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The enantioselective hydrogenation of 2-bromo-1-(thiophen-2-yl)ethanone and further elaboration of the cyclic
carbamate derived from y-aminoalcohol to provide a facile synthesis of (S)-duloxetine, a potent dual inhibitor of
serotonin and norepinephrine reuptake, is described. Enteric coated pellets with polymer load of 25% and 30% failed to
provide the required acid resistance of the pellets. Very insignificant amount of drug was leached from the coated
tablets with polymer load 35% and 40% in the acidic phase, whereas almost the whole amount of drug was released in
the buffer phase. The results generated in this study showed that the proper selection of polymeric materials based on
their physicochemical properties, as well as the polymer load is important in designing delayed release pellets dosage

form with acceptable dissolution profile.

Keywords: Enantioselective synthesis, Eudragit L30 D 55, duloxetine hydrochloride, enteric coated pellets, powder

layering.

INTRODUCTION

Duloxetine, a medication with effects on both
serotonin and noradrenaline transporter molecules,
has recently been approved for the treatment of
generalized anxiety disorder. Serotonin and
norepinephrine neurotransmitters are intimately
involved in a number of neurochemical and
physiological processes, such as depression and
pain  disorders.  Selective  serotonin  or
norepinephrine reuptake inhibitors are currently an
important class of antidepressants, which includes
fluoxetine, nisoxetine, tomoxetine, and duloxetine
[1]. They have been already approved as racemates,
but some of them are since being redeveloped as
‘chiral switches’ derived from the established
racemates [2]. While fluoxetine and nisoxetine are
currently available as racemates, (S)-duloxetine
[(S)-N-methyl-3-(1-naphthyloxy)-3-(2-thienyl)-1-
propanamine] has gained acceptance in the market
because it inhibited serotonin reuptake in rat
synaptosomes two times more potently than the
(R)-enantiomer [3]. The (S)-duloxetine, a dual
inhibitor of both serotonin and norepinephrine
reuptake, is effective for the treatment of major
depressive disorders and is being considered for
treatment of stress-related urinary incontinence.
Several different approaches have been reviewed
for the synthesis of duloxetine as a racemate or an
enantiomerically enriched form [4]. However, there
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are only a few reports on the asymmetric and
catalytic synthesis of duloxetine. One of the
methods employs asymmetric reduction of -
aminoketone or a-cyanoketone/ P—chloroketone
with a chirally-modified LAH complex [5] or an
oxazaborolidine-catalyzed borane, respectively [6].
The other involves chemoenzymatic synthesis, for
the most part, lipase-mediated resolution of p—
cyano-, y—chloro—, and y—azidoalcohols [7].

Recently, the application of asymmetric-transfer
hydrogenation has been extended to
enantioselective hydrogenation of unsaturated
carbonyl and imine groups [8]. The asymmetric-
transfer hydrogenation, rather, offers operational
simplicity, since the reaction does not involve
molecular hydrogen and is insensitive to air
oxidation, and thus is particularly valuable in scale-
up syntheses of active pharmaceutical ingredients.
In continuation of our earlier efforts towards the
preparation of biologically important compounds,
particularly possessing a chiral aminoalcohol unit
[9] we herein report asymmetric-transfer
hydrogenation  of  2-tosyloxy-1-(2-thiophenyl)
ethanone and further elaboration of a cyclic
carbamate to access the facile synthesis of
duloxetine.

The enteric film coat is a special film coat
designed to resist gastric fluids and disrupt or
dissolve in small intestine. The enteric coat is used
to protect drug from degrading in stomach or to
minimize the gastric distress caused by some drugs.
Enteric coated pellets must empty from stomach
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before absorption begins. The rate of appearance of
blood after giving the enteric coated tablets is the
function of gastric emptying. The differences in the
gastric emptying from one patient to another or in
the same patient with different administration were
found to be largely variable in absorption
commonly found in this dosage form. The enteric
coated tablets approximately require 0.8 to 5 h to
travel from stomach to duodenum but enteric
coated pellets dispersed in the stomach pass
through pyloric sphincter after a mean residence
time in the stomach similar to that of a suspension
dosage form [10]. The synthesized (S)-duloxetine
hydrochloride was formulated as enteric tablets and
was evaluated for various characteristics including
dissolution rate. The possibility of increasing the
dissolution rate of duloxetine through formulated
enteric coated pellets was investigated.

RESULTS AND DISCUSSION

The starting material, 2-bromo-1-(thiophen-2—
yl) ethanone 1 was prepared by photochemical
reaction of n-bromo succinamide in carbon
tetrachloride in the presence of catalytic amount of
benzoyl peroxide. The catalytic reaction of 1
(substrate/catalyst molar ratio  500)  with
Cp*RhCI[(S,S) -TsDPEN] [11] where Cp* =
pentamethylcyclopentadienyl, was  effectively
performed with an azeotropic mixture of formic
acid/triethylamine (molar ratio 5/2) in ethyl acetate
to produce (S) —2-tosyloxy—1— (2-
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thiophenyl)ethanol 2, [a]D = -31.3 (c 1.08,
CHCIS), in 95% yield with 95% ee. It should be

noted that the observed enantioselectivity was
similar to that reported for the corresponding a-
chloroketone [12] and thus represented a first
successful application of a-tosyloxy heteroaryl
ketone in transfer hydrogenation with high
enantioselectivity. The ee value was measured by
chiral HPLC analysis using Daicel Chiralcel OD-H
column. The racemic alcohol (+)-2 was prepared
by sodium borohydride reduction of 1 in THF, and
was used as a standard for ee determination.

In turn, most approaches to the synthesis of N-
methylamine 7 routinely adopted lithium aluminum
hydride reduction in refluxing THF of the ethyl
carbamate derived from the aminoalcohol 4 with
ethyl chloroformate, or mono-demethylation of the
reduced Mannich product with 2,2,2-trichloroethyl
formate with Zn in toluene. In order to circumvent
these harsh conditions, we supposed that the
formation of a cyclic carbamate [13] would offer a
facile route to the introduction of an N-methyl
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group into the y-aminoalcohol, as shown in Scheme
1. It was ambitioned that the required aminoalcohol
4 can be easily prepared from the tosylate 2, a
versatile chiral building block. Thus, the tosylate
(S)-2 was readily converted into the nitrile 3

20
without loss of chirality, [OL]D = -39.7 (c 0.45,

CHCI); lit[7b] [o] = -335 (c 1, CHCI), by the

treatment of sodium cyanide in DMSO.
Subsequently, the nitrile 3 was reduced with
borane-dimethyl sulfide in refluxing THF to give
the y-aminoalcohol which was directly cyclized
using N,N-carbonyldiimidazole (CDI) in the
presence of catalytic amount of DMAP to obtain
the corresponding cyclic carbamate 5 in 71% yield
for the two steps. Indeed, this allowed a facile
introduction of the N-methyl group, by the
treatment of methyl iodide with sodium hydride in
THF to give the N-methyl oxazinanone 6.
Hydrolysis of the oxazinanone 6 by refluxing with
lithium hydroxide in aqueous methanol afforded the
aminoalcohol 7. The final installation was then
carried out by nucleophilic aromatic substitution
with 1-fluoronaphthalene by means of sodium
hydride in DMSO to afford (S)-duloxetine 8 in 78%
yield with 95% ee [14]. Duloxetine hydrochloride
powder, mannitol and disodium hydrogen
phosphate were blended and sieved through 250
micron screen mesh to prepare dusting powder.
Disodium  hydrogen phosphate and sodium
hydroxide were dissolved in purified water. HPMC
5 cps was then dispersed using a stirrer to prepare
the binding solution. NPS (710 micron — 1.0 mm)
was taken in a conventional coating pan and
dusting powder was applied on it. The pan rotated
at 40 rpm and simultaneously binding solution was
sprayed onto the NPS. After completion of drug
loading, the nuclei were dried in an oven at 100°C
for 5 h. The dried nuclei were sieved in a 1.18 mm
screen mesh followed by 850 mm screen mesh to
get the desired size (850 micron to 1.18 mm). The
under- and oversized nuclei were discarded. Seal
coating suspension was prepared containing HPMC
5 cps, PEG-6000, titanium dioxide, sodium
hydroxide pellets with the use of a Silverson stirrer
(UK). The dried uncoated nuclei were taken in a
fluid bed coater and seal coating suspension was
sprayed onto it. The sealed coated pellets were
dried at 600°C for 3 h. Dried seal coated pellets
were sieved through 1.18 mm and 850 micron to
get 850 micron to 1.18 mm seal coated pellets.
Under- and oversized nuclei were discarded.
Enteric coated suspension was prepared by
Eudragit L 30 D 55 (ammonium methacrylate
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Scheme 1. Asymmetric synthesis of (S)-duloxetine. Reagents and conditions: i) 10 mmol of 1 (S/C=500),
Cp*RhCI[(S,S)-TsDPEN], HCO,H/Et3N (molar ratio 5/2, 2 ml), EtOAc, 3h, 95%, 95%see; ii) NaCN, DMSO, 20h, 88%;
iii) BH3SMe,, THF, reflux, 2h; iv) CDI, cat. DMAP, CHClIy, 8h, 71% (for 2 steps); v) Mel, NaH, THF, ice-bath, 6h,
89%; vi) LiOH, MeOH-H;0, relux, 8h, 84%; vii) 1-fluoronaphtalene, Nah, DMSO, 8h, 78%.

copolymer dispersion), talc, triethyl citrate, titanium
dioxide and purified water with the use of a Silverson
stirrer. The seal coated pellets were coated using lab
coater with Eudragit L 30 D 55 to a thickness equivalent
to a theoretical polymer load of 25%, 30%, 35% and
40% wi/w on dry basis.

Table 1. Composition of nuclei and seal coated pellets
(weights are expressed in grams)

Nuclei Quantity ~ Seal coating Quantity
Duloxetine 256.24 Nuclei 800.00
hydrochloride
Disodium hydrogen  5.53 HMPC 50.42
phosphate
HMPC 38.30 PEG-6000 6.824
Mannitol 21.56 Sodium 0.060

hydroxide pellets
Sodium hydroxide  0.452 Titanium dioxide 10.48
pellets
NPS 677.90 Weight of seal ~ 836.00
coated pellets
Weight of nuclei ~ 920.00 Potency of seal ~ 23.00
coated nuclei
Potency of nuclei 25.30

The enteric coated pellets were dried in a fluid
bed coater at 600°C for 5 h and then sieved through
1.40 mm and 850 micron mesh to get 850 micron -
1.40 mm size enteric coated pellets by discarding
under- and oversized pellets. In this way all lots of
pellets were coated according to the formula for F-1
to F—4 (Table 2). The compositions of nuclei and
seal pellets are shown in Tables 1 and 2. Machine
parameters during fluid coating are shown in Table
3.

Table 2. Codes and formulation of duloxetine enteric
coated tablets

Materials Formulation codes
F1 F2 F3 F4
Seal coated pellets 200.00200.00200.00
Sodium hydroxide pellets 0.590 0.702 0.826 0.942
Titanium dioxide 2.250 3.024 3.524 4.212
Methacrylic acid copolymer  166.67200.00233.23265.65
dispersion
Purified talc 1.889 2.645 2.657 3.021
Triethyl dispersion 8.062 9.673 11.28 12.900
Weight of the enteric coated 237.00240.00256.34266.43
pellets

Potency of enteric coated pellets 17.52 16.72 15.75 15.23

Table 3. Machine parameters during fluid bed coating

Parameters Fluid bed coating
Seal coating Enteric coating
Batch size 800 ¢ 200 ¢
Inlet air temperature 40-45°C 40-45°C
Outlet air 30-35°C 30-35°C
temperature
Product temperature 37-40°C 37-40°C
Chamber humidity 55%-60% 55%-60%
Air flow 90m¥/h 90m%/h
Spraying pressure 1.20 bar 1.20 bar
Spraying rate 2.0 g/min 3.0 g/min

Secondary drying  60°C /180 min ~ 60°C /300 min

EXPERIMENTAL

The dissolution of duloxetine hydrochloride
enteric coated pellets was studied in a dissolution
tester (En/veka, Germany) using USP apparatus |l
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(Paddle method). An appropriate amount of
duloxetine hydrochloride enteric coated pellets
containing 20 mg of duloxetine in total was used in
900 ml of dissolution medium (0.1 N hydrochloric
acid) at 370°C and 100 rpm for 2 h. After 1 h 25 ml
sample was withdrawn from each vessel and was
replaced with fresh medium so that the volume
remains constant. At the end of the 2" h 25 ml
sample was withdrawn from each vessel. The drug
content of the sample solution, i.e., the quantity of
drug release was determined by high-performance
liquid chromatography (HPLC) method. Then by
replacing the acid medium after the 2" h, 900 ml of
dissolution medium (KH2PO4 buffer, pH 6.8) was
added in each vessel. Then again the machine was
operated at a rotation of 100 rpm at 370°C for the
next 1 h. Thereafter 25 ml sample was withdrawn
from each vessel. After appropriate dilution, the
drug content of the collected samples, i.e., the
guantity of drug release was determined by HPLC
method. The HPLC system consisted of a pump
(Waters, USA), an auto sampler (Waters), and a
UV detector (Waters). The reverse-phase column
(C18) O(terra, 5 pm, 4.6 mm X 25 cm, Waters) was
used at ambient temperature. The mobile phase
consisted of acetonitrile (40%) and the flow rate
was 1 ml/min. The injection volume was 20 pl and
the signal was observed at 218 nm.

The reactions were monitored by TLC using
silica gel plates and the products were purified by
flash column chromatography on silica gel (230—
400 mesh). Melting points were measured on an
Electrothermal apparatus and were uncorrected.
NMR spectra were recorded at 300 MHz for *H and
at 75 MHz for *C. Mass spectra were recorded on a
GC/MS operating system at an ionization potential
of 70 eV. Optical rotations were measured on a
high resolution digital polarimeter. The ee values of
the samples were determined by HPLC analysis
using Daicel Chiralcel OD-H chiral column.

(S)-Duloxetine (8)

To a solution of 7 (171 mg, 1 mmol) in DMSO
(5 ml), were added sodium hydride (36 mg 1.5
mmol) and then 1-fluoronaphthalene (190 mg, 1.3
mmol). After stirring for 8 h, the reaction mixture
was partitioned with ethyl acetate and water. After
extractive workup, the combined organic layers
were dried over sodium sulfate and then
concentrated in vacuo. The residue was purified by
flash chromatography (ammonium hydroxide/
methanol/ dichloromethane, 0.1/1/4) to yield 232
mg (78%) of 8: 'H NMR (300 MHz, CDCls)
8.37-8.33 (m, 1H), 7.79-7.74 (m, 1H), 7.50-7.44
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(m, 2H), 7.39-7.37 (m, 1H), 7.28-7.18 (m, 2H),
7.05-7.04 (m, 1H), 6.93-6.90 (m, 1H), 6.86-6.84
(m, 1H), 5.78 (dd, 1H, J 7.6 and 5.3 Hz ), 2.86-2.78
(m, 2H), 2.50-2.39 (m, 4H), 2.27-2.16 (m, 1H); 13C
NMR (75 MHz, CDCls) & 153.3, 1452, 134.5,
127.4, 12655, 126.2, 126.1, 125.7, 125.2, 124.6,
1245, 122.1, 120.5, 106.9, 74.7, 48.3, 39.0, 36.5;

EIMS (70eV) m/z (rel. intensity) 297 (M+, 4), 187
(80), 153 (69), 144 (100); [(x]zoD = +110.5 (c 1.1,

MeOH); lit. ™ [a] *_ = +114 (c 1, MeOH); lit
[a]ZODz +112 (c 1, MeOH); HPLC analysis: 95% ee

(Chiralcel OD-H, hexane/PrIOH, 85/15, 0.5 ml/min;
tR (S) 18 min, tR (R) 25 min.

CONCLUSION

The  (S)-duloxetine  hydrochloride  was
successfully synthesized using enantioselective
hydrogenation of 2-bromo-1-(thiophen-2-
yl)ethanone and further elaboration of cyclic
carbamate  derived from  y-aminoalcohol.
Duloxetine hydrochloride loaded pellets were
prepared by powder-layering technology. Acid
resistant coating with acrylic polymer was done
using fluid bed coater at different coating loads and
the in vitro release of drug was investigated. The
release of drug was found to be a function of
polymer load. The results indicated that it is
possible to prevent the release of drug in the upper
Gl tract where the environment is acidic and the
release of drug in the intestinal region by
developing a multiparticulate system coated with
suitable pH dependent polymer.
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HOBA EHAHTHUOCEJIEKTUBHA CUHTE3A 1 PASTBAPAHE HA ®UJIMOBU TABJIETKI
OT (S)-AYJIOKCETHUH XUJAPOXJIOPU C EHTEPO-ITPUJIOXXEHUE

P. Benkarpawm, B. K. I1au, C. Harapamx

H3cnedosamencku oenapmamenm no unoycmpuannia xumus, Yuueepcumem Kysemny, Illlankapeama, Unous
[ocrpnuna Ha 2 1omu, 2011 r.; Kopurupana Ha 4 ronu, 2012 r.

(Pestome)

OmnmucaHo € CHAHTHOCEIICKTHBHOTO XHIpHpaHe Ha 2-O0pomMo-l-(THO(EH-2-WI)eTaHOH W CICABAIIOTO TPETHpPAHE C
[UKJIMYEH KapbaMar, MoNydeH OT Y-aMHHOAJIKOXOJ 3a MOJydaBaHeTo Ha (S)-mysiokceTrH. [oCneHusAT e MOTeHIHAICH
JIBOGH MHXUOUTOp 3a pe30pOuusaTa Ha CEpOTOHMH M HopenuHedpuH. TabneTkuTe ¢ €HTEPO-NPUIOKEHHE U (UIMOBO
nokpute oT 25 u 30% mnoiuMep HAMAT HYXXKHAaTa YCTOHYMBOCT B KHcela cpefa. He3sHauMTeTHO KOJIMYECTBO OT
JIEKapCTBOTO c€ 0CBOOOXK/1aBa OT TaOJETKHUTE TPH ChABPKAHUE HA mojuMmepa oT 35% 1o 40% B kucena cpeaa, I0KaTo
MOYTH I[SUIOTO KOJMYECTBO JIEKAPCTBO ce OcBOOOXmaBa B cpena Ha Oydep. [lomydeHuTe pesynrard MOKa3BaT, ue
MOJIXOSIIUAT U300p Ha MOJMMEPHUS MAaTepHal, OCHOBaH Ha (DH3UKO-XUMHUYHUTE MYy CBOWCTBA, KAKTO U KOJHIECTBOTO
My Ca Ba)KHH 3a Ch3/1aBaHETO Ha TAOJIETKH ChC 3a0aBEHO OCBOOOXKIaBAHE C MPUEMITUB MPOQII HA pa3TBapsHE.
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2-Amino-5-phenyl-6H-[1,3,4]-thiadiazine (5a-c) condense with pyrazole-4-carboxylate (1la-e) using alcohol as a
solvent to give 5-methyl-1,3-diphenyl-1H-pyrazole-4-carboxylic acid-(5-phenyl-6H-[1,3,4]-thiadiazin-2-yl)-amide (6a-
i) in 30% vyield. The same product is obtained from pyrazole-4-acid (2a-e) in presence of HOBt (1-hydroxy-
benzotriazole) and EDC (N-ethyl-N'-(3-dimethyl-aminopropyl)-carbodiimide hydrochloride) in triethyl amine using
CHCI; as a solvent, in 75-85% yields. The structures of these compounds (6a-i) were characterized by FT-IR, 'H NMR,
mass spectroscopic techniques and elemental analysis. All synthesized pyrazole-1,3,4-thiadiazine (6a-i) derivatives

were found to exhibit antimicrobial activities.

Key words: 2-amino-1,3,4-thiadiazine, pyrazole-4-carboxylic acid, antimicrobial.

INTRODUCTION

Heterocyclic compounds containing five- and
six-membered ring systems are successfully used as
drugs. Synthesis of such compounds containing
condensed rings or more than one heterocyclic
nucleus is gaining more and more popularity due to
their specific use in medicine.

1,3,4-Thiadiazines may exist in three different
tautomeric forms. Spectroscopic investigations
suggest that the 6H-form is preferred. The 4H-form
represents a potentially anti-aromatic 8n-system
which can be transformed by valence isomerization
to a thiahomopyrazole and by subsequent extrusion
of sulfur to a pyrazole [1]. In addition, 1,3,4-
thiadiazines exhibit a broad spectrum of biological
activity, which includes matrix metalloproteinase
inhibition,  tuberculostatic ~ activity  against
Mycobacterium  tuberculosis, antiplatelet and
antithrombotic properties, antiarrhythmic activity,

cardiotonic and hypertensive activities,
phosphodiesterase inhibition, and spasmolytic
activity. In addition, compounds containing

thiadiazine moieties are being used as anti-
inflammatory, nonsteroidal contraception agents for
females and also for the treatment of erectile
dysfunction. Recent reports reveal that 1,3,4
thiadiazine derivatives are used as anesthetics,
cardiovascular and hypometabolic agents, for
prevention and/or treatment of anemia, for treating

* To whom all correspondence should be sent:
E-mail: kbu68umesha@rediffmail.com

deficient bone growth, tumors and acquired
immune deficiency syndrome (AIDS), heart failure,
asthma, allergies. 1,3,4-Thiadiazine derivatives are
also being used in agriculture as herbicides,
fungicides, pesticides, insecticides and plant-
growth regulators [2].

The 1,3,4-thiadiazine system was first reported
by Bose [3], employing a reaction of a-
bromoacetophenone with thiosemicarbazide. Bose
isolated two reaction products, 2-amino-5-phenyl-
1,3,4-thiadiazine and 2-hydrazino-4-phenylthiazole,
by heating phenacyl bromide/chloride with TSC in
methanol in yields of 70-80%. But 2-amino-1,3,4-
thiadiazines are formed in higher yields (up to
96%) in acidic media (acetic acid and concentrated
hydrochloric and hydrobromic acids). Also 2-
amino-5-phenyl-6H-1,3,4-thiadiazines, 2-amino-5-
(4-methylphenyl)-6H-1,3,4-thiadiazines and 2-
amino-5-(4-bromophenyl)-6H-1,3,4-thiadiazines
were prepared [4] from appropriate o-
haloacetophenones and thiosemicarbazide.

Synthesis of N-haloacyl and N-hetarylthioacyl
derivatives [5] of 2-amino-5-aryl-6H-1,3,4—
thiadiazine were synthesized by N-acylation of 2-
amino-5-aryl-6H-1,3,4-thiadiazines with
trifluoroacetic anhydride and halogen-substituted
carboxylic acid halides with retention of the initial
hetero cyclic system 2-haloacylamino-5-aryl-6H—
1,3,4-thiadiazines in preparative yields. The
obtained 2-haloacylamino-5-aryl-6H-1,3,4-
thiadiazines can alkylate heterocyclic thiols under
mild conditions to give the corresponding 5-aryl-2-
hetarylthioacetyl(butyryl)amino-6H-1,3,4-
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thiadiazine derivatives containing pharmacophore
groups.

A new series [6] of novel bis[1,2,4]triazolo[3,4—
b][1,3,4]-thiadiazines has been synthesized by the
reaction of [5,5’-methylenebis(3-methylbenzo-
furan-7,5-diyl)]bis[(4-amino-5-thioxo-4,5-dihydro-
1H-1,2,4-triazol-3-yl)methanone] with a variety of
phenacyl bromides in ethanol under reflux for 6 h.
All newly synthesized compounds were tested for
in vitro activity against certain strains of bacteria
and fungi.

Synthesis of 3,6-diaryl-1,2,4-triazolo[3,4-b] —
1,3,4-thiadiazines by condensation of appropriate
5- (3,4-dichlorophenyl)-2-(aroylmethyl)thio-1,3,4-
oxadiazoles and hydrazine hydrate in acetic acid is
described [7]. All compounds were evaluated for
anti-inflammatory activity by determining their
ability to provide protection against carrageenan-
induced edema in rat paw. In addition, ulcerogenic
activities of the compounds were determined. New
route for the synthesis of pyrimido[4,5-
e][1,3,4]thiadiazine derivatives [8] from 5-bromo-
2-chloro-4-methyl-6-(1-
methylhydrazino)pyrimidine with carbon disulfide
was used and several alkyl halides gave an
intermediate which was successfully converted to
its corresponding derivatives in basic acetonitrile.

A series of heterocycle-substituted phthalimide
derivatives [9] with various heterocyclic rings, such
as furan, imidazo[1,2-a]pyridine, 1,3,4-thiadiazine,
imidazo[2,1-b][1,3,4]thiadiazine, pyrazole, 1,2,4-
triazolo[3,4-b][1,3,4]thiadiazine,  thiazole and
thiazoline can be rapidly synthesized from a-
bromoketone intermediate. Their cytotoxic activity
was also in vitro evaluated against five human
cancer cell lines.

Pyrazole and its synthetic analogues have been
found to exhibit antidepressant, anticonvulsant,
antimicrobial, analgesic, and antitumor activity, as
well as human  acyl-Co  A:cholesterol
acyltransferase inhibitor activity. In fact, the
pyrazole derivative celecoxib is now widely used in
the market as anti-inflammatory drug [10, 11]. We
have synthesized 1-(5-methyl-1,3-diphenyl-1H-
pyrazol-4-yl)-ethanone [12] and ethyl 5-methyl-1,3-
diphenyl-1H-pyrazole-4-carboxylate [13] via 1,3-
dipolar cycloaddition of the enol form of acetyl
acetone and ethyl acetoacetate with in situ
generated nitrile imines by catalytic
dehydrogenation of diphenyl hydrazone using
chloramine-T. In view of these observations we
report herein the synthesis of 1,3,4-thiadiazine with
incorporated pyrazole-4-carboxylic acid moiety and
the study of its antimicrobial activities.

RESULTS AND DISCUSSION

The synthesis of 5-methyl-1,3-diphenyl-1H-
pyrazole-4-carboxylic acid (2a-e) obtained from 5-
methyl-1,3-diphenyl-1H-pyrazole-4-carboxylate
1(a-e) [13] refluxed with 10% NaOH solution in
presence of methanol as a solvent for about 3-4
hours is described. On the other hand, 2-amino-5-
phenyl-6H-[1,3,4]-thiadiazines (5a-c) [3,4] are
synthesized from acetophenone with bromine in
acetic acid to give phenacyl bromide (a-
bromocarbonyl compounds) (4a-c). The obtained
phenacyl bromide (4a-c) is treated with
thiosemicarbazide  (TSC) to  produce a
cyclocondensation product (5a-c). The obtained
pyrazole-4-acid (2a-e) is condensed with 2-amino-
5-phenyl-6H-[1,3,4]-thiadiazine (5a-c) in presence
of HOBt and EDC in triethyl amine using CHCls as
a solvent to produce the respective 5-methyl-1,3-
diphenyl-1H-pyrazole-4-carboxylic acid-(5-phenyl-
6H-[1,3,4]-thiadiazin-2-yl)-amide (6a-i) in good
yield [Scheme].
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Sa=R=H, 69 =R =-OCH3, R; = Cl,R, =Ry = H,
sb=R=Cl, 6h=R=H, R, =-OCHz, Ry =Ry = H,
5¢ = R = -OCHy,

6i=R=H,R; =R, =-OCH3, R3=H,
Scheme 1o s

Synthesis of 5-methyl-1,3-diphenyl-1H-
pyrazole-4-carboxylic acid (2a-e) obtained from 5-
methyl-1,3-diphenyl-1H-pyrazole-4-carboxylate
(1a-e) is performed by reflux with 10% NaOH
solution in the presence of methanol for about 3-4
h. The structural proof for pyrazole-4-carboxylic
acid is given by IR, 'H NMR, BC NMR, MS
studies and elemental analysis. For instance, the *H
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NMR spectra show the absence of a quartet in the
region & 4.12-4.31 ppm, (2H for —OCH>- group),
and a triplet in the region & 1.18-1.30 ppm, (3H for
—OCH;-CHjs group) and the presence of carboxylic
acid peak at 9.10-9.86 ppm. In the ¥C NMR
spectra the peaks & 13.58-13.84 ppm (for —OCH,-
CHs) and 6 58.72— 58.96 ppm (for —OCH»-) were
absent and the peak 6 169.36-173.40 ppm (for —
COOH) was seen. All pyrazole-4-carboxylic acids
showed MH+ as a base peak in the mass spectra
and significantly stable molecular ion peaks with a
relative abundance of 20-90%, which strongly
favors the formation of pyrazole-4-carboxylic acid.

The obtained pyrazole-4-carboxylic acid (2a—e)
was condensed with 2-amino-5-phenyl-6H-[1,3,4]-
thiadiazine (5a—c) in cold by slowly adding HOB,
then EDC and triethyl amine using chloroform as
solvent. The resulting solution was stirred at room
temperature in nitrogen atmosphere for about 5-6 h
to give 5-methyl-1,3-diphenyl-1H-pyrazole-4-
carboxylic acid-(5-phenyl-6H-[1,3,4]-thiadiazin-2-
yl)-amide (6a-i). The obtained pyrazole-1,3,4-
thiadiazines (6a—i) were confirmed by IR, *H NMR,
MS studies and elemental analysis. The IR spectra
showed amide —NH- frequency in the region
3328.88-3388 cm and -C=0 stretching frequency
in the region 1670.20-1690.50 cm™. In the *H NMR
spectra there was no carboxylic acid peak at 9.10-
9.86 ppm, but the single peak due to -CO-NH-
protons appeared in the region 6 7.90-8.34 ppm. All
pyrazole-1,3,4-thiadiazines (6a—i) showed M+1 as a
base peak in the mass spectra. Further, the
elemental analysis supported the formation of the
products.

Antimicrobial activity

The synthesized pyrazole-1,3,4-thiadiazines (6a-
1) were tested (dose of 100 pg) for their in vitro
antimicrobial activity against the human pathogenic
bacterial strain Bacillus cereus (B. cereus),
Escherichia coli (E. coli), Klebsiella pneumonia (K.
pneumonia) and Shigella flexneri (S. flexneri) by
the disc diffusion method [14, 15]. Plates were
inoculated into 25 ml of N-broth (Nutrient Broth)
and incubated for 24 h in an incubator at 37°C and
chloramphenicol was used as a standard drug. All
compounds 6a were also screened (dose of 100 ug)
for their antifungal activity against Candida
albicans (C. albicans) an-i d Aspergillus flavus (A.
flavus) using Fluconazole as a standard drug. After
the period of incubation the inhibition zones were
measured in mm and the results obtained are shown
in Table 1.

276

Table 1. Antibacterial activity of synthesized 1,3,4-
thiadiazine derivatives (6a-i). (Zone of inhibition in
mm).

Antibacterial activity Antifungal

Compound activity
B. E. K S. C. A

cereus coli pneu- flexneri albicans flavus
monia
6a 08 14 09 10 12 18
6b 08 12 12 14 14 14
6c 12 14 16 14 16 12
6d 08 12 10 08 14 10
6e 09 10 12 16 18 20
6f 09 12 14 10 12 14
69 08 10 08 08 10 12
6h 10 14 10 10 10 12
6i 09 12 08 12 10 12
Chloramphenicol 14 18 20 24

Fluconazole 28 30

The screening results revealed that the test
compounds (6a—i) exhibited significant activity, but
with a degree of variation. Among all synthesized
compounds, the compound 6c exhibited a
pronounced activity against all four bacterial strains
and 6e showed higher antifungal activity. The
compounds 6a—i showed good activity against E.
coli. The compounds 6a—i showed moderate
activity against both C. albicans and A. flavus.

EXPERIMENTAL SECTION

All melting points were measured in open
capillaries and are uncorrected. IR spectra (nujol)
were recorded on a Bruker Ft-IR spectrometer. H
NMR and *C NMR spectra (CDCl; as a solvent)
were obtained on a Varian Gemini 400MHz
spectrometer. TMS as internal standard, chemical
shifts in (ppm); mass spectra: Agilent mass
spectrometer operating at 70 eV; elemental analysis
was performed on a Jusco microanalytical data unit
at Mysore University, India.

General procedures for the synthesis of 5-
methyl-1,3-diphenyl-1H-pyrazole-4-carboxylic
acid (2a): The solution of ethyl 5-methyl-1,3-
diphenyl-1H-pyrazole-4-carboxylate (1la, 3.06g,
10.0 mmol) was treated with 10 ml of 10% NaOH
solution in the presence of absolute methanol for
about 3-4 h to give 5-methyl-1,3-diphenyl-1H-
pyrazole-4-carboxylic acid (2a, 2.78g). The
progress of the reaction was monitored by TLC
(chloroform:acetone = 7 1 viv). After the
completion of the reaction the solvent was
evaporated and the solution was acidified with
dilute HCI to give a crude white precipitate. The
obtained solid was filtered, dried and recrystallized
from methanol to give a white solid (80% yield),
m.p. 136°C. The pyrazole-4-acid showed IR bands
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(Nujol) v: 1678 cm™ (-COOH); *H NMR ( CDCls)
0: 2.7 (s, 3H, -CH3), 7.45- 7.62 (m, 5H, Ar), 7.35—
7.9 ( m, 5H, ArY), 9.6 (s, 1H, -COOH); C NMR
(CDCI3) &: 0.56 (g, 1C, HsC), 108.32 (s, 1C),
118.08 (d, 2C), 126.42 (d, 1C), 128.66 (d, 2C),
128.22 (d, 2C), 128.74 (d, 2C), 130.28 (s, 1C),
131.08 (d, 1C), 132.42 (s, 1C), 148.6 (s, 1C, C-
CHa), 161.12 (s, 1C —C=N), 173.4* (s 1C, -COOH).
MS (relative intensity) m/e for Ci7H1aN2O2: 279
(M+1, 100), 260 (62), 233 (48). Anal. Calcd: C,
73.37; H, 5.07; N, 10.07%. Found: C, 73.78; H
5.19; N: 10.21%.

General procedures for the synthesis of 2-
amino-5-phenyl-6H-[1,3,4]-thiadiazine (5a-c): 2-
amino-5-phenyl-6H-[1,3,4]-thiadiazine (5a) was
synthesized from acetophenone (2.0 g) with
bromine in acetic acid (30 ml) to give phenacyl
bromide  (o-bromocarbonyl compound). The
obtained phenacyl bromide was refluxed with
thiosemicarbazide (TSC) in 20 ml of conc. HCI for
about 30 min and the resulting solution was
allowed to stand at room temperature to produce
pale yellow solid. The obtained solid was filtered,
washed with chloroform, dried and recrystallized
from methanol to give pale yellow solid (85%
yield), m.p. 126-128°C. 'H NMR spectra of 5a
(CDCl3) 0: 3.32 (s, 2H, -CHy-), 7.26-7.42 (m, 5H,
Ar-H), 8.1-8.8 (bs, 2H, -NH,); 3C NMR ( CDCls)
0: 25.8 (s, 1C, -CH-), 128.8 (d, 2C, C-2 and C-6
phenyl), 130.2 (d, 2C, C-3 and C-5 phenyl), 131.6
(s, 1C, C-4 phenyl), 132.4 (s, 1C, C-1 phenyl),
163.60* (s, 1C, C-NH>), 164.4* (s, 1C, -C=N). MS
(relative intensity) m/e for CoHoNsS: 192 (M+1,
100), Anal. Calcd: C, 56.45; H, 4.68; N, 21.74; S,
16.70%. Found: C, 56.36; H, 4.52; N, 21.66; S,
16.64%.

