDCls) 8/ppm: 3.95 (s, 3H, OCHs),
5.20 (s, 1H, Ar-OH), 6.75 (s, 1H, -CH=C-),
6.80-7.45 (m, 4H, H-3, H-5, H-4', H-5"), 7.80
(dd, 1H, J= 8.0 Hz & 2.0 Hz, H-6), 7.80-7.95
(m, 2H, H-2', H-6'), 12.35 (s, 1H, Ar-OH),
15.55 (s, 1H, enolic OH). 3C NMR (CDCly):
o/ppm: 55.5 (C-7), 93.6 (C-a), 104.0 (C-3),
109.5 (C-5), 110.0 (C-2'), 113.2 (C-4"), 1155
(C-1), 118.2 (C-6"), 129.4 (C-5), 131.1 (C-1Y),
132.5 (C-6), 160.2 (C-3), 1635 (C-2), 164.0
(C-4), 184.6 (C-B), 190.1 (C-y); MS (ESI): m/z
286.056 (M").
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1-(2,4-Dihydroxyphenyl)-3-(4'-methoxyphenyl)
propane-1,3-dione2c.

IR (KBr) vma/cm®: 3420 (OH), 1705 (C=0);
'H NMR (CDCls) &/ppm: 3.9 (s, 3H, OCHa),
5.15 (s, 1H, Ar-OH), 6.75 (s, 1H, -CH=C-),
6.85-7.48 (m, 4H, H-3, H-5, H-3', H-5), 7.75
(dd, 1H, J= 8.0 Hz & 2.0 Hz, H-6), 7.85-7.95
(m, 2H, H-2', H-6Y), 12.32 (s, 1H, Ar-OH),
15.52 (s, 1H, enolic OH); 3C NMR (CDCls):
d/ppm: 56.0 (C-7'), 94.0 (C-a), 104.2 (C-3),
110.6 (C-5), 114.6 (C-3), 114.6 (C-5), 116.0
(C-1), 122.2 (C-1'), 127.9 (C-2), 127.9 (C-6'),
131.4 (C-6), 159.4 (C-4"), 164.0 (C-2), 165.9
(C-4), 184.6 (C-p), 190.1 (C-y); MS (ESI): m/z
286.071 (M").

1-(2,4-Dihydroxyphenyl)-3-(3'-methylphenyl)
propane-1,3-dione 2d.

IR (KBr) vmax/cm™: 3428 (OH), 1710 (C=0);
'H NMR (CDCl3) &/ppm: 2.40 (s, 3H, CHy),
5.12 (s, 1H, Ar-OH), 6.95-7.95 (m, 8H, H-3,
H-5, H-6, -CH=C-, H-2', H-4', H-5, H-6),
12.15 (s, 1H, Ar-OH), 15.60 (s, 1H, enolic
OH); *C NMR (CDCls): 8/ppm: 24.6 (C-7),
93.9 (C-a), 104.2 (C-3), 109.2 (C-5), 116.0 (C-
1), 123.2 (C-6), 126.4 (C-2'), 128.2 (C-4),
128.6 (C-5'), 130.6 (C-1'), 131.8 (C-6), 138.1
(C-3"), 164.1 (C-4), 164.4 (C-2), 184.5 (C-p),
189.9 (C-y); MS (ESI): m/z 270.056 (M").

1-(2,4-Dihydroxyphenyl)-3-(4'-methylphenyl)
propane-1,3-dione 2e.

IR (KBr) vmadcm’: 3425 (OH), 1710 (C=0);
IH NMR (CDCls) 8/ppm: 2.45 (s, 3H, CHa),
5.15 (s, 1H, Ar-OH), 6.72 (s, 1H, -CH=C-),
6.82-7.45 (m, 4H, H-3, H-5, H-3', H-5), 7.72
(dd, 1H, J= 8.0 Hz & 2.0 Hz, H-6), 7.80-7.92
(m, 2H, H-2', H-6), 12.30 (s, 1H, Ar-OH),
15.48 (s, 1H, enolic OH); *C NMR (CDCls):
S/ppm: 24.2 (C-T'), 94.1 (C-a), 104.2 (C-3),
109.4 (C-5), 116.1 (C-1), 126.6 (C-2'), 126.6
(C-6"), 127.4 (C-1'), 129.4 (C-3'), 129.4 (C-5'),
131.8 (C-6), 137.4 (C-4), 164.2 (C-2), 165.4
(C-4), 184.7 (C-PB), 190.1 (C-y); MS (ESI): m/z
270.071 (M*).

1-(2,4-Dihydroxyphenyl)-3-(2'-chlorophenyl)
propane-1,3-dione 2f.

IR (KBr) vmadcm™: 3435 (OH), 1715 (C=0);
'H NMR (CDCls) &/ppm: 5.05 (s, 1H, Ar-OH),

6.90-7.92 (m, 8H, H-3, H-5, H-6, -CH=C-, H-
3, H-4', H-5', H-6), 12.18 (s, 1H, Ar-OH),
15.57 (s, 1H, enolic OH); *C NMR (CDCls):
o/ppm: 93.4 (C-a), 104.1 (C-3), 109.2 (C-5),
115.8 (C-1), 126.6 (C-5'), 128.6 (C-3), 129.6
(C-4), 130.4 (C-6'), 131.1 (C-2'), 131.6 (C-1Y),
1332 (C-6), 163.8 (C-2), 165.1 (C-4), 185.4
(C-B), 190.3 (C-y): MS (ESI): m/z 290.03 (M"*).

1-(2,4-Dihydroxyphenyl)-3-(3'-chloro-
phenyl)propane-1,3-dione 2g.

IR (KBr) vma/cm?: 3425 (OH), 1707
(C=0); 'H NMR (CDCls) &/ppm: 5.10 (s, 1H,
Ar-OH), 6.85-8.0 (m, 8H, H-3, H-5, H-6, -
CH=C-, H-2', H-4', H-5', H-6"), 12.17 (s, 1H,
Ar-OH), 15.60 (s, 1H, enolic OH); 3C NMR
(CDClg): 6/ppm: 93.6 (C-a), 104.5 (C-3), 109.1
(C-5), 116.0 (C-1), 124.6 (C-6"), 126.4 (C-2),
128.2 (C-4Y), 131.0 (C-5"), 131.6 (C-1), 1325
(C-6), 134.2 (C-3)), 163.4 (C-2), 164.4 (C-4),
185.0 (C-B), 190.2 (C-y); MS (ESI): m/z
290.03 (M™).
1-(2,4-Dihydroxyphenyl)-3-(4'-chloro-
phenyl)propane-1,3-dione 2h.

IR (KBr) vma/cm?: 3425 (OH), 1712
(C=0); 'H NMR (CDCls) &/ppm: 5.20 (s, 1H,
Ar-OH), 6.72 (s, 1H, -CH=C-), 6.88-7.45 (m,
4H, H-3, H-5, H-3', H-5"), 7.72 (dd, 1H, J= 8.0
Hz & 2.0 Hz, H-6), 7.85-7.95 (m, 2H, H-2', H-
6", 12.25 (s, 1H, Ar-OH), 15.45 (s, 1H, enolic
OH); *C NMR (CDCls): &/ppm: 94.2 (C-a),
104.3 (C-3), 109.4 (C-5), 116.2 (C-1), 127.2
(C-2", 127.2 (C-6"), 128.2 (C-1'), 128.6 (C-3"),
128.6 (C-5"), 132.2 (C-6), 133.2 (C-4"), 163.3
(C-2), 164.6 (C-4), 185.1 (C-B), 190.1 (C-y);
MS (ESI): m/z 290.033 (M").

RESULTS AND DISCUSSION

2-Aroyloxy--4-hydroxyacetophenone prepa-
red by esterification of resacetophenone with
aromatic carboxylic acids was ground with
pulverized potassium hydroxide in a mortar by
pestle at room temperature in the absence of
any solvent (Scheme 1). The progress of the
reaction was checked by thin layer
chromatography (TLC) when the reactants
were found to have reacted almost completely
in 5 minutes and it had to be kept at room
temperature for another 5-10 minutes for the
completion of the reaction. During grinding the
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Table 1. Physical data of 1-(2,4-dihydroxyphenyl)-3-aryl-propane-1,3-diones synthesized

- - - 5
Compound Yield / % T'gi/l;?m mp /°C Lit. mp /°C [25]
2a 82 5+5 156-158 158-159
2b 80 5+10 190-192 189-190
2c 84 5+10 163-165 164-165
2d 90 5+5 135-136 136-137
2e 86 5+5 170-171 170-171

2f 80 5+5 149-151 151
29 84 5+10 125 124-125
2h 80 5+10 210-212 210-211

a-  Time for grinding

b-  Time at which the reaction mixture was kept at room temperature

reaction mixture absorbed moisture which was
found to be sufficient to make the reaction
mixture homogeneous. The product is also
recovered simply by acidification of the
reaction mixture in ice-cold water and avoids
the need for organic solvent extraction of the
compound. Attempt was also made using other
bases such as barium hydroxide, calcium
hydroxide, and calcium oxide which proved to
be futile.

The validity of the reaction was established
by converting differently substituted 2-
aroyloxy-4-hydroxyaceto-phenones into 1-(2,4-
dihydroxyphenyl)-3-aryl-propane-1,3-diones in
high yield (Table 1).

CONCLUSION

In conclusion, it can be stated that the
present protocol for the for the synthesis of 1-
(2,4-dihydroxyphenyl)-3-aryl-propane-1,3-
diones is highly efficient and eco-friendly as it
avoids the use of organic solvents at any stage
of the reaction.
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I[MPOCTA CUHTE3A HA 1-(2,4-JUXTUAPOKCUDEHWII)-3-APUJI-TTPOITAH-1,3-
JUOHU YPE3 ITPEI'PYIIMPAHE HA BAKER-VENKATARAMAN IIP11 OBMKHOBEHH
TEMIIEPATYPU BE3 PA3TBOPUTEJI

J1. Ilapma*!, C. Kymap?

1ﬂenapmaMeHm no xumust, BRCM Kones no unscenepcmgo u mexnonoeus, baxan, Hnous
2 lenapmamenm no xumus, Texnonozuuen uncmuniym no mexcmun u Hayka, Bxusanu, Hnous

Tonyuena Ha 17 nekemBpu, 2012 r.; kopurupana Ha 4 ¢eBpyapu, 2013 r.
(Pesrome)

OmucaH e mpoCcT ¥ BUCOKOS(EKTUBEH METO] 3a CuHTe3ara Ha 1-(2,4-nuxuapokcudenun)-3-apun-nponan-1,3-
OUOHM 4pe3 mperpynupaHero Ha  Baker-Venkataraman, BxiroyBamy —cMHJIaHeTO Ha  2-apOWJIOKCH-4-
XUIPOKCHANETO(EHOHN C ITyJIBEPH3HPaH KAINEB XUIPOKCHI NPH CTaliHa TEMIIEpaTypa B OTCHCTBHE Ha Pa3TBOPHTEI.
CrpyKTypara Ha Te3u CheIuHeHHs € uaeHTuduuupana ot tsaxuure crnektpanuu gaHau (FT IR, 1H NMR, 13C NMR,

Mac-criektpomerpus). IIporieaypata He U30srBa M3IMOI3BAHETO HA OMACHHM PEAKTUBU M OPraHUYHU PAa3TBOPUTEIH MPH
BCEKH €Tall OT PeaKIusiTa.
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The kinetic study of 3-chloroacetyl acetone with various thioureas has been carried out in
ethanol. In this study thioureas used are m-methyl phenylthiourea, m-methoxy phenylthiourea, m-
ethoxy phenylthiourea and m-chlorophenyl thiourea. The kinetic study reports second order rate
constants for these reactions. The rate of reaction is first order with respect to thioureas and first
order with respect to 3-chloroacetyl acetone. The effect of substituents on the rate of reaction is also
studied. Thermodynamic parameters are used to explain the nature of reactions. The proposed
reaction mechanism and details of Kinetics for various reactions were studied.

Keywords: Kinetics, Thiazole, Cyclisation

INTRODUCTION

Sulphur and nitrogen containing organic
compounds are gaining importance in synthetic
and pharmaceutical fields. Thiourea and their
derivatives are well known intermediates in the
synthesis of clinically important heterocycles
like  thiazoles, 4-thiozolidinones  and
benzothiozoles. Thioureas are commercially
used in photographic films, plastics and
textiles. Certain thiourea derivatives are
insectides, rhodenticides and pharmaceuticals.
Some of the thioureas are screened for
anticancer activity. Thioureas have shown
antibacterial [1], antipyretic [2], hypnotic [3]
and fungicidal [4] activity. Thiazoles are found

in  medicaments [5] like vitamin-B,
sulphathiozoles, promizole, niridazole,
aminotrizole and tetramisole. Kinetics and

mechanism of reaction between thiourea and
iodate in buffer medium has been studied [6].
The kinetic study of reaction of thiourea with
formaldehyde is also reported [7]. Reaction
kinetics of gold dissolution in acid thiourea
solution using ferric sulphate as oxidant was
investigated with rotating disk technique [8].

* To whom all correspondence should be sent:
E-mail: zaware@india.com; shashil7@gmail.com

The kinetics of formation of chromium(lll) —
iminodiacetic acid complex has been studied in
temperature range 35 — 55 °C
spectrophotometrically. The study shows rate
of reaction is first order with respect to
chromium(lll) and rate of increases with
increase in temperature [9]. The kinetics of
oxidation of thiourea and N-substituted
thioureas and the corresponding formamidine
disulfides by sodium N-chloro-p-
toluenesulfonamide or chloramine-T (CAT) in
the presence of HCIO4 has been studied at 278
K [10]. The kinetics of the reaction between
vitamin C (L-ascorbic acid) and ferric chloride
hexahydrate was investigated in acidic medium
at pH 3 spectrophotometrically. The order of
the reaction was established by applying
different methods. The order of the reaction
with respect to each reactant was found was
first and the overall second order was
recommended for the reaction [11]. Kinetic
investigation in  rhodium(lll)  catalyzed
oxidation of D-Mannitol in an acidified
solution of potassium bromate in the presence
of Hg(OAC):2 as a scavenger, have been studied
in the temperature range of 300 - 450 °C [12].
Kinetic and thermodynamic study on the
adsorption behavior of Rhodamine B dye on
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Duolite C-20 resin has been reported. The
effects of various experimental factors; sorbent
amount, contact time, dye concentration and
temperature, were studied by using the batch
technique [13].

We have reported kinetic study of reaction
of chloroacetone with p-substituted phenyl
thioureas [14]. We have also reported kinetics
of reaction of 3-chloroacetyl acetone with p-
substituted phenyl thioureas [15]. Literature
survey reveals that there is no work on kinetic
study of reaction of 3-chloroacetyl acetone
with m-substituted phenyl thioureas.

EXPERIMENTAL
Apparatus

The pH of thiazole hydrochloride
solution was measured by digital pH meter.
(EQUIPTRONICS, EQ-614A)

Reagents

All the reagents used were of analytical
reagent grade unless otherwise stated; double
distilled water was used throughout the
experimental work.

Aryl thioureas were prepared by Frank and
Smith method [16]. The 3-chloroacetyl acetone
(Merck India), diethyl ether (Qualigens) were
used for this work. The standard solutions of 3-
chloroacetyl acetone and thioureas were
prepared in double distilled absolute alcohol.

General procedure

Kinetic measurements were carried out
at different concentrations of reactants and
temperatures. A solution containing appropriate
amount of thiourea which is thermostated at
particular temperature was added in the
solution containing appropriate amount of 3-
chloroacetyl acetone at same temperature. At
different time intervals definite volume of
aliquot was added to a mixture of diethyl ether
and water. It was shaken immediately and
aqueous layer containing thiozole
hydrochloride was separated, diluted to definite
volume with distilled water. The pH of thiazole
hydrochloride solution formed was measured
by digital pH meter. Equal amounts of thiourea
and 3-chloroacetyl acetone were mixed under
the similar experimental conditions and kept

overnight. The reaction mixture was then
cooled and poured on crushed ice. It was
extracted with ether to remove the unreacted
reactants. The aqueous layer was neutralized by
sodium hydroxide. The white solid obtained
was crystallized from ethanol.

RESULTS AND DISCUSSION

The stoichiometric study indicates that one
mole of thiourea reacts with one mole of 3-
chloroacetylacetone. The rates of reaction were
measured at different concentration of
thioureas at constant concentration of 3-
chloroacetylacetone. The plot of log (dc/dt)
against log [3-chloroacetylacetone] is also
straight line by Kkeeping concentration of
thioureas constant.The slope of the graph is 1.0
(Fig. 1). The plot of log (dc / dt) against log
[thioureas by keeping concentration of 3-
chloroacetylacetone constant it is also strate
line and slop of the plot is one. The overall
order of reaction is 2. By using Van’t Hoffs
differential method [17] the order of reaction
with respect to 3-chloroacetylacetone and
thioureas was also determined. Second order
rate constants were determined at five different
temperatures. The energy of activation (Ea*)
was determined by plotting graph of log k
verses 1/T (Fig. 2) and other thermodynamic
parameter were calculated, [Table.1]. The
entropies of activation (AS*) of these reaction
are negative indicates rigid nature of the
transition state. The negative value of entropies
of activation (AS*) also indicates that less
stable noncyclic reactant convert into stable
cyclic products [18]. Almost equal values of
free energy of activation (AF*) for all thioureas
indicates that probably a similar type of
mechanism prevails in all cases [18]. When
rate constant for the reaction are compared, the
thiourea is found to be more reactive than the
substituted phenyl thiouras. This may be due to
the presence of Il-electron in benzene ring. The
phenyl thiourea and m-methyl phenyl thiourea
show nearly same rate constants. This may be
due to small effect of methyl group due to
hyper conjugation and inductive effect. The m-
ethoxy phenyl thiourea shows higher rate of
reaction due to mesomeric effect. The m-
chlorophenyl thiourea shows lower rate of
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reaction due to negative inductive effect of
chloro group [19-20]. It is found that, the
reaction is second order, first order with respect
to thioureas and first order with respect to 3-
chloroacetylacetone. The rate constants
calculated from second order rate law are fairly
constant [Table. 2].

Based on these facts, the following general
mechanism and rate expression is proposed.

k1 Slow Fast

S1+S2 «——— [Intermediate] > products 1)
k1 k2

S: stands for 3-chloroacetylacetone and S;
stands for thioureas.