Typical procedure for the synthesis of 5-
methyl-1,3-diphenyl-1H-pyrazole-4-carboxylic
acid-(5-phenyl-6H-[1,3,4]-thiadiazin-2-yl)-amide
(6a): 2-amino-5-phenyl-6H-[1,3,4]-thiadiazine (5a,
0.19 g, 10 mmol) was dissolved in 15 ml of CHCIs
and stirred at 0°C. Then 0.22 g of HOBt (15 mmol)
was slowly added to the solution, after 15 min 0.20
g of EDC (15 mmol), 0.05ml of triethyl amine (15
mmol) and pyrazole-4-acid (2a 0.27g, 10 mmol)
were added, the resulting solution was stirred at
room temperature in nitrogen atmosphere for about
6-7 h. The progress of the reaction was monitored
by TLC. After the completion of reaction the
residue was extracted with CHCl3 (30 ml), washed
successively with 5% NaHCO; solution and 5%
HCI solution. Finally, the solution was washed with
water (2x30 ml), and dried over anhydrous Na,SOg,
The solvent was evaporated to give yellow solid

which was recrystallized from methanol to give
pale yellow solid in 76% vyield (0.33 g), m.p. 146-
148 °C. The obtained pyrazole-thiadiazine 6a
showed IR bands (nujol) v: 1670.20 cm™ (-C=0),
1595.84 cm™ (-C=N-), 3357.90 cm?® (-NH-); H!
NMR (CDCls): 0 2.72 (s, 3H, CHs), 3.56 (s, 2H, -
CHy-), 7.25-7.68 (m, 15H, Ar-H), 7.90 (d, 1H, -
NH-CO-); MS (relative intensity) m/e for
Ca6H21Ns0S: 452 (M+1, 100); Anal. Calcd: C,
69.16, H, 4.69, N, 15.51%. Found: C, 68.96, H,
4.60, N, 15.44%.
3-(4-Chloro-phenyl)-5-Methyl-1-phenyl-1H-
pyrazole-4-carboxylic acid-(5-phenyl-6H-[1,3,4]-
thiadiazin-2-yl)-amide (6b): Obtained from 2-
amino-5-phenyl-6H-[1,3,4]-thiadiazine (5a, 0.19g,
10 mmol), 0.22g HOBt, 0.20g of EDC, 0.05ml
triethyl amine and pyrazole-4-acid (2b, 0.30g, 10
mmol). Pale yellow solid, yield 78%, m.p. 158-160
°C. IR bands (nujol) v: 1676.04 cm? (-C=0),
1562.02 cm™ (-C=N-), 3328.88 cm* (-NH-); H!
NMR (CDCls): ¢ 2.70 (s, 3H, CHz), 3.60 (s, 2H, -
CHy-), 7.20-7.66 (m, 14H, Ar-H), 8.21 (d, 1H, -
NH-CO-); MS (relative intensity) m/e for
CasHoo C|N5OS 486 (M+1, 100), Anal. Calcd: C,
64.26, H, 4.15, N, 14.40%. Found: C, 64.08, H,
4.04, N, 14.34%.
5-Methyl-1-phenyl-3-(3,4,5-trimethoxy-
phenyl)-1H-pyrazole-4-carboxylic acid-(5-phenyl-
6H-[1,3,4]-thiadiazin-2-yl)-amide (6c): Obtained
from 2-amino-5-phenyl-6H-[1,3,4]-thiadiazine (5a,
0.19 g, 10 mmol), 0.22 g HOBt, 0.20 g of EDC,
0.05ml triethyl amine and pyrazole-4-acid (2e,
0.37g, 10 mmol). Pale yellow solid, yield 82%,
m.p. 152-154 °C. IR bands (nujol) v: 1684.04 cm
(-C=0), 1558.38 cm* (-C=N-), 3364.78 cm* (-
NH-); H: NMR (CDCls): 6 2.79 (s, 3H, CHz3), 4.06
(s, 2H, -CH2-), 3.84 (s, 9H, -OCHg), 7.22-7.96 (m,
12H, Ar-H), 8.34 (d, 1H, -NH-CO-); MS (relative
intensity) m/e for CygHor NsO4S: 542 (M+1, 100);
Anal. Calcd: C, 64.30, H, 5.00, N, 12.89%. Found:
C, 64.24, H, 4.96, N, 12.80%.
5-Methyl-1,3-diphenyl-1H-pyrazole-4-
carboxylic  acid-(5-(4-chloro-phenyl)-6H-[1,3,4]-
thiadiazin-2-yl)-amide (6d): Obtained from 2-
amino-5-(4-chloro-phenyl)-6H-[1,3,4]-thiadiazine
(5b, 0.22 g, 10 mmol), 0.22 g HOBt, 0.20 g of
EDC, 0.05 ml triethyl amine and pyrazole-4-acid
(2a, 0.27 g, 10 mmol). Pale yellow solid, yield
84%, m.p. 160-162 °C. IR bands (Nujol) v: 1676
cm? (-C=0), 1560.32 cm™ (-C=N-), 3360.64 cm™
(-NH-); H' NMR (CDCls): 0 2.68 (s, 3H, CHa),
3.92 (s, 2H, -CH,-), 7.28-7.82 (m, 14H, Ar-H), 8.26
(d, 1H, -NH-CO-); MS (relative intensity) m/e for
Ca6H20 CIN5OS: 486 (M+1, 100); Anal. Calcd: C,
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64.25, H, 4.08, N, 14.38%. Found: C, 64.22, H,
4.00, N, 14.34%.
3-(4-Chloro-phenyl)-5-methyl-1-phenyl-1H-
pyrazole-4-carboxylic  acid-(5-(4-chloro-phenyl)-
6H-[1,3,4]-thiadiazin-2-yl)-amide (6e): Obtained
from 2-amino-5-(4-chloro-phenyl)-6H-[1,3,4]-
thiadiazine (5b, 0.22 g, 10 mmol), 0.22 g HOB,
0.20 g of EDC, 0.05ml triethyl amine and pyrazole-
4-acid (2b, 0.30 g, 10 mmol). Pale yellow solid,
yield 80%, m.p. 144-146 °C. IR bands (nujol) v:
1672 cm* (-C=0), 1566.24 cm™ (-C=N-), 3380.52
cm? (-NH-); H! NMR (CDCls): 0 2.72 (s, 3H,
CHs), 3.84 (s, 2H, -CH-), 7.28-7.82 (m, 13H, Ar-
H), 8.08 (d, 1H, -NH-CO-); MS (relative intensity)
m/e for C26H19C|2N5051 520 (|V|+1, 100); Anal.
Calcd: C, 60.00, H, 3.68, N, 13.62%. Found: C,
59.96, H, 3.64, N, 13.60%.
5-Methyl-1,3-diphenyl-1H-pyrazole-4-
carboxylic acid-(5-(4-methoxy-phenyl)-6H-[1,3,4]-
thiadiazin-2-yl)-amide (6f): Obtained from 2-
amino-5-(4-methoxy-phenyl)-6H-[1,3,4]-
thiadiazine (5¢, 0.22 g, 10 mmol), 0.22 g HOBt,
0.20 g of EDC, 0.05 ml triethyl amine and
pyrazole-4-acid (2a, 0.26g, 10 mmol). Pale yellow
solid, yield 85%, m.p. 132-134 °C. IR bands (nujol)
v: 1684 cm? (-C=0), 1572 cm™ (-C=N-), 3356.04
cm? (-NH-); H! NMR (CDCls): 8 2.64 (s, 3H,
CHs), 4.14 (s, 2H, -CH»-), 3.72 (s, 3H, -OCHa),
7.32-7.92 (m, 14H, Ar-H), 8.12 (d, 1H, -NH-CO-);
MS (relative intensity) m/e for Cy7H23NsO,S: 482
(M+1, 100); Anal. Calcd: C, 67.34, H, 4.81, N,
14.54%. Found: C, 67.30, H, 4.78, N, 14.50%.
3-(4-Chloro-phenyl)-5-methyl-1-phenyl-1H-
pyrazole-4-carboxylic acid-(5-(4-methoxy-phenyl)-
6H-[1,3,4]-thiadiazin-2-yl)-amide (6 g): Obtained
from  2-amino-5-(4-methoxy-phenyl)-6H-[1,3,4]-
thiadiazine (5c¢, 0.22 g, 10 mmol), 0.22g HOB,
0.20 g of EDC, 0.05 ml triethyl amine and
pyrazole-4-acid (2b, 0.30 g, 10 mmol). Pale yellow
solid, yield 78%, m.p. 172-174 °C. IR bands (nujol)
v: 1672 cm? (-C=0), 1560 cm* (-C=N-), 3358 cm™!
(-NH-); H! NMR (CDCls): 8 2.76 (s, 3H, CHa),
4.22 (s, 2H, -CH,-), 3.68 (s, 3H, -OCHj3), 7.20-8.06
(m, 13H, Ar-H), 8.22 (d, 1H, -NH-CO-); MS
(relative intensity) m/e for Cy7H2CINsO.S: 516
(M+1, 100); Anal. Calcd: C, 62.84, H, 4.30, N,
13.57%. Found: C, 62.78, H, 4.28, N, 13.52%.
3-(4-Methoxy-phenyl)-5-methyl-1-phenyl-1H-
pyrazole-4-carboxylic acid-(5-phenyl-6H-[1,3,4]-
thiadiazin-2-yl)-amide (6h): Obtained from 2-
amino-5-phenyl-6H-[1,3,4]-thiadiazine (5a, 0.22 g,
10 mmol), 0.19 g HOBt, 0.20 g of EDC, 0.05 ml
triethyl amine and pyrazole-4-acid (2c, 0.30 g, 10
mmol). Pale yellow solid, yield 80%, m.p. 154-156
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°C. IR bands (nujol) v: 1682 cm* (-C=0), 1574
cm?® (-C=N-), 3388 cm?! (-NH-); H! NMR
(CDCl3): 0 2.80 (s, 3H, CHa), 3.82 (s, 2H, —CH>-),
3.58 (s, 3H, —OCHgs), 7.28-8.12 (m, 14H, Ar-H),
8.20 (d, 1H, —-NH-CO-); MS (relative intensity)
m/e for CyH23Ns0.S: 482 (M+1, 100); Anal.
Calcd: C, 67.34, H, 4.80, N, 14.54%. Found: C,
67.30, H, 4.78, N, 14.50%.

3-(3,4-Dimethoxy-phenyl)-5-methyl-1-phenyl-
1H-pyrazole-4-carboxylic acid-(5-phenyl-6H-
[1,3,4]-thiadiazin-2-yl)-amide (6i): Obtained from
5-(4-methoxy-phenyl)-6H-[1,3,4]-thidiazine-2-yl
amine (5a, 0.19 g, 10 mmol), 0.22 g HOBt, 0.20 g
of EDC, 0.05 ml triethyl amine and pyrazole-4-acid
(2d, 0.33 g, 10 mmol). Pale yellow solid, yield
75%, m.p. 174-176 °C. IR bands (nujol) v: 1690
cm? (-C=0), 1564 cm™ (-C=N-), 3366 cm™ (-NH-
); H NMR (CDCls): 0 2.72 (s, 3H, CHs), 4.16 (s,
2H, -CH»-), 3.58 (s, 6H, -OCHs), 7.28-8.08 (m,
13H, Ar-H), 8.16 (d, 1H, -NH-CO-); MS (relative
intensity) m/e for CusH2sNs03S: 512 (M+1, 100);
Anal. Calcd: C, 65.74, H, 4.93, N, 13.68%. Found:
C, 65.70, H, 4.88, N, 13.60%.
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Hocmwvnuna na 2 gespyapu, 2012 2.; kopueupana na 14 woau, 2012 2.

(Pesrome)

2-amuHO-5-hennn-6H-[1,3,4]-tuanunazun (5a-C) ce konaeH3upa ¢ nupason-4-kapobokcunat (1a-€) mpu aaKoxos KaTo
pasTBoOpHTEN 3a MojydaBaHeTo Ha 5-mertwi-1,3-audennn-1H-nupason-4-kapboHosa kucenuna-(5-pennn-6H-[1,3,4]-
tuaguasuH-2-un)-amun (6a-i) ¢ 30% no6uB. ChIIMAT TPOAYKT ce MOJydaBa OT mupasoi-4-kucenuna (2a-€) B
npucbetBre Ha HOBt (1-xmapokcu-6enszorpuazon) n EDC  (N-etmn-N'-(3-aumeTHin-aMuHOTIPOTINIT)-Kap OO THHMHE
xuapoxyiopua) B TpuetiwiaamuH wu3nonsaiiku CHCl; kato pastBopuren ¢ mo6usu 75-85%. CTpykTypure Ha Te3u
cvenunenus (6a-i) ca xapaxrepusupanu upes FT-IR, 'H NMR, mMac-creKTpoMeTpus 1 eleMeHTeH aHaju3. 3a BCHUKH
MPOM3BOJIHY Ha mupa30:-1,3,4-tuaauasuna (6a-i) ca ycraHoBeHH aHTHOAKTEPHATHU CBOWCTBA.
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A 90 wt.% MgH, — 10 wt.% V,0s composite was obtained by ball milling of a mixture of magnesium hydride and
vanadia for 60 min under argon. Hydrogen sorption properties of the composite were determined volumetrically with a
Sieverts-type device. Absorption was studied at temperatures of 473 and 573 K and pressure of 1 MPa, while desorption
was investigated at T = 573 and 623 K and P = 0.15 MPa. Structure, phase and surface composition of the starting
compounds and the composite before and after hydriding were determined by XRD, thermal analysis, TEM and XPS.
After hydriding the composite at 573 K, a high absorption capacity value of 6.3 wt.% H, was attained. However, fast
hydrogen desorption was observed only at temperatures higher than those needed for practical use. Some ideas about
further studies to be performed in view to improving the performance of vanadia-containing magnesium composites for

hydrogen storage were discussed.

Keywords: hydrogen storage materials; composite materials; electron microscopy; photoelectron spectroscopy

INTRODUCTION

Owing to its high energy density, possibility of
its production from various renewable sources, low
weight and low environmental impact, hydrogen is
considered as a promising energy carrier and a
basis of the so-called hydrogen economy of the
future. However, the key factor for the use of
hydrogen as a clean fuel remains the development
of safe and efficient materials for its storage. The
requirements towards these materials are: suitable
thermodynamic properties, favorable hydriding and
dehydriding kinetics, high absorption capacity at
relatively low temperature and pressure, good
cycling properties and low price.

At present, there is no material capable to
answer all these requirements. This also concerns
the recently developed metal-organic frameworks
[1], nanoporous polymers [2] and graphene
nanostructures [3] which physisorbed not more than
1-2 wt.% of hydrogen, a capacity being far from
the U.S. Department of Energy (DOE) target of 6-
6.5 wt.% for hydrogen storage tanks. In a recent
report on hydrogen clathrate hydrate [4] it is shown
that hydrogen can be trapped under high pressure in
the clathrate cavities reaching a mass ratio close to
that defined by DOE, but such a material is only

* To whom all correspondence should be sent:
E-mail: egeorg@svr.igic.bas.bg

stable under high pressure or at very low
temperature. It is also worth noting, that the DOE
target is largely exceeded by some B-N
compounds. Thus, the simplest one, ammonia
borane (borazane), HsNBHs, which is a nontoxic
nonflammable solid, has a record potential of 19.6
wt.% H, storage capacity, but unfortunately it
irreversibly releases hydrogen [6].

Chronologically, bulk metal hydrides were,
since the 1970-ies, the first substances subject to
systematic studies as potential storage materials. At
present it is worth pointing out that only low-
weight metal hydrides and especially MgH, and
materials on its basis present a real perspective of
usage for automotive applications. This is due to
the high absorption capacity (7.6 wt% H,
theoretical capacity) of magnesium, its availability
and low cost. However, along with these
advantages, Mg has a series of disadvantages, such
as poor hydriding/ dehydriding Kkinetics and high
temperature of reversible hydrogen absorption.
Two principal approaches are applied to their
overcoming. The first one consists in tailoring the
properties through size restriction, most often by
ball milling. In this way the crystallite size is
reduced, fresh surface area is created and both
thermodynamics and kinetics can be effectively
controlled at a molecular level [7]. With the second
approach, nanocrystalline composites of Mg (or
MgH,) with certain additives (catalysts) are
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prepared by high energy ball milling under inert
(Ar) or reactive (H,) atmosphere with a view to

preserving the high absorption capacity of
magnesium, simultaneously reaching suitable
sorption characteristics under milder

hydriding/dehydriding conditions [8-11]. A great
variety of substances (mainly transition metals and
their oxides, intermetallics, carbon materials, SiC
etc.) exhaustively summarized in the above reviews
[8, 10, 11] have been used as additives in the Mg-
composites. As is pointed out in a recent paper of
Borgschulte et al. [12], the exact phase of the
additive, its promoting role and mechanism are still
remaining unclear, which leads to a controversial
debate on the origin of the effects observed.
Probably, many interpretation inconsistencies are
due to the complex character of the Kinetic
phenomena.

Recently, brittle MgH, was used quite often
instead of the ductile magnesium powder as a
starting substance for the preparation of Mg-based
composite materials. This reduces the occurrence of
cold welding during milling, thus increasing the
efficiency and productivity of the process.

For many years in the past, the research activity
of our laboratory in the field of hydrogen storage
was devoted to studies on mechanically alloyed
composites of magnesium with 3d-metal oxides.
Thus, in papers published in 1987-1989 [13, 14] it
was shown that mixtures of Mg with 10% TiO, or
V,0s obtained by ball milling had improved
hydrogen absorption-desorption properties
compared to those of pure magnesium. In a XPS
study [15] the presence of elemental Ti and Ti**
favoring dissociative chemisorption of hydrogen
was established on the surface of the TiO,-
containing composite. The catalytic effect of TiO,,
V,0s, as well as of other transition metal oxides in
which the metal can appear at different oxidation
degrees, on improving the hydriding/dehydriding
kinetics of Mg-based composites was confirmed by
Oelerich et al. [16]. In a recent paper Croston et al.
[17] demonstrated the decisive role played by the
TiO, preparation procedure on the hydriding-
dehydriding kinetics of the MgH,-TiO, composite.
It was shown that the anatase form was more
effective at lowering the dehydrogenation onset
temperature of MgH, than the rutile modification.
According to these authors, such a behavior
corresponds to two different mechanisms of
dehydrogenation, changing from one of surface
control followed by volume contraction to a two-
dimensional Johnson-Mehl-Avrami nucleation and
growth mechanism. Du et al. using the results of ab

initio DFT calculations attempted to explain the
catalytic role of V,05 for MgH, destabilization with
an elongation and weakening of the Mg-H bond
length when MgH; clusters are positioned on
single, two and three coordinated oxygen sites on
the V,05 (001) surface [18].

During the last years Nb,Os proved to be a very
effective catalyst for improving the hydrogen
sorption kinetics of magnesium [19-21]. It was
shown that during heating and cycling of MgH, ball
milled with Nb,Os additive, reduction of the oxide
to metallic niobium occurred, accompanied by the
appearance of a ternary MgNb,Osg; phase [22].
According to a model proposed in ref. [23], these
products are working as catalysts, reducing the
activation barrier of the reactions controlling the
hydrogen sorption kinetics. Another model of the
same authors is based on the fact that the products
of Nb,Os reduction embedded in an MgH, matrix
emerge on the surface during hydrogenation, thus
bringing up a possibility to generate gateways for
further hydrogen diffusion. The effect of
microstructure and the catalytic role of Nb,Os on
the hydriding /dehydriding kinetics of MgH, were
studied in [24-26]. The decrease of the activation
energy of dehydriding caused by the Nb,Os was
observed after 15 min of ball milling only [24]. It
was demonstrated that the reduction of grain and
particle size enhances substantially the hydriding/
dehydriding kinetics. In addition to the results
mentioned above, it is worth noting a recent study
of Dolci et al. [27] who reported the existence,
besides MgNb,Os67, of a number of other ternary
Mg-Nb-O phases.

In the light of the brief review given above and
taking into consideration that vanadium belongs to
the same group of d-transition metals as niobium, it
seemed interesting to the authors of the present
paper to reexamine in some details the hydrogen
sorption properties of a MgH,-V,05 composite with
a view to enlarge the understanding of the role of
oxide promoters in MgH,-based hydrogen storage
materials.

EXPERIMENTAL

Powdery MgH; (99.8% purity, Alfa Aesar) and
specpure V,0s (Alfa Aesar) were used for
preparing the composite 90 wt.% MgH, — 10 wt.%
V,0s. It was obtained by mechanical alloying in a
Fritsch Pulverisette 6 planetary ball mill under
argon. The ball-to-sample weight ratio was 10:1,
the rotation speed 200 rpm and the time of milling,
60 min. This duration was chosen in order to avoid
sticking of the particles and formation of
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agglomerates, which was often observed as a result
of prolonged grinding. Messer GmbH argon and
hydrogen gases with purity of 99.998% and
99.999%, respectively, were used in the
experiments.

The sorption characteristics of the composite
were determined volumetrically using a Sieverts-
type device described elsewhere [28]. Hydrogen
absorption was investigated at temperatures of 473
and 573 K and pressure of 1 MPa, while desorption
was studied at T = 573 and 623 K and P = 0.15
MPa.

The phase composition of the starting
compounds, the initial, hydrided and dehydrided
composites was controlled with the use of a Bruker
D8 Advance X-ray diffractometer (CuK, radiation).

Additional characterization of the samples was
performed by thermal analysis, transmission
electron  microscopy (TEM) and  X-ray
photoelectron spectroscopy (XPS). All procedures
during these characterizations as well as the X-ray
measurements were carried out in air. As
demonstrated in a very recent paper of Vincent and
Huot [29], air contamination is not as detrimental as
often expected.

A combined DTA/TG apparatus (LABSYSTEM
EVO, SETARAM, France) with a gas analyzer
(Omnistar TM — type) was used in thermal analysis
studies of the samples before and after ball milling
and after 10 hydriding-dehydriding cycles. The
investigations were carried out in a flow of 20 ml
Ar/min with a heating rate of 10K/min.

The TEM studies were performed on a JEOL
2100 instrument at an accelerating voltage of 200
kV. The specimens were prepared by grinding and
dispersing them in ethanol followed by an
ultrasonic treatment for 6 min. The suspensions
were dripped on standard holey carbon/Cu grids.

The XPS surface characterization of the
composite before and after hydriding at T = 573 K
and P = 1 MPa was carried out with the use of a VG
ESCALAB Il spectrometer. The spectra were
recorded by means of unmonochromatized AIK,
radiation (hv = 1486.6 eV) with a total instrument
resolution of 1 eV. Binding energy (BE) values
were referenced to the Cls line of carbon at 285
eV. The Cls, Mgls, Mg2s, Mg2p, O1s+V2p and
V2py, photoelectron spectra were obtained.

RESULTS AND DISCUSSION

The X-ray diffraction pattern of the as-received
commercial MgH, powder revealed only the
presence of its polymorphic modification stable at
ambient conditions and having a rutile-type
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tetragonal structure (S.G. P4,/mnm, No 136) [30,
31]. Similarly, only peaks corresponding to the
widely known orthorhombic a-V,0s (S.G. Pmnm,
No 59) [32, 33] were observed on the XRD pattern
of the starting oxide. Both patterns are trivial and
are not presented here.

The results of the thermal analysis of
magnesium hydride used are given in Fig. 1. It is
evident that the decomposition reaction
accompanied by hydrogen evolution starts at
around 703 K. The weight loss of 6.35% is much
lower than the theoretical (7.6%) which indicates
incomplete decomposition of MgH, under the
experimental conditions chosen, as well as the
presence of some unhydrided magnesium.
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Fig. 1. DTA (1), TG (2) and evolved H, (3) curves of

the as-received commercial MgH,

The X-ray phase analysis of the composite
obtained after ball milling of magnesium hydride
with vanadia showed the presence of tetragonal
MgH,, orthorhombic o-V,0s and some traces of
Mg (Fig. 2). Appearance of polymorphic
modifications of the components was not
registered. The thermal analysis curves presented
in Fig. 3 reveal that hydrogen evolution from
the composite after ball milling took place at a
lower temperature than from the hydrided
sample with a simultaneous decrease of the H;
percentage. Comparison showed that the
decomposition of the composite after hydriding
was probably more complex and proceeded in a
broader temperature range.
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Fig. 2 X-ray diffraction pattern of the composite 90 wt.
% MgH, - 10 wt. % V,Os obtained by ball milling.
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by ball milling and (b) after hydriding at T = 573 K and
P =1 MPa.
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A TEM image of the composite is presented in
Fig. 4. It is evident that the sample consists of
crystallites sized in a wide range, two principal
groups of small and large particles, respectively,
being observed. The polycrystalline electron
diffraction pattern revealed, in contrast to the XRD
data, a much richer phase composition of the ball
milled composite. Thus, along with the tetragonal
MgH,, the presence of some orthorhombic y-MgH;
with a-PbO, type structure (S.G. Pbcn, No 60) [31,
34] was detected. This polymorph is, as a rule, a
high pressure phase, but some authors observed its
formation induced by lattice strains after prolonged
milling of the tetragonal hydride [35, 36]. The
present results show that even a relatively short
milling time is sufficient for the tetragonal-
orthorhombic MgH,-transition to occur at a level
which usually cannot be detected by X-ray
measurements. Thus, a possible explanation of the
observed lower temperature of hydrogen evolution
from the ball milled sample (Fig. 3) compared to
that from pure magnesium hydride consists in the
presence of the less stable orthorhombic MgH,
polymorph.

Electron diffraction permitted to establish that a
small amount of the high-pressure B-V,0s phase
was also present in the MgH,-V,0s composite
studied. Kusaba et al. [37] ascribed to B-V,05 an
orthorhombic structure, while according to Balog et
al. [33] the phase with the same lattice parameters
was monoclinic.

Finally, it is worth noting that, in accordance
with the electron diffraction results, the ball milled
composite contained a certain amount of metallic
vanadium.

Fig. 4. TEM bright field micrograph and electron diffraction pattern of the composite 90 wt. % MgH, - 10 wt. %
V,05 obtained by ball milling
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Fig. 5. Kinetic curves of hydrogen absorption by the
composite 90 wt.% MgH, - 10 wt.% V,0sat P =1 MPa
and different temperatures

The kinetic curves of hydrogen absorption by
the ball milled composite at temperatures of 473
and 573 K and pressure of 1 MPa, along with the
first cycle (cycle of activation) curve are given in
Fig. 5. At 573 K, high absorption capacity of 6.3
wt.% H, was attained after 60 min hydriding.
However, with a temperature decrease by 100 K the
capacity drastically dropped down.

Desorption of hydrogen from the hydrided
composite proceeded at T = 573 K and P = 0.15
MPa very slowly. After 1h of dehydriding only less
than 0.5 wt.% H, was desorbed. When increasing
the temperature to 623 K, desorption became much
faster and was completed in 25 min attaining a
capacity of about 5.4 wt.% H, (Fig. 6).

Hydriding of the 90 wt.% MgH»-10 wt.% V,0s
composite was accompanied by a particle size
decrease, as is evident from the comparison of the
TEM pictures in Figs. 4 and 7. Simultaneously, an

increased homogeneity of the crystallite size is
observed in the hydrided sample due to
recrystallization. The electron diffraction pattern
showed that orthorhombic y-MgH, was no more
present, the sample being composed of tetragonal
magnesium hydride, both polymorphs of vanadia
and metallic vanadium. It is worth noting that, even
after ten hydriding/dehydriding cycles, complete
reduction of V,05 to V was not attained.

The Mg2p and O1s X-ray photoelectron spectra
of composite samples 90 wt.% MgH, — 10 wt.%
V,0s after ball milling and hydriding at T =573 K
and P = 1 MPa are shown in Fig. 8, the peaks
positions being marked on the spectra. The slight
shift of the Mg2p peak to a lower binding energy
value suggests that magnesium is present on the
sample surface mainly in oxidized form. Even after
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Fig. 6. Kinetic curves of hydrogen desorption from the
composite 90 wt. % MgH, - 10 wt. % V,0s at P = 0.15
MPa and different temperatures

Fig. 7. TEM bright field micrograph and electron diffraction pattern of the composite 90 wt. % MgH, - 10 wt. % V,0s

after 60 min hydriding at T =573 Kand P = 1 MPa.
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Fig. 8 XPS Mg2p (a) and O1s (b) spectra of the 90 wt. % MgH, - 10 wt. % V,0s composite after ball milling and

hydriding.

removal of the oxygen satellite, it is difficult to
collect XPS data for vanadium, especially in the
case of a hydrided specimen. This is probably due
to the high reactivity of the samples and the low
volume fraction of V,0s in them. Broadened peaks
were observed for V2p,,.

CONCLUSIONS

High absorption capacity of the composite 90
wt.% MgH, — 10 wt.% V,0s (ca. 6.3 wt.% H,) was
attained after hydriding at 573 K, but at the same
temperature hydrogen desorption proceeded very
slowly. As a whole, however, the kinetic
hydriding/dehydriding parameters of the vanadia-
containing composite studied are, from a practical
point of view, inferior as compared to the most
performed magnesium-based hydrogen storage
materials with oxide catalysts (e.g. Nb,Os or TiO,).

In the case of magnesium hydride composites
with niobia, it has been found [12] that the
enhanced hydrogen sorption kinetics are correlated
to the presence of a substoichiometric MgH 5 phase
recently established by neutron diffraction
experiments [38]. This phase can appear in
nanostructured samples usually obtained after
prolonged ball milling. It is less stable than the
stoichiometric one and acts as a gateway through
which hydrogen released from magnesium hydride
is flowing. It is also assumed [22] that some
favorable influence on the hydrogen sorption
kinetics can be exerted by oxygen deficient Mg—
Nb-O phases (like MgNb,Os4;) formed during
hydriding of MgH, — Nb,O5 composites.

In the context of the aforementioned, further
studies of the authors will be focused on enhancing
the hydrogen sorption Kkinetics of vanadia-
containing  MgH,-composites by  providing
conditions for: (i) appearance of hydrogen depleted
MgH, and (ii) formation of Mg,V,0,, the more so
as such phases are known as hydrogenation
catalysts in petrochemistry [39].

It is generally accepted that the catalytic activity
depends, to an important extent, on the catalyst
biography. With the exception of a few papers (e.g.
[17]) or the recently published study [40] there are
no systematic studies on the hydriding/ dehydriding
characteristics of magnesium-based composites as a
function of the methods of preparation of their
oxide or binary oxide-metal additives. In this
aspect, a research work of authors is in progress,
with special emphasis on vanadia.
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COPBLIMOHHU CBOMCTBA I10 OTHOILLIEHUE HA BOJIOPOJ HA KOMIIO3UT MGH, -
V705 I[TOJIYUYEH YPE3 MEXAHOAKTUBUPAHE

E. FpHFOpOBal , M. XpI/ICTOBl, I1. Hemes’, /. Huxtsnosa" 2, H. Bemnuxona', I'. Atanacosa’

Y Unemumym no o6wa u neopeanuuna xumus, Boreapcka akademus na naykume, oyn. Axao. I Bownues, 610k 11,
) Cogpus 1113
2 Unemumym no munepanoaus u kpucmanozpagus, Bwneapexa axademus na naykume, 6yn. Axao. I Bonues., 610k 107,
Cogua 1113

Toctenmna Ha 9 anpun, 2012 r.; kopurupana Ha 7 HoemBpH, 2012 1.

(Pe3srome)

Kommo3sur cbe creraB 90 mac.% MgH, — 10 mac.% V,05 Geme nomyden upe3 MexaHoakTHBHpaHe 3a 60 MUH. 1of
apror Ha cmec ot MgH, u V,0s. CopOmmoHHHTE CBOHCTBa MO OTHOLICHWE HA BOJOPOJ OsiXa ONpEHeNeHH dpe3
amapaTypa 6a3mpaHa Ha o0eMeH MeTox mii MeTo Ha CuBepT. AGcopOmmsaTa Oerre mpoBeaeHa mpu Temreparypu 473 u
573 K u nmangrane 1 MPa, a mecopOmusara mpu T = 573 u 623 K u P = 0.15 MPa. Crpykrypata, }a3oBusit u
HNOBBPXHOCTHUAT CHCTAB HAa M3XOJHUTE CHSAMHCHMS M KOMIIO3MTA MPEI M CIIEA XHApPHpaHe Osxa W3CIeOBaHU 4pe3
PEHTIeHOCTPYKTYpeH (ha30B aHajIu3, TEPMHYCH aHalu3, TPAaHCMUCHOHHA EJIEKTPOHHA MHUKDPCKOINUS M PEHTI€HOBA
¢oroenexkTpoHHa criekTpockonus. Crell XuapupaHeTo Ha komnosuta npu 573 K Gemie JocTUrHAT BUCOK aOCOPOIIMOHEH
kamarureT oT 6.3 mac.% H,. Bbwp3a mecopOums Ocire HaOMOgaBaHa MPU TEMIIEPATYPU MO-BHCOKU OTKOJKOTO C€
M3UCKBAT 3a MPaKTHYECKO NpuiiokeHue. Hsikou unen 3a Obaeny u3cieaBaHus Ha KOMIIO3UTH Ha 0a3aTa Ha MarHe3ui
chabpxany V,0s ca 00chaeHY ¢ ories] mogo0psiBaHe Ha CBOWMCTBATA.
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The present work introduces a two-level systematic approach for optimal Supply Chain (SC) Management. At the
first level the SC design problem is solved by applying the mathematical programming; while at the second level the
scheduling of the SC activities is modeled and solved by the S-graphs framework. The proposed systematical approach
is tested on a tree echelon supply chain example. As a result both, the network of the supply chain corresponding to the
optimal total site products portfolio is obtained and the optimal schedule ensuring fleet’s assignments so as to

implement the portfolio within the production horizon.

Key words: design, activities scheduling, supply chain, S-graph, mathematical programming

INTRODUCTION

Market globalization and increased
competitiveness press plant management for a best
use of available resources, efficient manufacturing,
and looking for a best market position. The current
manufacturing environment for process industry
has changed from a traditional single-site, single
market to a more integrated global production mode
where multiple sites are serving a global market
with multiple products. Later requires coordination
of the planning across sites in terms of cost and
market effectiveness [1].

In a way the correct product to be produced and
delivered on time on the market, a sequence of
functions called Supply Chain has to be performed.
It encompasses purchasing of raw materials,
transformation of these materials into intermediate
and target products and distribution of these
products to the customers. Some of these functions
in most of the companies are performed by
separated organizations which have own objectives
and operate independently. Supply chain
management is a strategy through which an
integration of these functions is achieved. It also
coordinates all input/output flows (of materials,
information and funds) so that products are
produced and distributed in the right quantities, to
the right locations, and at the right time. Its main
objective is to achieve acceptable financial returns

* To whom all correspondence should be sent:
E-mail: eshopova@mail.bg

together with the desired consumers’ satisfaction.

The Supply Chain Management (SCM) problem
may be considered at different levels depending on
the types of decisions which should be made. The
strategic decisions are made typically over a longer
time horizon. These are closely linked to the
corporate strategy and guide supply chain policies
from a design perspective. On the other hand
operational decisions are made over a day-to-day
basis in short-term scheduling the SC activities.

In order to provide quantitative support for
making these decisions numerous model-based
approaches and algorithms have been developed.
They are heuristic [2] or mathematical
programming approaches [3, 4]. The proposed
various deterministic models of the supply chain
are formulated in terms of MINLP [5-10] or MILP
[11-13]. In the case of the uncertainty in the supply
chain optimization stochastic analytical models [14,
15] and scenario planning [16, 17] are used.

Usually, the SCM problem considers both, the
design and scheduling decision levels. The design
problem arises from the network characteristics of
SC and is connected with a production planning,
while the scheduling one comes from the
production control.

Considered SCM problem comprises three
echelons SC, i.e. sets of suppliers of raw materials,
the production complex with a given number of
plants manufacturing the same group of products
and the group of markets (see Figure 1). The
management process involves conducting the
following activities: purchase of the raw materials
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from suppliers and their transportation to the plants,
production of target products and their shipment to
the markets and selling.

Suppliers Plants Markets

Fig. 1. The considered three echelon SC.

Accounting for the considered set of target
products, the SC design problem is connected with
definition of these production routes through the SC
from the suppliers to the markets that results in
optimal product portfolios for the entire production
complex, i.e. that maximize a total income of the
complex and fulfill predetermined conditions for
suppliers, plants and markets in a given time
horizon, Figure 2.

Markets

Suppliers Plants

Fig. 2. Material flows in the SC network (design).

The scheduling of the SC activities comes into
account after the selection of the SC network. The
scheduling of the SC resources, e.g. transportation,
units, is based on the parameters of the selected SC
network (see Figure 3). Scheduling controls the
activities of the SC elements through the
transportation of raw materials and target products.

Suppliers Plants Markets

Fig. 3. Scheduling the SC activities.

The major challenge of the SCM problem is that
it becomes computationally intractable when the
number of production sites, markets, and products

increase in the supply chain network. A good way
to deal effectively with the increasing complexity is
application of a sequential solution approach by
using specific hierarchical methods and techniques.
The main aim of this paper is developing of two-
level systematic approach for short-term SC
designing and scheduling of supply chain activities,
embedding continuous plant complex. The
proposed approach is based on the applications of
the mathematical programming approach and S-
graphs framework. Firstly, for the SC design
purpose, the mathematical model is built and used
in an optimization framework to determine the
network for the optimal total site product portfolio
together with respective flow rates of the raw
materials and the products. Then the S-graph
framework is used for scheduling of SC activities.

FIRST LEVEL — SUPPLY CHAIN DESIGN

Firstly using a mathematical programming
approach a SC design problem, is solved, defining
the network with regard to the optimal total site
production  portfolio, and accounting for
distribution of raw materials to the plants, products
processing, distribution and selling of the
manufactured products to the markets.

To formulate the SC design problem the
alternative production routes for the demands must
be considered (see Figure 1 and 2). The decision
problem determines the flow rates of the raw
materials and the products that have a maximal
profit.

2.1. Problem description

A complex of continuous plants, set I, is
considered. Range of products, set p, could be
manufactured in each plant using separate
production lines. Respective production rates are
known. Production costs for products are constant
over the time but different for each plant.

Set J contains the required raw materials (e.g. j1,
j2). The products can be manufactured by
alternative raw materials. However, only one raw
material type is taken into account in manufacturing
of each product but each raw material can be used
for production of more than one products. No
stocks and raw materials accumulations are
permitted in the plants. The raw materials are
provided by suppliers, set S, the products are
transported to the markets defined by set M.

The distances between suppliers, plants and
markets are known. Transportation costs depend on
the raw materials and products. Transportation
costs, products and raw materials costs are also
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known and constant over the planning horizon H .
Market demands and raw materials provisions are
fixed for the horizon.

Assuming that a structure of the supply chain
under consideration is constant over the horizon H
the goal of this step is to design it in such a way so
as to define the optimal products portfolio for the
total site and its distribution on the involved plants;
and to determine respective routes of products from
the suppliers to the markets.

2.2. Data required
To define the problem following set of data
must be given:
PRC, , - production cost of product p inplant I,

[CU /ton];
MDem,, - demand of product p on market m

for the horizon H , [tons];

Cost,, , - cost of product p on market m, [CU
per ton];

MSup; j - capacity of the supply center s with
regard to raw material j for the horizon H ,
[tons];

CRM{ ; - cost of raw material j in the supply
center s, [CU per ton];

MDis; , - distance between plant i and market m,
[km];
T™MC
between plant i and market m, [CU per ton per
km];

SDis; ; - distance between plant i and supply

- transportation cost of product p

center s, [km];
TRC . . . - transportation cost of raw material |

from the supply centre s to plant i, [CU per ton
per kml].

jii.s

Following  additional  data,  concerning
production rate of each plant to each product and
average products yield of each product, must be
given:

PR; ,- production rate of product p inplant i,
[ton/hour].

YF, ; - average yield of product p inplant i from
a unit mass of raw material j, [ton product /ton
raw material].
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2.3. Mathematical modeling of Supply Chain
Control Variables

To describe the problem we introduce next
groups of control variables:

Purposing to determine the structure of the
supply chain two sets of binary variables are set up.
Variables y to structure the SC between the plants

and markets:

1-if market m is connected
Xmi =1 With plant i , (1)
0 — othewise

and variables y to structure the SC between the
plants and supply centers for raw materials:

1—if the supply center s is connected

Vsi =1 Wwith the plant i .
0 — otherwise
Additionally, purposing to follow for the

product flows from plants to markets and for the
raw materials flows from supply centers to plants
we introduce following two groups of continuous

variables. Variables X. track for the amount of

Lp,m
product p processed in plant i and sold on market
m, to be in the following boundaries:

0< X, <MDem Vi, Vp,vm, (3)

1,p,m p,m?

and variables Y; . . accounting for the amount of

i,j,s
raw material j bought by plant i from the supply
center S, varying in:

0<Y; ;s <MSup;,, Vi, Vj,Vs. (4)

i,j,s —

Mathematical description of Supply Chain design
problem

The mathematical description of SC design
problem involves a set of aggregated plants models
and a set of constraints. Accounting for relations
between plants and other elements (markets and
supply centers) of the SC, the aggregated plants’
models aim to describe the proper boundaries of the
feasible product portfolio for each plant. The posed
set of constraints has to track for keeping the posed
conditions on the markets and in the supply centers.

Aggregated Plants’ Models. To define the
products portfolio for each plant i, the variables
QP,, are introduced to calculate the amount of
each product p processed in the plant within the
horizon H:
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M
QPi,p :Z Xi,p,m/},/m,i ' Vp!VI (5)
m=1

From the other side, equations (5) present the
condition that no stocks accumulation takes place in
each plant:

Using the average yield for each product p, the

amount of raw material QRM; ; required for its
processing in the plant i is determined:

P

QRM i ZZLQPL;:’

Vi, vj. (6)
SIYF, |

Moreover, calculated amount of raw materials
QRM; ; must be:

j
s
QRM i ZYi,j,sJ/s,i . VI, V). ()
s=1

Equations (7) describe pre-posed condition for
no raw materials accumulation in the plants.

Constraints. Aggregated plants’ models are
completed with sets of constraints tracking for
product portfolio feasibility and for feasibility of
the connected with the plants flows.

The product portfolio feasibility constraints
ensure that the amount of each product p

manufactured during the horizon H in each plant
i corresponds to the plant’s capacity:

0<QP,<PR,H, V¥p,vi. )

The flows feasibility constraints guarantee that
the assigned to a given plant i product (X, )

Lp,m
ijs) flows are really
existing, i.e. the respective connections between the
plant i and market m and supply center S exist:

0<X;,m <MDem .7, Vi,Vp,vm, (9)

Lpm —

and the raw material (Y

0<Y; ;s <MSup; 7., Vi, Vj,Vs. (10)

Posed on each market m constraints ensure that
the amount of product p processed in all plants

and sold on it is less or equal to its demand:
|

0<> X pmZmi SMDem . Vp,vm, (11)
i=1

Similarly, the constraints posed on each supply
center guarantee that the raw material- j bought by
plants from the supply center s is less or equal of
its capacity:

|
0< DY, o7 SMSUp;, Vj,Vs.  (12)
i=1

Obijective Function

The profit of the production complex is used as
an objective function. It is determined as a
difference between the incomes from products sale
on the markets and expenditures for products
processing, transportation and raw materials:

P P M
Z Xi,p‘m i ‘COStm‘p _zzxi‘pm Kni’ PRCi‘p
1 bt (13)

ZJ:CRMJ»S-Y”‘S“+iiYi_jvs‘ysj TRC ;- SDis; +|.
j=l sl

i

D=

=

5

M
Y Xign Zni TMC,, - MDis, .

pLm-L

Thus formulated objective function is subject to
maximization:

MAX(F). (14)

XY xy

Thus formulated deterministic SC model,
comprises the plants aggregated models (5-8), set
of constraints (9—12), sets of control variables (1-4)
and the objective function (13), and results in a
Mixed Integer Non-Linear Programming (MINLP)
problem. Its solution gives the optimal profit of the
production complex and provides the conditions at
which will be reached. Moreover, using optimal
values of control variables and the set of equations
(5), the respective optimal product portfolios for
each involved plant is determined. Values of
integer variables provide the generalized structure
of looked for production routes.

SECOND LEVEL — SCHEDULING THE
SUPPLY CHAIN ACTIVITIES

Based on the results of the mathematical
programming the S-graph framework is used to
generate the optimal fleet’s assignments with
regard to transportation of the obtained amounts of
raw materials and products between the supply
centers, the plants and the markets which results in
schedule with minimal makespan.

The S-graph framework [19-21] originally was
developed for scheduling of production units
aiming minimization of makespan. However, using
the S-graph framework for SC activities scheduling
the terms equipment units and tasks lose their
conventional meaning. In the SC network three
consecutive operations are represented. First the
raw material is transported from the supplier to the
plant, second the plant manufactures the product,
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and third the product is transported from the plant
to the market. The transportation is realized by
using fleets which have different speed and cost.
The order of the fleet selection can affect the
required free time between two transportation jobs.
The manufacturing step is performed by dedicated
production lines at any given plants. This SC
structure can be modeled with S-graph with three
consecutive tasks, representing the transportation
needs and the production. Thus, in S-graph
terminology, the fleets, for the transportation tasks,
and the production lines, for the manufacturing
task, will represent the alternative equipment units.
The  mathematical  programming  model
determines the products portfolio of the plants and
the flow rates of the supply chain network. The
flow rates and the available transportation fleet
capacities conclude the required number of batches
to be scheduled. For example, based on the solution
of the mathematical programming model, raw
material r1 from supplier S1 is transported to plant
P1, and the product p1l is transported from plant P1
to market M1. Plant P2 produces from the raw
material from suppliers S1 and S3 the required
products for market M2. If the transportation cannot
be fulfilled by any of the available fleets by itself,
multiple batches are required to be scheduled.
Markets

Suppliers Plants

Fig. 4. Transformation of the S-graph from the results of
the mathematical programming.

In Figure 4, tasks 1, 4, and 5 represent the
transportations from the suppliers to the plants.
Tasks 3 and 7 represent the transportation from the
plants to the markets. Tasks 2 and 6 denote the
production.

CASE STUDY

The efficiency of proposed approached is
proved on the case study of manufacturing of four
products A, B, C and D in two plants P1 and P2
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operating in continuous mode. The products sell at
two markets M1 and M2. Table 1 and 2 represent
demands and the incoming of the products at the
markets.

Table 1. Required demands from the products at the
markets.

Demands (t)
A B C D
M1 1400 55 53 110
M2 400 20 28 65

Table 2. Incomings of the product at the markets.
Incomings (CU/t)
A B C D
M1 790 1430 4530 3260
M2 900 2800 6320 3950

Two raw materials R1 and R2 are used for
products manufacturing, which could be purchased
by two suppliers S1 and S2. Table 3 contains the
available stocks from the raw materials at the
suppliers, and Table 4 contains the prices for them.

Table 3. Available stock from the raw materials.

Raw material stock (t)
R1 R2

S1 1800 1600

S2 850 1200

Table 4. Price of the raw materials at the suppliers.

Price of the raw materials (CU/t)

R1 R2
S1 200 160
S2 180 140

Tables 5 — 7 contain the production rates, the
cost of the production and the required raw
materials for product A, B, C, and D. Plants P1 and
P2 can manufacture the products with different cost
and efficacy parameters.

Table 5. Production rates for products A, B, C, and D.

Production rate (t/h)

A B C D
P1 1 0.06 0.05 0.12
P2 095 0.05 006 0.12

Table 6. Production costs for products A, B, C, and D.

Production cost (CU/t)
A B C D
P1 165 230 165 112
P2 180 200 150 134
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Table 7. Required raw materials for the manufacturing
of products A, B, C, and D.

Raw material consumption (t/t)
A B C D
R1 1.02 454 0 0
R2 0 0 20 8.33

Table 8 contains the distances between the
suppliers, plants and markets. These data will be
required for the calculation of the time for the
transportations. For the transportations four
different fleets are available with different
capacities and average velocities (see Table 9). The
transportation cost is based on the distance between
the suppliers and plants and between the plants and
markets (see Tables 10 and 11.).

Table 8. Distances between the plants, the markets and
the suppliers.

Distance (km)

P1 P2
M1 226 238
M2 92 89
Sl 41 31
S2 36 61

Table 9. Capacity and velocity of the available fleets for
the transportation.

Fleet Capacity (t)  Velocity (km/h)

Fleet #1 100 100
Fleet #2 300 80
Fleet #3 500 80
Fleet #4 800 60

Table 10. Transportation costs of the raw materials
between the suppliers and the plants.

Transportation cost of the raw mat. (CU/t)

Raw Supply centre
material Plant S1 S2
R1 P1 41 28.8
R2 P1 36.9 32.4

Table 11. Transportation costs of the products between
the plants and the markets.

Transportation cost of the products (CU/t)

Market
Product Plant M1 M2
A P1 339 184
B P1 339 184
C P1 271.2 165.6
D P1 271.2 165.6

RESULTS

Solution of the case study considered is carried
out by using mathematical programming approach
along with BASIC GA [18] optimization technique
on the design level. As a result the flow rates of the
raw materials and the products ensuring the

maximal total site profit are obtained. Based on
these results on the scheduling level S-graph
framework coupled with branch and bound solution
technique [19-21] is applied in order to be obtained
the optimal fleet’s assignments with regard to
transportation of the obtained amounts of raw
materials and products between the supply centers,
the plants and the markets corresponding to a
schedule with minimal makespan.

Besides both plants, the designed supply chain
involves both markets and both distribution centers.
The distribution of the materials flows between the
suppliers the plants and the first and the second
markets are listed in Table 12 and Table 13. On
particular, they are represented the data for the
purchased by the suppliers amounts of raw
materials for products manufacturing and the
amounts of the produced products sold at the
selected markets.

Table 12. Material flows in the supply chain
(products for market M1).

Supplier Raw mat. (t) Plant Product to M1 (t)

S2 R1 (326) P1 A (320)

S1  R1(6789) P2 A (684)

S2  R1(32.7) P1 B (7.2)

S1 R2 (55.1) P1 C(3)

S1 R2 (502) P2 C(25.1)

S2 R2 (178.3) P1 D (21.4)

S1 R2 (719.9) P2 D (86.4)

Table 13. Material flows in the supply chain (products
for market M2).

Supplier Raw mat. (t) Plant Product to M2 (t)

S2  R1(408) P1 A (400)
S2  RL(438)  P1 B (16.8)
S2  R1(1453) P2 B (3.2)
S2  R2(368) P1 C (18.4)
S1  R2(855) P2 C (9.6)
S2  R2(5414) P1 D (65)

Analyzing the above listed results, it can be seen
that the market demands of the second market M2
that proposes higher incomings of the products and
is situated closer to both plants are completely
satisfied (100%) for all four products — A, B, C and
D. On a contrary, market demands of the first
market are satisfied on 72% for the first product
and on 13% and 53% and 98% for the second, third
and the fourth products. Also greater part (60%) of
the raw materials (R1 and R2) required in the plant
complex must be provided by the second supplier
S2. In this way the capacity of S2 is completely
fulfilled (843.83 t from R1 and 1200 t from R2) and
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this one of the first supplier S1 is fulfilled up to
61%.

The optimal fleet allocation is generated by the
transportations and plants scheduling. The
makespan of the optimal schedule is 723.8 h. The
optimal fleet assignment is given in Table 14. It can
be seen that the most frequency selected fleet for
transportation of raw materials and products
between suppliers, plants and the markets is fleet 1
— 63%. The fleet 2 — 27% is the next one. The fleet
3 is used just one time and fleet 4 - two times.

CONCLUDING REMARKS

This study proposes two-level hierarchical
approach for sequential short-term design of SC
and scheduling of the activities in the Supply Chain
network with embedded production complex of

continuous plants. At the first level, the SC
mathematical model is formulated involving
aggregated plants model accounting for the
connections with markets and suppliers and also for
the portfolio feasibility. The model is used to
determine the optimal flow rates of the raw
materials and the products with regard to the
maximal total site profit. From the planning level a
scheduling problem is generated. S-graph
framework is applied for its solution. As a result the
optimal fleet’s assignments with regard to
transportation of the obtained amounts of raw
materials and products between the supply centers,
the plants and the markets corresponding to a
schedule with minimal makespan are obtained.

Table 14. Scheduling the fleet.

Supplier Raw material (t) Plant Product (t) Market
S2 R1 (326) P1 A (320) M1 Fleet #1
S2 R1 (18.8) Fleet #3
s2 R1(32.7) P1 B (7.2) M1  Fleet#4
s1 R2 (55.1)
o ) P1 C(3) M1
s1 R2 (502) P2 C (25.1) M1
S2 R2 (178.3) P1 D (21.4) M1
s1 R2 (719.9) P2 D (86.4) M1
) R1 (408) P1 A (400) M2
) R1 (43.8)
P1 B (16.8) M2
s1 R1 (32.5)
S2 R1 (14.53) P2 B (3.2) M2
) R2 (368) P1 C (18.4) M2
s1 R2 (85.5)
s o P2 C (9.6) M2
) R2 (541.4) P1 D (65) M2
The efficiency of the proposed approach is 3. C.E. Bodington, D.E. Sorbys, Hydrocarbon

illustrated on a case study of manufacturing of four
products in production complex comprising two
plants, two suppliers, and two markets. Obtained
results are discussed in details.
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HA TIMKOBUTE BB3JENCTBUA OT BAMBPCUTEJIM BHPXY OKOJIHATA CPEJIA 3A
MHOI'OLEJIEBU ITEPUOANYHU XMMHWUYHU 1 BUOXUMUWUYHU ITPOU3BOACTBA
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(Pestome)

Toa u3creaBaHe MpenCcTaBs €AWH CHCTEMHO-OPHEHTHPAaH MOJXOJ 3a pelylupaHe Ha NMHUKOBUTE BB3ACHCTBHS OT
3aMBPCUTENIN BBPXY OKOJHATa CpeAa 3a MEePHOAWYHM XUMHUYHM M OHMOXMMHYHH IPOM3BOJICTBA UPE3 MOAXOJAIIO
yIpaBJieHHEe Ha CTapTOBUTE BPEMEHAa 3a IPOM3BOJCTBO HAa MPOIYKTHTE B NMPOM3BOJACTBEHHUTE CHUCTEMHU. To3M mMOAXOM
BBBEX/1a OPUTMHAIHNA €KOJIOTHYHHM OLEHKH 32 BB3JCHCTBHE Ha ITMKOBETE, KOMTO OTYMUTAT CaMO TE3HM OT MOMEHTHH
CTOMHOCTH Ha BB3ACHCTBHE, KOWTO HAJBHIIABAT OIPEAEICHO TI'PDAaHWYHO HUBO M IIO3BOJISIBAT OOEIMHSIBAHETO Ha
pasMuHM TUIOBE 3aMBPCUTENM 4UYpe3 cpejgara, B KOSTO CE M3TbuBaT. Te3W OIEHKM ca H3MOJI3BAHM KaTo
ONITHMU3AIIMOHHN KPUTEPUH BHB (OpMyJHpaHaTa 3ajada 3a peAynupaHe Ha IMKOBHTE BB3IEHCTBHS BBPXY OKOJIHATA
cpeaa OT NepUOANYHN XUMUYHU ¥ OMOXMMHUYHH POU3BOJICTBEHH CHCTEMHU.

B pesyntar Ha HEHHOTO pellaBaHe ca MONYyYEHHM Hal-TIOAXOASAIIUTE CTapTOBU BPEMEHA 3a IIPOU3BOACTBO Ha
MIPOAYKTHUTE B TaJIcH BpeMeBU XOpH30HT. EpekTrBHOCTTA HAa TOAXO/a € TIOKa3aHa Ha IPUMeEp OT MIIEYHATa HHAYCTPHSI.

295



Bulgarian Chemical Communications, Volume 45, Number 3 (296 — 300) 2013

Assessing the nano scale variation of the ferritin and iron level following two months
of progressively increasing interval physical activity
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Variation of the serum blood ferritin and iron level leads to considerable changes in the body metabolism that
eventually results in decrease of vital activity in the body. The purpose of this research was to examine the changes in
iron level and its stored form, ferritin, in the subjects measured in nano scale level after participating in two months of
physical activity. For this purpose, 20 healthy male subjects were randomly assigned to two groups of experimental and
control groups. The subjects' fasting blood sample was collected. They participated in two months of progressively
increasing aerobic exercise twice per week. Following two months of exercise, blood sample was collected again. The
results of analysis showed that there was a significant difference between the mean values of iron serum blood level of
the subjects after two months of interval training (P=0.003). There was also a significant difference between the control
and the experimental group after two months of interval training (P=0.005). In addition, there was a significant
difference between the mean values of ferritin serum blood level of the subjects after two months of interval training
(P=0.019). There was a significant difference between the control and the experimental group after two months of
interval training (P=0.04). It was concluded that 8 weeks of interval running activity can mobilize ferritin from its local
store, that is, liver, bone marrow and muscle and as a result increase the level of serum ferritin and following that
increase the iron level in the blood.

Keywords: Ferritin, Iron, Increasing Intensity Interval Exercise.

About 30% of the body’s total iron in a healthy
young adult male (and about 10% in females) is
stored in the form of ferritin (known as storage
iron) located in such areas as the liver, bone
marrow, muscle, and other body organs. From these
locations, iron is transported throughout the body
via the blood stream [4]. Serum ferritin levels in the
range of 20-30 nanograms per milliliter have been
considered markers of iron deficiency [1].

Iron deficiency is fairly common in athletes,

INTRODUCTION

Minerals are essential for a wide variety of
metabolic and physiologic processes in the human
body. Some of the physiologic roles of minerals
important for the athletes are their involvement in:
muscle contraction, normal hearth rhythm, nerve
impulse conduction, oxygen transport, oxidative
phosphorylation, enzyme activation, immune
functions, antioxidant activity, bone health, and

acid-base balance of the blood [1].

Iron is one of the most critical minerals with
implications for sports performance. lron is a
component of hemoglobin, myoglobin,
cytochromes, and various enzymes in the muscle
cells, all of which are involved in the transport and
metabolism of oxygen for aerobic energy
production during endurance exercise [1].

Ferritin has been the most frequently used
indicator of iron stores in the body. Low ferritin
levels are an indication of decreased or exhausted
iron stores. Namely, ferritin is an acute phase
protein and may thus cover actual iron deficiency
[2, 3].

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

especially in the endurance athletes [5, 6]. It
commonly appears in latent form, the iron
deficiency-induced anemia being, however,
infrequent [5, 7, 8, 9, 10, 11]. Detecting the
deficiency in physically active individuals is
difficult due to possible exercise-induced changes
in iron metabolism indices, especially ferritin.
Increased ferritin levels were reported immediately
post-exercise states [12] and even several days
following strenuous exertions [12]. The detection of
latent iron deficiency in athletes is not easy and
requires the use of appropriate indices [12].
Although ferritin is the basic indicator of iron
stores, its use as the single index of iron status may
not be sufficient, especially in disorders, due to the
fact that ferritin is an acute-phase protein [5, 13,
14].
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Serum ferritin concentrations decrease during
training, and it has been assumed that this reflects
an induction of iron deficiency following physical
activity. Although serum ferritin concentrations in
elite athletes are usually low, frank iron deficiency
is unusual; nevertheless, obligatory daily iron losses
are often increased, but this is usually compensated
by enhanced absorption of dietary iron [15].

The purpose of this research was to examine the
changes in iron level and its stored form, ferritin,
after participating in two months of physical
activity. The likely variations in such change will
be associated with disruption of oxygen carrying
activity, carbon dioxide, metabolic activity,
performing physical activity and other metabolism
events.

EXPERIMENTAL

The present research was a quasi experimental
research in which 20 healthy male volunteer
subjects were randomly assigned into two equal
groups (n=10) of experimental and control
conditions. The subjects completed a health
guestionnaire form. The subjects did not consume
any medication within the last month nor had a
history of participation in a heavy regular aerobic
physical activity. Such activity can disrupt iron and
ferritin metabolism regulation within the body [16].
In addition, a physician performed a general
physical examination in order to approve physical
and mental readiness of the subjects to participate
in the project. The presence of any infection or
inflammation was also ruled out since such
condition result in increase in the ferritin level [16].
The systolic and diastolic blood pressure as well as
Body Mass Index (BMI) of the participants was
measured. Other characteristics of the subjects are
presented in Table 1.

Table 1: Characteristics of the exercise and control

groups.
Variables Experimental Control
Standard Standard
Mean P L
deviation deviation
Age (Yr.) 2223 3.2 215 25
Height (Cm) 1745 46 1753 48
Systolic blood 110 26 115 21
pressure(mm/Hg)
Diastolic blood 76 29 85 27
pressure(mm/Hg)

Maximum oxygen

consumption (VO 2max), 49.06 4.4 48.4 3.2
(ml.min-t.kg?)

Body Mass Index (BMI), 243

(ka/m?) 33 252 43

For the purpose of having a homogenous group
of participants, Maximum Oxygen Consumption
(VO 2max) Of the subjects was measured by running-
walking test [17]. The running-walking program
was employed to measure it a week prior and one
week after the termination of the protocol in order
to eliminate the effect of training protocol on the
VO 2max Of the participants.

TRAINING PROTOCOL

The fasting subjects in both groups attended the
pathology lab at 8 am. Four milliliters of elbow
venous blood sample was collected. The exercise
protocol included increasing interval running
program at a track and field path. They ran 4
consecutive distances of 200 meters with rest
interval between each distance in the first week.
Then, on the second week, 400 meters was added to
the running distance on the first week. Such
increase continued weekly and finally at the eighth
week, the subjects ran approximately 35 Km. The
running intensity was set to 60 to 75 percent of
reserved heart rate [18] monitored by a polar watch
provided to the subjects. At the end of 8th week,
fasting blood sample was collected and analyzed by
the same lab. The ferritin and iron were measured
to see whether ferritin serum is released in interval
physical activity in two months to supply blood
iron. After reduction, iron changes to iron (Il) and
makes the colorful complex of ferrozine, which can
show iron level [16]. These elements were analyzed
by biochemistry analyzer Hitachi 717 machine. The
amounts of serum iron concentration was measured
according to nanogram per micro liter (ng/mic 1),
and ferritin level was measured according to
nanogram per milliliter (ng/ml).

SPSS: PC 13.0 was used to analyze the data.
Paired as well as independent t-test was used to
compare the means of the pre test and post test
results as well as the control and the experimental
groups.

RESULTS

Kolmogrov-Smirinov was used to test the
normality of the independent variables of this
research. The results indicated that the variables of
iron and ferritin showed normal distribution;
therefore, parametric statistical procedures such as
dependent and independent t-test were employed to
analyze the data. These results are presented in
Table 2 and Figs 1, 2.

The means and standard deviations of serum
blood ferritin and iron is presented in Table 2.
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Table 2: Comparing the mean values of iron (ng/micl) and ferritin (ng/ml) levels of the exercise and control groups in

pre and post test

Stage
Variables-stage Condition Pre test Post test t-valve P-value
Mean= (SD) Mean= (SD)
Iron (ng/micl) Experimental 1.105+0.152 1.417+£0.210 3.97 0.003
g Control 1.186+0.153 1.174+0.119 0.806 0.44
Post test-Iron Experimental B 1.417+£0.210 317 0.005
Control 1.174+0.119
o Experimental 30.94+10.94 39.86+8.33 2.86 0.019
Ferritin (ng/ml)
Control 32.76+8.56 32.29+6.89 0.166 0.872
Post test- Ferritin Exper!mental - 39-86+8.33 2.213 0.04
Experimental 32.29 +6.89
Intermittent 82.7+4.2 78.4+4.7 2.15 0.044
. control 81.5+4.6 82.9+4.16 0.63 0.53
Weight (Kg) Intermittent - 78.444.7 526 0035
control - 82.9+4.16 ' '

ng/miclL

pre test

post test

Iron

O experimental
control

Figure 1: Comparing iron level changes (ng/micl) in experimental and control groups

ng/ml

pre test

Ferritin

Bl experimental

@ control

post test

Figure 2: Comparing ferritin level changes (ng/ml) in experimental and control groups

The mean value of iron in the aerobic exercising
condition prior to the start of the protocol was
1.105 ng/micl and increased to 1.417 ng/micl after
two months of training. The results of analysis
indicated that the increase was statistically
significant (P=0.003). No significant changes was
observed in the blood level of the control group
after two months of their regular activity without
participating in any exercise program (P=0.44).
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Comparing the mean value of serum ferritin in
the experimental and control condition indicated
that there was a significant difference between
these two groups (P=0.005).

In addition, the result of comparing the mean of
pre test level of serum ferritin (30.94 ng/ml) with
the post value of this variable after the aerobic
intermittent activity (39.86 ng/ml) revealed that
there was a significant difference between these
two stages (P=0.019).
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The result of comparing the mean of pre test
level of serum ferritin (32.76 ng/ml) with the post
test value of this variable in the control group
(32.29 ng/ml) indicated that there was no
significant differences between these two stages
(P=0.872).

The result of analysis showed that there was a
significant difference between the mean of serum
ferritin of the control and the experimental group
after the termination of the exercise protocol
(P=0.04). In addition, the results of analysis using
Pearson correlation test indicated that there was a
significant association between the iron and ferritin
of the subjects (r=0.63, P=0.04).

Also, participation in the exercise program
resulted to a significant weight loss in the
exercising group. The mean value of weight from
the pre test condition (82.7 kg) decreased
significantly (78.4 kg) - a 3.4 kg loss (P=0.44).

DISCUSSION

This study was designed to examine the changes
in iron and ferritin level of serum blood measured
in nano gram scale following two months of
aerobic physical activity. The subjects participating
in this research protocol performed two months of
progressively increasing running exercise. The
mean value of iron level of the subjects increased
0.313 ng/micl, a 28.23 per cent change that was
also statistically significant. When compared this
changes to the control group, the amount of
increase was 0.243 ng/ micl equal to 20.7 percent
rise. Thus, two months of aerobic running exercise
resulted in a significant increase in the exercising
group compared to the control group. The level of
serum ferritin of the subjects changed from 30.94 to
39.86 ng/ml (28.82 percent increase) following the
exercise program. The amount of increase in the
exercise condition compared to the control group at
the end of project was 23.63 percent.

The changes of iron level was associated with
the changes of ferritin level and this association
was evident in the correlation coefficient equal to
0.63 (P=0.04).

The findings of the present research was in
agreement with the results of researches conducted
by Chatard (2002) and Roecker (2002) to examine
the changes in iron level following the participation
of their subject in aerobic endurance activity [5, 6].
However, the result of this research did not support
the findings of Zoller and associates (2004) that
reported a decrease in the value of ferritin and
consequently iron in athlete subjects [15]. Such
discrepancy in the findings may be attributed to the

fact that the participants in the present research
were sedentary subjects whereas the subjects in
Zoller et. al were athletes.

Gray and associates (1993) examined the
density of serum ferritin in male athletes following
an interval exercise program. They reported that no
significant change occurred in the ferritin value
whereas the level of iron increased [19]. In this
regard, the findings of the present research are
similar to the alteration in the iron changes but not
to the changes in ferritin value since iron in both
researches increased.

Iron is stored in the form of ferritin in muscles,
bone marrow, liver, and other body organs. When
there is no infection or inflammation within the
body, an individual uses iron for particular needs
such as physical activity for the purpose of carrying
oxygen, muscle contractions, nerve impulse
conduction, enzyme activity, immune functions and
acid-base balance [1]. On the other hand, the
energy required during physical activity originates
the mitochondrial iron centers. The cells may use
their ferritin and iron to make mitochondrial used
by mitochondrial.

Therefore, ferritin can compensate for the
insufficiency of iron during the interval physical
activity programs. In this research, it seemed like
the iron in the serum blood was mobilized for
physiological purpose and its value increased in the
subjects engaged in physical activity. Such
condition resulted in the release of ferritin storage
including muscle and bone marrow in the blood
stream. This condition in turn increased the value of
ferritin in blood significantly. Following this
release and increase of ferritin, iron concentration
increased as well. This chain of associated changes
was statistically evident. The correlation coefficient
between iron and ferritin was 0.63, (P=0.04).
Apparently, various types of physical activity can
cause different responses in the concentration of
mineral substances such as iron and ferritin. In
addition, different intensity of exercise program,
different durations or different volumes of physical
activity can produce different research results.
Thus, the research findings in any research may be
explainable in regard to the type of responses
produced by the participants.

In summary, the findings of this research
indicated that participation in two months of
intermittent physical activity covering
approximately 35 kilometers can increase
significantly the concentration of iron and ferritin
of serum blood to carry oxygen, perform muscle
contraction, enhance enzyme activity and immune
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responses and produce anti oxidation activity
during the physical activity.
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OIIPEAEJIAAHE HA HUBATA HA ®EPUTHUH U HA KEJIA30 B
HAHOMAUIIABU CJIEA ABYMECEYHO ITPOI'PECUBHO ®U3NYECKO
HATOBAPBAHE

M. JIx. ITypBarap

Jenapmamenm no ¢usuuecko sv3numanue, Yuusepcumem ¢ Kawan, Kawan, Upan
IMocrbnuna Ha 22 sHyapu, 2012 r.; npuera Ha 18 okTomBpH, 2012 T.

(Pesrome)

W3menenusTa Ha PEPUTHHA U HKEJIA30TO B KPBBHHS CEPYM BOJIH JI0 3HAYUTEIIHN IPOMEHH B TEJIECHHS META0O0IU3bM,
BOJICIIM B KpaifHa CMeTKa JI0 HamassiBaHe Ha XHM3HeHarta akTUBHOCT. Llen Ha Ta3u pabota e ce u3ciieBaT U3MEHEHUSITa
HAa HHUBOTO B HAHOMAIaOW Ha JKEJISI30TO M HEropara chxpaHeHa ¢opma (hepuTHHBT) IpU XOpa Ccjel AByMecedHa
¢u3nyecka akTHBHOCT. 3a Ta3M LieJ JIBaJIECET 3J[paBU MbXkKe-J100pOBOIIHM OsXa pas3lielieHd Ha JBe rpynu (TecToBa M
KOHTpOJIHA) Ha ciiydaeH npuHimil. OT TAX ca B3UMaHU KpbBHU IIPOoOH Ha riagHo. Te yyacTBaxa B MPOIbJDKEHHE HA 1Ba
Mecela B MPOrpecUBHO HApacTBAIlIX aepoOOHM YNpPaKHEHHUs JiBa IbTH CEAMUYHO. bsixa B3MMaHM KpPBBHH IIPOOH clen
JBa Mecera. Pe3ynTatire OT aHAIM3UTE MOKA3BAT, Y€ € HAIMIE 3HAYUTENHA Pa3iuKa MEXIy CPEIHUTE KOHIECHTpAIUU
Ha JKENA30TO B jgoOpoBoure cieln asymecednn tpeaupoBkd (P=0.003). OcBeH ToBa € HajMIle M 3HAYMTENHA Pa3JInKa
MEXIy KOHTPOJIHATA U TECTOBaTa rpymna ciea apymecednure TpeHupoBku (P=0.005). OcBen ToBa, HaNuUIE € U 3HAYNMA
pasiHKa MEXIy CPEIHUTE CTOMHOCTH Ha (epuTHHA Mpead W JBa Meceua cien ynpaxsenusrta (P=0.019). Mma u
3HaYMMa pas3iiiKa MeXIy MMOKa3aHWsTa Ha KOHTPOJIHATA M TECTOBaTa rpymna IBa Mecena ciex ynpaxsenusrta (P=0.04).
Crnensa M3BOABT, Y€ 8 ceAMHUIM Ha (usnyecka JEHHOCT MoraT 1a MOOWIM3UpaT (GepuTHHA OT HETOBUTE €CTECTBEHH
Jiena, KaTo 4epeH JIpo0, KOCTeH MO3bK M MYCKyNOH. B pesynTtar ce moBuiaBa HMBOTO Ha CEpyMHHUSI (DEpUTHH U
CJIE/IBAIIOTO MOBUINIABaHE Ha HUBOTO Ha XEJSI30TO B KPHBTA.
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The structure of ammonium salt of 4-hydroxy-3-[(2-0xo0-2H-chromen-3-yl)-(3,4,5-trimethoxyphenyl)-methyl]-
chromen-2-one was determined by X-ray crystallography. The compound crystallizes as a colourless prism in the
monoclinic crystal system, space group P21/c (#14) with cell constants: a = 16.3834(3) A, b=10.7529(2)A,
c=14.7635(3) A, =108.287(1)°,a=y=90 V=2469.52(8) A%, Z=4. The crystal structure was solved by direct methods and
refined by full-matrix least-square on F? to a final R1 of 0.00467. The 4-hydroxycoumarins are intra molecularly
hydrogen bonded between hydroxyls and carbonyls.The salt and the acid form of the title compound have slight
differences between the bond lengths and the bond angles.