Rate of reaction = ki [S1] [S2] — k-1 [Intermediate] )
On applying steady state approximation.

d/ dt [Intermediate] = 0 = ki [S1] [S2] — k-1 [Intermediate] — k2 [Intermediate] (©)]

ki [S1] [S2]
[Intermediate] = _— 4)
k1 +ke

Substituting the value of [Intermediate] in
equation (2)
ki k1 [Sa] [S2]

Rate of reaction = ki [S1] [S2] — IR (5)
k1 + ke

k1 ki
Rate of reaction = { ki — —— } [Sa] [S2] (6)

The order of reaction is two (Reaction
mechanism). The derived rate law explains all
the observed experimental facts.

CONCLUSION

The order of reaction between 3-
chloroacetylacetone and thiourea is found to be
two.

The proposed rate law also shows that the
rate of reaction is two.

Nearly equal values of free energy (AF*)
indicates that same type of reaction mechanism
prevails.

Decrease in entropy (AS*) indicates that,
from open chain reactants the cyclic product is
formed.
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Changes in structure of solid pyrolysis residue during slow pyrolysis of rice husk
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The research provides the basis for development of a new environmental material with controllable characteristics,
suitable for producing of value-added carbon/silica containing materials. The subject of the study is to determine the
influence of the pyrolysis temperature on the specific surface area and porosity of charcoal obtained by slow pyrolysis
in the temperature range 250-700°C of acid leached rice husks.

The char’s structure was set out by the mercury porosimetry and Brunauer-Emmett-Teller method. The phase
composition of the solid residue after pyrolysis and carbon/silica ratio therein has been determined by thermal analysis
(TG/DTA/MS) and XRD. The morphology of the materials has been studied using scanning electron microscopy.

It was established that the slow pyrolysis in the investigated temperature range results in a solid residue with
predominantly macro-porous structure and pore size distribution between 50 and 200 pm. The sample obtained at 480°C
is characterized by the largest total pore volume and the largest average pore diameter. With increasing the pyrolysis
temperature C:SiO ratio in the solid pyrolysis residue decreased from 1.38 to 0.85 and specific surface area increased

from 7.0 up to 4400 m? g %,

Keywords: rice husk; pyrolysis; porosity; specific surface area; morphology

1. INTRODUCTION

In recent years, in relation with the periodical
energy crises and the depletion of raw material
stocks, particular attention is paid to obtaining
energy and value-added products from renewable
agricultural wastes. The rice husks, a by-product of
the rice milling industry are produced in large
quantities as a waste. The limited applicability of
the rice husks as foodstuff for cattle is creating an
ecological problem, connected with the storage and
management of huge amounts of waste. On the
other hand the specific phase composition, structure
and properties of the husks renders them suitable
for preparing different C/SiO, containing materials
[1,2]. The rice husks possess, although a low,
caloric effect. So they can be considered also as a
renewable power source [3]. In recent years are
offered different methods associated with the
conversion of rice husks into the high-tech products
[4-6].

Between the thermo-chemical conversion
methods for processing of biomasses most often
used pyrolysis. The process is related to obtaining a
liquid phase, char and gaseous fractions (fuel
gases). There are two approaches for the conversion

* To whom all correspondence should be sent:
E-mail: uzunov_iv@svr.igic.bas.bg

184

technology. So called conventional pyrolysis, is to
maximum the yield of pyrolysis oil and/or fuel gas.
The conditions are high temperature and high
heating rate. The second enhanced the char
production at the low temperature and low heating
rate. One of the possible applications of solid
pyrolysis residue is use it directly or after activation
as biosorbents [5,7]. They are biodegradable and
have high adsorption properties resulted from their
morphology and surface functionalities [8].There is
no need to regenerate them because of the low
production cost [5,9,10]. Their application is a good
practice and has received much attention in sorption
of various organic or inorganic pollutants from
aqueous medium [11,12].

The use of the solid pyrolysis residue as
adsorbent is related to obtaining of a material with
suitable porous structure, high specific surface area
and surface functionalities which providing a high
adsorption capacity and selectivity [13,14]. Ways to
get the carbon containing adsorbents with a
developed porous structure are the use of suitable
activating agents and/or controlling the pyrolysis
conditions [15-17].

There have been several reports on the pyrolysis
of rice husks which deal with the relation between
the pyrolysis conditions with char structure. The
development of advanced fast pyrolysis processes
for bio-oil production has gained much attention

© 2014 Bulgarian Academy of Sciences, Union of Chemists in Bulgaria
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recently, because they offer a convenient way to
convert agriculture wastes into biofuels and
carbonaceous value-added products. That is why
the studies are related to determination the impact
of the temperature, heating rate and pressure on the
guantity, phase composition and morphology of
final products in fast pyrolysis. Hu et al. [18]
determined the pyrolysis reactivity’s of rice husk
char and the evolution characteristics of char
structure during rapid pyrolysis. Liou [19]
investigated the effect of heating rates on the
morphology and chemistry of the products from
carbonization of rice husks. Kumagai et al. [20] and
Bharadwaj et al. [21] also published data which
dealt with the relationship between the fast
pyrolysis conditions and char structure. The general
conclusion is that the fast pyrolysis is associated
with obtaining a small amount of solid pyrolysis
residue with predominantly microporosity and
narrow pore size distribution. These can be
explained by the very fast decomposition of lignin-
cellulose matter and evolution of volatiles during
rapid pyrolysis, thus leaving a highly microporous
structure.

It is reasonable to expect that the slow pyrolysis
will lead to other, different phase and structural
changes in solid pyrolysis residue.

In this study, the slow pyrolysis which provides
a high yield of solid residue was used in a fixed bed
induction heated reactor. In particular, the impact of
pyrolysis temperature at a constant heating rate and
retention time on the pore structure of rice husks
char was investigated. The effect of the pyrolysis
temperature on the carbon:SiO, ratio in solid
pyrolysis residue was also discussed.

The results indicated that the slow pyrolysis
temperature had an essential impact on the char’s
structure. The resulting solid pyrolysis products are
characterized by a varied in size porous structure.
The same is formed predominantly by meso- and
macro pores with a wide range of pore size
distribution. This fact is important when the solid
residue from thermo-cracking of rice husks will be
used as adsorbent [22-24].

2. EXPERIMENTAL
2.1 Materials

Rice husks (RH) were obtained by rice threshing
performed in 2010 from Pazardjik region, Bulgaria.
The husks with prevailing particle size above 5 mm
were initially washed several times with water to
remove any mechanical impurities. Determined
amount of ash in the raw rice husks is 21 wt.%.
Except the main quantity of amorphous silica, the

ash contains some other inorganic admixtures listed
in Table 1. To reduce the content of these
admixtures RH were treated with 12 N HCI, at
hydro-module 3:1, for 3 hours at the boiling
temperature of the acid. A reflux condenser was
used. The acidified sample was washed with
deionized water until pH 6.5 was reached and dried
at 110° C to a moisture content less than 5 wt.%.

2.2 Pyrolysis

A weighted amount of the so pretreated husks
were pyrolysed in a temperature interval 250-700°
C. The following series of samples, designated as
B1 (250°C), B2 (350°C), B3

(480°C) and B4 (700°C) were obtained. The
fixed bed slow pyrolysis experiments were
performed in a vertical tube stainless steel
electrically heated reactor, equipped with
temperature controllers, under a residual pressure of
1.33 Pa. The reactor comprised a 240 mm (L) x 40
mm (ID) with 170 mm long heated zone. The liquid
products were collected in a trap between the
reactor and vacuum pump, maintained at the
temperature of 2-3° C. The temperature in the
reactor was increased linearly from room
temperature up to the value needed for pyrolysis
with a heating rate of 4° min? and temperature
retention for 4 hours. The time within which the
temperature is maintained constant, is defined as
“retention time”. The sample was taken out after
cooling the system down to room temperature, at
atmospheric pressure. The vyields of the solid
pyrolysis residue were calculated based on the mass
of raw rice husks fed.

2.3 Samples characterizations

The carbon/SiO, weight ratio in the solid
pyrolysis residues has been determined applying
thermal analysis (TG/DTA) accomplished with a
SETARAM LabsysEvo device, in a corundum
crucible, at a heating rate of 10° min? in air. A
mass spectrometer detector coupled to the device
was used for the evolving gas analysis. The signals
for mass numbers of 18 and 44 were continuously
detected.

The phase composition of the samples has been
carried out on the basis of the data, recorded by a
diffractometer Philips ADP 15 with Cu K,
radiation.

Area of the pores as well as the bulk density was
determined by mercury intrusion porosimetry on a
MICROMERITICS Auto-Pore 9200 apparatus.
Volume intrusion curves were obtained for every
sample from 0.01 up to 34.84 MPa pressure, which
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corresponded to a pore diameter range from 262.7
um to 0.042 pum. Prior to

porosimetry analysis the samples were dried at
110° C for 48 h. The specific surface area was
assessed by BET nitrogen adsorption measured in a
static volumetric device Area Meter, Strolein.

The morphology of the surface of the raw rice
husks and pyrolyzed ones was observed with SEM
using JEOL- Superprobe 733 microscope, applying
the appropriate magnification.