Key words:

4-Hydroxy-3-[(2-0x0-2H-chromen-3-yl)-(3,4,5-trimethoxyphenyl)-methyl]

chromen-2-one, crystal

structure, coumarin derivatives, Knoevenagel reaction, Hantzsch reaction and Pechmann condensation.

INTRODUCTION

The coumarins constitute an important class of
compounds, with several types of pharmacological
agents possessing anticancer [1], anti-HIV [2,3],
anticoagulant  [4-6], spasmolytic [7,8] and
antibacterial activity among others. A large number
of structurally novel coumarin derivatives have
ultimately been reported to show substantial
cytotoxic activity in vitro and in vivo [9,10].

Biscoumarin derivatives possess anticoagulant,
spasmolytic, bacteriostatic rodenticidal,
antioxidant, and antimetastatic activities. Some of
them can be used as herbicides. By chemical
modifications it is possible to obtain a compound
with good biological activity, but with lower
toxicity and fewer side effects. The products
synthesized by the reaction of Knoevenagel are in
an acid form of the molecules.

We studied the possibility for converting the
hydroxy derivatives of the polysubstituted 1,4-
dihydropyridine (structure analogues of well known
Ca-channel Dblockers) to the corresponding

* To whom all correspondence should be sent:
E-mail: imanolov@gmx.net

coumarine products by Pechmann condensation.
The synthesis were realized with agreement of the
reaction conditions of the Hantzsch reaction and
Pechmann condensation.

EXPERIMENTAL

All hydroxyl- and methoxy substituted aromatic
aldehydes, ethyl acetoacetate, ammonium acetate,
4-hydroxycoumarin, 4-methyl acetophenone and
sovents were reagent grade and were purchased
from Sigma-Aldrich and Merck. Melting points
were measured on Boetius hot plate microscope
(Germany) and were uncorrected. IR spectra (nujol)
were recorded on an IR-spectrometer FTIR-8101M
Shimadzu. 'H-NMR spectra were recorded at
ambient temperature on a Bruker 250 WM (250
MHz) spectrometer in [dg¢]-acetone, CDCl..
Chemical shifts are given in ppm (J) relative to
TMS used as an internal standard. Mass spectra
were recorded on a Jeol JMS D 300 double
focusing mass spectrometer coupled to a JIMA 2000
data system. The compounds were introduced by
direct inlet probe, heated from 50 °C to 400 °C at a
rate of 100 °C/min. The ionization current was 300
mA, the accelerating voltage 3 kV and the chamber
temperature  150°C. TLC was performed on

© 2013 Bulgarian Academy of Sciences, Union of Chemists in Bulgaria 301



S. Dochev et al.:Synthesis and crystal structure of an ammonium salt of ...

precoated plates Kieselgel 60 Fy, Merck
(Germany) with layer thickness 0.25 mm and UV
detection (254 nm). Yields of TLC-homogeneous
isolated products are given. Results of elemental
analyses indicated by the symbols of the elements
were within £ 0.4 % of the theoretical values.

The  crystal-structure  determination  was
mounted on a glass fibre and used for a low-
temperature X-ray structure determination. All
measurements were made on a Nonius KappaCCD
area-detector diffractometer [11] using graphite-
monochromated Mo Ka. radiation (4 = 0.71073 A)
and an Oxford Cryosystems Cryostream 700 cooler.
The unit cell constants and an orientation matrix for
data collection were obtained from a least-squares
refinement of the setting angles of 5908 reflections
in the range 4° < 26 < 55°. The mosaicity was
0.390(1)°. A total of 299 frames were collected
using ¢ and @ scans with x offsets, 80 seconds
exposure time and a rotation angle of 2.0° per
frame, and a crystal-detector distance of 30.0 mm.

Data reduction was performed with HKL Denzo
and Scalepack [12]. The intensities were corrected
for Lorentz and polarization effects, but not for
absorption.  The space group was uniquely
determined by the systematic absences. Equivalent
reflections were merged. The data collection and
refinement parameters are given in Table 1. A
view of the molecule is shown in the Figs. 3 and 4.

The structure was solved by direct methods
using SIR92[13], which revealed the positions of all
non-hydrogen atoms. The non-hydrogen atoms
were refined anisotropically. The hydroxyl and
ammonium H-atoms were placed in the positions
indicated by a difference electron density map and
their positions were allowed to refine together with
individual isotropic displacement parameters
(Tables 7-9). All remaining H-atoms were placed
in geometrically calculated positions and refined by
using a riding model where each H-atom was
assigned a fixed isotropic displacement parameter
with a value equal to 1.2Ugq of its parent C-atom

(1.5Ugq for the methyl groups). The refinement of
the structure was carried out on F2 by using full-
matrix least-squares procedures, which minimised
the function 3W(Fg2 — Fc2)2.  The weighting
scheme was based on counting statistics and
included a factor to downweight the intense
reflections.  Plots of JWw(Fg2 — Fc2)2 versus
Fc¢/Fc(max) and resolution showed no unusual

trends. A correction for secondary extinction was
applied.
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Neutral atom scattering factors for non-
hydrogen atoms were taken from Maslen, Fox and
O'Keefe [14a], and the scattering factors for H-
atoms were taken from Stewart, Davidson and
Simpson [15]. Anomalous dispersion effects were
included in F¢ [16];the values for f' and f" were

those of Creagh and McAuley [14b]. The values of
the mass attenuation coefficients are those of
Creagh and Hubbel [14c]. The SHELXL97
program [17] was used for all calculations.

Synthesis of 1,4-dihydropyridines

3,4,5-Trimethoxybenzaldehide (1.96 g, 10
mmol), 4-hydroxycoumarin (3.24 g, 10 mmol), 4-
methoxyacetophenone (1.5 g, 10 mmol),
ammonium acetate (30.8 g, 40 mmol), 40 mL of
water were added and the reaction mixture refluxed
and vigorously stirring for nearly 2 h. Usually the
product must be well known 1,4-dihydropyridine
(Hantzsch reaction). Yield 3.5 g (67 %), m. p.
174.8-177°C [18].

Synthesis of biscoumarins

4-Hydroxycoumarin (6.48 g, 40 mmol), 3,4,5-
trimethoxybenzaldehyde (3.92 g, 20 mmol), 75 mL
ethanol were mixed under stirring and heating at
reflux for 10 min. After cooling the product was
filtered and was recrystallized from acetonitrile
(Knoevenagel reaction). Yield 5.4 g (54 %), m.p.
241-243°C. TLC (hexane/chloroform/acetone 5:3:1)
R 0.26. Anal. CyHx»0q (502) (C, H)
(Calcd/found): % C = 66.93/67.11 ; % H=4.38/
457. IR (nujol) cm™: 1661, 1620, 1266, 1211,
1129, 760. 'H-NMR (DMSO-dg) 3.2-3.6 d (9H),
4.4-4.6 s (1H), 5.0-5.5 s (1H), 6.0-6.4 d (1H), 6.8-
7.8 m (10H). MS (FAB NEG): 502 (7.5), 501 (29),
306 (17.5), 305 (40), 199 (79), 161 (100). The other
technique of mass spectral investigation led to
another way of fragmentation. The condensation
process lasted for 2 h in glacial acetic acid medium
at reflux [19-25].

RESULTS AND DISCUSSION

We would like to synthesized dihydropyridine
derivatives and pyridine derivatives of 2H-
chromen-2-one (coumarin). The synthesis were
realized with agreement of the reaction conditions
of the Hantzsch reaction and Pechmann
condensation (Fig. 1). Usually the product must be
well known 1,4-dihydropyridine. But in this case
(Hantzsch reaction) instead of dihydropyridine
derivative the product is ammonium salt of 4-
hydroxy-3-[(2-0x0-2H-chromen-3-yl)-(3,4,5-
trimethoxyphenyl)-methyl]chromen-2-one, i.e.
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biscoumarin derivative. We proved that this is a H3C N CHjs
new way for producing biscoumarin derivatives. | ~

Anal. CxHsNOg (519) (C, H, N) (Calcd/found): % H-C 0 _ 0
C=64.74/64.81;%H=4.82/4.76;% N=2.70/ N =
2.58. Crystallographic data of the investigated o) 0

crystal are listed in Table 1. The solid state

structure of one molecule is shown in Figures 2, 3

and 4.

Fig. 1b.Pyridine derivative of coumarin (3)

OH HO oH ©
o | L I ]
CH CH .
(0] (0] o) 0 NH,
H3CO OCH, H3CO OCH,

Diethyl  2,6-dimethyl-4-(4- Diethyl 2,6-dimethyl-4-(4- OCH; L OCH;
methyl-2- oxo-2-chromen-5-  methyl-2-0xo-2-chromen-7- ) . . ]
yI)-1,4-dihydropyridine-3,5-  yl)-1,4-dihydropyridine-3,5- Fig. 2. Unexpected ammonium salt of biscoumarin
dicarboxylate (1) dicarboxylate (2) derivative

Fig. la.Expected 1,4-dihydropyridine derivatives and

Pyridine derivative of coumarin

Fig. 3. ORTEP representation of the molecule (50 % probability ellipsoids; H-atoms given arbitrary displasement
parameters for clarity) [30].
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Fig. 4. Molecular packing projected down the a-axis showing the hydrogen bonding
sphere for atoms; uninvolved H-atoms ommited for clarity).

Table 1. Crystal data and structure refinement

Empirical formula
Formula weight [g mol™]
Crystal colour, habit
Crystal dimensions [mm]
Temperature [K]

Crystal system

Space group

z

Reflections for cell
determination

26 range for cell determination

[°]

Unit cell parameters  a [A]
b [A]
c[A]
V [A7]

F(000)

Dy [g cm]

(Mo Ka) [mm™]

Scan type

20max []

Total reflections measured
Symmetry independent
reflections

Rint

Reflections with 1 > 2 o (1)
Reflections used in refinement
Parameters refined

Final R(F)

[I'>2 o (1) reflections]

WR(F?) (all data)

CagH2sNOg
519.51

colourless, prism
0.10 x 0.15 x 0.33
160(1)
monoclinic

P21/c (#14)

4

5908

4-55

16.3834(3), a [°] = 90
10.7529(2), A [°] = 108.287(1)
14.7635(3), y [°] =90
2469.52(8)

1088
1.397

0.105
pand w
55
54740
5651

0.062
4091
5651
367
0.0467

0.1215

Weights: w = [0°(F,?) + (0.0570P)2 + 0.4821P]*

where P = (F02 + 2FC2)/3
Goodness of fit

Secondary extinction coefficient
Final Apa/ o

Ap(max; min) [e A?’]

a (dic-c) [A]

1.050
0.0056(7)
0.001

0.23;-0.26

0.002 - 0.003
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scheme (equivalent isotropic

The structure of NHgt CogH2109~ has been

solved and refined successfully. Within the anion,
the hydroxyl group forms a very strong
intramolecular hydrogen bond with the adjacent
oxide O-atom. The ammonium cation forms five
hydrogen bonds with surrounding anions. These
interactions link the ions into an extended two-
dimensional network which lies parallel to the
(100) plane. Data reduction was performed with
HKL Denzo and Scalepack [12]. The intensities
were corrected for Lorentz and polarization effects,
but not for absorption. The space group was
uniquely determined by the systematic absences.
Equivalent reflections were merged. The data
collection and refinement parameters and other data
are given in Tables 1-9.

Two 4-hydroxycoumarin  moieties are linked
through a methylene bridge on which one hydrogen
atom has been replaced with a 3,4,5-
trimethoxyphenyl residue. The bond distances and
angles are given in Tables 3 and 4.Most of the bond
distances are of the expected length. The C10-C20
distance of 1.539(2) A is longer than an unstrained
C(s")-C(ar) bond.We established that nearly all of
the bonds are shorter than those in the unsubstituted
aromatic nucleus in analogous biscoumarin
derivative. In spite of the presence of ammonim
cation two 4-hydroxycoumarin residues are
arranged in a position which permits the formation
of two intramolecular hydrogen bonds between a
hydrohyl group of one coumarin fragment and a
lacton carbonyl group of the other coumarin
fragment. The space group P21/c (#14) and the cell
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Table 2. Fractional atomic coordinates and equivalent
isotropic displacement parameters (A% with standard
uncertainties in parentheses.

Atom X y z

*

0.6144(2) 0.5363(1) 0.0328(3)
0.6285(1) 1.01337(8) 0.0366(3)
0.4595(1) 1.06661(8) 0.0351(3)
0.4302(1) 0.82995(8) 0.0355(3)
0.8925(1) 0.94087(9) 00411(3)
0.9271(1) 0.84912(8) 0.0363(3)
0.5951(1) 0.70960(8) 0.0320(3)
O7 0.48572(7) 0.8400(1) 0.59333(8) 0.0359(3)
08 0.41413(6) 0.6138(1) 0.54350(8) 0.0321(3)
09 0.49328(7) 0.4084(1) 0.62328(8) 0.0341(3)
C1 0.75099(9) 0.5503(1) 0.9183(1) 0.0257(3)
C2 0.7194(1) 0.5515(2) 0.9986(1) 0.0292(4)
C3 0.7945(1) 0.3623(2) 1.0569(1) 0.0320(4)
C4 08161(1) 0.2748(2) 1.1302(1) 0.0405(4)
C5 0.8664(1) 0.1750(2) 1.1220(1) 0.0447(5)
C6 0.8937(1) 0.1612(2) 1.0427(1) 0.0428(5)
C7 0.8714(1) 0.2486(2) 0.9706(1) 0.0366(4)
C8 0.82144(9) 0.3520(2) 0.9772(1) 0.0308(4)
C9 0.79740(9) 0.4493(2) 0.9049(1) 0.0280(4)
C10 0.72522(9) 0.6624(1) 0.8522(1) 0.0256(3)
C11 0.79614(9) 0.7343(1) 0.8281(1) 0.0263(3)
C12 0.8210(1) 0.8504(2) 0.8759(1) 0.0304(4)
C13 0.9015(1) 0.9006(2) 0.7702(1) 0.0331(4)
C14 0.9493(1) 0.9911(2) 0.7423(1) 0.0404(4)
C15 0.9727(1) 0.9707(2) 0.6621(1) 0.0458(5)
C16 0.9492(1) 0.8606(2) 0.6101(1) 0.0460(5)
C17 0.9032(1) 0.7700(2) 0.6396(1) 0.0389(4)
C18 0.87829(9) 0.7895(2) 0.7209(1) 0.0313(4)
C19 0.82578(9) 0.7011(2) 0.7536(1) 0.0290(3)
C20 0.64695(9) 0.6419(1) 0.7630(1) 0.0252(3)
C21 0.60766(9) 0.7485(1) 0.7157(1) 0.0276(3)
C22 0.53078(9) 0.7406(1) 0.6412(1) 0.0275(3)
C23 0.49343(9) 0.6242(1) 0.6135(1) 0.0262(3)
C24 0.53504(9) 0.5173(1) 0.6573(1) 0.0260(3)
C25 0.61187(9) 0.5257(1) 0.7328(1) 0.0268(3)
C26 05215(1) 0.9609(1) 0.6204(1) 0.0332(4)
C27 0.3451(1) 0.6449(2) 0.5803(1) 0.0454(5)
C28 0.5402(1) 0.2948(2) 0.6493(1) 0.0381(4)

*Ueq is defined as one third of the trace of the orthogonalized

N1 0.6775(1)
01 0.66958(7)
02 0.74348(7)
03 0.82305(7)
04 0.79762(8)
05 0.87690(7)
06 0.80640(7)

Uil tensor

constants a = 16.3834(3) A, b=10.7529(2) A, ¢ =
14.7635(3) A, p = 108.287(1)°, a =y =90 V =
2469.52(8) A®are different from the analogous data
of the acid form of the molecule.

The compound was tested for in vivo activity on
blood coagulation time using mice. It was assayed
for acute toxicity after intra peritoneal and oral
administration. Warfarin was used as a reference
compound. The studies were approved by the
authors' institutional committee on animal care
[26].

Table 3. Bond lengths (A) with standard uncertainties in

parentheses

01-C2
02-C3
02-C2
03-C9
04 -C12
05-C13
05-C12
06 -C19
O07-C22
07 -C26
08 -C23
08 -Cz27
09 -C24
09 -C28
Cl-C9
Cl1-C2
Cl1-C10
C3-Cs8
C3-C4
C4-C5
C5-C6

1.228(2)
1.374(2)
1.376(2)
1.318(2)
1.226(2)
1.377(2)
1.378(2)
1.301(2)
1.363(2)
1.431(2)
1.388(2)
1.440(2)
1.370(2)
1.430(2)
1.375(2)
1.435(2)
1.525(2)
1.384(2)
1.393(2)
1.381(3)
1.387(3)

C6-C
C7-C8 14012
C8-C9 1.458(2)
C10- C11 1.528(2)
C10 - C201.539(2)
C11 - C191.381(2)
C11 - C121.429(2)
C13 - C181.388(2)
C13 - C141.390(2)
C14 - C151.371(3)
C15 - C161.397(3)
C16 - C171.382(2)
C17 - C181.400(2)
C18 - C191.462(2)
C20 - C251.389(2)
C20 - C211.390(2)
C21 - C221.390(2)
C22 - C231.397(2)
C23 - C241.388(2)
C24 - C251.398(2)

1.381(2)

Table 4. Bond angles (°) with standard uncertainties in

parentheses.

C3-02-C2

121.1(1) 04 C12-05 113.7(1)

C13-05-C12
C22-07-C26
Cc23-08C27
C24-09-C28

121.1(1) 04-C12-C11
117.4(1) 05-C12-C11 119.6(1)
111.3(1) 05-C13-C18 121.1(1)
117.8(1) 05-C13-C 14 116.7(2)

126.7(2)

C9-C1-C2
Cc9-C1-C10
C2-C1-C10
01-C2-02
01-C2-C1
02-C2-C1
02-C-C8

02-C3-C4

C8C3-C4

C5-C4-C3

C4-C5-C6
C7-C6-C5
C6-C7-C8
C3-C8-C7
C3-C8C9
C7-C8-C9
03-C9-C1
03-C9-C8
Cl-C9-C8

119.0(1) C18-C13-C 14122.2(2)
126.0(1) C15-C 14 -C 13118.7(2)
114.9(1) C 14 -C15-C 16 120.4(2)
114.2(1) C 17 -C 16 -C 15120.5(2)
125.8(1) C 16 -C 17 -C 18119.9(2)
120.0(1) C13-C 18 -C 17118.2(2)
121.1(1) C 13 -C18 -C 19 118.6(1)
116.6(2) C 17 -C 18 -C 19123.1(2)
122.3(2) 06-C19-C 11 122.2(1)
118.1(2) 06-C 19-C 18 118.8(1)
121.1(2) C11-C19-C 18119.0(2)
120.0(2) C 25-C 20 -C 21120.0(1)
120.4(2) C25-C 20 -C 10123.6(1)
118.1(2) C21-C 20 -C 10116.3(1)
118.7(2) C20-C 21 -C 22120.6(1)
123.2(2) 07-C22-C21 124.8(1)
125.5(1) 07-C22-C23 115.8(1)
114.8(1) C21-C22-C 23 119.4(1)
119.8(1) 08-C23-C24 119.2(1)

C1-C10-C11118.1(1) 08-C23-C22 120.8(1)
C1-C10-C2015.1(1) C24-C23-C22120.0(1)
C11-C10-C20111.3(1) 09 -C 24 -C 23 114.9(1)
C19-C11-C12120.1(1) 09-C24-C25 124.7(1)
C19-C11-C1022.5(1) C23-C24-C 25 120.3(1)
C12-C11-C 10116.6(1) C20-C 25-C 24119.5(1)
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Table 5. Torsion angles (°) with standard uncertainties in parentheses.

C3-02-C2-01
C3-02-C2-C1
cg9-Cl-C2-01
Cl0-Cl1-C2-01
C9-Cl1-C2-02
Cl10-C1-C2-02
C2-02-C3-Cs8
C2-02-C3-C4
02-C3-C4-C5
C8-C3-C4-C5
C3-C4-C5-C6
C4-C5-C6-C7
C5-C6-C7-C8
02-C3-C8-C7
C4-C3-C8-C7
02-C3-C8-C9
C4-C3-C8-C9
C6-C7-C8-C3
C6-C7-C8-C9
cC2-C1-C9-03
C10-C1-C9-03
C2-Cl1-C9-cC8
Cil0-Cl1-C9-cCs8
C3-C8-C9-03
C7-C8-C9-03
C3-C8-Co-C1
C7-C8-C9-C1
c9-Cl1-C10-Cc11
c2-Cl1-Cc10-Cc11
C9-C1-C10-C20
C2-C1-C10-C20
Cl1-Cl0-Cl11-cC19
C20-C10-C11-C19
Cl1-Cl10-Cl1-cC12
C20-C10-C11-cC1
C13-05-C12 - 04
C13-05-C12-C11
Cl19-Cl11-C12 - 04
Cl0-C11-C12 - 04
Cl19-Cl1l1-C12 - O5
Cl0-Cl11-C12 - O5
Cl12-05-C13-C18
Cl12-05-C13-C14
05-C13-C14-C15

175.8(1)
-3.1(2)
-171.6(1)
5.8(2)
7.2(2)
-175.5(1)
-1.7(2)
179.3(1)
179.1(1)
0.1(2)
-0.8(3)
0.6(3)
0.3(2)
-178.2(1)
7(2)
2.4(2)
178.7(1)
0.9(2)
78.4(2)
73.1(1)
4.0(2)
6.5(2)
76.5(1)
177.8(1)
9(2)
8(2)
-177.5(1)
-55.4(2)
127.5(1)
79.4(2)
-97.7(2)
6(2)
-49.8(2)
-103.6(2)
20.0(1)
172.4(1)
7.5(2)
77.9(2)
7.8(2)
2.0(2)
172.1(1)
-6.9(2)
72.3(1)
177.7(1)

C18-C13-Cl14-C15
Cl13-C14-C15-C16
Cl4-C15-Cl6 - C17
Cl15-C1l6-Cl17 -C18
05-C13-C18-C17
Cl4 -C13-C18 - C17
05-C13-C18-C19
Cl14-C13-C18-C19
Cl6-Cl1l7-C18 -C13
Cl6-C17-C18 -C19
Cl12-Cl1l1-C19-06
Cl0-Cl1l1-C19-06
12-C11-C19 - C18
Cl0-Cl11-C19 -C18
13-C18-C19 - 06
Cl1l7-C18-C19 - 06
13-C18-C19-C11
17-C18-C19-C11
1-C10-C20-C25
Cl1-C10-C20 -C25
1-C10-C20-C21
11-Cl0-C20-C21
25-C20-C21-C22
10-C20-C21-C22
26 -07-C22-C21
26 -07-C22-C23
20-C21-C22 -07
20-C21-C22-C23
27 -08-C23-C24
27 - 08-C23-C22
7-C22-C23-08
21 -C22-C23-08
7-C22-C23-C24
C21-C22-C23-C24
28-09-C24-C23
28 -09-C24-C25
08-C23-C24-09
22 -C23-C24-09
8-C23-C24-C25
22 -C23-C24-C25
C21-C20-C25-C24
Cl0-C20-C25-C24
9-C24-C25-C20
23 -C24-C25-C20

15Q2)
0.5(2)
-0.9(3)
1.32)
178.1(1)
-1.1(2)
0.9(2)
-178.3(1)
-0.3(2)
176.7(1)
178.4(1)
-12.2(2)
-3.8(2)
165.7(1)
177.7(1)
5.3(2)
A(2)
172.7(1)
12.6(2)
125.2(2)
163.2(1)
-59.1(2)
3.5(2)
172.4(1)
70)
79.4(1)
77.0(1)
0.6(2)
02.0(2)
-77.02)
1.8(2)
76.0(1)
79.2(1)
-3.0(2)
66.4(1)
16.2(2)
2.2(2)
-178.8(1)
-175.3(1)
3.7(2)
-2.8(2)
172.8(1)
178.0(1)
0.8(2)
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Table 6. Anisotropic atomic displacement parameters (Az).

Atom Ull U22 U33 U23 U13 U12
N1 0.0354(8) 0.0330(9) 0.0288(8) ~0.0013(6) 0.0085(7) 0.0043(7)
01 0.0449(7) 0.0328(6) 0.0381(7) ~0.0008(5) 0219(5) ~0.0001(5)
02 0.0450(7) 0.0327(6) 0.0291(6) 0.0042(5) 0.0138(5) ~0.0014(5)
03 0.0405(6) 0.0351(7) 0.0350(7) 0.0042(5) 0.0176(5) 0.0084(5)
04 0.0479(7) 0.0368(7) 0.0432(7) ~0.0105(6) 0.0208(6) -0.0103(5)
05 0.0361(6) 0.0339(6) 0.0401(7) ~0.0015(5) 0136(5) 0.0088(5)
06 0.0351(6) 0.0342(6) 0.0270(6) ~0.0006(5) 0.0101(5) 0.0024(5)
07 0.0374(6) 0.0230(6) 0.0387(7) 0.0037(5) -0.0006(5) 0.0032(5)
08 0.0282(5) 0.0319(6) 0.0300(6) ~0.0014(5) 0.0001(5) 0.0014(5)
09 0.0359(6) 0.0228(6) 0.0369(7) —~0.0004(5) 0.0019(5) ~0.0017(5)
c1 0.0251(7) 0.0267(8) 0.0236(8) 0.0003(6) 0.0052(6) -0.0029(6)
c2 0.0305(8) 0.0286(9) 0.0269(8) -0.0009(7) 0.0067(6) -0.0047(7)
c3 0.0292(8) 0.0303(9) 0.0316(9) 0.0023(7) 0.0023(7) -0.0045(7)
c4 0.0421(9) 0.040(1) 0.036(1) 0.0094(8) .0065(8) -0.0071(8)
c5 0.0378(9) 0.041(1) 0.046(1) 0.0158(9) 0.0004(8) -0.0032(8)
C6 0.0315(9) 0.036(1) 0.055(1) 0.0108(9) 0.0052(8) 0.0008(7)
c7 0.0297(8) 0.0340(9) 0.043(1) 0.0052(8) 0.0066(7) 0.0003(7)
cs8 0.0254(8) 0.0289(9) 0.0333(9) 0.0013(7) 0.0021(6) -0.0043(6)
co 0239(7) 0.0310(9) 0.0271(8) 0.0003(7) 0.0051(6) -0.0032(6)
C 10 0.0252(7) 0.0254(8) 0.0259(8) -0.0014(6) 0.0078(6) -0.0006(6)
c11 0.0239(7) 0.0287(8) 0.0246(8) 0.0023(6) 0.0052(6) 0.0001(6)
C12 0.0273(8) 0.0314(9) 0.0312(9) 0.0034(7) 0.0072(7) -0.0024(6)
c13 0.0246(8) 0.039(1) 0.0343(9) 0.0079(7) 0.0067(7) 0.0015(7)
C14 0.0271(8) 0.042(1) 0.049(1) 0.0126(8) 0.0076(8) -0.0014(7)
c15 0.0278(9) 0.055(1) 0.054(1) 0.025(1) 0.0114(8) 0.0020(8)
C16 0.0330(9) 0.067(1) 0.042(1) 0.020(1) 0.0172(8) 0.0081(9)
c17 00309(8) 0.051(1) 0.036(1) 0.0090(8) 0.0118(7) 0.0065(8)
C18 0.0230(7) 0.041(1) 0.0292(8) 0.0085(7) 0.0067(6) 0.0046(7)
C19 0.0244(7) 0.0333(9) 0.0268(8) 0.0035(7) 0.0045(6) 0.0040(7)
C20 0.0241(7) 0.0279(8) 0.0247(8) ~0.0004(6) 0.0090(6) -0.0003(6)
c21 0.0288(8) 0.0236(8) 0.0305(8) -0.0013(6) 0.0097(6) -0.0013(6)
C22 0.0292(8) 0.0248(8) 0.0281(8) 0.0026(6) 0.0081(6) 0.0037(6)
c23 0.0251(7) 0.0287(8) 0.0235(8) -0.0012(6) 0.0057(6) 0.0002(6)
C24 0.0275(8) 0.0245(8) 0.0270(8) -0.0011(6) 0.0101(6) -0.0026(6)
C25 0.0269(8) 0.0257(8) 0.0275(8) 0.0031(6) 0.0080(6) 0.0029(6)
C 26 0.0399(9) 0.0224(8) 0.0365(9) 0.0000(7) 0.0109(7) 0.0009(7)
C27 0.0269(9) 0.046(1) 0.056(1) -0.0102(9) 0.0033(8) 0.0064(8)
C28 0.048(1) 0.0227(8) 0.039(1) -0.0001(7) 0.0066(8) 0.0012(7)

The anisotropic displacement parameter exponent takes the form:

2n2(h%a"2ul1+k2p 2022+ . +2hka b U12)
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Table 7. Hydrogen atom coordinates and displacement parameters

Atom X y z Uiso

H11 0.716(1) 0.607(2) 0497(1) 0.045(5)
H12 0662(1) 0.699(2) 0533(2) 0.065(7)
H13 0712(1) 0596(2) 0599(2) 0.064(7)
H14 0635(2) 0559(2) 0514(2) 0.063(7)
H3 0810(2) 0502(2) 0.776(2) 0.086(8)
H4 0797 0284 1184  0.049
H5 0882 0115 1172  0.054
H6 0928  0.091 1.038  0.051
H7 0890 0239 0916  0.044
H10 0704  0.723 0891  0.031
H141 0965 1065  0.778 0.049
H15  1.005  1.032  0.642  0.055
H16 0965  0.848 0554  0.055
H17 0888  0.695 0.605  0.047
H21 0634 0827 0734 0033
H25 0640  0.452 0763  0.032
H261 0529  0.975 0688  0.050
H262 0.483 1024 0582  0.050
H263 0577 0967  0.609 0.050
H271 0347 0590  0.634  0.068
H272 0290 0635  0.530 0.068
H273 0351  0.731 0602  0.068
H28 0593 0299 0632  0.057
H282  0.505 0225 0615  0.057
H283 0554 0282 0718  0.057

Table 8. Selected bond lengths (A) and angles (°) involving H-atoms.

N1-H11 0.98(2) N1-H14 0.90(2)
N1-HI12 0.94(2) 03 -H3 1.08(3)
N1-HI13 0.94(2) 06 -H3 39(3)
H11-N1-H 12 105(2) H12-N1-H14  117Q2)
H11-N 1-H 13 106(2) H13 - N1-H14  1122)
H12-N 1-H 13 109(2) C9-03-H3 118(1)

H11 - N1 -H14 108(2) C19 - 06 - H3 109(1)

Table 9. Hydrogen bonding geometry (A, ©).

D H A DH H-A D-+A DH-A

03 H3 06 1.08(3) 1.39(3) 2464(2) 172(2)

N1 HI1- O4 0.98(2) 1.78(2) 2.758(2) 171(2)

N1 H12 01" 0.94(2) 1.89(2) 2.783(2) 158(2)

N1 H13 06 0.94(2) 1.87(2) 2.768(2) 159(2)

N1 HI14- 08" 0.90(2) 2.10(2) 2.924(2) 153(2)

N1 HI14- 09" 0.90(2) 2.44(2) 3.049(2) 125(2)
Primed atoms refer to the molecule in the following symmetry related positions:

. 1 1 N
X, 1 oY - ,-,2+z 1-x,1-y, 1z
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(Pesrome)

CrpykTypata Ha amoHuWeBata coin Ha 4-xuapokcu-3-[(2-okco-2H-xpomen-3-wmn)-(3,4,5-TpuMeToKCHpEHILT)
METHJI|XPOMEH-2-0H € ONpEAeNeHa C IOMOLITAa Ha PEHTICHOCTPYKTYpeH aHanu3. CheIMHEHHETO KPHCTANIU3Mpa B
MOHOKJIMHHATA CHCTEMa BBB BHJ Ha OC3LBETHH NPH3MATHYHH KPUCTAIM, HPOCTpaHCTBeHa rpyma P21/c (#14) c
KoHCTaHTH a = 16.3834(3) A, b=10.7529(2)A, c=14.7635(3) A, B=108.287(1)°,a=y=90 V=2469.52(8) A°, Z=4.
KpucrannaTta cTpykTypa € JoKa3aHa C JUPEKTHH METOAM U TOYHO OIpeleleHa ¢ OMOIITA Ha MeToja Ha Hal-MaJIKUTe
kBazaparu 3a F° no croitnoct R1 = 0.00467. [IBata 4-XxuapOKCUKYMapHHOBH ()parMeHTa B MOJIEKYyJaTa ca CBbP3aHH C
BBTPEUIHOMOJIEKYJIHH BOJOPOJIHH BPB3KUMEXKAY XHJIPOKCWIHUTE W KapOoHwiHuTe Tpynu. Conra M KHCEIMHHATa
(opMa Ha CheIMHEHHETO TOKa3BaT ciiabu pa3uuus B IbJDKMHUTE HA XUMUYHUTE BPB3KHU U BaJICHTHUTE BIIIN.
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A fullerene is a cubic planar graph, all faces of which consist of 5- or 6- cycles. The symmetry of these
molecules is important with a view to counting their isomers. In this article the permutation symmetry

group of the isomers of a Cs; fullerene is calculated.

Keywords: Fullerene, Csz, sSymmetry, isomers.

INTRODUCTION

A fullerene is any molecule composed entirely
of carbon, in the form of a hollow sphere,
ellipsoid, or tube. Since their discovery in 1985
by Kroto et al., the fullerenes have been the
objects of interest of scientists all over the world
[1,2]. Symmetry of these macromolecules is
important in spectroscopy and also in some part
of nanoscience.

The molecular symmetry group is first defined
by Longuet-Higgins [3]. Although there have
been earlier works that suggested the need for
such a framework. Bunker and Papousek [4]
extended the definition of the molecular
symmetry group to linear molecules using
extended molecular symmetry.

A graph is a collection of vertices and a
collection of edges that connect pairs of vertices. It
may be undirected, meaning that there is no
distinction between the two vertices associated with
each edge. Graphs are one of the prime objects of
study in Discrete Mathematics. Refer to Glossary of
graph theory for basic definitions in graph theory.

The symmetry of a graph means the
automorphism group symmetry and it does not need
to be isomorphic to the molecular point group
symmetry. However, it does represent the maximal
symmetry which the geometrical realization of a
given topological structure may possess.

By symmetry we mean the automorphism group
symmetry of a graph. Randic [5,6] showed that a
graph can be depicted in different ways, such that
its point group symmetry or three-dimensional (3D)
perception may differ, but the underlying

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

connectivity symmetry is still the same, as
characterized by the automorphism group of the
graph.

Balasubramanian [7-9] in some leading papers
considered the Euclidean matrix of a chemical
graph to find its symmetry. He proved that for
computing the symmetry of a molecule, it is
sufficient to solve the matrix equation

P'EP = E,

where E is the Euclidean matrix of the molecule
under consideration and P varies on the set of all
permutation matrices with the same dimension as
E. He computed the Euclidean graphs and
automorphism group for benzene, eclipsed and
staggered forms of ethane and eclipsed and
staggered forms of ferrocene.

Ashrafi and his co-workers [10-20] in a series of
papers applied a computational method for
computing symmetry of fullerenes. We continue the
mentioned method to compute the permutation
symmetry of the isomers of Cs: fullerenes. Our
calculations were done by computer algebra system
GAP [21]. Here, GAP stands for Groups,
Algorithms and Programming. The name was
chosen to reflect the aim of the system, which is a
group  theoretical  software  for  solving
computational problems in computational group
theory. This software was constructed by the GAP
team in Aachen.

2. RESULTS AND DISCUSSION

In this section, we first describe a notation
which will be kept throughout. Suppose X is a
set. The set of all permutations on X, denoted by
Sx, is a group which is called the symmetric
group on X. In the case that X = {1, 2,..., n}, we
denote Sx by S, or Sym(n). Also, for a group G
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M. Yavari: Permutation symmetry of fullerene isomers of Cg,

Figure 1. The isomers of Cg, fullerene.

and a subset A of G, <A> is the subgroup of G
generated by A.

In this section, we apply some GAP programs to
calculate a generating set for the automorphism
group of the isomers of the fullerene molecule Cs..
We name these molecules Cg[1], Cs2[2], ... and
Cg2[9] which are depicted in Figure 1. By some
calculations, we can see that the symmetry group of
Cs2[2], Cs2[6], Cs2[7] and Cs2[8] is a trivial group.

The symmetry group of Csy[1], Cso[3], Cs2[4]
and Cg[9] is a group of order 2 generated by A,
As, As and Ao, respectively. Finally, the symmetry
group of As is isomorphic to the symmetric group
on 3 symbols. The symmetry elements of this group
are denoted by As[1], As[2], As[3], As[4] and As[5].

These permutations are calculated by GAP as
follows.

Generators of Permutational Isomer Groups of
Cs Fullerenes

A=
(1,82)(2,81)(3,80)(4,79)(5,78)(6,77)(7,12)(8,13)(9,
14)(10,57)(11,56)(15,62)
(16,63)(17,65)(18,64)(19,61)(20,58)(21,59)(22,60)(
23,53)(24,54)(25,55)(26,66)
(27,67)(28,69)(29,68)(30,49)(31,46)(32,47)(33,48)(
34,43)(35,44)(36,45)(37,42)
(38,70)(39,71)(40,73)
(41,72)(50,74)(51,75)(52,76).
As=
(1,42)(2,43)(3,44)(4,45)(5,76)(6,75)(7,74)(8,39)(9,
40)(10,38)(11,41)(12,71)
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(13,67)(14,60)(15,61)(16,59)(17,68)(18,69)(19, 70)(
20,37)(21,35)(22,34)(23,36)
(24,46)(25,49)(26,47)(27,48)(28,55)(29,56)(30,57)(
31,51)(32,50)(33,52)(53,72)
(54,73)(58,79)(62,82)(63,77)(64,78)(65,80)(66,81).
As=
(1,11)(2,9)(3,10)(4,8)(5,14)(6,15)(7,16)(17,31)(18,
30)(19,29)(20,50)
(21,48)(22,49)(23,47)(24,54)(25,55)(26,53)(27,52)(
28,51)(32,35)(36,39)
(40,57)(41,58)(42,56)(43,59)(44,61)(45,60)(46,64)(
62,67)(63,66)(65,68)
(69,79)(70,73)(71,78)(72,82)(74,75)(76,81)(77,80).
As[l] =
(1,13)(2,14)(3,15)(4,12)(5,20)(6,19)(7,21)(10,11)(1
6,82)(17,18)(22,24)
(26,36)(27,37)(28,35)(29,34)(30,49)(31,47)(32,48)(
33,46)(38,44)(39,45)
(40,43)(41,42)(50,79)(51,78)(52,77)(53,75)(54,76)(
55,67)(56,72)(57,71)
(58,70)(59,69)(60,74)(61,73)(62,63)(64,65)(80,81),
A5[2] =
(1,30,39)(2,31,40)(3,32,38)(4,33,41)(5,79,59)(6,78,
61)(7,77,60)(8,27,37)
(9,28,35)(10,26,34)(11,29,36)(12,42,46)(13,45,49)(
14,43,47)(15,44,48)
(16,70,55)(17,71,56)(18,72,57)(19,73,51)(20,69,50)
(21,74,52)(22,25,24)
(53,75,68)(54,76,66)(58,82,67)(62,64,81)(63,80,65)
A5[3] =
(1,39,30)(2,40,31)(3,38,32)(4,41,33)(5,59,79) (6,61,
78)(7,60,77)(8,37,27)
(9,35,28)(10,34,26)(11,36,29)(12,46,42)(13,49,45)(
14,47,43)(15,48,44)
(16,55,70)(17,56,71)(18,57,72)(19,51,73)(20,50,69)
(21,52,74)(22,24,25)
(53,68,75)(54,66,76)(58,67,82)(62,81,64)(63,65,30)
A5[4] =
(1,45)(2,43)(3,44)(4,42)(5,69)(6,73)(7,74)(8,27)(9,
28)(10,29)(11,26)
(12,33)(13,30)(14,31)(15,32)(16,67)(17,72)(18,71)(
19,78)(20,79)(21,77)
(24,25)(34,36)(38,48)(39,49)(40,47)(41,46)(50,59)(
51,61)(52,60)(53,68)
(54,66)(55,58)(56,57)(62,80)(63,64)(65,81)(70,82),
A5[5] =
(1,49)(2,47)(3,48)(4,46)(5,50)(6,51)(7,52)(8,37)(9,
35)(10,36)(11,34)
(12,41)(13,39)(14,40)(15,38)(16,58)(17,57)(18,56)(
19,61)(20,59)(21,60)
(22,25)(26,29)(30,45)(31,43)(32,44)(33,42)(55,82)(
62,65)(63,81)(64,80)
(66,76)(67,70)(68,75)(69,79)(71,72)(73,78)(74,77)
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Ag =
(2,15)(4,13)(5,17)(6,16)(7,19)(8,18)(9,28)(10,29)(1
1,27)(12,48)(14,47)(20,23)
(21,22)(24,53)(25,51)(26,54)(30,52)(31,49)(32,50)(
33,45)(34,46)(35,44)(36,64)
(37,63)(38,56)(39,57)(40,55)(41,82)(42,81)(43,80)(
58,61)(62,75)(65,73)(66,74)
(67,70)(71,76)(72,79)(77,78).

3. CONCLUDING REMARKS

The GAP SYSTEM s a useful software for
research and education in chemistry. In this
article, this package is applied to compute the
symmetry of Cg, fullerenes. There are several
examples showing that the symmetry group of a
molecule critically depends to the accuracy in
computing the Cartesian coordinates of atoms in
the molecule under consideration.
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Synthesis of a,B-unsaturated aldol products by crossed-aldol condensation of aromatic aldehydes in the presence of
heteropolyacids (HPAS) catalyst under reflux conditions and free of organic solvent is reported. Aldol condensation of
2-acetylthiophene, 2-acetylpyrrole and 2-acetylpyridine with different aromatic aldehydes was carried out in water in
the presence of a silica supported Preyssler HPAs catalyst at room temperature. All reactions occur in a short time with
excellent yields of cycloalkanones in water as an environmentally friendly solvent.

Keywords: a,B-unsaturated aldol, catalysts, aldehyde, ketone, condensation

INTRODUCTION

Aldol condensations are important in organic
synthesis, providing a good way to form carbon—
carbon bonds. The Robinson annulation reaction
sequence features an aldol condensation; the
Wieland-Miescher ketone product is an important
starting material for many organic syntheses. In its
usual form, it involves nucleophilic addition of a
ketone enolate to an aldehyde to form a B-hydroxy
ketone, a structural unit found in many naturally
occurring molecules and pharmaceuticals [1-3].
Chalcones are o,B-unsaturated ketones and they
have great abundance in the plant kingdom. It is
well known that most of natural and synthetic
chalcones are highly biologically active with
multiple pharmaceutical and medicinal applications
[4]. Recently they are used as anti-AIDS [5],
cytotoxic with antiangiogenic activity [6,7],
antimalarial [8,9] anti-inflammatory [10,11] and
antitumor agents [12,13]. Recently, water has been
considered as an attractive medium for many
organic reactions [14]. With respect to organic
solvents aqueous media are less expensive, healthy,
safe and environmentally friendly. Also, water
allows pH control and use of surfactants as micro
aggregates. The hydrophilic effect and the large
cohesive energy of water [15] are considered to be
the main factors responsible for increasing

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

reactivity and selectivity of the reactions [16].
Bis(p-methoxyphenyl) telluroxide and KF-Al,O;
have been used for crossed-condensation of
cycloalkanones with aromatic aldehydes under
microwave irradiation [17]. Anhydrous RuCls; and
TiCl3(SO3CF3) have also been used for this purpose
under solvent-free conditions [18]. The use of
expensive and toxic reagents, long reaction times,
low yields, and the formation of a mixture of
products are among the drawbacks of the reported
methods. Recently, more attention has been paid to
the synthesis of a,0’-bis(substituted benzylidene)
cycloalkanones [19]. Aldol condensation is a
powerful tool for the formation of a carbon-carbon
bond in many classes of carbonyl compounds [20].
Due to the importance of the methylene structural
unit which is found in many naturally occurring
compounds and antibiotics, and the use of a,0’-
bis(substituted  benzylidene)cycloalkanones  as
precursors for the synthesis of bioactive pyrimidine
derivatives [21], condensation of cycloalkanones
with aldehydes and ketones is of special interest
and crossed-aldol condensation is an effective
pathway for these preparations. However,
traditional acid- or base-catalyzed reactions suffer
from the reverse reaction [22], and from self-
condensation of the starting materials [23].
Heteropolyacids (HPAs) are well defined molecular
clusters that are remarkable for their molecular and
electronic structural diversity and their significance
in many areas, e.g., catalysis, medicine, and
materials science [24,25]. The applications of
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HPAs in the field of catalysis are continuously
growing. These compounds possess unique
properties such as Brensted acidity, possibility to
modify their acid/base and redox properties by
changing their chemical composition (substituted
HPAS), ability to accept and release electrons, high
proton mobility, easy work-up procedures, easy
filtration, and minimization of cost and waste
generation due to reuse and recycling of these
catalysts [26-30]. Because of their stronger acidity,
they generally exhibit higher catalytic activity than
conventional catalysts such as mineral acids, ion
exchange resins, mixed oxides, zeolites, etc. [31].
In the context of Green Chemistry, the substitution
of harmful liquid acids by solid reusable HPAs as
catalysts in organic synthesis is the most promising
application of these acids [32,33]. HPAs are applied
both in bulk or supported forms, homogeneous and
heterogeneous catalysis being possible. HPAs have
many advantages that make them environmentally
attractive in the academic, industrial and
economical signification. These are useful acids
and oxidation catalysts in various reactions since
their catalytic features can be varied at a molecular
level [34]. Among them, the Keggin-type HPAs
have long been known to be good catalysts for
oxidation reactions [35]. They exhibit great
advantages: for example, their catalytic properties
can be tuned by changing the identity of the charge-
compensating counter cations, heteroatoms and
framework metal atoms [35]. Being stronger acids,
heteropolyacids will have significantly higher
catalytic activity than the conventional catalysts
such as mineral acids, mixed oxides, zeolites, etc.
In particular, in organic media, the molar catalytic
activity of a heteropolyacid is often 100-1000 times
higher than that of H,SO, [34,36].

EXPERIMENTAL

Materials and Methods
All chemicals were obtained from Merck and
used as received.

Instruments

'H NMR spectra were recorded on a FT NMR
Bruker 400 MHz spectrometer at 298 K. Melting
points were recorded on an Electrothermal type
9100 melting point apparatus and were uncorrected.
Chemical shifts were reported in ppm (J-scale)
relative to internal standard TMS (0.00 ppm) using
CDCl; as a reference solvent. IR spectra were
obtained with a Buck 500 scientific spectrometer
(KBr pellets). The mass spectra (EI) were obtained
on a Jeol JMS D-300 spectrometer operating at 70

eV. The products were identified by comparison of
their mp., IR and NMR spectra with those of
authentic samples. Elemental analyses were
preformed on a Perkin Elmer 2400, series Il
microanalyzer.

Catalyst Preparation

Preyssler catalyst, Hy[NaPsW3,0119] wWas
prepared by passage of a solution of the potassium
salt (30 mL) in water (30 mL) through a column
(50 cmx1 cm) of Dowex 50Wx8 in the H* form.
The eluent was evaporated to dryness under
vacuum  [37,38].  Silica-supported  Preyssler
H14[NaPsW3q0,10]/SiO, catalysts were prepared by
impregnating Aerosil 300 silica with a methanolic
solution of Hi4[NaPsW3q0410]/SiO; [39].

General procedure for crossed-aldol condensation
of ketones with aromatic aldehydes:

Ketones (2.5 mmol), aromatic aldehydes (5
mmol), water (5 mL) and silica-supported Preyssler
HPAs catalyst (0.05 g) were mixed. The mixture
was refluxed for 3 h (Table 1). After complete
conversion of the ketone, as monitored by TLC, the
mixture was cooled to room temperature.
Dichloromethane (30 mL) was added and heated
for few minutes. The reagent was removed by
filtration. The filtrate was concentrated, then the
solid products were filtered off, washed with water
(3x25 mL) and the solid residue was recrystallized
from ethanol to afford the pure product. The
catalyst was filtered off and recycled using a
Buechner funnel (@ = 6.0 cm) and washed with 20
mL dichloromethane followed by drying in an oven
(90 °C) for 1 h.

Spectral data for selected compounds:

Compound (15a): Anal. Calcd for Cy4H1,C,,0: C
57.32, H 3.04; Found C 57.21, H 3.14;

IR (KBr, cm’l): 3060, 2932, 1705, 1635, 1578,
1553; 'H-NMR (400 MHz, CDCls, 6/ppm): 7.53 (s,
2H), 7.38 (m, 4H), 7.24 (m, 2H), 2.61 (s, 4H); *C-
NMR (75 MHz, CDCl3 d/ppm): 29.5, 126.3, 128.7,
132.2, 143.3, 146.5, 196.8.; MS (m/z, (relative
abundance, %)): 361 (M+, 39.5), 325 (22.1), 291
(45.0), 226 (39.3), 161 (28.7).

Compound (16a): Anal. Calcd for C,3H»03: C
80.21, H 5.85; Found C 80.17, H 5.88;

IR (KBr, cm‘l): 2908, 1683, 1632, 1614, 1599;
'H-NMR (400 MHz, CDCls, §/ppm): 7.35 (s, 2H),
7.24 (d, 4H, J = 8.8 Hz), 7.04 (d, 2H, J = 7.6 Hz),
6.12 (s, 4H), 3.05 (s, 4H); Bc-NMR (75 MHz,
CDCls, olppm): 29.5, 745, 125.2, 127.4, 132.2,
134.5, 1399, 144.1, 197.2. MS (m/z, (relative
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abundance, %)): 344 (M+, 41.3), 273 (56.4), 251
(62.3), 212 (41.6).

Compound (17a): Anal. Calcd for Cy9H14Br,0:
C 54.58, H 3.38; Found C 54.52, H 3.43;

IR (KBr, cm’l): 3058, 2925, 1686, 1624, 1603,
1555, 1180; 'H-NMR (400 MHz, CDCls, 6/ppm):
7.75 (s, 2H), 7.53 (m, 6 H), 7.33 (t, 2 H, J = 8.0
Hz), 3.12 (s, 4H); *C-NMR (75 MHz, CDCls,
olppm): 29.7, 124.1, 127.9, 130.7, 132.9, 144.2,
196.4; MS (m/z, (relative abundance, %)): 416 (M+,
54.5), 345 (67.4), 337 (57.6), 339 (78.5), 326
(48.9), 325 (51.3), 311 (66.4), 129 (69.9).

Compound (18a): Anal. Calcd for C,;H»0: C,
87.46; H, 6.98; Found: C, 87.31; H, 7.02;

IR (KBr, cm’l): 3023, 2962, 2927, 1660, 1605,
1572, 1485, 1442, 1240, 1144 cm™*; *H-NMR (400
MHz, CDCls, o/ppm): 7.80 (2H, dbr, J = 1.6 Hz),
7.45 (10H, Ar), 3.10 (2H, ddbr, J = 3.5, 15.8 Hz),
2.53 (2H, ddd, J = 2.6, 11.4, 15.8 Hz), 1.90 (1H,
m), 1.10 (3H, d, J = 6 Hz). *C-NMR (75 MHz,
CDCl3 o/ppm): 21.63, 29.40, 36.48, 128.35,
128.55, 130.37, 135.36, 135.95, 137.12, 190.15;
MS (m/z, (relative abundance, %)): 288 (M+, 36.5),
217 (73.0), 197 (37.6), 191 (54.6), 183 (70.4).

Compound (19a): Anal. Calcd for C,3H»,0: C,
87.29; H, 7.64; Found: C, 86.39; H, 7.69;

IR (KBr, cm'l): 3025, 2964, 2930, 1663, 1596,
1575, 1514, 1243, 1180, 1146 cm'; *H-NMR (400
MHz, CDCls, d/ppm): 7.78 (2H, dbr, J = 1.6 Hz),
7.32 (8H, Ar), 3.10 (2H, ddbr, J = 3.5, 15.7 Hz),
2.52 (2H, ddd, J =2.4, 11.3, 15.7 Hz ), 2.37 (3H, 9),
1.85 (1H, m), 1.06 (3H, d, J = 6.3 Hz). *C-NMR
(75 MHz, CDCl3, o/ppm): 21.38, 21.65, 29.40,
36.55, 129.10, 130.45, 133.19, 134.66, 137.05,
138.77, 190.19; MS (m/z, (relative abundance, %)):
316 (M+, 42.5), 301 (46.7), 225 (76.5), 219 (81.4),
211 (38.7).

Compound (20a): Anal. Calcd for C,3H2,0s: C,
83.14; H, 7.22; Found: C, 82.39; H, 7.18;

IR (KBr, cm’l): 2956, 2927, 1665, 1595, 1511,
1296, 1260, 1183, 1175, 1147 cm™"; *H-NMR (400
MHz, CDCls, o/ppm): 7.76 (2H, dbr, J = 1.6 Hz),
7.40 (8H, Ar), 3.83 (3H, s), 3.04 (2H, ddbr, J =3.5,
15.7 Hz), 2.50 (2H, ddd, J =2.4, 11.3, 15.7 Hz),
1.89 (1H, m), 1.12 (3H, d, J = 6.5 Hz); *C-NMR
(75 MHz, CDCl3 d/ppm): 21.75, 29.39, 36.57,
55.30, 113.86, 128.72, 132.20, 133.55, 136.70,
159.84, 190.05; MS (m/z, (relative abundance, %)):
348 (M+, 43.2), 317 (58.7), 254 (44.7), 251 (85.1),
243 (63.2), 240 (38.6).

Compound (21a): Anal. Calcd for C,;H;5C,0:
C, 70.63; H, 5.04; Found: C, 70.54; H, 5.09; IR
(KBr, cm'l): 2960, 2927, 2870, 1662, 1604, 1571,

316

1485, 1405, 1247, 1148; 'H-NMR (400 MHz,
CDCls, olppm): 7.75 (2H, dbr, J = 1.6 Hz), 7.39
(8H, Ar), 2.97 (2H, ddbr, J = 3.5, 15.7 Hz), 2.49
(2H, ddd, J = 2.6, 11.2, 15.7 Hz), 1.90 (1H, m),
1.06 (3H, d, J = 6.5 Hz); ®C-NMR (75 MHz,
CDClz  o/ppm): 21.60, 29.25, 36.34, 128.68,
131.55, 134.26, 134.57, 135.59, 135.99, 189.61;
MS (m/z, (relative abundance, %)): 356 (M+, 35.5),
321 (57.5), 266 (68.4), 265 (45.4), 259 (42.2), 251
(41.4).

Compound (2b): Anal. Calcd for CiHys0: C,
82.20; H, 11.36; Found: C, 82.16; H, 11.33;

IR (KBr, cm’l): 1620, 1605; 'H-NMR (400
MHz, CDCls, o/ppm): 6.50 (2H, d, J = 9.7 Hz),
2.40 (4H, m), 2.09 (2H, m), 1.66 (14 H, m), 1.19
(8H, m); ®C-NMR (75 MHz, CDCls o/ppm):
185.59, 144.25, 134.40, 40.21, 36.73, 31.75, 26.65,
23.70, 23.34; MS (m/z, (relative abundance, %)):
248 (M+, 21.3), 223 (63.2), 169 (35.6), 166 (49.8).

Compound (3b): Anal. Calcd for Cy;H;60: C,
80.44; H, 9.82; Found: C, 80.40; H, 9.87;

IR (KBr, cm’l): 1620; 'H-NMR (400 MHz,
CDCls, o/ppm): 6.50 (2H, d, J = 9.7 Hz), 2.49 (4H,
m), 2.09 (2H, m), 1.69 (14 H, m), 1.18 (8H, m);
BC-NMR (75 MHz, CDCl3 o/ppm): 185.56,
144.25, 134.40, 40.20, 36.72, 31.74, 26.65, 23.70,
23.35; MS (m/z, (relative abundance, %)): 164 (M+,
21.0), 135 (64.3), 82 (58.6).

Compound (4b): Anal. Calcd for Cy3H;60: C,
81.20; H, 10.48; Found: C, 81.01; H, 10.30;

IR (KBr, cm’l): 1621; 'H-NMR (400 MHz,
CDCls, 6/ppm): 6.50 (2H, d, J = 9.7 Hz), 2.48 (4H,
m), 2.10 (2H, m), 1.67 (14H, m), 1.20 (8H, m); “*C-
NMR (75 MHz, CDCl3, o/ppm): 185.57, 144.24,
134.40, 40.21, 36.73, 31.71, 26.65, 23.70, 23.35;
MS (m/z, (relative abundance, %)): 192 (M+, 19.1),
149 (49.9), 136 (67.8).

Compound (1c): Anal. Calcd for Ci3HyiNO
(197.24); calcd.: C, 79.16; H, 5.62; N, 7.10; found:
C, 79.07; H, 5.54; N, 7.13; IR (KBr, cm’l): 1641
(C=0), 2850, 2916, 3025 (CH), 3268 (NH). 'H-
NMR (400 MHz, CDCl;, o/ppm): 6.36 (m, 1H),
7.05 (d, 1H), 7.18 (d, 1H), 7.30 (d, 1H, C,-H;
J=15.60), 7.58 (m, 5H), 7.85 (d, 1H, Cs-H;
J=15.58), 10.30 (s, 1H). *C-NMR (75 MHz,
CDCl3, olppm): 35.2, 42.1, 110.7, 117.6, 125.2,
127.4, 128.0, 190.4. MS (m/z, (relative abundance,
%)): 197 (M+, 29.4), 120 (52.4), 107 (49.9), 103
(52.6), 106 (32.9), 94 (43.0), 92 (41.4), 41 (44.6),
39 (23.1), 28 (38.7).

Compound (2c): Anal. Calcd for Cy4HisNO
(211.26); calcd.: C, 79.60; H, 6.20; N, 6.63; found:
C, 79.51; H, 6.13; N, 6.57; IR (KBr, cm’l): 1642
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(C=0), 2993 (CH), 3255 (NH). ‘H-NMR (400
MHz, CDCls, o/ppm): 2.40 (s, 3H), 6.36 (m, 1H),
7.12 (d, 1H), 7.25 (s, 1H), 7.28 (d, 2H), 7.35 (d, 1H,
C,-H, J=15.62), 7.55 (d, 2H), 7.85 (d, 1H, Cs-H;
J=15.68), 10.32 (s, 1H). “C-NMR (75 MHz,
CDCl3 odlppm): 22.2, 345, 415, 111.0, 127.8,
129.1, 1354, 138.2, 190.2. MS (m/z, (relative
abundance, %)): 211 (M+, 20.5), 196 (53.3), 120
(46.4), 117 (36.9), 106 (39.7), 92 (44.1), 41 (51.0),
39 (31.8), 28 (32.0).

Compound (3c): Anal. Calcd for Ci3H;oCINO
(231.68); calcd.: C, 67.40; H, 4.35; N, 6.05; found:
C, 67.32; H, 4.30; N, 5.97; IR (KB, cm’l): 1645
(C=0), 2875, 2984 (CH), 3272 (NH). 'H-NMR
(400 MHz, CDCls, o/ppm): 6.35 (m, 1H), 6.93 (d,
1H), 7.12 (s, 1H), 7.25 (s, 1H), 7.26 (d, 1H), 7.33
(d, 1H, C,-H; J=15.69), 7.46 (d, 1H), 7.75 (t, 1H),
8.21 (d, 1H, Cs-H; J=15.69), 10.12 (s, 1H). **C-
NMR (75 MHz, CDCl3 dé/ppm): 24.4, 40.8, 110.8,
117.3, 125.9, 133.0, 146.5, 190.1. MS (m/z,
(relative abundance, %)): 231 (M+, 18.3), 196
(23.6), 137 35.3), 126 (46.8), 107 (34.7), 41 (31.6),
39 (53.7), 28 (44.6).

Compound (4c): Anal. Calcd for Ci3H;oCINO
(231.68); calcd.: C, 67.40; H, 4.35; N, 6.05; found:
C, 67.32; H, 4.30; N, 5.97; IR (KBr, cm™): 1645
(C=0), 2873, 2984 (CH), 3275 (NH). 'H-NMR
(400 MHz, CDClg, o/ppm): 6.35 (m, 1H), 7.12 (s,
1H), 7.15 (s, 1H), 7.34 (d, 1H, C,-H; J=15.78), 7.40
(d, 2H), 7.55 (d, 2H), 7.80 (d, 1H, Cs-H; J=15.72),
10.36 (s, 1H). *C-NMR (75 MHz, CDCl3 6/ppm):
111.33 (CH), 117.12 (CH), 122.83 (CH), 124.40
(CH), 128.12 (CH), 129.65 (C), 131.40 (2xCH),
134.17 (C,-H), 134.67 (C), 137.23 (C), 142.30 (Cs-
H), 179.79 (C=0). MS (m/z, (relative abundance,
%)): 231 (M+, 16.2), 196 (39.8), 137 (31.5), 126
(49.7), 107 (63.3), 41 (50.7), 39 (28.9), 28 (41.4).

Compound (5¢): Anal. Calcd for Cy3H;31NO,
(213.23); calcd.: C, 73.23; H, 5.20; N, 6.57; found:
C, 73.11; H, 5.14; N, 6.50;IR (KBr, cm’l): 1630
(C=0), 2851, 2921 (CH), 3256 (NH), 3455 (OH).
'H-NMR (400 MHz, CDCls, 6/ppm): 6.27 (m, 1H),
6.61 (m, 1H), 6.84 (d, 1H), 7.09 (m, 1H), 7.12 (d,
1H), 7.25 (d, 1H, C,-H; J=15.58), 7.36 (d, 1H),
7.65 (m, 1H), 8.16 (d, 1H, Cs-H; J=15.66), 10.07 (s,
1H), 10.36 (s, 1H). *C-NMR (75 MHz, CDCls
slppm): 25.6, 40.9, 110.6, 115.6, 117.3, 121.4,
125.3, 28.0, 130.3, 133.1, 154.4, 190.4. MS (m/z,
(relative abundance, %)): 213 (M+, 19.7), 122
(36.8), 119 (49.6), 108 (21.6), 94 (28.9), 41 (48.6),
39 (37.6), 28 (50.9).

Compound (6¢): Anal. Calcd for Cy4Hi3NO,
(227.26); calcd.: C, 73.99; H, 5.77; N, 6.16; found:
C, 73.86; H, 5.71; N, 6.05; IR (KBr, cm™): 1642

(C=0), 2844, 2970 (CH), 3262 (NH). 'H-NMR
(400 MHz, CDCls, o/ppm): 3.87 (s, 3H), 6.35 (m,
1H), 6.95 (d, 2H), 7.12 (d, 1H), 7.17 (d, 1H), 7.26
(d, 1H, C,-H; J=15.62), 7.60 (d, 2H), 7.80 (d, 1H,
Cs-H; J=15.59), 10.45 (s, 1H). *C-NMR (75 MHz,
CDCl3, o/lppm): 57.85 (CH3), 111.74 (CH), 115.33
(2xCH), 117.15 (CH), 118.96 (C), 121.60 (CH),
126.41 (C), 130.25 (2xCH), 131.76 (C,-H), 143.81
(Cs-H), 163.20 (C), 180.95 (C=0). MS (m/z,
(relative abundance, %)): 227 (M+, 23.3), 196
(71.6), 133 (67.0), 94 (58.9), 41 (53.5), 39 (44.3),
28 (66.2).

Compound (7c): Anal. Calcd for Cy4H;31NOs
(241.42); calcd.: C, 69.65; H, 4.59; N, 5.80; found:
C, 69.57; H, 4.53; N, 5.71; IR (KBr, cm'l): 1640
(C=0), 2830, 2961 (CH), 3225 (NH). 'H-NMR
(400 MHz, CDCls, d/ppm): 6.05 (s, 2H), 6.38 (m,
1H), 6.87 (d, 1H), 7.11 (m, 3H), 7.15 (d, 1H), 7.20
(d, 1H, Cy,-H; J=15.63), 7.94 (d, 1H, C;-H;
J=15.62), 10.47 (s, 1H). *C-NMR (75 MHz,
CDCl3, d6/ppm): 103.25 (CHy), 105.65 (CH), 107.60
(CH), 109.84 (CH), 116.20 (CH), 119.48 (C,-H),
124.21 (CH), 129.43 (C), 133.10 (C), 142.52 (Cs-
H), 148.25 (C), 148.30 (C), 178.85 (C=0). *C
NMR (CDCl;, 75 MHz): 30.8, 41.4, 101.3, 110.2,
117.2, 125.8, 126.7, 128.1, 132.5, 137.1, 138.8,
146.6, 148.4, 190.4. MS (m/z, (relative abundance,
%)): 241 (M+, 30.1), 147 (48.9), 117 (59.7), %4
(74.6), 41 (69.7), 39 (35.6), 28 (41.1).

Compound (8c): Anal. Calcd for CysHi6N,O
(240.30); calcd.: C, 74.98; H, 6.71; N, 11.58;
found: C, 74.92; H, 6.65; N, 11.53. *C-NMR (75
MHz, CDCl; dJ/ppm): 34.6, 40.1, 41.4, 110.8,
112.9, 1255, 128.8, 131.1, 132.8, 148.6, 190.4; IR
(KBr, cm™): 1635 (C=0), 2906 (CH), 3240 (NH).
'H-NMR (400 MHz, CDCls, 6/ppm): 3.02 (s, 6H),
6.35 (m, 1H), 6.70 (d, 2H), 7.08 (m, 2H), 7.16 (d,
1H, C,-H; J=15.58), 7.55 (d, 2H), 7.80 (d, 1H, Cs-
H; J=15.53), 10.39 (s, 1H). MS (m/z, (relative
abundance, %)): 240 (M+, 15.2), 146 (54.3), 107
(23.8), 94 (39.7), 41 (53.8), 39 (44.7), 28 (51).

Compound (1d): Anal. Calcd for Cy4H;,0S
(228.31); calcd.: C, 73.65; H, 5.30; S, 14.04; found:
C, 73.58; H, 5.27; IR (KBr, cm'l): 1590 (C=C),
1645 (C=0), 2919, 3085 (CH). 'H-NMR (400
MHz, CDCls, d/ppm): 2.40 (s, 3H), 7.17 (m, 1H),
7.20 (d, 2H), 7.40 (d, 1H, C,-H; J=15.65), 7.55 (d,
2H), 7.66 (d, 1H), 7.85 (d, 1H, Cs-H; J=16.13),
7.87 (d, 1H). *C-NMR (75 MHz, CDCl3, d/ppm):
21.60 (CHy), 120.59 (CH), 128.20 (CH), 128.55
(2xCH), 129.72 (2xCH), 131.70 (C,-H), 131.95
(C), 133.78 (CH), 141.22 (C), 144.20 (Csz-H),
145.68 (C), 182.16 (C=0). MS (m/z, (relative
abundance, %)): 228 (M+, 14.0), 213 (56.4), 124
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(46.7), 117 (35.6), 111 (81.2), 58 (34.4), 41 (32.1),
39 (29.0).

Compound (2d): Anal. Calcd for Ci3HyCIOS
(248.73); calcd.: C, 62.78; H, 3.65; S, 12.89; found:
C, 62.66; H, 3.62; IR (KBr, cm’l): 1593 (C=0C),
1647 (C=0), 3091 (CH). 'H-NMR (400 MHz,
CDCls, o/ppm): 7.20 (m, 1H), 7.23 (d, 2H), 7.40 (d,
1H, C,-H; J=15.65), 7.64 (d, 2H), 7.72 (d, 1H),
7.87 (d, 1H, Cs-H; J=15.79), 7.95 (d, 1H). “*C-
NMR (75 MHz, CDClz): 121.95 (CH), 128.26
(CH), 129.25 (2xCH), 129.62 (2xCH), 131.90 (C,-
H), 133.14 (C), 134.10 (CH), 136.45 (C), 142.53
(Cs-H), 145.30 (C), 181.74 (C=0). MS (m/z,
(relative abundance, %)): 248 (M+, 22.7), 213
(32.4), 137 (56.4), 124 (43.5), 111 (81.1), 58 (23.7),
41 (44.3), 39 (31.7).

Compound (3d): Anal. Calcd for Cy3HoBrOS
(293.18); calcd.: C, 53.26; H, 3.09; S, 10.94; found:
C, 53.19; H, 3.05; IR (KBr, cm’l): 1580 (C=0C),
1647 (C=0), 3025 (CH). 'H-NMR (400 MHz,
CDCls, o/ppm): 7.20 (m, 1H), 7.46 (d, 1H, C,-H;
J=15.58), 7.50 (d, 2H), 7.57 (d, 2H), 7.73 (d, 1H),
7.80 (d, 1H, Cs-H; J=15.58), 7.87 (d, 1H). “*C-
NMR (75 MHz, CDCls, d/ppm): 122.05 (CH),
124.85 (C), 128.29 (CH), 128.76 (2xCH), 131.96
(Cx-H), 132.18 (2xCH), 133.55 (C), 134.12 (CH),
142.60 (C3-H), 145.31 (C), 181.70 (C=0). MS (m/z,
(relative abundance, %)): 292 (M+, 31.2), 213
(37.6), 181 (42.8), 124 (29.7), 58 (56.8), 41 (43.6),
39 (42.6).

Compound (4d): Anal. Calcd for Cy4H;,0,S
(244.31); calcd.: C, 68.83; H, 4.95; S, 13.13; found:
C, 68.77; H, 4.90; IR (KBr, cm™): 1594 (C=C),
1645 (C=0), 3022 (CH). 'H-NMR (400 MHz,
CDCls, o/ppm): 3.85 (s, 3H), 6.95 (d, 2H), 7.24 (m,
1H), 7.30 (d, 1H, C,-H; J=15.62), 7.39 (d, 1H),
7.66 (d, 2H), 7.77 (d, 1H), 7.89 (d, 1H, Cs-H;
J=15.62). ®*C-NMR (75 MHz, CDClIg, d/ppm): 34.6,
41.4,55.8,110.7, 114.4, 117.3, 125.6, 129.9, 132.8,
133.7, 190.3. MS (m/z, (relative abundance, %)):
244 (M+, 16.1), 213 (56.9), 133 (42.4), 124 (34.7),
65 (53.2), 58 (46.7), 41 (38.6), 39 (54.5).

Compound (5d): Anal. Calcd for Ci5H1405S
(274.34); calcd.: C, 65.67; H, 5.14; S, 11.69; found:
C, 65.58; H, 5.07; IR (KBr, cm‘l): 1565 (C=C),
1637 (C=0), 3021 (CH). 'H-NMR (400 MHz,
CDClj3, o/ppm): 3.85 (s, 3H), 3.91 (s, 3H), 6.50 (d,
2H), 7.16 (m, 1H), 7.48 (d, 1H, C,-H; J=15.62),
7.57 (d, 1H), 7.63 (m, 1H), 7.85 (s, 1H), 8.07 (d,
1H, Cs-H; J=15.62). ®C-NMR (75 MHz, CDCl3
olppm): 25.7, 41.5, 55.9, 56.6, 100.4, 111.1, 117.3,
125.5, 132.4, 159.0, 190.1. MS (m/z, (relative
abundance, %)): 274 (M+, 41.2), 243 (56.5), 212
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(34.4), 163 (29.7), 124 (38.6), 111 (76), 58 (67.5),
41 (53.4), 39 (43.1).