The total ash content into the raw RH was
analyzed gravimetrically. The inorganic admixtures
were determined by flame atomic absorption
analysis (AAA) by spectrometer Solar M.

3. RESULTS AND DISCUSSION
3.1 Phase composition and morphology

The data of the inorganic admixture amount in
the raw RH before and after treatment with
hydrochloric acid evaluated by AAA are presented
in Table 1.

Table 1. Inorganic admixture amount in the raw RH
before and after acid treatment.

Table 3. Yield of the carbon-containing residue and C:
SiO, weight ratio as a function of the pyrolysis
temperature.

Sample T oyrolysis, Yield, Ratio
°C wt.% C:SiO;

B1 250 58 1.38

B2 350 52 1.08

B3 480 49 0.96

B4 700 46 0.85

Element Amount, wt.%

Carbon 38.4
Hydrogen 4.3

Oxygen 36.08

The low content of inorganic admixtures in the
ash residue of leaching rice husks is reason
hereafter to talk about phase of silica in solid
pyrolysis residue.

The elemental microanalysis was used to
investigate the carbon/silica weight ratio in the acid
treated raw rice husks, Table 2. According to the
results obtained the carbon/silica weight ratio in the
acid leached raw rice husks amounted to 1.81
weight percent.

Table 2. Elemental composition of acid leached raw RH.

Element In raw RH, pg g™ After Iea?lhing,
ugg
K 580 62
Na 370 60
Fe 330 38
Ca 103 "BDL
Cu 12 BDL
Mn 10 BDL
Zn 7 BDL
Mg 5 BDL

“BDL, below detection limit.

On the basis of the thermogravimetric analysis
data, Fig. 1 (a) the weight C:SiO; ratio in the
samples B1-B4 has been determined. The effect of
pyrolysis temperature on the yield and carbon/silica
ratio of the chars is shown in Table 3.
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Actually the char represents a mixture of some
quantity undecomposed residues of the lignin-
cellulose material, highly carbonized rice husks and
silica. The change of the C/SiO; ratio shows that
with increasing of pyrolysis temperature the solid
pyrolysis residue become increasingly less
carbonaceous in nature and vice versa for the silica.

The thermal effects (DTA) and gas formation
rates under conditions of linear temperature
increase, in air medium for samples BI-B4 are
presented on Figures 1(b) and (c).

The rice husks as a lignocelluloses’ material is
composed of various type biopolymers containing
cellulose, hemicellulose, lignin and amorphous
SiO; [4]. The chemical nature of biogenic silica in
rice husks has discussed by a number of authors
[25,26]. Upon pyrolysis condition in rice husks start
some destruction processes. Hemicellulose started
its decomposition easily; cellulose pyrolysis takes
place at a higher temperature range while the lignin
decomposes at a slow rate in the entire operating
temperature interval [24]. The degradation
reactions include depolymerization, dehydratation,
decarboxilation and oxidation of  the
lignocelluloses’ matrix.

For example: sample B1, obtained at 250° C,
contains in itself not completely decomposed
residuals of cellulose and lignin. The exothermal
effect in the interval 210 - 370° C is associated with
the destruction of the remaining quantity of
cellulose, contained in this sample. The process is
accompanied by the evolving of the main quantity
of water and a small amount of CO, as a
consequence of the decomposition of the nuclei of
the cellulose chain. The second exothermal effect
with a maximum at 440° C corresponds to the full
destruction of the lignin residuals and oxidation of
the char, completed at 540° C. As a result of the
decomposition of the condensed nuclei of the lignin
mainly CO;is liberated.

The results from TA/MS analysis of samples
B2-B4 confirmed the presence of undecomposed
part of the lignin-cellulose material in the solid
pyrolysis residue. According to the data of the TG
analysis, the moisture content in carbonized rice
husks amounted to 5 wt. %.
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Fig.1. TG curves (a); DTA curves (b); gas formation rates and products distribution (c) during the thermal analysis of
the samples in air atmosphere

The results from TA/MS analysis of samples
B2-B4 confirmed the presence of undecomposed
part of the lignin-cellulose material in the solid
pyrolysis residue. According to the data of the TG
analysis, the moisture content in carbonized rice
husks amounted to 5 wt. %.

The X-ray diffraction patterns of the samples are
presented in Fig. 2. The possible bonding of silicon
with monosaccharides in rice husks has already
been represented by Patel et al. [27]. The pyrolysis
causes a decomposition of the organic material and
breaking of the bonds between silicon and the
organic matrix. The Si-O groups become attached
to one another to produce a low form of cristobalite
and tridimite. The resulting material, containing a
mixture of amorphous silica and carbon show an
XRD pattern with a broad maximum. The results
also corroborate the formation of a porous network
in the samples. The halo observed at about 26 22°
corresponds to the presence of amorphous SiO»
[28], but also shows the typical turbostratic
structure with interlayer distances of graphenes
substantially higher than those in graphite. The halo
at 20 44° is typical for carbonized cellulose and
reflects the initial formation of (100) planes, related
to the graphite structure [29]. It becomes more

pronounced with increasing the temperature of
pyrolysis.

Intensity, (cps)

Bl

T T T T T T T T T T T T T T T
10 20 30 40 50 60 70 80 90

20 degree

Fig.2. XRD patterns of the pyrolyzed RH

The cellulose and hemicellulose under
conditions  of  pyrolysis  degrade  under
cycloreversion and dehydration followed by
transglycosylation. The mechanism of
decomposition of lignin also occurs via dehydration
[30]. The process is accompanied by intensive
liberation of gases and liquid phase, containing
different hydrocarbon compounds, CO, CO; and
H20. The rapid mass transfer from the inside of the
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Fig.3. Micrographs of raw RH (a), outer epidermis (b), cross-section (c) and inner epidermis (d) of rice husks
carbonized at 480° C.

particles to the surface caused structural evolution
and morphological changes of the solid residue.
Some part of fluids is being deposited on the char
surface, determining its surface functionalities.
Change in the morphology of rice husks in the
pyrolysis process, studied by means of scanning
electron microscopy, is demonstrated in Fig. 3.

A typical structure with granular formations
located linearly on the outer epidermis as well as
the fibrous structure of the inner epidermis can be
seen in Fig. 3(a). It was established that the silica is
concentrated predominantly in the outer surface and
in a less amount in the inner surface of the RH [31].
After carbonization the rice husks appear to be
cracked, Fig. 3(b). The size of small grains on the
outer epidermis is reduced. Nevertheless the
corrugated structure of the outer epidermis was kept
in the solid pyrolysis residue. This means that after
carbonization the solid pyrolysis residue retains
skeleton of lignocelluloses’ matrix, building the cell
walls in which remains dispersed amorphous silica.
After pyrolysis the lamellar inner epidermis
remains undestroyed, Fig. 3(d). Evaporation of
volatile matters creates in interior structure of the
pyrolyzed RH many pores of different size with
rough surface and irregular outlet, Fig. 3(c).

The increase of the pyrolysis temperature leads
also to a change in the specific surface area of the
obtained materials, varying in a range from 7 up to
440 square meters per gram, Fig. 4.
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Fig.4. Dependence between BET specific surface area of
the samples and the pyrolysis temperature.

3.2 The pore size distribution

The pore size distribution is a function of the
pyrolysis temperature and phase composition of the
lignocelluloses precursor. This is the most
important  dimension for characterizing the
structural heterogeneity of the solid residue and is
closely related to Kinetic properties of porous
materials [20].

The porosity characteristics of the samples,
determined by mercury porosimetry are depicted in
Table 4. The experimentally obtained data
demonstrate that the porosity, respectively the total
volume of the pores of samples B/, B2 and B4 have
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similar values while the values for sample B3 are
higher with about 9%. The sample B3 is
characterized also by the greatest average pore
diameter and the lowest bulk density.

Table 4. Porosity characteristics of the samples
determined by mercury porosimetry.

Characteristics Bl B2 B3 B4
Total pore 0.898 0.814 1.053 0.778
volume, cmq g?
Porosity, % 5238 52.04 57.09 5295
Total pore area, 6.652 6.369 5.869 5.164
m2 gt
Average pore 0.540 0511 0.718 0.603
diameter, um
Bulk density, g 0.583 0.640 0542 0.680
cm3

The differential curves of the pore volume
distribution with respect to diameter for the B1-B4
samples are exhibited in Fig. 5. All the porosity
diagrams have a similar appearance, which shows
that the analyzed samples possess pores with sizes
varying within a wide range of values. The main
share of all the pores belongs to the pores with
large volumes and diameters within the interval 50-
200 pum.

The maximum peak in the differential
distribution curves for all four samples corresponds
to the percentage of the total pore volume, as
follows:

For B1 - 14.9 %:;
For B2 -14.6 %
For B3 - 24.0 % and
For B4 - 18.0 %.

0,24 —e—Bl n
—O0—B2
o 0201 —A—B3
—0—B4
@ 0,16
£ 0,12 A
o
- 0,08+
> o / ><
©
0,04 A @ lfeé@
0,00

100
d, pm

Fig.5. Pore volume distribution by pore diameter for

samples B1-B4.

The results demonstrate that the prepared
carbonized rice husks possess multi macroporous
structure. The presence of the such structure, as a
rule ensures high sorption ability of the material
[32].