Compound (6d): Anal. Calcd for CisH1405S
(274.34); calcd.: C, 65.67; H, 5.14; S, 11.69; found:
C, 65.61; H, 5.10; IR (KBr, cm™): 1575 (C=C),
1648 (C=0), 2987 (CH). 'H-NMR (400 MHz,
CDCls, d/ppm): 3.86 (s, 3H), 3.95 (s, 3H), 6.85 (d,
1H), 6.98 (s, 1H), 7.12 (d, 1H), 7.17 (m, 1H), 7.35
(d, 1H, C,-H; J=15.64), 7.59 (d, 1H), 7.67 (d, 1H,
Cs-H; J=15.64), 7.69 (d, 1H). *C-NMR (75 MHz,
CDCl3, o/ppm): 30.6, 41.4, 56.3, 11.1, 112.4, 117.2,
122.2, 1325, 147.2, 149.8, 190.4. MS (m/z,
(relative abundance, %)): 258 (M+, 17.2), 147
(43.7), 124 (56.9), 111 (76.5), 58 (64.9), 41 (42.3),
39 (39.0).

Compound (7d): Anal. Calcd for Ci4H;005S
(258.30); calcd.: C, 65.10; H, 3.90; S, 12.41; found:
C, 64.96; H, 3.85; IR (KBr, cm™): 1589 (C=C),
1646 (C=0), 2989 (CH). 'H-NMR (400 MHz,
CDCls, 6/ppm): 6.05 (s, 2H), 6.77 (d, 1H), 7.19 (d,
1H), 7.29 (m, 2H), 7.34 (d, 1H, C,-H; J=15.62),
7.62 (d, 1H), 7.78 (d, 1H, Cs-H; J=15.69), 7.85 (d,
1H). ®C-NMR (75 MHz, CDCl; 6/ppm): 101.62
(CH,), 106.67 (CH), 108.65 (CH), 119.83 (CH),
125.35 (C,-H), 128.20 (CH), 129.18 (C), 131.56
(CH), 133.65 (CH), 143.90 (Cs-H), 145.67 (C),
148.35 (C), 149.95 (C), 181.94 (C=0). MS (m/z,
(relative abundance, %)): 220 (M+, 16.3), 148
(67.8), 137 (73.3), 109 (43.7), 58 (52.1), 41 (41.5),
39 (23.7).

Compound (8d): Anal. Calcd for Cy;HgOS,
(220.32); calcd.: C, 59.97; H, 6.10; S, 29.11; found:
C, 59.91; H, 6.07; IR (KBr, cm™): 1574 (C=C),
1640 (C=0), 3095 (CH). 'H-NMR (400 MHz,
CDCls, o/ppm): 7.08 (d, 1H), 7.19 (m, 1H), 7.27 (d,
1H, C,-H; J=15.72), 7.41 (s, 1H), 7.51 (m, 1H),
7.76 (m, 1H), 7.89 (s, 1H), 8.09 (d, 1H, Cs-H;
J=15.63). C-NMR (75 MHz, CDCls o/ppm):
120.38 (CH), 128.27 (CH), 128.36 (CH), 128.85
(C,-H), 131.67 (Cs-H), 132.28 (CH), 133.86 (CH),
136.49 (CH), 141.52 (C), 149.99 (C), 181.59
(C=0). MS (m/z, (relative abundance, %)): 274
(M+,15.2), 243 (45.6), 212 (54.9), 163 (49.0), 124
(65.9), 111 (78.9), 58 (49.0), 41 (56.7), 39 (63.2).

Compound (1e): Anal. Calcd for Cy4H;cCINO
(243.69); calcd.: C, 69.00; H, 4.14; N, 5.75; found:
C, 68.91; H, 4.09; N, 5.70; IR (KBr, cm'l): 1568,
1605 (C=C, C=N), 1676 (C=0), 3046 (CH). 'H-
NMR (400 MHz, CDCls, o/ppm): 7.38 (d, 2H), 7.52
(m, 1H), 7.67 (d, 2H), 7.89 (d, 1H, C,-H; J=16.15),
7.87 (d, 1H), 8.20 (d, 1H), 8.29 (d, 1H, Cs-H;
J=16.15), 8.77 (d, 1H). *C-NMR (75 MHz, CDCl3
slppm): 121.30 (CH), 122.99 (CH), 127.17 (C»-H),
129.19 (CH), 129.98 (CH), 133.65 (C), 136.44 (C),
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137.09 (Cs-H), 143.18 (CH), 148.88 (CH), 154.09
(C), 189.29 (C=0). MS (m/z, (relative abundance,
%)): 243 (M+,12.1), 208 (54.7), 137 (75.4), 119
(34.6), 106 (56.8).

Compound (2e): Anal. Calcd for CyisHi3sNO,
(239.27); calcd.: C, 75.30; H, 5.48; N, 5.85; found:
C, 75.22; H, 5.43; N, 5.76; IR (KBr, cm’l): 1572,
1596 (C=C, C=N), 1664 (C=0), 3050 (CH). 'H-
NMR (400 MHz, CDCls, é/ppm): 3.85 (s, 3H), 6.97
(d, 2H), 7.49 (m, 1H), 7.71 (d, 2H), 7.89 (m, 1H),
7.97 (d, 1H, C,-H; J=15.95), 8.19 (d, 1H, Cs-H;
J=15.89), 8.21 (d, 1H), 8.78 (d, 1H). *)C-NMR (75
MHz, CDCl3 o/ppm): 55.42 (CHs3), 114.31 (CH),
118.47 (CH), 122.85 (CH), 126.74 (CH), 126.95
(C-H), 127.92 (C), 130.66 (CH), 136.99 (Csz-H),
144.70 (CH), 148.77 (CH), 154.45 (C), 161.71 (C),
189.42 (C=0). MS (m/z, (relative abundance, %)):
239 (M+,14.2), 133 (64.6), 119 (78.8), 106 (56.3).

Compound (3e): Anal. Calcd for CysH;1NOs
(253.26); calcd.: C, 71.14; H, 4.38; N, 5.53; found:
C, 71.08; H, 4.34; N, 5.47; IR (KBr, cm %): 1581
(C=C, C=N), 1655 (C=0), 3012 (CH). '‘H-NMR
(400 MHz, CDCls, o/ppm): 6.02 (s, 2H), 6.87 (d,
1H), 7.23 (d, 1H), 7.29 (s, 1H), 7.49 (m, 1H), 7.85
(d, 1H), 7.87 (d, 1H, C,-H; J=15.88), 8.06 (d, 1H,
Cs-H; J= 15.93), 8.16 (m, 1H), 8.74 (d, 1H). **C-
NMR (75 MHz, CDCl3 o/ppm): 101.60 (CH,),
107.07 (CH), 108.60 (CH), 111.84 (CH), 118.90
(CH), 122.86 (CH), 125.65 (CH), 126.80 (C,-H),
129.71 (C), 137.06 (Cs-H), 144.67 (CH), 148.35
(C), 148.80 (CH), 149.96 (C), 154.34 (C), 189.30
(C=0). MS (m/z, (relative abundance, %)): 253
(M+, 19.5), 147 (57.7), 119 (45.9), 106 (62.1).

Compound (4e): Anal. Calcd for CyHioN,O
(198.22); calcd.: C, 72.71; H, 5.08; N, 14.13;
found: C, 72.64; H, 5.06 N, 14.08; IR (KBr, cm™):
1575 (C=C, C=N), 1653 (C=0), 3091 (CH), 3302
(NH). 'H-NMR (400 MHz, CDCl;, d/ppm): 6.34
(m, 1H), 6.73 (d, 1H), 7.02 (d, 1H), 7.28 (s, 1H),
7.51 (m, 1H), 7.89 (d, 1H, C,-H; J=16.26), 7.98 (m,
1H), 8.39 (d, 1H, Cs-H; J=16.28), 8.79 (d, 1H),
8.98 (s, 1H). ®*C-NMR (75 MHz, CDClz, d/ppm):
111.45 (CH), 113.92 (CH), 116.80 (CH), 122.88
(CH), 123.27 (CH), 126.62 (C,-H), 134.12 (CH),
136.29 (C), 137.07 (Cs-H), 148.59 (CH), 153.94
(C), 193.20 (C=0). MS (m/z, (relative abundance,
%)): 198 (M+,14.0), 119 (56.9), 118 (67.8), 92
(49.8).

Compound (5e): Anal. Calcd for Cy,HgNOS
(215.28); calcd.: C, 69.51; H, 4.21; N, 6.51; S,
14.90; found: C, 69.47; H, 4.19; N, 6.43; IR (KBr,
cm™): 1580 (C=C, C=N), 1665 (C=0), 3031 (CH),
3319 (NH). 'H-NMR (400 MHz, CDCls, 6/ppm):
7.05 (m, 1H), 7.47 (m, 2H), 7.52 (m, 1H), 7.89 (d,

1H, C,-H; J=15.54), 8.09 (s, 2H), 8.19 (d, 1H, Cs-
H; J=15.52), 8.77 (d, 1H). *C-NMR (75 MHz,
CDClg, 6/ppm): 119.75 (CH), 122.85 (CH), 126.83
(C,-H), 128.22 (CH), 129.17 (CH), 132.15 (CH),
136.96 (Cs-H), 137.20 (CH), 140.98 (C), 148.84
(CH), 155.30 (C), 193.22 (C=0). MS (m/z, (relative
abundance, %)): 215 (M+,16.1), 131 (67.9), 119
(75.4), 106 (56.8), 58 (8.7), 41 (44.6), 39 (43.8).

Compound (1f): Anal. Calcd for CiH140,
(238.11): C, 80.64; H, 5.93; Found: C, 80.56; H,
5.88 Anal. Calcd for CiHi3CIO, (272.56): C,
70.44; H, 4.81; Found: C, 70.37; H, 4.75; IR (KBtr,
cm™): 1596 (C=C), 1656 (C=0), 2933, 3055 (CH);
'H-NMR (400 MHz, CDCls, §/ppm): 3.86 (s, 3H),
6.99 (d, 2H, J=7.6), 7.43 (m, 3H), 7.55 (d, 1H, C,-
H, J=15.7), 7.65 (d, 2H, J=5.7), 7.99 (d, 1H, Cs-H,
J=15.7), 8.06 (d, 2H, J=7.6); *C-NMR (75 MHz,
CDClz, d/ppm): 56.20, 114.01, 121.11, 127.56,
131.20, 135.56, 145.80, 166.84. MS (m/z, (relative
abundance, %)): 238 (M+,26.4), 148 (75.3), 135
(45.9), 119 (41.2), 107 (32.3).

Compound (2f): Anal. Calcd for CisH13CIO,
(272.56): C, 70.44; H, 4.81; Found: C, 70.37; H,
4.75; IR (KBr, cm%): 1600 (C=C), 1656 (C=0),
2925, 3012 (CH); 'H-NMR (400 MHz, CDCls,
Slppm): 3.91 (s, 3H), 6.99 (d, 2H, J=8.6), 7.41 (d,
2H, J=8.3), 7.50 (d, 1H, C,-H, J=15.7), 7.55 (d, 2H,
J=8.3), 7.77 (d, 1H, Cs-H, J=15.7), 8.06 (d, 2H,
J=8.6); *C-NMR (75 MHz, CDCl3 é/ppm): 55.7,
114.6, 121.1, 128.5, 129.1, 131.0, 133.4, 145.4,
166.6, 189.8. MS (m/z, (relative abundance, %)):
272 (M+, 22.7), 237 (45.8), 148 (67.8), 137 (54.3),
135 (39.7).

Compound (3f): Anal. Calcd for Ci7Hi605
(268.13): C, 76.08; H, 6.01; Found: C, 76.01; H,
5.95; IR (KBr, cm™): 1597 (C=C), 1656 (C=0),
2960, 3015, 3067 (CH); 'H-NMR (400 MHz,
CDCls, 6/ppm): 3.84 (s, 3H), 3.89 (s, 3H), 6.97 (dd,
4H, J=8.3), 7.44 (d, 1H, C,-H, J=15.5), 7.62 (d, 2H,
J=8.4), 7.79 (d, 1H, Cs-H, J=15.6), 8.06 (d, 2H,
J=8.4); ®C-NMR (75 MHz, CDClz, é/ppm): 55.6,
115.1, 121.4, 127.7, 130.2, 130.9, 135.6, 145.4,
159.7, 166.7, 189.9. MS (m/z, (relative abundance,
%)): 268 (M+,16.1), 148 (67.9), 137 (54.1), 135
(34.6).

Compound (4f): Anal. Calcd for Ci;H1404
(282.11): C, 72.31; H, 5.00; Found: C, 72.26; H,
4.95; IR (KBr, cm™): 1584 (C=C), 1655 (C=0),
2920, 3035 (CH); 'H-NMR (400 MHz, CDCl;,
Slppm): 3.88 (s, 3H), 6.04 (s, 2H), 6.87 (d, 1H,
J=8.0), 6.99 (d, 2H, J=8.6), 7.18 (m, 2H), 7.37 (d,
1H, C,-H, J=15.4), 7.75 (d, 1H, Cs-H, J=15.4), 8.04
(d, 2H, J=8.6); *C-NMR (75 MHz, CDCl3 6/ppm):
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55.6, 106.5, 108.2, 114.7, 122.4, 127.4, 131.1,
145.3, 148.0, 148.8,166.1, 189.8. MS (m/z, (relative
abundance, %)): 282 (M+,26.2), 148 (65.9), 147
(52.9), 135 (23.8).

RESULTS AND DISCUSSION

We wish to report an efficient and selective
method for condensation of cyclic and acyclic
ketones with aromatic and non-aromatic aldehydes
in aqueous medium, free of organic solvents.
Different types of ketones were subjected to
condensation with aromatic and non-aromatic
aldehydes, containing either electron-releasing or
electron-withdrawing groups, in the presence of the
reagent under free of organic solvents conditions
(Schemes 1, 2).

The results of crossed-aldol condensation of
aromatic and non-aromatic aldehydes are
summarized in Tables 1 and 2. The reactions were

completed within 1.5-6 h and high yields of a,o’-
bis(substituted benzylidene and cinnamylidene)

cyclopentanones and  cyclohexanones  were
obtained (Table 1, entries 1-12).
o 0
{S + 2Ar-(;;:o % Ar/%/\m
(CHpN H = (CHpn
n=1, 2

1 2 3
Scheme 1. Crossed-aldol condensation of ketones with
aromatic aldehydes (1)

o]
H* Catalyst
+ 2ArCc=0 ———28YSL AN Z SAr
9 H
R

H,0, Reflux

A 2 C
Scheme 2. Crossed-aldol condensation of ketones with
non-aromatic aldehydes (A)

Table 1. Crossed-aldol condensation of ketones with aromatic aldehydes (1) in the presence of silica-supported
Preyssler heteropolyacids catalyst under organic solvent-free and reflux conditions

Entry Ketone Aldehyde Time,h  *"Yield, % M p (°C)
Found Reported
(@] - N I7a
1a C.H.CH=CH-CHO 2 97 225227  222-224
2a 9 @ 2 98.5 217-219 220"
l_l OHC CHg
3a ? @ 25 95.5 229-230 230-231'"
OHC NO,
17a
4a Q on«:@omg 15 97 212-214  210-211
5a o @ 2 96.5 223-225 22517
é OHC cl
6a o @ 1.5 96, 96% 95°,  190-191 188-191'7
OHC d
< o
o _ 17a
7a C.H.CH=CH-CHO 3 92 181-183 180
8a 9 O 25 945 167169 170*
é OHC CHs
17a
9a o onc ONOZ 3 925 160-162 159
17a
10a & one @0% 3 93 201203  203-204
11a ? O 2.5 94,9393,  146-148  147-148'"
OHC Cl d
& .
12a 2 2 95,949 93  115-118 117'7
ij OHC 93¢
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13a 9 15 97 162-164 163-165'"
OHC cl
14a Q 15 98 143-145 142-143'"
OHC CH3
15a o) CHO 15 82 182-188°C -
cl Cl (accomp. by
decomp.)
16 a 0 OHC\@C 1.5 91 247-249
@5 O
17 a 0 Br 25 89 208-210 -
5 =G
18a o @ 4 93.5 97-99 -
: OHC
CH3
19a 4.5 94 125-127 -
I;?j OHC—< >—CH3
CHg
20a o OHCOOCH3 4 93 137-139 -
CH3
21a o O 5 96 156-160 -
i OHC Cl
CHg
22a o) 6 28 115-118 1174
é OHC
23a 0 @ 5 °30 190-191  188-191'"
: OHC
242 COCH;8 @ 25 925 54-57 55-58"°
@ OHC
252 COCH; Q 25 98 108-110  107-109'"
@ OHC cl
17c
26a COCHz COOCH3 25 96.5 74-76 75-77
27 a COCH;, 25 98 95-97 97-98%"

O
I
(@)
(@)
T
@

%Isolated yield; "Products were characterized by comparison of their spectroscopic data (*H-NMR and IR) and mps with
those reported in the literature; “The reaction was performed in the absence of the catalyst; “The same catalyst was used
for each of the four runs.

The results of crossed-aldol condensation of
cyclic ketones with non-aromatic aldehydes in the
presence of silica-supported Preyssler HPAs

catalyst under free of organic solvents conditions
was investigated at properiate times and under
reflux (Table 2). In the crossed-aldol condensation
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of cyclopentanone with hexanal the reaction yield is
good (Table 2, entry 2b), but in similar reactions
for other cyclic ketones and with non-aromatic
aldehydes the yields are lower (40-51%), (Table 2,
entries 1b, 3b and 4b).

Reactions were also performed for acyclic
ketones like  2-acetylnaphthalene and the
corresponding products were obtained in excellent
yields within 1.5 h (Table 1, entries 13-14, 24-27).
The promoting effect of silica-supported Preyssler
HPAs catalyst in these reactions was shown by

Table 2. Crossed-aldol condensation of ketones with
non-aromatic aldehydes (A) in the presence of silica-
supported Preyssler heteropolyacids catalyst under
organic solvent-free and reflux conditions

Entry Ketone Aldehyde Time,*"Yield,
h %
0

1b é CH;CHO 6 40

Bp (°C)
Found Reported

130 87-89%

2b O n-CH;;CHO 5 81 140 —
3b 0 C,HsCHO 5 47 156 -
4b 0 n-PrCHO 6 51 170 —

%1solated yield; "Products were characterized by
comparison of their spectroscopic data (*H-NMR and
IR).

performing some reactions in the absence of the
catalyst (Table 1, entries 22, 23). In these
experiments the product was isolated and the
remaining catalyst was washed and reloaded with
fresh substrates for further runs. No decrease in the
yield was observed, demonstrating that silica-
supported Preyssler HPAs catalyst can be reused in
crossed-aldol condensation (Table 1, entries 6 and
11, 12). We continued our research in this paper on
the  crossed-aldol  condensation of some
hetarylmethyl ketones with a variety of different
aromatic aldehydes in water at reflux temperature
and in the presence of silica-supported Preyssler
HPAs as a catalyst for the synthesis of (2E)-3-aryl-
1-hetarylprop-2-en-1-ones (5, 7, 9 in Schemes 3, 4,
5) and 1,3-disubstituted propenones (11, Scheme.
6) in excellent yields with high stereoselectivity
(11, Scheme 6).
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Scheme 3. Crossed-aldol condensation of 2-acetylpyrrol
(4) with aromatic aldehydes and synthesis of (2E)-3-
aryl-1-(pyrrol-2'-yl)prop-2-en-1-ones (5, 1-8c).

/\ /\ | Ar
CH + S N
S 3 + Ar=C=0 H" Catalyst
0 H H,0,Reflux 0O H
6 7

Scheme 4. Crossed-aldol condensation of 2-
acetylthiophene (6) with aromatic aldehydes and
synthesis of (2E)-3-aryl-1-(thien-2'-yl)prop-2-en-1-ones
(7, 1-8d).

N CH + N Ar
0 H 2% H
8 9

Scheme 5. Crossed-aldol condensation of 2-
acetylpyridine (8) with aromatic aldehydes and
synthesis of (2E)-3-aryl-1-(pyrid-2'-yl)prop-2-en-1-ones
(9, 1-5e).

HCO HCO '
+
CH Ar—C=0 H" Catalyst | Ar
Q( 3 AT H,0,Reflux N

0 0O H
10 1
Scheme 6. Crossed-aldol condensation of 4-
methoxyacetophenone (10) with aromatic aldehydes and
synthesis of (2E)-3-aryl-1-(4"-methoxyphenyl)prop-2-
en-1-ones (11, 1-4f).

By efficient stirring of an equimolar amount of
2-hetarylmethyl ketones, 4-methoxyacetophenone
(4, 6, 8, 10) and aromatic aldehydes in agueous
acidic (H") solution in the presence of silica-
supported Preyssler catalysts as acidic catalyst at
reflux temperature, stereoselective crossed-aldol
condensation took place with precipitation of 3-
aryl-1-hetarylprop-2-en-1-ones (5, 7, 9 in Schemes
3, 4, 5) and 1,3-disubstituted propenones in high
yields within a short reaction time as shown in
Tables 3, 4, 5, 6.
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Table 3. Crossed-aldol condensation of 2-acetylpyrrol
(4) with aromatic aldehydes in the presence of silica-
supported Preyssler heteropolyacids catalyst and water
as a solvent at reflux conditions

Entry  Aldehyde  Time, *Yield, Mp (°C)
min %
Found Reported
1c @ 100 78 136-138 -
cHO
2 O 110 8 148150 -
HsC CHO
3c c 94 88  121-123 -
)
4c @ 86 92 154156 -
OHC cl
5¢c OH 135 69 167-168 -
oo
6¢C O 20 94,94° 60-80 -
OHC OCH o3 o1¢
7c <O©\ 15 98 140-142 -
o CHO
8c HEC:NOCHO 15 95 192-194 -

H3C

%Isolated yield; "Products were characterized by comparison of their
spectroscopic data (*H-NMR and IR);

“The same catalyst was used for each of the four runs.

Table 4. Crossed-aldol  condensation of  2-
acetylthiophene (6) with aromatic aldehydes in the
presence of silica-supported Preyssler heteropolyacids
catalyst under organic solvent-free and reflux conditions

Entry  Aldehyde Time, *"Yield Mp (°C)
min , %
Found Reported
1d O 100 84 112114 -
H3C CHO
2d 76 81  118-120 -
CI—< >—CHO
3d O 71 77 131-133 -
Br CHO
4d @ 30 94 144 -146 -
OHC OCH,4
5d OCH; 12 96  113-115 -
HSCOGCHO
6d OHCQOCH3 21 935 119-121 -
OCH;
7d <o]©\ 23 92,90° 117-119 -
C C
o] CHO 907, 89
8d S<__CHO 89 805 136-138 -

%Isolated yield; "Products were characterized by comparison of their
spectroscopic data ("H-NMR and IR);
“The same catalyst was used for each of the four runs.

Table 5. Crossed-aldol condensation of 2-acetylpyridine
(8) with aromatic aldehydes in the presence of silica-
supported Preyssler heteropolyacids catalyst under
organic solvent-free and reflux conditions

Entry  Aldehyde  Time, *Yield, %  Mp (°C)
min Found Reported
103-105 -

Te u@wo 30 88

2e om@c,% 36 97,96c, 120-122 -

96¢, 95¢

3e <0]©\ 16 98,97c, 148-150 —
o cHO 96c¢, 96¢

4e H 69 80.5 124-126 -

Q/CHO

5e ©/CHO 51 83  76-78 -
/

%Isolated yield; °Products were characterized by comparison of their
spectroscopic data ("H-NMR and IR);
“The same catalyst was used for each of the four runs.

It is seen from Tables 3, 4, 5, 6 that electron-
donating substituents of aromatic aldehydes reduce
the reaction period and increase the yield of these
ketones.

We found that the reaction proceeds efficiently
and with good vyields in the crossed-aldol
condensation of 2-acetylpyrrol (4) with aromatic
aldehydes (Table 3, 1c-4c and 6c¢-8c) having
electron-withdrawing and electron-donating
substituents. In the crossed-aldol condensation of 2-
acetylpyrrol (4) with 2-hydroxybenzaldehyde

Table 6. Crossed-aldol condensation of 4-
methoxyacetophenone (10) with aromatic aldehydes in
the presence of silica-supported Preyssler
heteropolyacids catalyst under organic solvent-free and
reflux conditions

Entry  Aldehyde  Time, *Yield, % Mp (°C)

min Found Reported

1f @CHO 88 705 119-121 -

120 72, 71°¢ 120-122 -
71°¢ 69°

3f O 28 895  89-91 -
H4CO CHO
4f <o]©\ 26 925 24126 @ -
(0] CHO

*Isolated yield; °Products were characterized by comparison of their
spectroscopic data *H-NMR and IR);
“The same catalyst was used for each of the four runs.

(Table 3, entry 5c) the reaction yields are lower,
and probably an interaction between the ketone
substituent and the hydroxyl group occurs (OH
group in intermediate conditions of these reactions)
(Table 3, entry 5c).
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CONCLUSIONS

The present method is very suitable and efficient
for crossed-aldol condensation of ketones, 2-
acetylthiophene, 2-acetylpyrrole and 2-
acetylpyridine with aromatic aldehydes. The
synthesis of a,a’-bis(substituted benzylidene)
cycloalkanones, (2E)-3-aryl-1-(thien-2'-yl)prop-2-
en-1-ones, (2E)-3-aryl-1-(pyrrol-2'-yl)prop-2-en-1-
ones and (2E)-3-aryl-1-(pyrid-2'-yl) prop-2-en-1-
ones takes place with high yields in the presence of
a reusable and environmentally benign catalyst.
Simple work-up procedure, including washing the
mixture followed by evaporation of the solvent, is
another advantage of this method.
H14[NaPsW3,0;150], Preyssler type HPAs catalyst, is
eco-friendly, inexpensive and efficient. High yields,
relatively short reaction times, simplicity of
operation and easy work-up procedure are some
advantages of this protocol. Hi4[NaPsW3,0110]
offers the advantages of higher hydrolytic and
thermal stability. The salient features of Preyssler’s
anion are availability, non-toxicity and reusability.
We believe this methodology can find usage in
organic synthesis.
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KPBCTOCAHA AJIJIOJIHA KOHAEH3ALIMA HA KETOHU C APOMATHU U HE-
APOMATHU AJIAEXNUN C PREYSSLER ‘OB XETEPOKNCEJIMHEH KATAJIM3ATOP
BBHPXY CUJIMIMEB TMOKCHUJL KATO HOCHUTEJI

A. T'apu0b 1’2, M. [IxaxaHrup ! M. Pomranu*, 1. B. CxeepeH3

Ylenapmamenm no xumus, Henamexu ymusepcumem ,, A3ad“, Mawixao, Upan
23emedencku yenmwp 3a uzcnedsanus u ycayeu, Mawxao, Upan
$Knwcmep 3a monexynapua xumus, Jenapamamenm no opeanuuna xumus, Ynusepcumem Pad6yo, Hativexern,
Huoepnanous

Ioctenuna Ha 4 mapt, 2012 r.; xopurupana Ha 17 aenremspy, 2012 r.

(Pesrome)

CpobmaBa ce 3a CHHTE3UTE Ha 0,3-HCHACUTECHH aJIOJHU MPOLYKTH Ype3 KPBCTOCaHA ajJOoJHa KOHACH3aLMsi B
NPUCHCTBHE Ha KaTajuu3aTop oT XeTepomoiukucenuHu (HPAS) mpu ycnoBus Ha peduykc W 0e3 HM3MONI3BaHEHaA
OpPraHWYHM PA3TBOPHUTEIH. AJJIONHATA KOHICH3aLUUsd Ha 2-aleTWITHO(EH, 2-aleTHINUPON U 2-aleTHINUPHINH C
pa3uyuHM apoOMaTHH ajJJeXUJd € H3BbpPIIBAHA BOB BoJa B mpuchcTBHE Ha Preyssler‘os karammszatop (HPAS) mpu
0OMKHOBEHA TeMIiepaTypa. BcHuku peakiuu mpoTHYaT ¢ OTIAMYHU JOOHMBU Ha CTEPEOCENIEKTUBHU XET-apUIIIPOIIaHOHN

BBB BOJIa KaT €KOJIOTUYHO CHbBMECTHUM Pa3TBOPHUTCIIL.

325



Bulgarian Chemical Communications, Volume 45, Number 3 (326 — 331) 2013

Total phenolics, flavonoids and antioxidant activity of different apple cultivars
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The concentration of polyphenolic compounds and the antioxidant activity in apples seem to differ with cultivar,
maturity storage, environmental conditions and part of the fruit. In this work, the total phenolic and flavonoid content
and the antioxidant activity were measured in the whole fruit from 15 apple cultivars cultivated in Serbia. Total
phenolic content (TP) was assayed by Folin-Ciocalteu method, flavonoid (TF) by colorimetric method with AICI;. Total
antioxidant activity (TAA) of selected apples was determined using 2,2-azinobis(3-ethylbanzothiazoline-6-sulfonic
acid) radical cation (ABTS), 2,2-diphenyl-1-picrylhydrazyl radical scavenging capacity (DPPH), ferric ion reducing
power (FRP) and ferric ion reducing antioxidant power (FRAP). Polyphenolic content for the whole apple was in the
range of 72.80 — 217.37 mg GAE/100 g fresh weight. The apple extracts had different TAA in relation to the method
applied, and the different TAA of apples can be ascribed to their TP and TF content. A ripping correlation between TP

and TAA was observed using FRAP method.

Keywords: phenolics; flavonoids; antioxidant capacity; apple.

INTRODUCTION

There is strong evidence that free radicals are
responsible for the damage of lipids, proteins and
nucleic acids in cells [1] leading to several
physiological and pathological abnormalities, such
as inflammation, cardiovascular diseases and
ageing. Recent studies indicate that frequent
consumption of fruits is associated with lower risk
of stroke and cancer [2,3]. This protective effect is
related to the content of plant antioxidant
microconstituents. Different fruits exhibit different
antioxidant capacities according to their contents of
polyphenols, vitamins C, E, carotenoids and
flavonoids [4,5].

Apple consumption has been associated with
reduced risk of degenerative diseases, such as
cancer and cardiovascular diseases [6,7]. The
association is often attributed to the polyphenolic
antioxidants contained in apples which can protect
the human body against oxidative stress by
scavenging oxygen free radicals [8]. Apples also
contain ascorbic acid but it can explain less then
0.4% of the antioxidant activity, indicating that
other factors, such as phenolics, are the main
contributors [9]. Many studies show that the
concentration of phenolic compounds, such as
flavanols and anthocyanins in apple differ with

* To whom all correspondence should be sent:
E-mail: : brankastojanovic81@gmail.com

cultivar, maturity stage, environmental conditions
and part of the fruits [10].

Several characterization studies of different
apple parts in cultivars grown in the United States
[11], ltaly [10], Poland [12], Brazil [8] and Czech
Republic [13] have been carried out on the basis of
their phenolic profiles. However, little attention has
been given to apple cultivars grown in Serbia.
Therefore, the objective of this study was to
determine the total phenolic content, the flavonoid
content and the antioxidant capacity in the whole
fruit from 15 apple cultivars grown in Serbia.

EXPERIMENTAL PROCEDURES
MATERIALS

Standards and reagents

All chemicals used were analytical reagent
grade from well-reputed companies. Trolox (6-
hydroxy-2,5,7,8-tetramethylchroman-2-carboxylic
acid), iron(ll) sulphate, 2,4,6-tri(2-pyridyl)-s-
triazine (TPTZ), 2,2’-azinobis(3-
ethylbenzothiazoline-6-sulfonic acid (ABTS), 2,2’-
diphenyl-1-picrylhydrazil (DPPH), Folin-
Ciocalteau’s reagent, gallic acid, catechin were
obtained from Fluka (UK).

Raw materials
Fifteen apple cultivars: Jonathan, Gloster,
Melrose, Red Delicious, Golden Delicious, Granny
Smith, Sharunka, Gala, Jonagold, Idared, Braeburn,
Mutsu, Chadel, Kozara and Red Chief were picked
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at commercial maturity during the 2010 harvest
season in southern Serbia, and stored at -20°C.
Prior to analysis apple was thawed at room
temperature, pitted and mixed in a house blender.

Extraction of Phenolics

The phenolics were extracted by using an
ultrasound-assisted method [14]. Briefly, phenolics
were extracted from 20 g sample using 100 ml of
methanol. The mixture was sonicated for 20 min
with a continual stream of nitrogen gas purging to
prevent possible degeneration of phenolics, filtered
through Whatman No. 2 filter paper using chilled
Buchner funnel, and rinsed with 50 ml of 100%
methanol. Extraction of the residue was repeated
under the same conditions. The two filtrates were
combined and transferred into 1l evaporating flask
with additional 50 ml of 80% aqueous methanol.
The solvent was evaporated in a rotary evaporator
at 40°C. The remaining phenolic concentrate was
first dissolved in 50 ml of 100% methanol and was
diluted to final volume of 100 ml with methanol.

Total Phenolic Content (TP)

Total phenolic content (TP) of the apple extracts
was determined using Folin-Ciocalteau (FC) assay
described by Singleton and Rossi [15]. Apple
extracts (0.15 ml) were mixed with 0.5 ml of FC
reagent. After standing for 5 min at room
temperature 2.0 ml of (20% wi/v) sodium carbonate
solution were added and deionized water was added
to a final volume of 10.0 ml. The solutions were
mixed and allowed to stand for 1 h at room
temperature. Then, the absorbance was measured at
760 nm, using a UV-visible spectrophotometer
(Agilent 8453). A calibration curve was prepared,
using a standard solution of gallic acid (20, 40, 60,
80 and 100 mg/l, r=0.99978). Results were
expressed on fresh weight basis (fw) as mg gallic
acid equivalents per 100g of sample.

Total Flavonoid Content (TF)

The total flavonoid content of apple methanol
extracts was determined by a colorimetric method
[16]. A suitable volume of sample was mixed with
2 ml of distilled water and subsequently with 0.3 ml
of a NaNO, solution (5%). After 5min, 3 ml of
AICl; solution (1%) was added, and the solution
was allowed to stand for 5min at room
temperature. Then, 2 ml of NaOH solution (1M)
was added to the mixture and water was added to a
final volume of 10 ml. The mixture was thoroughly
mixed and absorbance was immediately measured
at 510 nm versus water blank. Results were

expressed on a fresh weight basis as mg catechin
equivalents (CE) per 100 g of sample.

ABTS Radical-Scavenging Capacity Assay

The trolox equivalent capacity test developed by
Lee et al. [15] was used in this study. In brief, the
ABTS radical cation (ABTS™) solution was
prepared by the reaction of 7 mM ABTS and 2.45
mM potassium persulphate, after incubation at
23°C in the dark for 12-16 h. The ABTS™ solution
was then diluted with 80% ethanol to obtain an
absorbance of 0.700 + 0.020 at 734 nm. Solution of
ABTS™ (3.9 ml; absorbance of 0.700 + 0.005) was
added to 0.1 ml of the test sample and mixed
thoroughly. The reaction mixture was allowed to
stand at 23°C for 6 min and the absorbance was
immediately measured at 734 nm. The samples
were diluted with 80% ethanol so as to give 20—
80% reduction of the blank absorbance with 0.1 ml
of sample. Reagent blank reading was taken using
0.1 ml of 80% ethanol. Standard curve was
obtained by using trolox standard solution at
various concentrations (ranging from 2 to 10 pM,
r=0,9985) in 80% ethanol. Total antioxidant
activity of apples was expressed as mmol trolox
equivalents (TE) per 100 g fresh weight [17]. The
experiment was carried out in triplicate.

DPPH Free Radical-Scavenging Assay

The antioxidant capacity of the apple extracts
was also studied through evaluation of the free
radical-scavenging effect on the 1,1-diphenyl-2-
picrylhydrazyl (DPPH) radical. The determination
was based on the method proposed by Miliauskas et
al. [15] and De Arcos et al. [18]. An aliquot (0.1
ml) of apple extract was mixed with 2.5 ml of 100
mM DPPH methanol solution. The mixture was
thoroughly vortex-mixed and kept in the dark for
30 min and the decrease in absorbance was
measured at 515 nm. A blank sample containing the
same amount of methanol and DPPH solution was
prepared daily and its absorbance was measured. A
calibration curve was prepared using a standard
solution of trolox (ranging from 2 to 10 uM). The
results were expressed on a fresh weight basis as
mmol trolox equivalents (TE)/100g of sample. The
experiment was carried out in triplicate.

Ferric-Reducing Antioxidant Power Assay (FRAP)

The FRAP assay was carried out according to
the procedure of Benzil and Strain [19]. Briefly, a
0.1 ml apple extract was mixed with 3.0 ml of
FRAP reagent. Then, the reaction mixture was
incubated at 37°C for 4 min. After that, the
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absorbance was measured at 593 nm against a
blank that was prepared using deionized water and
incubated for 1h instead of 4 min. FRAP reagent
should be pre-warmed at 37°C and should always
be freshly prepared by mixing 2.5 ml of a 10 mM
2,4,6-tris (1-pyridyl)-5-triazine (TPTZ) solution in
40 mM HCI with 2.5 ml of 20 mM FeCl;-6H,0 and
25 ml of 0.3 M acetate buffer, pH 3.6. A calibration
curve was prepared, using an aqueous solution of
ferrous sulphate FeSO,-7H,O (200, 400, 600, 800
and 1000 pM, r=0,9972). FRAP values were
expressed on a fresh weight basis as mmol of
ferrous equivalent Fe (1) per 100 g of sample.

Ferric-Reducing Power assay (FRP)

For assessing ferric-reducing power (FRP), the
assay described by Chan et al. [20] was adapted.
Different dilutions of extracts (1 ml) were added to
2.5 mL of phosphate buffer (0.2 M, pH 6.6) and 2.5
mL of potassium ferricyanide (1%, wi/v). The
mixture was incubated at 50°C for 20 min. After
trichloroacetic acid solution (2.5 ml, 10%, w/v) was
added, the mixture was separated into aliquots of
2.5 ml and diluted with 2.5 ml of water. To each
diluted aliquot, 0.5 ml of ferric chloride solution
(0.1%, w/v) was added. After 30 min, absorbance
was measured at 700 nm. FRP of extracts was
expressed as mg gallic acid equivalent (GAE) per
100 g of fresh fruit. The calibration equation for
gallic acid was y = 0.31143 x + 0.01061 (r =
0.99912), where vy is the absorbance and x is the
gallic acid concentration in pg/ml.

Statistical analysis

The data were reported as mean =standard
deviation (SD) for triplicate determinations. The
significance of inter-group differences was
determined by the analysis of variance (ANOVA).
A value of p<0.05 was considered statistically
significant.

RESULTS AND DISCUSSION

Phenolic compounds are generally considered as
a very important antioxidant source in fruits.
Therefore, TP of 15 apple cultivars were examined
by the Folin-Ciocalteu assay and the results are
presented in Table 1. The 15 apple cultivar samples
investigated exhibited considerable differences in
their TP values, varying from 72.80 mg GAE/100g
fw for Braeburn apple to 217.37 mg GAE/100 g fw
for Kozara apple. Chadel, Idared, Red Chief and
Granny Smith apples also had relatively higher TP
(> 190 mg GAE/100g fw). The results were lower
than the data of Imeh and Khochar [21] (300 — 535
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mg GAE/100g fw), but higher than those of
Valavanidis et al. [22] and Lachman et al. [13] (80—
196 mg GAE/100g fw, 76-134 mg GAE/100 fw,
respectively). This differences may be due to
multiple reasons including genetic factors, different
environmental conditions, storage of maturity,
cultivar or varietals differences, growth stage, soil
fertilization and part of the fruit used, amongst
other factors that effect quantitive variation in these
phytochemicals [23,24]. The total flavonoids (TF)
content of these apples was determined. Granny
Smith apple had the highest TF content (111.82 mg
CE/100 g fw), followed by Golden Delicious apple
(106.99 mg CE/100 g fw). The results are presented
in Table 1. Correlation analysis was performed on
the polyphenolic content analysis methods for the
15 apple cultivars. The correlation between TP and
TF assays is at the 0.05 level. These results indicate
that the flavonoids are an important phenolic group
in apple fruit. Correlation coefficient is 0.790.

There are huge varieties of antioxidants
contained in fruits. Therefore, measuring the
antioxidant capacity of each compound separately
becomes very difficult. Several methods have been
developed to estimate the antioxidant capacity of
different plant materials [5,25]. Usually these
methods measure the ability of antioxidants, in a
particular plant material, to scavenge specific
radicals, by inhibiting lipid peroxidation or by
chelating metal ions.

Depending upon the reaction involved, the
antioxidant capacity assays can be based on
hydrogen atom transfer reactions and assays based
on electron transfer. Hydrogen atom transfer
reaction based assays are methods in which
antioxidant and substrate compete for thermally
generated  peroxyl radicals  through  the
decomposition of azo compounds. Those are:
oxygen radical absorbance capacity (ORAC), total
radical trapping antioxidant power (TRAP), pB-
carotene blenching assay, inhibition of linolenic
acid oxidation, and inhibition of LDL oxidation.
Electron transfer based assays measure the capacity
of an antioxidant in the reduction of an oxidant
which changes color when reduced. Described
methods include 2,2’—azinobis(3-
ethylbenzothiazoline-6-sulfonic acid) radical cation
assay (ABTS), ferric ion reducing antioxidant
power assay (FRAP), 2,2-diphenyl-1-
picrylhydrazyl radical scavenging capacity assay
(DPPH) [24,26].

In this study the total antioxidant activity of 15
apple cultivar extracts was determined using DPPH
radical scavenging activity, ABTS radical cation



S.S. Miti¢ et al.: Total phenolics, flavonoids and antioxidant activity of different apple cultivars ...

Table 1. Total phenol (TP) and total flavonoid (TF) contents of apple samples

] TP TF

Apple Cultivar mg GAE/100 g f.w. mg CE/100 g f.w. TFTP
1. Jonathan 134 £2" 74.7+0.9° 0.55
2. Gloster 86 +2/ 53.1+0.99 0.61
3. Melrose 85 +2) 61+2" 0.72
4. Red Deliciose 87 +2 55.8 +0.99 0.64
5. Golden Deliciose 180 =1 107 £2° 0.59
6. Greeny Smith 197 +1° 112 +£3% 0.57
7. Sharunka 161 +2° 70 + 5% 0.43
8. Gala 94 + 2 42.0+0.5" 0.45
9. Jonagold 130 +1" 59.5+0.7% 0.46
10. Idared 202 +2° 67.1+0.8° 0.33
11. Braeburn 73 +2K 372+ 04" 0.51
12. Mutsu 134 +2" 54 + 29 0.40
13. Chadel 212 £2° 82.57 + 0.08° 0.39
14. Kozara 21728 96 + 4° 0.44
15. Red Chief 200 +2¢ 76 + 2% 0.38

) The data are reported as mean + standard deviation (n=3); Bars with no letters in common are significantly different

(p<0.05) in the same column.

Table 2. DPPH radical scavenging activity. ABTS radical cation activity. ferric-ion reducing antioxidant parameter-

FRAP and ferric-reducing power - FRP of apple samples

ABTS* DPPH* FRAP* FRP*
Apple Cultivar mmol TE/100g mmol TE/100g mmol Fe/100g mg GAE/100g f.w.
f.w. f.w. f.w.
1. Jonathan 0.371 % 0.009¢ 0.259+£0.002°  0.663 +0.017° 40.440 +1.2149
2. Gloster 0.245 + 0.004" 0.231+0.003°  0.460+0.011% 28.670 +0.861
3. Melrose 0.250 + 0.003f 0.236 +0.003°  0.432 +0.005 26.590 +0.915'
4. Red Deliciose 0.257 + 0.003f 0.240 = 0.002°  0.486 = 0.019%" 32.910 +0.794"
5. Golden Deliciose 0.501 = 0.009" 0.266 +0.001*°  0.987 + 0.019° 53.610 +0.736°
6. Greeny Smith 0.504 + 0.007™ 0.256 + 0.005% 1.003 £ 0.0212 56.820 +0.828°
7. Sharunka 0.314 + 0.006° 0.257 +0.004°  0.670 +0.016% 75.307 +0.609°
8. Gala 0.186 + 0.0039 0.255+0.004°  0.387 = 0.007' 45.296 +0.823
9. Jonagold 0.367 + 0.008¢ 0.253+0.006°  0.773+0.015° 68.782 +0.533¢
10. Idared 0.382 + 0.009° 0.256 + 0.004°  0.846 % 0.022° 74.764 +0.852%
11. Braeburn 0.181 + 0.003¢ 0.227 £0.004°  0.319 + 0.009" 42.090 +0.745%
12. Mutsu 0.304 + 0.006° 0.248 +0.006°  0.505 + 0.014 43.008 +0.595%
13. Chadel 0.421 + 0.008° 0.261+0.004°  1.001+0.012% 77.100 +0.657
14. Kozara 0.536 + 0.013? 0.276 £ 0.005%  1.003+0.017% 85.510 + 0.729°
15. Red Chief 0.384 +0.011¢ 0.250 + 0.007°  0.729 + 0.015¢ 76.246 +0.670™

*) The data are reported as mean + standard deviation (n=3); Bars with no letters in common are significantly different

(p<0.05) in the same column.

scavenging activity, FRAP ferric ion reducing
antioxidant power and FRP ferric reducing power.
The DPPH radical scavenging activities of 15
apple cultivar extracts are shown in Table 2. All
extract samples selected exhibited strong DPPH
radical scavenging activities at the test
concentration. The values of DPPH radical

scavenging activities ranged from 0.227 to 0.276
mmol TE/100g fw.

Different apple cultivars were also measured
and compared for the free radical scavenging
activity against the ABTS radical cation. Results
showed that all apple samples used in this study had
significant ABTS radical cation activities (Table 2).
The values of ABTS radical cation scavenging
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Table 3. Correlations among apple extracts activity
evaluation indices and total phenolic content.

DPPH ABTS FRAP FRP TP
DPPH 1 0801 0.806 0.706 0.798

ABTS 1 0.917 0.640 0.880

FRAP 1 0.730 0.914

FRP 1 0.813
TP 1

activities of the 15 apple samples were in the range
0.181 — 0.536 mmol TE/100 g fw. The highest and
lower ABTS radical cation scavenging activities
among the apple samples studied were found in
Kozara and Braeburn apples, respectively. It is
important to mention that the TAA values of the
same apple obtained by the ABTS assay were
consistently higher that those obtained by the
DPPH assay. The same phenomena were found in
recent studies on antioxidant activity of selected
fruits by Dragovic-Uzelac et al. [24], and that of
red fruit juices by Bermudez-Soto and Tomas-
Barberan [27]. Different reaction kinetics between
phenol and ABTS radical cation or DPPH radical
over a similar range of concentrations might lead to
the different results from two methods [28].
Actually, the ABTS radical cation scavenging
activity also reflects hydrogen-donating ability.

The FRAP assay involves a single electron
reduction of the Fe(TPTZ),(Ill) complex (pale
yellow) to the Fe(RPTZ),(Il) complex (blue) by
single electron donor species/antioxidants. The
FRAP assay is one of the most simple, rapid,
inexpensive tests and is very useful for routine
analysis. FRAP assay is developed as a direct test
of the total antioxidant power of a sample. The
antioxidant activity of apple extracts using FRAP
assay is shown in Table 2. The ferric reducing
power of apple extracts tested in this investigation
ranged from 0.319 mmol Fe**/100 g fw in the case
of Braeburn apple to 1.003 mmol Fe?*/100 g fw in
the case of Kozara and Granny Smith apples.

As shown in Table 2, there are significant
variations in reducing power (FRP) for the different
apple samples. The reducing power of 15 apple
cultivars tested in this investigation ranged from
26.59 mg GAE/100 g fw (Melrose apple) to 85.51
mg GAE/100 g fw (Kozara apple). The results were
partly different from those obtained in the assays
mentioned above, and this might be due to the
different reaction mechanisms of the antioxidant
evaluation assays. Reducing power is generally
associated with antioxidant activity and may serve
as a significant measure of the antioxidant activity.
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Compounds with reducing power indicate that they
could reduce oxidized intermediates of lipid
peroxidation processes and act as primary or
secondary antioxidants.

Correlations among apple extract activity assays
and total phenolic contents

The Pearson product moment correlation
coefficients calculated from four different apple
extracts antioxidant activity assays and total
phenolic contents are shown in Table 3. Significant
positive correlations between the four antioxidant
activity assays for apple extracts were observed
(ranging from 0.640 to 0.917, p < 0.05), especially
between FRAP ferric ion reducing antioxidant
power and ABTS radical cation scavenging activity
suggesting that overall antioxidant activity
evaluation results for 15 apple samples using four
assays were consistent although these assays
involved different reaction mechanisms. The
measured antioxidant activity of an apple sample
depends on the methodology and on the free radical
generator or oxidant used in the measurement. As
for correlations between antioxidant activity assays
and TP, significant (p<0.05) positive correlations
with FRAP ferric ion reducing antioxidant power,
ABTS radical cation scavenging activity and
relatively good positive correlation with reducing
power and DPPH reducing scavenging activity
were obtained.
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ObIIM ®EHOJIN, JTABOHONAN N AHTUOKCUIAHTHA AKTUBHOCT HA PA3JIMYHU
ABBIIKOBU COPTOBE

C.C. Mutny, B.T. CrostroBud, M.H. Croiikosuy, M.H. Muruu, 11.J1. [TapnoBuy

Henapmamenm no xumus,@axynmem 3a Hayku u mamemamuxa, Yuueepcumem 6 Huw, yn. Buweepaocka 33, [1.K. 224,
18000 Huw, Copous

Ioctenuna Ha 24 anpun, 2012 r.; xopurupana Ha 3 okromspu, 2012 T.
(Pesrome)

Wsrnexxaa, 4e KOHLEHTPALHUATA HA MNONU(QEHONHHTE CBHEOUHEHUS M aHTHOKCHIAHTHATAa aKTUBHOCT Ha
SOBJIIKUTE 3aBUCH OT COPTA, 3PECHETO IPH ChXPAaHEHHE, YCIOBHATA Ha OKOJHATA Cpela M OTYacTH OT Iuioga. B
HacTosIaTa padoTa ca ONpeeNIeHH 00IOTO ChAbpKaHue Ha PeHOIH, (IaBOHOMIN M aHTUOKCHIAHTHATA aKTHBHOCT Ha
LeJH [UI0J0Be OT 15 copra s0bukH, oTrnexnand B Cepbus. O6moTo chabpxanne Ha ¢penonu (TP) e aHanu3upaHo mo
meroga Ha Folin-Ciocalteu; o6mure ¢unaBonouan (TF)- kxomopumerpuudHo c¢ AICl;. Obmarta aHTHOKCHIaHTHA
aktuBHocT (TAA) Ha wu3bpanure sOBIKH Oe ompemensiHa ¢ 2,2-a3uH0-0uc(3-eTHinbGeH30THA30IMH-6-CynoHOBa
KACeNnHa) Kato pamukai-katnoH (ABTS), 2,2-aubenun-1-nukpruinxuapasui  pagdkai-peMaxBail  KamarureTy
(DPPH), penykunonnata crocobHoct cripsimo ¢epuiionn (FRP) and anTrokcuaanTHa CriocoGHOCT CipsMo (hepHitOHH
(FRAP). CoaspxanneTo Ha TonH(EHOIN 3a IeauTe wiogoBe 6¢ B rpanunute Ha 72.80 — 217.37 mg GAE/100 g fw.
SIOBIKOBUTE €KCTPAaKTH MMAaT pa3nnyHa | AA BBB Bpb3Ka ¢ NMpWIAraHWS METOH, a Te3u pa3nuku B TAA Moxe ma ce
oTmaaat Ha chabpxkanueto Ha TP u TF. C momormira Ha Metoga FRAP ¢ HamepeHa Mex Iy 3pECHETO U ChIbPKAHUCTO
Ha TP u TAA.
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Two sulfonamide derivatives were synthetized using a three-component system; in the first stage the compound 4-
{[(2-hydroxy-naphtalen-1-yl)-phenyl-methyl]-amino}-N-thiazol-2-yl-benzenesulfonamide (4) was obtained by the
reaction of B-naphtol, benzaldehyde and sulfathiazole (3) in ethanol. The second stage was achieved by the reaction of 3
with 1-hexyne and benzaldehyde using cupric chloride as a catalyst to form 4(hex-1-ynyl-phenyl-amino)-N-thiazol-2-
yl-benzenesulfonamide (6). The structure of the compounds obtained was confirmed by elemental analysis,
spectroscopy and spectrometry data. The proposed method offers some advantages such as good yields, simple

procedure, low cost, and ease of workup.

INTRODUCTION

Since many years sulfonamide derivatives have
been synthetized; for example, a sulfonamide
derivative was prepared by the reaction of sulfonic
acid salts with amines and alcohols using the
reagent triphenylphosphine ditriflate [1]. There are
other reports on the synthesis of 1-[4-(N-pyrimidin-
2-yl-sulfamoyl)phenyl]-1,11-dihydro-11-0x0-4-
methylpyrimido[4',5":4,5]selenolo[2,3-b]quinolone
by the reaction of an iminoether with 4-amino-N-
pyrimidin-2-ylbenzenesulfonamide under reflux in
glacial acetic acid [2]. Other studies described the
obtaining of 4-(1,2,3,4-tetrahydro-4,4,6-trimethyl-
2-thioxo-1-pyrimidinyl)-N-(2-thiazolyl)-bezene
sulfonamide using sulfathiazole and 4-methyl-4-
isothiocyanato-2-pentanone [3]. The synthesis of N-
(2-anilinopyridin-3-yl)-4-methylbenzenesulfona-
mide by the reaction of NZ-phenylpyridine-2,3-
diamine with 4-methylbenzenesulfonyl chloride [4]
is also reported.

The sulfamethoxazolato anion is obtained by the
reaction of sulfamethoxazole with PhsPAuCI and
AgCl in methanol/triethylamine [5]. 4-(1,2,3,4-
Tetrahydro-4,4,6-trimethyl-2-thioxo-1-pyrimidi-
nyl)-N-(2-thiazolyl)-bezenesulfonamide is synthe-

* To whom all correspondence should be sent:
E-mail: : lauro_1999@yahoo.com
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tized by the reaction of sulfathiazole with 4-
isothiocyanato-2-pentanone under reflux [6]. The
procedures for synthesis of sulfonamide derivatives
described in the literature require, however,
expensive reagents and special conditions.
Therefore, in this study two new sulfonamide
derivatives were synthetized using a three-
component system.

MATERIAL AND METHODS
General methods

The compounds used in this study were
purchased from Sigma-Aldrich Co., Ltd. The
melting points of the different compounds were
determined on an Electrothermal (900 model)
apparatus. Infrared (IR) spectra were recorded on a
Perkin Elmer Lambda 40 spectrometer using KBr
pellets. *H and **C NMR spectra were recorded on
a Varian VXR-300/5 FT NMR spectrometer at 300
and 75.4 MHz in CDCI; using TMS as internal
standard. EIMS spectra were obtained on a
Finnigan Trace GCPolaris Q spectrometer.
Elemental analysis data were acquired from a
Perkin Elmer Ser. I CHNS/O 2400 elemental
analyzer.

Synthesis of 4- /[ (2-hydroxy-naphtalen-1-yl)-
phenyl-methyl]-amino /-N-thiazol-2-yl-

© 2013 Bulgarian Academy of Sciences, Union of Chemists in Bulgaria
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benzenesulfonamide (4)

A solution of B-naphtol (100 mg, 0.69 mmol),
sulfathiazole (192 mg, 0.69 mmol) and
benzaldehyde (70 ul, 71 mmol) in 10 mL of ethanol
was stirred for 72 h at room temperature. The
reaction mixture was evaporated to a smaller
volume. Then, the mixture was diluted with water
and extracted with chloroform. The organic phase
was evaporated to dryness under reduced pressure,
the residue was purified by crystallization from
methanol:water (3:1) yielding 60 % of product,
m.p. 118-120 °C; IR (Vmax, cm™): 3530 (OH), 3450
(C-NH-Ar) and 1325 (S=0); *H NMR (300 MHz,
CDCl3) 6éu: 5.45 (s, IH), 6.50 (d, 2H, J = 9.0 Hz),
7.06 (broad, 3H), 7.08-7.12 (m, 2H), 7.16 (d, 1H, J
= 9.0 Hz), 7.19(m, 1H), 7.21-7.23 (m, 2H), 7.46-
7.52 (m, 2H), 7.57 (d, 1H, J = 3.5 Hz), 7.59 (m,
1H), 7.73 (m, 1H), 7.75 (d, 2H, J = 9.0Hz), 7.80 (m,
1H) ppm. ¥ C NMR (75.4 Hz, CDCl;) &c: 56.68
(C-17), 114.11 (C-20), 116.04(C-14, C-12), 116.50
(C-5), 119.70 (C-18), 120.89 (C-24), 123.80 (C-
26), 127.02 (C-25) 127.10 (C-11, C-15), 127.36
(C-22), 127.80 (C-31), 128.50 (C-21), 129.68 (C-
27), 129.90 (C-30, C-32), 130.66 (C-29, C-33),
132.90 (C-28), 135.42 (C-4), 137.65 (C-10),
137.70 (C-23), 153.70 (C-19), 154.22 (C-13),
168.02 (C-2) ppm. EI-MS m/z: 487.75 (M*, 12),
334.27, 169.21. Anal. Calcd for CzH21N303S2: C,
64.04; H, 4.34; N, 8.62; O, 9.84; S, 13.15. Found:
C, 64.02; H, 4.33.

Synthesis of 4(hex-1-ynyl-phenyl-amino)-N-thiazol-
2-yl-benzenesulfonamide (6)

A solution of 1-hexyne (80 ul, 0.70 mmol),
sulfathiazole (192 mg, 0.69 mmol) benzaldehyde
(75 pl, 0.70 mmol) and cupric chloride anhydrous
(140 mg, 1.04 mmol) in 10 ml of ethanol was
stirred for 72 h at room temperature. The reaction
mixture was evaporated to a smaller volume. Then,
the mixture was diluted with water and extracted
with chloroform. The organic phase was evaporated
to dryness under reduced pressure, the residue was
purified by crystallization from methanol:water
(3:1) yielding 45 % of product, m.p. 178-180 °C; IR
(Vmax, cm™): 3310 (C=C), 1320 (S=0) and 1170
(C-N); 'H NMR (300 MHz, CDCls) &u: 0.91 (t,J
= 6.3 Hz, 3H), 1.47 (m, 4H), 2.21 (t, J= 6.8 Hz,
2H), 6.67 (m, 2H), 6.78 (m, 1H), 7.17 (d, J = 3.4
Hz, 1H), 7.20 (m, 2H), 7.33 (m, 2H), 7.50 (d, J =
3.4 Hz, 1H), 7.88 (m, 2H), 8.98 (broad, 1H) ¥ C
NMR (75.4 Hz, CDClz) &c: 13.60 (C-28), 16.95
(C-25), 21.98 (C-27), 32.03 (C-26), 61.08 (C-24),
75.02 (C-23), 113.10 (C-18, C-22), 116.26 (C-12,
C-14), 116.57 (C-5, 119.60 (C-20), 128.37 (C-15),

128.50 (C-21), 135.32 (C-4), 138.80 (C-10),
147.02(C-17), 152.34 (C-13), 166.98 (C-2). EI-MS
m/z (M* 12): 411.15 (M*, 12), 218.08(100),
174.24(60), 103.07 (65), 76.15 (78). Anal. Calcd
for C21H21N30,S;: C, 61.29; H, 5.14; N, 10.21; O,
7.78, S, 15.58. Found: C, 61.03; H, 5.11.

RESULTS AND DISCUSSION

In many procedures a three-component system
is used for the synthesis of several compounds. The
most widely practiced method employs boric acid
[7], silica sulfuric acid [8], poly(4-vinylpyridine-co-
divinylbenzene)-Cu(ll) complex [9], H2SO4[10],
silica triflate [11] and phosphorus pentoxide [12].
Nevertheless, despite their wide scope, the former
protocols suffer from several drawbacks, e.g.,
limited stability or dangerous preparation of some
reagents. In this study we report a straightforward
route for the synthesis of 4 using a modification of
a method reported by Dabiri and coworkers [13].
According to this procedure, 4 is obtained by
reaction of B-naphtol, benzaldehyde and
sulfathiazole in ethanol (Figure 1). The 'H NMR
spectrum of 4 shows

R NH
\

OH O\H N
5 oY
j‘

(0]
SPEw
S, =
O LoD
oL
OH

Fig. 1. Synthesis of 4-{[(2-hydroxy-naphtalen-1-ylI)-
phenyl-methyl]-amino}-N-thiazol-2-yl-
benzenesulfonamide (4). Reaction between B-naphtol
(1), benzaldehyde (2) and sulfathiazole (3) to form 4
using boric acid as catalyst. i = ethanol/rt.

signals at 5.40 ppm for methylene bound to both
phenyl and amine groups; at 6.50 and 7.75 ppm for
phenyl group bound to amine group; at 7.08-7.12
and 7.21-7.23 ppm for protons involved in the
phenyl group which is bound to the methylene
group; at 7.16 ppm for hydrogen of thiazole ring; at
7.19, 7.46-7.73 and 7.80 ppm for naphtol fragment.
Finally, another signal at 7.06 ppm for both amino
and hydroxyl groups was found. The **C NMR
spectrum contains peaks at chemical shifts of 56.68
ppm for the carbon of the methylene bound to both
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phenyl and amine groups. Other signals at 116.50,
135.42 and 168.02 ppm for carbons involved in the
thiazole ring; at 127.80 and 129.90-132.90 ppm for
phenyl group bound to methylene group; at 114.10,
119.70-127.02, 127.36, 128.50-129.68 and 137.70—
153.70 ppm for naphtol fragment; 116.04, 127.10,
137.65 and 154.22 ppm for phenyl group bound to
amine group were found. Finally, the presence of 4
was confirmed by the mass spectrum which showed
a molecular ion at m/z 487.75.
O\ " O\\/NH N
N . Q/S\\O TJ

2

Fig. 2. Synthesis of 4(hex-1-ynyl-phenyl-amino)-N-
thiazol-2-yl-benzenesulfonamide (6). Reaction between
1-hexyne (5), benzaldehyde (2) and sulfathiazole (3) to
form 6 using cupric chloride as catalyst. i = ethanol/rt.

In a second stage the synthesis of 4(hex-1-ynyl-
phenyl-amino)-N-thiazol-2-yl-benzenesulfonamide
was achieved which has as chemical characteristic
an alkyne group bound to amine group (Figure 2).
It is important to mention that there are some
reports which indicate the synthesis of several
alkyne derivatives involving the use of a copper(l)
reagent which has been found to be an efficient
catalyst for an enantioselective one-pot three-
component synthesis between aldehydes, amines
and alkynes [14] . Other studies indicate that cupric
chloride is a good catalyst for the synthesis of
alkyne derivatives [15]. For this reason, in this
study the compound 6 was obtained by the reaction
of 1-hexyne, sulfathiazole and benzaldehyde using
cupric chloride as a catalyst. The 'H NMR
spectrum of 6 shows signals at 0.91 ppm for methyl
group; at 1.47-2.21 ppm for methylenes involved in
alkyne fragment; at 6.60-7.20, 7.33 and 7.88 ppm
for protons of phenyl groups; at 7.17 and 7.50 ppm
for methylenes involved in thiazole ring; at 8.98

334

ppm for amine group. The *C NMR spectrum of 6
contains chemical shifts at 13.60 ppm for methyl
group; 16.95-32.03 ppm for methylenes involved in
the arm of alkyne fragment; at 61.08—75.02 ppm for
alkyne group; at 113.10-116.26, 119.60-128.50,
138.80-147.02 and 156.34 ppm for phenyl groups;
at 116.57, 135.32 and 166.98 ppm for thiazole ring.
The presence of 6 was further confirmed by the
mass spectrum which showed a molecular ion at
m/z 411.15.

In conclusion, the synthesis of sulfonamide
derivatives using a three-component system offers
some advantages such as good vyields, simple
procedure, low cost, and ease of workup.
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(Pesrome)

CuHTe3upaHu ca JaBe Cyn(pOHaMHIHU IPOM3BOIHM Ha CyJ(OTHA30Ja NPH H3MOJI3BAaHETO HA TPH-KOMIIOHCHTHA
cucrema. B mppBHs eTam e monydeHo cheauHeHueto 4-{[(2-xumpoxcu-nadranen-1-wui)-penma-meri]-aMmuno }-N-
THa3on-2-mwi-oenszeHcyndonamun (4) upes peakuus ¢ B-nadron, 6enszangexun u cyndaruazon (3) B eranon. Bropust
eTall ce MOCTHra 4pe3 peakuus Ha 3 ¢ 1-XekcuH u OeH3anmexui, W3IOJ3BaiKU MEICH XJIOpUI KaTo KaTalu3aTropsa
obpasyBaneto Ha 4(xekc-1-unun-heHun-amuHo)-N-bprazon-2-mi-oenzencyiadounamun (6). CTpykTypaTa Ha MONyISHUTE
CBEAMHEHUS € MOTBbpACHA OT eyeMeHTeH aHanu3, Y- u SIMP-cnektpockomus u cnekrpomerpus. Ilpennoxenust
METOJI Ipe/yIara HIAKOH MPeIUMCTBa, KaTo 100pU JOOUBH, MPOCTA MPOIIeIypa, HUCKH Pa3Xxoau U jiecHa 00padoTKa.
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Some aspects of multilayer chitosan electrospun nanofibers web
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The chitosan based nanofibers web is a biocompatible, biodegradable, antimicrobial and non-toxic structure
which has both physical and chemical properties to effectively capture and neutralize toxic pollutants from air and
liquid media. Despite such potentials, the mechanical properties of nanofibers web is very poor to use in filtration
applications. To remedy this defect, nanofibers web could laminate into a strength structure. The purpose of this study is
to consider the influence of laminating temperature on nanofibers web/multilayer structure properties. The nanofibers
web morphology and multilayer cross-section was observed under an optical microscope and scanning electron
microscope, respectively. Also, air permeability experiments were performed to examine the effect of laminating
temperature on air transport properties of multilayer structures. Optical microscope images showed that the nanofiber
web began to damage when laminating temperature was selected above melting point of adhesive layer. Air
permeability decreased with increasing laminating temperature. It is also observed that the adhesive force between
layers was increased by increasing laminating temperature.

Keywords: Chitosan, Nanofibers web, Filtration, Lamination

INTRODUCTION

There is an enormous requirement for
cleaner air around the world which has
activated immense interest in the development
of high efficiency filters or face masks. Non-
woven nanofibrous media have low basis
weight, high permeability, and small pore size
that make them appropriate for a wide range of
filtration applications. In addition, nanofibers
web offers unique properties like high specific
surface area (ranging from 1 to 35m2/g
depending on the diameter of fibers), good
interconnectivity of pores and the potential to
incorporate active chemistry or functionality on
nanoscale. To date, the most successful method
of producing nanofibers is through the process
of electrospinning. The electrospinning process
uses high voltage to create an electric field
between a droplet of polymer solution at the tip
of a needle and a collector plate. When the
electrostatic force overcomes the surface
tension of the drop, a charged, continuous jet of
polymer solution is ejected. As the solution
moves away from the needle and toward the

collector, the solvent evaporates and jet rapidly
thins and dries. On the surface of the collector,
a nonwoven web of randomly oriented solid
nanofibers is deposited [1]. It has been found
that the morphology of the web, such as fiber
diameter and its uniformity of the electrospun
nanofibers, are dependent on many processing
parameters. These parameters can be divided
into three main groups: A) solution properties,
B) processing conditions, C) ambient
conditions. Each of the parameters has been
found to affect the morphology of the
electrospun fibers.

Solution Properties

Parameters such as viscosity of solution, solution
concentration, molecular weight of polymer,
electrical conductivity, elasticity and surface
tension have an important effect on the morphology
of nanofibers.

Viscosity. The viscosity range of a different
nanofiber solution which is spinnable is different.
One of the most significant parameters influencing
the fiber diameter is the solution viscosity. A higher
viscosity results in a large fiber diameter. Beads
and beaded fibers are less likely to be formed for
the more viscous solutions. The bead diameter
becomes bigger and the average distance between

* To whom all correspondence should be sent:
E-mail: Haghi@Guilan.ac.ir
336 © 2013 Bulgarian Academy of Sciences, Union of Chemists in Bulgaria
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beads on the fibers become longer as the viscosity
increases.

Solution concentration. In the electrospinning
process, for fiber formation to occur a minimum
solution concentration is required. As the solution
concentration increases, a mixture of beads and
fibers is obtained. The shape of the beads changes
from spherical to spindle-like when the solution
concentration varies from low to high levels. The
fiber diameter increases with increasing solution
concentration because of the higher viscosity
resistance. Nevertheless, at higher concentration the
viscoelastic force which usually resists rapid
changes in fiber shape may result in uniform fiber
formation. However, it is impossible to
electrospinning if the solution concentration or the
corresponding viscosity become too high due to the
difficulty in liquid jet formation.

Molecular weight. Molecular weight also has a
significant effect on the rheological and electrical
properties such as viscosity, surface tension,
conductivity and dielectric strength. It has been
observed that too low molecular weight solution
tends to form beads rather than fibers and high
molecular weight nanofiber solution gives fibers
with larger average diameter.

Surface tension. The surface tension of a liquid
is often defined as the force acting at right angles to
any line of unit length on the liquid surface. By
reducing surface tension of a nanofiber solution,
fibers could be obtained without beads. The surface
tension seems more likely to be a function of
solvent compositions, but is negligibly dependent
on the solution concentration. Different solvents
may contribute different surface tensions. However,
a lower surface tension of a solvent will not
necessarily always be more suitable for
electrospinning.  Generally, surface  tension
determines the upper and lower boundaries of
electrospinning window if all other variables are
held constant. The formation of droplets, bead and
fibers can be driven by the surface tension of
solution, and lower surface tension of the spinning
solution helps electrospinning to occur at lower
electric field.

Solution Conductivity. There is a significant
drop in the diameter of the electrospun nanofibers
when the electrical conductivity of the solution
increases. Beads may also be observed due to low
conductivity of the solution, which results in
insufficient elongation of a jet by electrical force to
produce uniform fiber. In general, electrospun
nanofibers with the smallest fiber diameter can be
obtained with the highest electrical conductivity.

This indicates that the drop in the size of the fibers
is due to the increased electrical conductivity.

Processing Condition

Another important parameter that affects the
electrospinning process is the various external
factors exerting on the electrospinning jet. This
includes the Applied voltage, the feed rate,
diameter of nuzzle/needle and distance between the
needle and collector.

Applied voltage. In the case of electrospinning,
the electric current due to the ionic conduction of
charge in the nanofiber solution is usually assumed
small enough to be negligible. The only mechanism
of charge transport is the flow of solution from the
tip to the target. Thus, an increase in the
electrospinning current generally reflects an
increase in the mass flow rate from the capillary tip
to the grounded target when all other variables
(conductivity, dielectric constant, and flow rate of
solution to the capillary tip) are held constant.
Increasing the applied voltage (i.e., increasing the
electric field strength) will increase the electrostatic
repulsive force on the fluid jet, which favors the
thinner fiber formation. On the other hand, the
solution will be removed from the capillary tip
more quickly as jet is ejected from Taylor cone.
This results in the increase of the fiber diameter.

Feed rate. The morphological structure can be
slightly changed by changing the solution flow rate.
When the flow rate exceeded a critical value, the
delivery rate of the solution jet to the capillary tip
exceeded the rate at which the solution was
removed from the tip by the electric forces. This
shift in the mass-balance resulted in sustained but
unstable jet and fibers with big beads formation. In
the first part of this study, the production of
electrospun nanofibers was investigated. In another
part, a different case study was presented to show
how nanofibers can be laminated for application in
filter media.

Distance between the needle and collector.
When the distance between the tip of needle and the
collector is reduced, the jet will have a shorter
distance to travel before it reaches the collector
plate. Moreover, the electric field strength will also
increase at the same time and this will increase the
acceleration of the jet to the collector. As a result,
there may not have enough time for the solvents to
evaporate when it hits the collector.