The theory of mercury  porosimetry
conditionally accepts that the diameter, determined
by the integral dependence with respect to the pore
volume and pore surface area at which there starts a
steep increase is the value, dividing the pores in
two kinds: “micro” pores, with pores diameter less
than the value of the inflection point and “macro”
pores, Fig. 6.

It should be noted that in according to IUPAC
the classification of the pores as micro-, meso- and
macropores is subject to certain requirements for
the pore-width [33].

Table 5 represents the conditional dividing of
pores in view of their size in the prepared samples.

Table 5. Provisionally pore size distribution in the
pyrolyzed rice husks.

Characteristics Bl B2 B3 B4

Value of the 1.88 1.76 2.13 1.93
inflection point,
um
Volume of
“micro” pores,
cm? gt

Percent of 40.9 45.9 32.5 454
“micro” pores,
%
Volume of
“macro” pores,
cmd gt

Percent of 59.1 54.1 67.5 54.6
“macro” pores,
%

0.3676 0.3731 0.3424 0.3530

0.5304 0.4406 0.7110 0.4252

The porosity characteristics of sample B3 can be
explained by the fact that the pyrolysis in this case
has been carried out at temperature, which
guarantees the destruction of all the components
building up the cell walls of the rice husks. The
volatile degradation products are in large amount
and should escape from the char without delay.
This leads to the obtaining of a material with a
maximum quantity of the so-called closed type of
pores. The temperatures lower than 480° C, cause
as a result only a slow thermal cracking of the
lignin-cellulose material, which does not ensure a
sufficient development of a porous structure of the
obtained composite. The increasing pyrolysis
temperature  enhances also the effect of
dehydroxylation via conversion of silanol groups to
siloxane bridges leading to opening of pores.
However the pyrolysis at 700° C leads to a
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Fig.6. Characteristic integrated distribution curves of the volume and the surface area by the pore diameter for samples
B1-B4.

complete decomposition of the organic matrix,
associated with destroying of the organic-mineral
structure. On the other hand thermal treatment at
higher temperature causes modifications in the
textural and structural characteristics of the carbon
skeleton as a result of the sintering effects [34].

4. CONCLUSION

Summarizing, the results evidenced that in the
conditions of slow pyrolysis of rice husks the
pyrolysis temperature had a strong influence on the
char’s structure and phase composition.

The increasing pyrolysis temperature leads to
produce of composite materials, possess multi
porous structure in which main part occupies the
pores with  size distribution between 50 and
200 um. While the volume of pores with a diameter
less than 2.0 um, for the investigated temperature
range remains almost the same. The pyrolysis
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N3MEHEHUA B CTPYKTYPATA HA TBBPAUTE OCTATBHLU OT BABHATA TIMPOJIN3A
HA OPU30BMU JIFOCIIN

C. Y3yHoBa, Jl. Anrenosa, b. Anues, W. Y3yHnos, A. ['urosa

! Xumuxomexwvhonozuuen u memanypauuen yuusepcumem, 1756 Coqpus
2 Hncmumyme no obwa u neopaanuuna xumus, Bvizapcka akademus na naykume, 1113 Cogus
8 Uncmumym no enexmpoxumus u eneputinu cucmemu, 1113 Cogpus

IMony4ena Ha 17 centemBpu 2012 r.; kopurupana Ha 12 gpespyapu 2013 r.
(Pesrome)

W3cnenBaHero naBa ocHOBara 3a pa3pabOTBAaHETO HAa HOB €KOJIOTMYHO ChOOpa3eH Marepual ¢ KOHTPOJIMpPaHH
XapaKTEepUCTUKH, TMOAXOAAIIM 3a MPOM3BOJICTBOTO Ha MAaTEpPHAIM OT BTIJIEPOA M CHIIMIMEB JMOKCHA C JoOaBeHa
croiHOCT. IIpenMeT Ha W3clIeABaHETO € Ja Ce ONpeleNnd BIMSHUETO HAa TeMIepaTypaTa Ha NHMPOIM3a BBPXY
cnenuduIHaTa MOBBPXHOCT M MOPHO3HOCTTA Ha BBIVIEHA, NOJIyUYeH Npu OaBHA MHUPOJIN3a B TEMIIEPATYPHUsS WHTEPBa
250-700°C Ha OpHM30BM JIIOCHIH, M3IyXeHH C KucennHa. CTpyKTypara Ha BBIJIEHA € ONpe/iesieHa C >KHBayHa
nopbozuMerpust U bET-meroma. Da30BUAT CbCTaB Ha TBBPAUS OCTaThbK ClEJ MUPOJIM3aTa M OTHOLIEHUETO
BBIVIEPO/I/CUIIMIINEB TUOKCHUJT B HETO ca ompezaeneHu upe3 TepmudeH ananu3 (TG/DTA/MS) u XRD. Mopdonorusita Ha
MaTepHaja € U3y4deH Upe3 CKaHHWpaIla eJIeKTPOHHA MUKPOCKOMHS. Y CTaHOBEHO €, 4ye OaBHATa MUPOJIN3a B M3CIIEIBAHU
TeMIepaTypeH HHTEPBaJ JaBa TBBP/ OCTATHK C MPEIUMHO MaKpO-TIOPbO3HA CTPYKTypa M paslpeeHie Ha pa3Mepa Ha
nopute Mexay 50 u 200 pm. Ob6pasuure, nonyderu npu 4800C ce xapakTepu3upar ¢ Hail-rojsiMa o011 obeM U Haii-
TOJISIM CpelieH muameThp Ha mopurte. C HapacTBaHe Ha TeMIlepaTypara Ha nmuposmsa otHomreHueTo C:SiO2 B TBbYpAUS
ocrarbk HamaisiBa ot 1.38 1o 0.85, a cnennduunara nopspxuoct Hapactsa ot 7.0 1o 440.0 m2 g -1.
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Liquid-phase synthesis of N,N’-diacetyl-p-chitobiosyl allosamizoline 2 was studied. The N-benzyloxycarbonyl
(Cbz) protected trichloroacetimidate donors 3 and 5 were prepared according to the routine method. The target
allosamidin analogue 2 was high-efficiently synthesized by iterative glycosylation reactions, catalytic hydrogenation,

acetylation, and deacetylation, respectively.

Keywords: N,N’-diacetyl-B-chitobiosyl allosamizoline, liquid-phase synthesis, trichloroacetimidate donors

INTRODUCTION

This pseudo-trisaccharide allosamidin 1 (Fig. 1)
is a representative chitinase inhibitor, and it
possesses high activities against insects and fungi
[1-2]. The synthetic methodologies of compound 1
and its analogues were reported [3-5]. But the
approach is more complicated, and the cost of mass
production is high in every synthetic method, which
restrict allosamidin 1 and its analogues to be widely
utilized in agriculture. N,N’-Diacetyl-p-chitobiosyl
allosamizoline 2 has been synthesized by solid-
phase method [1,6], but the approach is still a bit
longer, and this yield of introducing the solid-phase
support is too low. Therefore, the allosamidin
analogue 2 has been tried to synthesize by liquid-
phase method in this paper, which is based on its
reported solid-phase method, but the solid-phase

support does not be introduced.
OH OH OH

HO=2 0O ° O@&\O

N=L
oH NHAC O NHAG NMes
1
Fig. 1 Structure of allosamidin 1.

RESULTS AND DISCUSSION

The most important concept behind carbohydrate
synthesis is glycosylation reaction to involve
glycosyl donor and glycosyl acceptor. The
retrosynthetic  analysis  of  N,N’-diacetyl-p-
chitobiosyl allosamizoline 2 was shown in Scheme
1. It indicated that the synthetic strategy for target
compound 2 was in reverse order for the

* To whom all correspondence should be sent:
E-mail: huangdoctor226@163.com
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installation of subunits 3, 5, and 6. It also has
shown the effectiveness of glycosyl
trichloroacetimidates as donors in the glycosidic
bond formation. Levulinoyl ester is used as an
orthogonal protecting group, which can be
efficiently cleaved to liberate the free hydroxyl site
for further glycosylation. The amino group is
protected with benzyloxycarbonyl (Cbz). Due to the
neighboring group participation of Cbz during
glycosylation reaction, the B-linkage is easy to
form. Cbz and Bn can be removed by catalytic
hydrogenation.

The 3,6-di-O-benzylallosamizoline 6 (Scheme
2) was prepared according to the approach that
described by Griffith and Danishefsky [7].
Glycosylation reactions were gone along using 3.0
equiv. of donor and 0.1 equiv. of trimethylsilyl
trifluromethanesulfonate (TMSOTT) as promoter to
activate trichloroacetimidate donor. At low
temperature, TMSOTf-promoted glycosylation of
the N-Cbz protected trichloroacetimidate donor 5
[8-9] with intermediate 6 yielded the O-
perprotected B-pseudodisaccharide in 83% yield.
Cleavage of the levulinoyl ester was carried out
with hydrazine acetate dissolved in MeOH to form
the acceptor 4. After acceptor 4 was glycosylated
with the N-Cbz protected trichloroacetimidate
donor 3 [8-9], the obtained pseudo-trisaccharide
was catalytically hydrogenated for cleavage of Chz
and Bn to yield building block 7 in 96% yield.
Then, the intermediate 7 was acetylated with
Ac,O/pyridine and deacetylated with NHs/MeOH,
respectively.  After purification by column
chromatography, the target compound 2 was
obtained in 97% yield.

© 2014 Bulgarian Academy of Sciences, Union of Chemists in Bulgaria
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Scheme 1 Retrosynthetic analysis of N, N -diacetyl-p-chitobiosyl allosamizoline 2.
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Scheme 2 The liquid-phase synthesis of N,N -diacetyl-B-chitobiosyl allosamizoline 2.

CONCLUSION

The liquid-phase synthesis of N,N’-diacetyl-p-
chitobiosyl allosamizoline 2 was investigated.
Compound 2 was obtained by iterative
glycosylation reactions, catalytic hydrogenation,
acetylation, and deacetylation, respectively.
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N,V’-Diacetyl-p-chitobiosyl allosamizoline 2:
'H NMR (300 MHz, D,0-CD3;COOD) ¢ 5.04 (dd, 1
H, H-1), 4.58 (d, 1 H, H-1""), 4.54 (d, 1 H, H-1"),
4.14 (dd, 1 H, H-2), 4.06 (dd, 1 H, H-3), 3.94 (dd, 1
H, H-6"’b), 3.86 (dd, 1 H, H-6’b), 3.82 (dd, 1 H, H-
6b), 3.75 (dd, 1 H, H-6"’a), 3.74 (dd, 1 H, H-2""),
3.73 (dd, 1 H, H-2"), 3.72 (dd, 1 H, H-4), 3.70 (dd,
1 H, H-3"), 3.67 (dd, 1 H, H-6’a), 3.66 (dd, 1 H, H-
6a), 3.61 (dd, 1 H, H-4’), 3.58 (dd, 1 H, H-3"),
3.56 (m, 1 H, H-5"), 3.51 (m, 1 H, H-5""), 3.47 (dd,
1 H, H-4""), 2.96 (d, 6 H, N(CHz)2), 2.38-2.34 (m, 1
H, H-5), 2.07-2.04 (d, 6 H, 2xNHCOCH).
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(Pesrome)

HWcnensana Geme TeanodasHata cuate3a Ha N,N’-1raneTui- f - XHTOOGHO3II aT03aMHU30IIHH 2. TpHXIIoaneTaAMAIHA
qonopu 3 u 5, 3ammrenu ¢ N-Oensonnkap6ouun(Chz), 6sixa mpUroTBEHH M0 pyTUTEH METO. LleneBusT ano3aMuanHOB
aHajor 2 Oelle CHUHTE3MpPaH C BHUCOKA €(EKTHBHOCT YpE3 MTEPATHBHU PEAKIMM Ha TIIMKOJIM3AIUs, KaTaJIUTHYHO

XUAPOTCHUPAHE, AlICTUIIMPAHE U CbOTBETHO JACALICTUIIN3PAHEC.
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In this study some heavy metals (Cd, Ni, Cr, As, Hg Cu, Fe, Mn, Pb and Zn) concentration in edible parts of five
most consumed Bulgarian fish species - bluefish (Pomatomus saltatrix), gray mullet (Mugil cephalus), Mediterranean
horse mackerel (Trachurus mediterraneus ponticus), shad (Alosa pontica) and sprat (Sprattus sprattus sulinus) collected
from two stations across Bulgarian Black Sea coast were determined. The samples were digested with nitric acid
followed by appropriate spectroscopic determination (Atomic Emission Spectroscopy with Inductively Coupled Plasma
(AES-ICP), Flame Atomic Absorption Spectroscopy (FAAS) or Electrotermal Atomic Absorption Spectroscopy
(ETAAS). The level of As in the edible part of gray mullet (Mugil cephalus) has shown a value higher than limits set
from various health organizations (1.1 + 0.1 mg/kg). On the contrary this fish species accumulates the other investigated
heavy metals such as Hg, Zn, Fe and Pb to lower extend. The concentration of Zn and Fe showed the highest value for
all fish species. With some exceptions the concentration of studied heavy metal elements was within the acceptable

levels for food source for human consumption.
Keywords: heavy metals; fish; Black Sea; Bulgaria
INTRODUCTION

The heavy metal pollution of the marine
environment has long been recognized as a serious
environmental concern [1, 2].

Heavy metals can be accumulated by marine
organisms thought a variety of pathways, including
respiration, adsorption and ingestion [3, 4]. Heavy
metal contamination has been identified as a
concern in coastal environment, due to discharges
from industrial waste, agricultural and urban
sewage [5, 6]. The levels of heavy metals are
known to increase drastically in marine
environment  through  mainly  anthropogenic
activities [7]. Heavy metals can be classified as
potentially toxic (arsenic, cadmium, lead, mercury,
nickel, etc.), probably essential (vanadium, cobalt)
and essential (copper, zinc, iron, manganese,
selenium) [8]. Fishes are good indicators for the
long term monitoring of metal accumulation in the
marine environment. Therefore, numerous studies
have been carried out on metal accumulation in
different fish species [9, 10].

There are limited data about heavy metals
pollution of the Bulgarian Black Sea coast for the
last twenty years [11]. Therefore the aim of this
study was to determine the levels of cadmium,
nickel, chromium, mercury, iron, manganese,
copper, zinc, arsenic and lead in edible parts of five

* To whom all correspondence should be sent:
E-mail: lubomir60@yahoo.com

most consumed Bulgarian fish species collected
from the coast of Black Sea.

The Black Sea is the world’s largest natural
anoxic water basin below 180 m in depth. It is a
closed sea with a very high degree of isolation from
the world’s oceans, but it receives freshwater inputs
from some of the largest rivers in Europe; the
Danube, the Dniester, and the Dnieper [12]. For this
reason, Black Sea is considered one of the most
polluted seas, and the increasing concentration of
nutrients in recent years have led to a higher degree
of eutrophication. The fishery yield has declined
dramatically, and the tourism industry also suffers
from serious pollution of the Black Sea.

EXPERIMENTAL
Sampling and sample treatment

Samples of fish were randomly acquired in local
fishermen from cities across the coastal waters of
Bulgarian Black Sea. All the fish species were
sampled from February to November 2010. These
sampling sites of two regions of Bulgarian Black
Sea coast — Varna and Bourgas (Fig. 1).

The five species (34 samples) included in this
study are shown in Table 1. Total length and weight
of the sample brought to laboratory on ice after
collection were measured to the nearest millimeter
and gram before dissection. For small species (i.e.
sprat and Mediterranean horse mackerel), the entire
edible part of each individual was included for
preparation of composite sample. However, for

© 2014 Bulgarian Academy of Sciences, Union of Chemists in Bulgaria
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Table 1. Biometrics data (mean + SD) of fish from the coastal waters of the Bulgarian Black Sea

sample Sampling Sampling season, N Weight  Length
P Location year (@£ SD (cm)xSD
Bluefish (Pomatomus saltatrix) Bourgas Autumn 2010 6 71.1£6.8 19.3£1.0
(GI\SI%iTgSSEaIus) Bourgas Autumn 2010 6 335.0+1.2 32.1£0.8
Mediterranean horse mackerel
(Trachurus mediterraneus ponticus) Bourgas Autumn 2010 6 10.8453 9.7+1.4
Shad (Alosa pontica) Varna Spring 2010 6 195+3 29.5+1.3
Sprat (Sprattus sprattus) Bourgas Spring 2010 10  4.7+2.1 9.2+0.9
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Fig. 1. The map of sampling locations in the Bulgarian Black Sea coast.

bigger species (i.e. gray mullet, bluefish and shad)
only fillets of edible part of each individual were
collected and included in the respective composite
samples. Approximately 1 g sample of muscle from
each fish were dissected, washed with distilled
water, weighted, packed in polyethylene bags and
stored at -18°C until chemical analysis.

Reagents and standard solutions

All solutions were prepared with analytical
reagent grade chemicals and ultra-pure water (18
MQ cm) generated by purified distilled water with
the Milli-QTM PLUS system. HNO3 was of superb
quality was purchased from Fluka. All the plastic
and glassware were cleaned by soaking in 2 M
HNO; for 48 h, and rinsed five times with distilled
water, and then five times with deionised water
prior to use.The stock standard solutions of Cd, Cr,
Cu, Fe, Mn and Pb 1000 pg mL™' were Titrisol,
Merck in 2% v/v . HNOs; and were used for
preparation calibration standards.

A DORM-2 (NRCC, Ottawa) certified dogfish
tissues was used as the calibration verification
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standard. Recoveries between 90.5 and 108% were
accepted to validate the calibration.

Sample digestion

Fish samples (whole fish body or fish fillets) are
thoroughly washed with MQ water. The fish
specimens were dissected and samples of fish fillets
quickly removed and washed again with MQ water.
Each fish filletes (approximately 1 g) were
analyzed after homogenization in small mixer. To
assess the total metal contents, microwave assisted
acid digestion procedure was carried out.
Microwave digestion system “Multiwave”, “Anton
Paar” delivering a maximum power and
temperature of 800 W and 300°C, respectively, and
internal temperature control, was used to assist the
acid digestion process. Reactors were subjected to
microwave energy at 800 W in five stages.

Instrumental

The samples were digested with nitric acid
followed up by appropriate  spectroscopy
determination (Atomic Emission Spectroscopy with
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Inductively Coupled Plasma (AES-ICP), Flame
Atomic Absorption Spectroscopy (FAAS) or
Electrotermal Atomic Absorption Spectroscopy
(ETAAY)).

Determination of Cu, Fe and Zn: Flame atomic
absorption  spectrometric measurements  were
carried out on a Perkin Elmer (Norwalk, CT, USA)
Zeeman 1100 B spectrometer with an air/acetylene
flame. The instrumental parameters were optimized
in order to obtain maximum signal-to-noise ratio.

Determination of As, Cd, Ni and Pb:
Electrothermal atomic absorption spectrometric
measurements were carried out on a Perkin Elmer
(Norwalk, CT, USA) Zeeman 3030 spectrometer
with an HGA-600 graphite furnace. Pyrolytic
graphite-coated graphite tubes with integrated
platforms were used as atomizers. The spectral
bandpass, the wavelengths and instrumental
parameters used were as recommended by the
manufacture. Only peak areas were used for
qualification. Pd as (NH4):PdCls was used as
modifier for ETAAS measurements of As and Cd.

Determination of Hg was performed by
Milestone DMA-80 direct Mercury Analyzer.The
sample size is between 0.020 and 0.0060 g, with
drying temperature at 300°C for 60 sec,
decomposition time -180 sec an waiting time 60
sec.

Statistical analysis

The whole data were subjected to a statistical
analysis. Student’s-test was employed to estimate
the significance of values.

RESULTS AND DISCUSSION

Levels of heavy metal in the muscle of fish
species from coastal waters of Bulgarian Black Sea
are shown in Table 2.

The summarized results of this study are
expressed as means (mg/kg) fresh weight.

Cadmium is a non-essential, highly toxic metal.
Chronic effects on human health may occur as a
result of its accumulation in liver, bones, blood,
kidney and muscle [13]. About 50% of the Cd that
reaches the sea comes from human activities
(industrial waste, fertilizers containing phosphate or
animal origin, etc.). The European Community [14]
established the maximum levels permitted of
cadmium in a fish as 0.05 mg/kg f.w. Moreover, the
Joint Food and Agriculture Organization and World
Health Organization (FAO/WHO) [15] has
recommended the provisional tolerable weekly
intake (PTWI) as 0.007 mg/kg body weight for
cadmium. The maximum Cd level permitted for
fish samples is 0.10 mg/kg according to Turkish
Food Codex [16]. The Bulgarian Food Regulation
recommends a 0.05 mg/kg f.w. for sea fish [17].
Cadmium levels in analyzed fish species were
below 0.010 mg/kg fresh weight for muscle except
gray mullet — 0.012 mg/ kg fw . Cadmium
concentration in literature has been reported as
follow: 0.02-0.24 mg kg* for gray mullet [18];
from 0.10 pg/g in Psetta maxima; up to 0.35 pg/g in
Mugil cephalus; 0.23 ng/g for Pomatomus Saltator;
0.13 ng/g for Sarda Sarda; 0.32 pg/g for Trachurus
trachurus; 0.30 ug/g for Sprattus sprattus from the
Black Sea, Turkey [19]; 0.02-0.37 mg kg* for
edible part of fishes caught from Marmara, Aegean
and Mediterranean seas in Turkey [20] and 0.002-
0.02 mg Cd kg! fresh weight for species from
Adriatic Sea [21]. In the present study, cadmium
levels (Fig. 2) were in good agreement with

Table 2. The mean heavy metal concentration (mg/kg f.w.) in the tissues of the examined species from Bulgarian Black

Sea coast

Species

Cd Ni Cr As Hg Zn Cu Fe Mn Pb
[ c c [ c [ [ c C [

8 sb 8 sb 8 sb g SsD 8sD 8 sb §sb § sD § sD
S S S £ S S S S £ S

Bluefish fillet 0.008 0.001 0.009 0.001 0.06 0.01 0.77 0.06 0.09 0.01 10 1 0.8 0.1 5.0 0.4 0.08 0.01 0.03 0.01
Gray fillet 0.012 0.002 0.009 0.001 0.07 0.01 1.1 0.1 0.050.01 5.2 0.30.340.02 2.2 0.2 0.17 0.01 0.05 0.01

mullet
Medi -

terraneanWhole ) o0 o 001 0,008 0.001 0.03 0.01 0.73 0.05 0.16 0.02 8.5 0.6 0.56 0.04 4.2 0.3 0.06 0.01 0.06 0.01

horse fish
mackerel

Shad fillet 0.007 0.001 0.07 0.01 0.050.01 0.38 0.02 0.08 0.01 9

Sprat fish

Whole ) 105 0.001 0.028 0.003 0.04 0.01 0.73 0.04 0.12 0.02 11.0 0.7 1.40 0.08 9

1 045003 9 1 0.110.010.050.01

1 0.110.01 0.08 0.02

Atp<0.05
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reported literature data and with the data from the Lead is one of the most ubiquitous and useful

international organizations. metal known to humans and it is detectable in
The highest total lead content was found in sprat practically all phases of the inert environment and

(Sprattus sprattus), 0.08 + 0.02 mg Pb kg? fresh in all biological systems [22]. The Joint FAO/WHO

weight, while the lead content for the other fish

samples were below 0.06 mg/kg (Fig. 3).
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Fig. 2. Distribution of Cd in fish species from Bulgarian Black Sea coast.
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Fig. 3. Distribution of Pb in fish species from Bulgarian Black Sea coast.
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[23] Expert Committee on Food Additives
establishes a provisional tolerable weekly intake
(PTWI) for lead as 0.025 mg/kg body weight.
Whereas the maximum level of lead in seafood
establishes by the European Community [14] is 0.2
mg/kg f.w in fish. According to Turkish Food
Codex, the maximum lead level permitted for sea
fishes is 0.3 mg/kg [16] while Bulgarian Food
Regulation sets this level as 0.4 mg/kg fresh weight
(for sea fish) [17]. Lead levels in the literature have
been reported in the range of 0.22-0.85 mg kg™ for
muscle of fish from the middle Black Sea [24], 0.28
pg/g in Psetta maxima and 0.87 pg/g in Pomatomus
Saltator from the Black Sea, Turkey [19], 0.33-0.93
ug kg for muscle of fish from Black and Aegean
seas [25] and in between 0.14 and 1.28 pg kg* for
fish muscle from Aegean and Mediterranean seas
[26]. The wvalues obtained from the analyzed
samples showed good agreement with values
reported in the literature and below the level set by
various health organizations.

Arsenic, a naturally occurring element, is a
worldwide contaminant that is found in rock, soil,
water, air and food. Arsenic is highly toxic element.
Humans can be exposed to arsenic through the
intake of food and drinking water, but for most
people, the major exposure source is the diet,
mainly fish alrld seafood [22]. Arsenic concentration

in this study ranged between 0.38 mg kg™ in shad
(Alosa pontica) from north up to 1.1 mg kg? in
gray mullet (Mugil cephalus) from south.

There are limited data about the arsenic content
in fish species in the literature. The Joint
FAO/WHO [27] Expert Committee on Food
Additives (JECFA) establishes a provisional
tolerable weekly intake (PTWI) for inorganic
arsenic as 0.015 mg/kg body weigh/week and 0.05
mg/kg body weigh/week for organic-arsenic
intakes. The maximum arsenic level permitted for
fishes is 1.0 mg/kg according to Australian
standards [28]. The concentration of arsenic
reported in fish species from Adriatic Sea ranged of
0.56 to 10.03 mg As kg* fresh weight [21] and in
Lake Kasumigaura, Japan was around 13.3 pg g*
dry wt for fish food [29]. Tuzen [19] had measured
an arsenic concentration in different fish species
from Black Sea as follows: 0.15 + 0.01 pg/g for
Psetta maxima; 0.27 + 0.02 pg/g for Pomatomus
Saltator, 0.23 £0.01 pg/g for Mugil cephalus, 0.14
+ 0.01 pg/g for Sarda Sarda, 0.18 + 0.02 pg/g for
Trachurus trachurus and 0.17 +0.01 pg/g for
Sprattus sprattus. The concentration of As in this
study (Fig. 4) was generally low in all the species
compared with both the data in the literature and
world food standards except the value for gray
mullet (Mugil cephalus).
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Fig. 4. Distribution of As in fish species from Bulgarian Black Sea coast.
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Fig. 5. Distribution of Hg in fish species from Bulgarian Black Sea coast.

The lowest and highest mercury levels in fish
species were found as 0.05 mg/kg in Mugil
cephalus and 0.16 mg/kg in Trachurus
mediterraneus ponticus (Fig. 5). The maximum Hg
level permitted for fishes is 0.5 mg/kg according to
Turkish Food Codex [16] and Bulgarian Food
Codex [17]. The PTWI is 5 mg total mercury kg
body weight (bw) and 3.3 mg methylmercury kg
bw [30] was reduced to 1.6 mg methylmercury kg™
bw [31] and could be exceeded depending on the
species and quantity consumed. Mercury levels in
analyzed fish samples were found to be lower than
legal limits. In the literature mercury levels in fish
samples have been reported in the range of 0.01-
0.50 pg/g in marine fishes in Malaysia [32], 0.02-
0.74 mg/kg wet weight in canned fishes [33], 25-84
ug/kg for fishes from Black Sea [19]. In humans,
mercury is toxic to the developing fetus and
considered a possible carcinogen [34]. Mercury is a
known human toxicant and the primary sources of
mercury contamination in man are through eating
fish [35].

Copper is essential for good health but very high
intake can cause adverse health problems such as
liver and kidney damage [36]. The copper
concentration found in this study was in the range
of 0.34 up to 1.4 mg kg. Copper in the literature
range from 0.23 to 9.49 mg kg? for muscle of fish
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from Marmara Sea [37], 0.32-6.48 mg kg* for
muscle of fish from Marmara, Aegean and
Mediterranean seas in Turkey [20] and 0.34-7.05
mg kg wet weight for fish muscle from central
Aegean and Mediterranean Sea [26]. The minimum
and maximum copper levels in fish species from
Black Sea, Turkey were found as 0.65 pg/g in
Trachurus trachurus and 2.78 ug/g in Pomatomus
Saltator [19]. The maximum copper level permitted
for sea fishes is 10 mg/kg according to Bulgarian
Food Authority [17] and 20 mg/kg according to
Turkish Food Codex [16]. The Joint FAO/WHO
[23] Expert Committee on Food Additives
established the provisional tolerable weekly intake
(PTWI) for copper of 3.5 mg/kg body weight/
week. Our values were lower than the values from
the literature.

Zinc is known to be involved in most metabolic
pathways. Deficiency of this essential element most
often occurs when intake of zinc is inadequate or if
there is poor absorption by the body. The
minimum and maximum zinc levels in fish were
found as 5.2 mg Zn kg? in Mugil cephalus and 11
mg Zn kg?! in Sprattus sprattus from Bourgas
station.

The concentration for zinc reported in the
literature range of 9.5-22.9 mg kg™ for muscle of
fish from the Black Sea coast [18], 16.1-31.4 mg
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kg' for muscles of fish from Mediterranean sea
[38], 3.51-53.5 mg kg? for species from Aegean
and Mediterranean Sea [26], 9.50-22.94 pg/g dry
weigh for fish muscle from middle Black sea [24],
and 38.8 pg/g - 93.4 ng/g for different types of
fishes from Black Sea, Turkey [19]. The maximum
zinc level permitted for fishes is 50 mg/kg
according to Bulgarian Food Codex [17] and
Turkish Food Codex [16]. The Joint FAO/WHO
[23] Expert Committee on Food Additives
established the PTWI for zinc of 7 mg/kg body
weight/week. Maximum Zn level in edible parts of
fish in this research was found to be below than
both the Turkish permissible standards and levels
reported in the literature.

Manganese is an essential element for all known
living organisms. Manganese deficiency diseases
are very striking ranging from severe birth defects,
asthma, convulsions and etc. The lowest and
highest levels in fish species were found in
Mediterranean horse mackerel (0.06 mg/kg) and in
Mugil cephalus. Manganese contents in the
literature have been reported in the range of 1.56-
3.76 ug/g dry weight in fish samples of the middle
Black Sea (Turkey) [24], 0.05-4.64 pg/g dry weight
in fish species from Iskenderun Bay, Northern East
Mediterranean Sea, Turkey [39] and 0.69-3.56 mg
kg™ for muscles of fish from the Black Sea coasts
[18]. According to both FAO [40] and Bulgarian
standards [17] there is no information on the
carcinogenity of manganese. The concentration of
manganese in our study was generally in agreement
with the literature.

Iron levels ranged from 2.2 mg/kg fresh weight
in Trachurus mediterraneus ponticus up to 9.0
mg/kg fresh weight for Alosa pontica and Sprattus
sprattus. lron concentration in the literature were
reported between 59.6 and 73.4 mg kg* for muscles
of fish from Mediterranean sea [38], 30-160 mg kg
for muscles of fish from the Black Sea coasts [18]
and 9.52-32.40 ug/g dry weight in fish samples of
the middle Black Sea (Turkey) [24]. The US
National Academy of Science [41] recommends a
Recommended Dietary Allowance (RDA) for iron
in elderly women and men - 10 mg/day. There is no
information about the maximum permissible iron
concentration in fish tissues in Bulgarian standards
[17]. Tron is an essential mineral that plays an
important role in the human physiology. High Fe
absorption causes excessed Fe to be stored in the
organs, eventually leading to iron overload. Results
achieved in this study were in good agreement with
other reported data from the literature.

The lower chromium content was 0.03 mg/kg in
Trachurus mediterraneus ponticus while the highest
chromium content was 0.07 mg/kg in Mugil
cephalus. Chromium is an essential mineral in
humans and has been related to carbohydrate, lipid,
and protein metabolism. The recommended daily
intake is 50-200 ug [41]. The amount of chromium
in the diet is of great importance as Cr is involved
in insulin function and lipid metabolism [42]. The
maximum Cr level permitted for fishes is 0.3 mg/kg
according to Bulgarian Food Codex [17] and 0.1
mg/kg according to Brazil Standard [43].
Chromium contents in the literature have been
reported in the range of 0.07—6.46 ug/g dry weight
in fish species from Iskenderun Bay, Northern East
Mediterranean Sea, Turkey [39], 0.04-1.75 ug/g in
seafood from Marmara, Aegean and Mediterranean
seas in Turkey [20], 1.42 ug/g in fish feed [34]. Our
values are under those reported in the literature.

The lowest and highest nickel levels in fish
species were 0.008 mg/kg in Sprattus sprattus and
0.07 mg/kg in Alosa pontica. Nickel contents have
been reported in the range of 0.11-12.9 pg/g dry
weight in fish species from Iskenderun Bay [39],
0.93-2.77 ug/g dry weight in fish samples from
Dhanmondi Lake, 0.42-0.85 pg/g in canned fish
[25], 1.14-3.60 pg/g in fishes from Black Sea,
Turkey [19] and 0.02-3.97 ug/g in seafood from
Marmara, Aegean and Mediterranean seas in
Turkey [20]. The World Health Organization [13]
recommends 100-300 pg nickel for daily intake.
The maximum nickel level permitted for fishes is
0.5 mg/kg according to Bulgarian Food Codex [17].
The results from this study were below the limits
sets by various health organizations and the data in
the literature.

CONCLUSION

Heavy metals (Cd, Pb, As, Hg, Ni, Cu, Mn, Zn,
Fe and Cr) were determined in five most consumed
Bulgarian fish species collected from Bulgarian
coastal of Black Sea. Among the ten metals under
study, iron and zinc showed the highest level of
accumulation. None the less this value was in the
range stated in the literature. The levels of arsenic
in gray mullet were higher than the other fish
species but in within the recommended legal limits.
In the analyzed fishes, there were no health risks in
respect to the concentration of cadmium, copper,
lead, mercury and other elements’ level.
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OTIPEJEJISIHE HA KOHLIEHTPALIMUTE HA TEXXKU METAJIN B HAU-
KOHCYMHWPAHUTE PBbHI BUJOBE B BBJI'TAPCKOTO YEPHOMOPCKO
KPAUBPEXHNE

M. Cranuesa, JI. Makenoncku®, K. IleiiueBa

Ienapmamenm no xumus, Meouyurncku ynusepcumem, 9002 Bapua
[Tonmyuena na 29 okromspu 2012 r.; npuera Ha 26 maii 2013 .
(Pesrome)

B Hacrosiiata paboTta ca omnpejeneHu KoHIeHTpanuute Ha Hikou Texxku metanu (Cd, Ni, Cr, As, Hg, Cu, Fe, Mn,
Pb and Zn) B emnuBuTe YyacTH Ha HeT Haii-pasmpocTpaHeHdn puOHM Bumose - nedep (Pomatomus saltatrix), kedan
(Mugil cephalus), cpeanzemuomopcku cadpua (Trachurus mediterraneus ponticus), kapareo3 (Alosa pontica) u nama
(Sprattus sprattus sulinus), cpbupaHu Ha JBe CTAaHUMM MO OBJITApPCKOTO YEPHOMOPCKO KpaiOpexue. IIpodOute ca
TPETHPAHU C a30THA KUCEIMHA ChC CJIE/BAIIO CIIEKTPOCKOICKO OIpeAessHe (ATOMHO-EMHUCHOHHA CIEKTPOMETpPHS C
uaayndpana miasma (AES-ICP), mambkoBa atomHa abcopOimonna criekrpoMeTpus (FAAS) Wi eleKTpOTEPMHYHA
aTomHa abcopOuuonna ciekrpomerpus (ETAAS). HuoTo Ha apcena B emmBuTe dyactu Ha kedana (Mugil cephalus)
[OKa3BaT CTOMHOCTH, [O-BHCOKH OT JOIYCTUMHUTE CIIOPE] pasanyuHuTe 3apaBHu opranmsamuu (1.1 £ 0.1 mg/kg). Tosu
puOeH BUJI HATPYIIBA B MO-HHUCKA CTEIEH APYrH M3cieaBaHd metanu, karo Hg, Zn, Fe u Pb. Konnenrparuure Ha Zn u
Fe mnokasBar Hali-BHCOKM CTOWHOCTH 3a BCHYKM puOHH BuAoBe. C HIKOM H3KIIOYCHHUS KOHIUEHTPAI[MUTE HAa
M3CIIE/IBAHUTE TEHKKU METAJIH Ca B TPAHHUIIMTE Ha IPUEMIIMBUTE HUBA 33 XPAHU 32 KOHCYMaIIus.
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