Diameter of needle. The internal diameter of
needle has a certain effect on the electrospinning
process. A smaller internal diameter was found to
reduce the amount of beads on the electrospun web
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and was also found to cause a reduction in the
diameter of fibers.

Ambient condition

Since electrospinning is influenced by external
electric field, any changes in the electrospinning
environment will also affect the electrospinning
process. Any interaction between the surrounding
and the polymer solution may have an effect on the
electrospun fiber morphology. For example, high
humidity was found to cause the formation of pores
on the surface of the fibers [2-4].

Chitosan. Over the recent years, interest in the
application of naturally occurring polymers such as
polysaccharides and proteins, owing to their
abundance in the environment, has grown
considerably. Chitin, the second most abundant
polysaccharide found on earth next to cellulose, is a
major component of the shells of crustaceans such
as crab, shrimp and crawfish. The structural
characteristics of chitin are similar to those of
glycosaminoglycans. When chitin is deacetylated
over about 60% it becomes soluble in dilute acidic
solutions and is referred to chitosan or poly(N-
acetyl-D-glucosamine). Chitosan and its derivatives
have attracted much research because of their
unique biological properties such as antibacterial
activity, low toxicity, and biodegradability [5-7].

Depending on the chitin source and the methods
of hydrolysis, chitosan varies greatly in its
molecular weight (MW) and degree of
deacetylation (DDA). The MW of chitosan can
vary from 30 kDa to well above 1000 kDa and its
typical DDA is over 70 %, making it soluble in
acidic aqueous solutions. At a pH of about 6-7, the
biopolymer is a polycation and at a pH of 4.5 and
below, it is completely protonated. The fraction of
repeat units which are positively charged is a
function of the degree of deacetylation and solution
pH. A higher degree of deacetylation would lead to
a larger number of positively charged groups on the
chitosan backbone [8]. Also, Sorlier et al.[9] have
studied the effect of pH and DDA on Chitosan
solution pKa and found that for varying DDA from
5% to 75%, pKa varies between 6.3 and 7.2.

As mentioned above, chitosan has several
unique properties such as the ability to chelate ions
from solution and to inhibit the growth of a wide
variety of fungi, yeasts and bacteria. Although the
exact mechanism witch chitosan exerts these
properties is currently unknown, it has been
suggested that the polycationic nature of this
piopolymer that forms from acidic solutions below
pH 6.5 is a crucial factor. Thus, it has been
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proposed that the positively charged amino groups
of the glucosamine units interact with negatively
charged components in microbial cell membranes
altering their barrier properties, thereby preventing
the entry of nutrients or causing the leakage of
intracellular contents. Another reported mechanism
involves the penetration of low MW chitosan in the
cell, the binding to DNA, and the subsequent
inhibition of RNA and protein synthesis. Chitosan
has been shown also to activate several defense
processes in plant tissues, and it inhibits the
production of toxins and microbial growth because
of its ability to chelate metal ions [10-12].

Electrospinning of chitosan. Chitosan is
insoluble in water, alkali, and most mineral acidic
systems. However, though its solubility in
inorganic acids is quite limited, chitosan is in fact
soluble in organic acids, such as dilute agqueous
acetic, formic, and lactic acids. Chitosan also has
free amino groups, which makes it a positively
charged polyelectrolyte. This property makes
chitosan solutions highly viscous and complicates
its electrospinning [13]. Furthermore, the formation
of strong hydrogen bonds in a 3-D network
prevents the movement of polymeric chains
exposed to the electrical field [14]. Different
strategies were used for bringing chitosan in
nanofiber form. The three top most abundant
techniques include blending of favorite polymers
for electrospinning process with chitosan matrix
[15, 16], alkali treatment of chitosan backbone to
improve electro spinnability through reducing
viscosity [17] and employment of concentrated
organic acid solution to produce nanofibers by
decreasing of surface tension [18]. Electrospinning
of polyethylene oxide (PEO)/chitosan [15] and
polyvinyl alcohol(PVA)/chitosan [16] blended
nanofiber are two recent studies based on first
strategy. In the second protocol, the MW of
chitosan decreases through alkali treatment.
Solutions of the treated chitosan in aqueous 70-90%
acetic acid produce nanofibers with appropriate
quality and processing stability [17]. Using
concentrated organic acids such as acetic acid*® and
triflouroacetic acid (TFA) with and without
dichloromethane (DCM) [19] has been reported
exclusively for producing neat chitosan nanofibers.
They similarly reported the decreasing of surface
tension and at the same time enhancement of
charge density of chitosan solution without
significant effect on viscosity. This new method
suggests significant influence of the concentrated
acid solution on the reducing of the applied field
required for electrospinning.
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The mechanical properties of neat chitosan
electrospun natural nanofibers web can be
improved by addition of the synthetic materials
including carbon nanotubes (CNTSs) [20]. CNTs are
one of the important synthetic materials that were
discovered by lijima in 1991 [21]. CNTs, either
single-walled nanotubes (SWNTSs) or multiwalled
nanotubes (MWNTSs), combine the physical
properties of diamond and graphite. They are
extremely thermally conductive like diamond and
appreciably electrically conductive like graphite.
Moreover, the flexibility and exceptional specific
surface area to mass ratio can be considered as
significant properties of CNTs. Scientists are
becoming more interested in CNTSs for existence of
exclusive properties such as mechanical strength
for various applications [22].

Laminating of electrospun web. While
electrospun webs suggest exciting characteristics, it
has been reported that they have limited mechanical
properties [23, 14]. To compensate this drawback in
order to use of them in filtration applications,
electrospun nanofibers web could be laminated via
an adhesive into a multilayer system [25-28]. The
adhesives are as solvent/water-based adhesive or as
hot-melt adhesive. At the first group, the adhesives
are as solution in solvent or water, and solidify by
evaporating of the carrying liquid. Solvent-based
adhesives could ‘wet’ the surfaces to be joined
better than water-based adhesives, and also could
solidify faster. But unfortunately, they are
environmentally unfriendly, usually flammable and
more expensive than those. Of course it doesn't
mean that the water-based adhesives are always
preferred for laminating, since in practice, drying
off water in terms of energy and time is expensive
too. Besides, water-based adhesives are not
resisting to water or moisture because of their
hydrophilic nature. At the second group, hot-melt
adhesives are environmentally friendly,
inexpensive, require less heat and energy, and so
are now more preferred. Generally there are two
procedures to melt these adhesives; static hot-melt
laminating that accomplish by flat iron or Hoffman
press and continuous hot-melt laminating that uses
the hot calendars. In addition, these adhesives are
available in several forms; as a web, as a
continuous film, or in powder form. The adhesives
in film or web form are more expensive than the
corresponding adhesive powders. The web form are
discontinuous and produce laminates which are
flexible, porous and breathable, whereas,
Continuous film adhesives cause stiffening and
produce laminates which are not porous and

permeable to both air and water vapour. This
behaviour attributed to impervious nature of
adhesive film and its shrinkage under the action of
heat [29]. Thus, the knowledge of laminating skills
and adhesive types is very essential to producing
appropriate multilayer structures. Specifically, this
subject becomes more highlight as we will laminate
the ultrathin nanofibers web, because the
laminating process may be adversely influenced on
the nanofibers web properties. Lee et al. [30]
without disclosure of laminating details, reported
that the hot-melt method is more suitable for
nanofiber web laminating. In this method,
laminating temperature is one of the most effective
parameters. Incorrect selection of this parameter
may lead to change or damage ultrathin nanofiber
web. Therefore, it is necessary to find out a
laminating temperature which has the least effect
on nanofiber web during process.

The purpose of this study is to consider the
influence of laminating temperature on the
nanofibers web/multilayer structure properties.
Multilayer structures were made by laminating of
nanofibers web into cotton fabric via hot-melt
method at different temperatures. Effects of
laminating temperature on the nanofibers web
morphology, air transport properties and the
adhesive force were discussed.

EXPERIMENTAL
Preparation of chitosan-MWNT solution

Chitosan with DDA of 85% and MW of
5x10° was supplied by Sigma-Aldrich. The
MWNTs, supplied by Nutrino, have an average
diameter of 4 nm and purity of about 98%. All
of the other solvents and chemicals were
commercially available and used as received
without further purification. A Branson
Sonifier 250 operated at 30W used to prepare
the MWNT dispersion in chitosan/organic acid
solution (70/30 TFA/DCM). First, 3mg of as
received MWNTSs was dispersed into deionized
water or DCM using solution sonicating for
10min. Next, chitosan was added to MWNTSs
dispersion to preparing a 10 wt% solution after
sonicating for 5min. Finally, in order to obtain
a chitosa/MWNT solution, organic acid
solution was added and the dispersion was
stirred for 10 hours.
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Fig.1. Electrospinning setup and an enlarged image of Nanofibers Web on PPSN

Tablel. Electrospinning conditions and layers properties for laminating

Electrospinning conditions

Layers properties

Polymer concentration 12% wiw
Feed rate 1 pl/h
Nozzle inner diameter 0.4 mm
Nozzle-Drum distance 7cm
Voltage 11 KV
Traversing plate speed 0.4 m/min
Drum speed 9 m/min
Spinning time 8 hrs

PPSN Thickness 0.19 mm
Air permeability 824 cm3/s/cm?
Melting point 140°C
Mass 25 g/m?
Electrospun web
Mass 3.82 g/m?
Fabric thickness 0.24 mm
Warp-weft density 25x%25 per cm

Electrospinning

After the preparation of spinning solution, it
was inserted into a syringe with a stainless steel
nozzle and then the syringe was placed in a
metering pump from WORLD PRECISION
INSTRUMENTS (Florida, USA). Next, this set
installed on a homemade plate which it could
traverse to left-right direction along drum
collector  (Fig.1). The  electrospinning
conditions and layers properties for laminating
are summarized in Table 1. The electrospinning
process was carried out for 8h and the
electrospun fibres were collected on an
aluminium-covered rotating drum which was
previously covered with a Poly-Propylene
Spun-bond Nonwoven (PPSN) substrate. After
removing of PPSN covered with electrospun
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fibres from drum and attaching another layer of
PPSN on it, this set was incorporated between
two cotton weft-warp fabrics as a structure of
fabric-PPSN-  nanofibers  web-PPSN-fabric
(Fig. 2). Finally, hot-melt laminating
performed using a simple flat iron for 1min,
under a pressure of 9gf/cm? and at temperatures
85,110,120,140,150°C (above softening point
of PPSN) to form multilayer structures.

Characterizations

The morphology of electrospun fibers. The
electrospun fibers were characterized using
scanning electron microscope (SEM, Seron
Technology, AIS-2100, Korea) to study the
fiber morphology. The sample was sputter
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Fig. 2. Multilayer components: (1) Fabric, (2) PPSN, (3)
Nanofibers Web, (4) PPSN, (5) Fabric.

coated with Au/Pd to prevent charging during
SEM imaging. Image processing software
(MICROSTRUCTURE MEASUREMENT)
was used to measure the fiber diameter from
the SEM micrograph. Fiber diameter was
measured at 50 different points for determining
the average and distribution of diameter. The
Mass per unit area (g/m?> or gsm) of the
electrospun web was measured by dividing the
mass of the web by its area.

The morphology of multilayer structure

A piece of each multilayer was freeze fractured
in liquid nitrogen and after sputter-coating with
Au/Pd, a cross-section image of them captured
using a scanning electron microscope.

Also, to consider the nanofiber web surface after
hot-melt laminating, other laminations were
prepared by a non-stick sheet made of Teflon (0.25
mm thickness) as a replacement for one of the
fabrics (fabric/PPSN/nanofibers web/PPSN/Teflon
sheet). Laminating process was carried out at the
same conditions which mentioned to produce
primary laminations. Finally, after removing of
Teflon sheet, the nanofibers layer side was
observed under an  optical  microscope
(MICROPHOT-FXA, Nikon, Japan) connected to a
digital camera.

Measurement of air permeability

The air permeability of multilayer structures,
which is a measure of the structural porosity,
was measured by air permeability tester
(TEXTEST FX3300, Ziirich, Switzerland). It
was tested 5 pieces of each sample under air
pressure of 125 Pa, at ambient condition (16°C,
70%RH), and then the average air permeability
was calculated.

RESULTS AND DISCUSSION

In our previous work, chitosan/MWNTS
nanofibers web was fabricated using
electrospinning technique, successfully [31].
The goal of this research is to develop chitosan
based multilayer structures in order to use of
them in filtration applications. In the
electrospinning phase, PPSN was chosen as a
substrate to provide strength to the nanofiber
web and to prevent of its destruction in
removing from the collector. In Fig. 1, an
ultrathin layer of nanofibers web on PPSN
layer is illustrated, which conveniently shows
the relative fiber size of nanofiber (32668 nm)
web compared to PPSN fibers. Also, this figure
shows that the macropores of PPSN substrate is
covered with numerous electrospun nanofibers,
which will create innumerable microscopic
pores in this system. But in laminating phase,
this substrate acts as an adhesive and causes to
bond the nanofiber web to the fabric. In
general, it is relatively simple to create a strong
bond between these layers, which guarantees
no delamination or failure in multilayer
structures; the challenge is to preserve the
original properties of the nanofiber web and
fabrics. In other words, the application of
adhesive should have minimum affect on the
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Fig. 3. SEM images of multilayer fabric cross-section at different laminating temperatures.
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Fig.4. The optical microscope images of nanofiber web surface at different laminating temperatures (100x
maghnification), a) 85°C, b) 110°C, ¢) 120°C, d) 140°C and ¢) 150°C.

fabric or nanofiber web structure. In order to
achieve to this aim, it is necessary that: a) the
least amount of a highly effective adhesive
applied, b) the adhesive correctly cover the
widest possible surface area of layers for better
linkage between them and c) the adhesive
penetrate to a certain extent of the nanofiber
web/fabric [29]. Therefore, we selected PPSN,

which is a hot-melt adhesive in web form. As
mentioned above, the perfect use of web form
adhesive can be lead to produce multilayer
fabrics which are porous, flexible and
permeable to both air and water vapour. On the
other hand, since the melting point of PPSN is
low, hot-melt laminating can perform at lower
temperatures. Hence, the probability of
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shrinkage that may happen on layers in effect
of heat becomes smaller; Of course, the
thermal degradation of chitosan nanofiber web
begins above 250°C [32,33] and the cotton
fabrics are intrinsically resistant to heat too. By
this description, laminating process performed
at five different temperatures to consider the
effect of laminating temperature on the
nanofiber web/multilayer properties.

The SEM images of multilayer fabric cross-
section after laminating at different
temperatures are shown in Fig. 3. It is obvious
that these images cannot deliver useful
information about nanofibers web morphology
in  multilayer structure, so it becomes
impossible to consider the effect of laminating
temperature on nanofibers web. Hence, in a
novel way, we decided to prepare a secondary
multilayer by substitution of one of the fabrics
with Teflon sheet. By this replacement, the
surface of nanofiber web will become
accessible after laminating; because Teflon is a
non-stick material and easily separates from the
adhesive.

Fig. 4 presents optical microscope images of
nanofiber web and adhesive after laminating at
different temperatures. It is apparent that the
adhesive gradually flattened on nanofiber web
(Fig. 4(a-c)) when laminating temperature
increased to melting point of adhesive(140 °C).
This behaviour is attributed to increment in
plasticity of adhesive because of temperature
rise and the pressure applied from the iron
weight. But, by selection of melting point as
laminating  temperature, the  adhesive
completely melted and began to penetrate into
the nanofiber web structure instead of spread
on it (Fig. 4(d)). This penetration, in some
regions, was continued to some extent that the
adhesive was even passed across the web layer.
The dark crisscross lines in Fig. 4(d) obviously
show wherever this excessive penetration is
occurred. The adhesive penetration could
intensify by increasing of laminating
temperature above melting point; because the
fluidity of melted adhesive increases by
temperature rise. Fig. 4(e) clearly shows the
amount of adhesive diffusion in the web which
was laminated at 150°C. At this case, the whole
diffusion of adhesive lead to create a
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Fig. 5. Air permeability of multilayer structure after
laminating at different temperatures.
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transparent film and to appear the fabric
structure under optical microscope.

Also, to examine how laminating
temperature affect the permeability of
multilayer  structure, air  permeability

experiment was performed. The bar chart in
Fig. 5 indicates the effect of laminating
temperature on air transport properties of
multilayer. As might be expected, the air
permeability  decreased with increasing
laminating temperature. This procedure means
that the air permeability of multilayer fabric is
related to adhesive's form after laminating;
because at these temperatures, the nanofiber
web and cotton fabrics intrinsically are
resistant to heat. Of course, it is to be noted that
the pressure applied during laminating can
leads to compact the web/fabric structure and
to reduce the air permeability too.
Nevertheless, this parameter didn't have
effective role on air permeability variations at
this work, because the pressure applied for all
samples had the same quantity. As discussed,
by increasing of laminating temperature to
melting point, PPSN was gradually flattened
between layers so that it was transformed from
web-form to film-like. It is obvious in Fig. 4(a-
c) that the pore size of adhesive layer becomes
smaller in effect of this transformation.
Therefore, we can conclude that the adhesive
layer, as a barrier, resists to convective air flow
during experiment and finally reduces the air
permeability of multilayer fabric according to
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the pore size decrease. But, this conclusion is
unacceptable for the samples laminated at
melting point (140°C); since the adhesive was
missed self layer form in effect of penetration
into the web/fabric structures (Fig. 4d). At
these samples, the adhesive penetration leads to
block the pores of web/fabrics and to prevent
of the air pass during experiment. It should be
noted that the adhesive was penetrated into the
web much more than the fabric because, PPSN
structurally had more surface junction with the
web (Fig. 3). Therefore, at here, the nanofiber
web absorbs the adhesive and forms an
impervious barrier to air flow.

Furthermore, we only observed that the
adhesive force between layers was improved
according to temperature rise. For example, the
samples laminated at 85°C were exhibited very
poor adhesion between the nanofiber web and
the fabrics as much as they could be
delaminated by light abrasion of thumb, as
illustrated at Fig. 3. Generally, it is essential
that no delamination occurs during use of this
multilayer structure, because the nanofiber web
might be destroyed due to abrasion of other
layers. Before melting point, improving the
adhesive force according to temperature rise is
simultaneously  attributed to the more
penetration of adhesive into layers and the
expansion of bonding area between them, as
already discussed. Also at melting point, the
deep penetration of adhesive into the
web/fabric leads to increase in this force.

CONCLUSION

In this study, the effect of laminating
temperature on the nanofibers web/multilayer
structures properties investigated to make next
generation of filter media. First, we demonstrate
that it is impossible to consider the effect of
laminating temperature on the nanofiber web
morphology by a SEM image of multilayer cross-
section. Thus, we prepared a surface image of
nanofiber web after laminating at different
temperature using an optical microscope. It was
observed that nanofiber web was approximately
unchanged when laminating temperature was below
PPSN melting point. In addition, to compare air
transport properties of multilayer fabrics, air
permeability tests were performed. It was found
that by increasing laminating temperature, air

permeability was decreased. Furthermore, it only
was observed that the adhesive force between
layers in multilayer was increased with temperature
rise. These results indicate that temperature is an
effective parameter for laminating of nanofiber web
to make a new type of antibacterial filter media.
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HAKOU ACIIEKTH HA MPEXXA OT MHOI'OCJIOMHU XUTO3AHOBU HAHOBJIAKHA,
[TOJIYUEHMU [TPU EJIEKTPOITPEJAEHE

M. Moxamanuan?, A.K. Xaru?

Ylenapmamenm no mexcmuano undxicenepcmeo, Mcnamexu ynusepcumem “Azad”’, knon Kawan, Kawan, Hpan
2Y}ngepcumem Tunan, Paw, Upan

Ioctenuna Ha 15 anpun, 2012 r.; xopurnpana Ha 18 nexemspu, 2012 T.

(Pesrome)

Mpexute OT MHOTOCIOWHHM XWTO3aHOBH HAHOBIJIAKHA, TOJIYYEHHU IIPH EJEKTPOIpeleHe ca OHOCHBMECTHMHU,
OnopasrpaauMu, C aHTH-MHKpOOHa W HE-TOKCHMYHAa CTPYKTypa. Te mmar cBoiicTBaTa €(QEKTHBHO Ja YJIaBAT H
HEyTpaTu3upaT TOKCUYHH 3aMBPCUTEIH OT Ia30BU M TEUHH CPeAN. BBIpeku Te3u KauecTBa MEXaHHYHHUTE CBOWCTBA Ha
MpEXHTE OT HAHOBJIAKHA HE MO3BOJIABAT M3IIOJI3BAHETO MM 3a (punTpyBaHe. 3a HaMaIIBaHETO Ha TO3U €(PEKT MPEXKUTE
OT HaHOBJIAKHA CE JIAMMHHpAT B 3JIpaBU CTPYKTypu. Llenara Ha Hacrosmara paboTra € J1a ce ONpeeNy BIMSHHETO Ha
TeMIepaTypaTa Ha JJaMUHHpaHe BbPXY CBOHCTBAaTa Ha MHOTOCIIOIHM BJIaKHA, CBbP3aHH B Mpexa. Mopdosorusita Ha
MpEKHUTE OT HAaHOBJAKHA U HAIPEUYHOTO CEYCHHE Ha MHOTOCIIONHHATA CTPYKTYpa ca M3CIEABAHU C TOMOIITA HAa ONTHYEH
MHKPOCKOII ¥ CKaHMpallla eIeKTPOHHAa MUKpocKkomnus. OCBeH TOBa € U3Clie/BaHa MPOHULIAEMOCTTa CHPSIMO BB3IYyX, 3a
Jla ce u3cineABa edekra Ha TeMIepaTypaTa Ha JaMHUHUPaHE BbPXY TPaHCIIOPTHUTE CBOIICTBA HA MHOTOCIIOWHHTE
cTpyktypu. OnTruyHHTe 00pa3y MoKa3BaT, Y€ MPEKUTE OT HAHOBJIAKHA 3alI0YBAT Jia Ce MOBPEXIAT IIPH TEMIlepaTypa Ha
JAMMHHUpPaHEe II0-BHCOKa OT TOYKAaTa Ha TONEHE Ha aaxe3uBHHA cinoil. [IpoHHmaemMocTTa Ha BB3AyXa HaMaisBa C
MIOBUINIABAaHETO Ha TeMIleparypara Ha jJaMuHHpaHe. OCBEH TOBAa CHJIMTE Ha aJXe3Wsi MEXKAY CIOEBETe HapacTBa C

BUIIABAHCTO Ha TEMIICpATypaTa HA JIJaMHUHHUPAHE.
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Electrochemical characterization of Jordanian coins
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Cyclic voltammetry was applied for characterization of Jordanian coins. Four different Jordanian coins of
different composition were investigated by cyclic voltammetry. These are the piaster, the shelling (5-piaster coin), the
quarter , and the half-dinar. The coin samples were collected from the market in addition to new coins obtained from
the Central Bank of Jordan (CBJ). Each of the investigated coins displayed a distinct voltammogram that can be easily
related to the composition of the coin. The voltammograms were, indeed, “electrochemical spectra” or " voltammetric
signatures™ of the coins. The voltammogram of the piaster which is composed of a copper plated stainless steel shows
very close resemblance to the voltammogram of copper. The shelling which is composed of nickel plated stainless steel
displayed a voltammogram that shows close similarity to the voltammogram of nickel. The quarter displayed a
voltammogram that is very close to the voltammogram of copper. The half-dinar coin is composed of a nickel plated
stainless steel disk and a copper alloy ring. The voltammogram of the disk is close to the voltammogram of nickel while

the ring showed a voltammogram that shows great resemblance to the voltammogram of copper.

Key words: Characterization of coins, Jordanian coins, Cyclic voltammograms of coins, Electrochemical

characterization

INTRODUCTION

Characterization of coins and metal alloys is an
important task that was approached by various
techniques. These techniques include scanning
electron microscopy (SEM) [1] , atomic absorption
spectrometry (AAS) [2] , laser ablation inductively
coupled plasma mass spectrometry (LA-ICP-MS)
[3] , x-ray diffraction (XRD) [4] , energy dispersive
x-ray spectroscopy (EDX) [5] , neutron activation
analysis (NAA) [6] , proton-induced x-ray emission
(PIXE) [7] , Mossbauer microscopy [8] and cyclic
voltammetry [9]. Cyclic voltammetry proved itself
as a simple, inexpensive technique for
characterization of metallic surfaces at ambient
conditions. In fact, cyclic voltammetry, is the
electrochemical analog, of the UHV electron
spectroscopies;  Auger and X-ray photon
spectroscopy and low energy electron diffraction
(LEED) [10]. Cyclic voltammogram provides the
whole electrochemical picture for the surface and
the produced voltammogram, to an extent,
resembles the survey scan in X-ray photon
spectroscopy [11].

This paper presents an application of cyclic
voltammetry to characterization of Jordanian coins.
Jordanian coins are metallic alloys of a very

* To whom all correspondence should be sent:
E-mail: mhourani@ju.edu.jo

specific well-known composition. Based on the
premise that coins as metallic alloys display very
distinct voltammetric features depending on their
composition, cyclic voltammetry can be used for
characterization of coins.

The present work was undertaken with a major
goal of application of cyclic voltammetry to
analysis of Jordanian coins. Cyclic voltammetry
may provide a sensitive, reliable and inexpensive
method for characterization of coins as exemplified
by Jordanian coins.  Simple  home-made
potentiostats can be constructed and used to pursue
this task. The degree of expertise to run the
experiment cannot be compared with any of the
above-mentioned techniques.

MATERIALS AND METHODS
Cell, Materials and Electrodes

A potentiostat (Model 273A Princeton Applied
Research, EG&G) interfaced to a computer via
GPIB card (IEEE). M 270 PAR V.4.41 software
was used for experiment control and data
acquisition (Princeton Applied Research, EG&G).
A conventional H-shape, three-electrode cell
equipped with a multiple inlet system for admission
of supporting electrolyte and for purging and
blanketing the solution with oxygen-free nitrogen
was used. The reference electrode was
Ag/AgCI/[CI] = 1.0 M and all the potentials were
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measured and referenced to this electrode. The
working electrode was the coin or a pure metal wire
of platinum (1.0 mm diameter, 99.99% pure,
Johnson Matthy), copper (1.0 mm diameter, 99.99
pure , Goodfellow), and nickel (1.0 mm diameter,
99.99% pure, Goodfellow). The wires were
rounded at the end which offered a mark for
obtaining a reproducible surface area on immersion
beneath the surface of the solution in the working
electrode compartment. The coins were collected
randomly from the market in addition to new coins
obtained from the Central Bank of Jordan (CBJ).
The auxiliary electrode was made of platinum
(99.99% pure, Johnson Matthy).

All the reagents used were of analytical-reagent
grade and were used as received without further
purification. The nitrogen or argon gases were G5
grade (99.999% minimum purity) products supplied
by International Industrial & Medical Liquid Gas,
Jordan). Gas cylinders were coupled with Oxosorb
cartridges (Supelco) for removal of residual traces,
if any, of oxygen. All solutions were prepared from
the reagents dissolved in triply distilled water; the
second distillation of which was carried out from
basic potassium permanganate solution.

Experimental procedures
System cleanliness

The electrochemical cell and all the related
glassware and PTFE tubing were cleaned by
submerging and soaking in chromic acid solution
for a minimum of two hours followed by extensive
rinsing with triply distilled water. Platinum
electrode was cleaned with freshly prepared hot
chromic acid followed by thorough rinsing with
triply distilled water.

System cleanliness, including the cell, the PTFE
tubes, the electrodes, supporting electrolyte
solutions, and purging gas as an integrated system
was ensured by reproducing the cyclic
voltammogram  of  polycrystalline  platinum
electrode in 0.5 M H>SO,. The resolution of the
hydrogen adsorption/desorption and  oxygen
adsorption/desorption peaks, the width of the
double layer region, and the stability of the
voltammogram upon potential cyclization provided
enough evidence for system cleanliness. This
procedure was followed at the beginning of every
set of experiments.

Sample pretreatment

The coin samples were collected randomly from
the market while new coins were obtained from
Central Bank of Jordan (CBJ). Copper-coated and
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copper-based samples were cleaned by immersion
in 1 M HNO:s solution for 10 s. Nickel-coated coin
samples were cleaned by dipping in chromic acid
solution for few seconds. In both cases, the coins
were rinsed extensively with triply distilled water.

The working electrode

The working electrode in our measurements was
either a highly pure 1.0 mm-diameter copper wire
(Goodfellow, 99.99% pure), a 1.0 mm-diameter
nickel wire (Goodfellow, 99.99 pure) or the tested
coins. The investigated coins were spot welded to
the end of a platinum wire. A consistent surface
area was produced by allowing the coin to form a
hanging meniscus with the solution. Another
alternative was based on using a cell with a side
arm where the coin electrode was pressed shugly
against the side arm of a specially designed
electrochemical cell.

In all cases the electrodes were conditioned
between the hydrogen and oxygen evolution limits
until the stable voltammogram of a clean surface
was produced.

RESULTS AND DISCUSSION
The piaster

The piaster according to the data provided by
the CBJ [12] is a copper plated steel coin with a
mass of 55 g and a 22.00 mm diameter. The
specific gravity as determined in our laboratory is
7.940.8 g/cm®. Figure 1 shows a representative
cyclic voltammogram for the piaster electrode.

2000 -

Current/ pA

500 1004

_1500
Potentiall mV vs. Ag/AgCl/ [CI]= 1.0M

Fig. 1. Cyclic voltammogram of a 1-piaster Jordanian
coin in 1.0 M KOH, recorded at scan rate of 50 mV/s.

The variation between the voltammograms of
five sample coins was insignificant. The average
peak potentials for the three main anodic peaks
(peaks labeled al, a2 and a3 in Figure 1) are -0.417
V, -0.112 V, and -0.050 V respectively. The
average cathodic peaks (peaks c¢1 and c2 in
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Fig. 2. SEM micrographs of the 1-piaster of A) a new coin surface. B) Old coin surface.

Figure 1) are centered at -0.600 V and -0.991V
respectively. Comparing the voltammograms of the
piaster coins with the voltammograms of
polycrystalline copper metal revealed that the
volatammograms of the piaster coins were very
similar to the voltammogram of polycrystalline
copper electrode [13].

Investigation of peak current (ip) as a function of
the scan rate revealed that all peak currents are
proportional to the scan rate rather than (scan
rate)*> which ensures that all peaks are associated
with surface processes[11]. Variation of scan rate
between 50 and 150 discloses that the best scan rate
in terms of the resolution of the peaks is around 50
mV/s.

Figure 2 shows the SEM micrographs for one of
the sample coin collected from the market (referred
to as the old coin) and the voltammogram for a coin
obtained from CBJ (referred to as the new coin).
The micrographs indicate that the surface of the old
coin is rougher than the new coin. Chemical etching
in nitric acid, however, seems to reduce the
variation between the voltammograms of the coin
samples.

The 10-piaster, the 5-piaster coins and the 2.5-
piaster coins

The composition of the 2.5-, 5-, and 10-piaster
coins as declared by CBJ is nickel-plated steel.
Since these coins have the same chemical
composition, only characterization of the 5-piaster
coin was conducted.

The 5-piaster coin weighs 5.00 g, has a disk
shape with 26.00 mm diameter.

Figure 3 shows an example voltammogram for
the 5-piaster coin. The voltammogram shows two

350 -
300
250
200 -
150 4
100 4

Current/ 4A

-100 0 100 200 300 400 500 600 700
Potential/ mV vs. Ag/AgCl/ [CIT=1.0M

Fig. 3. Cyclic voltammogram of the 5-piaster Jordanian
coin in 1.0 M KOH, recorded at scan rate of 50 mV/s.

peaks; an anodic peak and a cathodic peak related
to surface oxidation and reduction of the surface
oxide. The variation between the peak potentials for
the different samples is insignificant. The average
peak potential for the anodic peak is 0.399 +0.005V
while the average peak potential for the cathodic
peak is 0.28+0.01 V.

The voltammogram is similar to the
voltammogram of nickel electrode produced under
the same experimental conditions. The peak
potentials of the sample coins and the nickel wire
have the same anodic and cathodic peaks potentials
but they differ in the peak sharpness and the peak
width. The peak width of the nickel-plated sample
coins is larger than that of the pure polycrystalline
nickel electrode.

Investigation of the peak heights; the anodic
peak current, ix, and the cathodic peak current, i,
revealed that ipa and i, are proportional to the
potential scan rate which indicates that the peaks
on the voltammograms are associated with surface
processes rather than bulk processes.
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Fig. 4. SEM micrograph of the 5-piaster coin surfaces surface of A) a new 5-Piaster coin.B) an old 5-Piaster coin.

Figure 4 shows the SEM micrographs for an old
coin collected from the market along with the SEM
voltammogram of a new coin obtained directly
from CBJ. The figure shows higher roughness
degree for the old coin which is attributed to the
effect of oxidation and handling between people
hands. Despite the difference between the coins
samples in roughness but there was no difference in
the voltammograms because the voltammograms
are insensitive to macroscopic long-range
topographic differences. Moreover, it seems that
the outer layers were removed by the applied
chemical etching.

The quarter (25-piaster) coin
The quarter (25-piaster coin) is an alloy
composed of 5.5% nickel, 24.5% zinc and 70.0%
copper. The coin has a diameter of 26.50 mm, a
mass of 7.40 and a density of 8.3 + 0.8 g. Figure 5
shows a representative voltammogram for the
guarter coin

Current/ HA

-1200  -1000 — -600 -400 -200 -100 { 200

cl -200 4
c2

Potential/ mV vs. Ag/AgCl/ [C1]=1.0M

Fig. 5. Cyclic voltammogram of the quarter Jordanian
coin in 1.0 M KOH, recorded at scan rate of 20 mV/s

The voltammogram shows two anodic peaks and
their counter cathodic peaks. The peak potentials
are Epa = -0.458 V, Epax = -0.263 V, Epcr = -0.660
V and Epe; = -0.483 V). There is an insignificant
change between investigated samples in terms of
the peak potentials. The standard deviation values
for the four peaks Epai, Epaz, Epc1, and Epc2 are 0.003,
0.002, 0.002 and 0.004 respectively. The
dependency of i, for the four peaks was found to
be, iy o v , where v is the potential scan rate. The
optimal scan rate in terms of peak resolution was 20
mV/s.

Figure 6 shows the SEM micrographs of two
quarter coin samples, one of them is an old sample,
collected from the market and another new sample
supplied by CBJ. The surface of the old sample
looks very rough compared with the SEM of the
new coin. Though there is a difference between the
SEM micrographs of the coins, the voltammograms
were not affected by the roughness of the samples
because cyclic voltammetry is not sensitive to
macrotopography of the surface and the chemical
etching was efficient in removing the impurities
and the oxide from the outer surface layers.

The half-dinar coin

The half-dinar Jordanian coin is composed of an
outer ring and an inner disk. The outer ring is
composed of 29% copper, 2% nickel and 6%
aluminum while the inner ring is composed of 75%
copper and 25% nickel. The mass of the half-dinar
coin is 9.60 g, its diameter is 29.00 mm and its
density is 5.7 £0.8 g/cm? for the outer ring and 8.3
+ 0.8 g/cm?® for the inner disk.
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Fig. 6: SEM micrograph of the 25-piaster (quarter) coin surface of A) a new 25-Piaster coin B) an old 25-Piaster coin.

8-
a2

Current/mA

c2 4 -
Potential/ mV vs. Ag/AgCl/ [CI]= 1.0M
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T == T T T T T 1
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Current/ pA

-100 -
Potential/ mV vs. Ag/AgCl/ [CI]= 1.0M

Fig. 7. Cyclic voltammogram of outer ring of the half- Fig. 8. Cyclic voltammogram of the inner ring of the half-
dinar Jordanian in 1.0 M KOH, recorded at scan rate of dinar Jordanian coin in 1.0 M KOH, recorded at scan rate of
10 mV/s. 10 mVi/s.

Figure 7 shows a distinct voltammogram of the
outer ring of the half-dinar coin. The
voltammogram, though displays a similarity to the
voltammogram of pure copper electrode, it shows
unique distinct voltammetric features of the alloy it
represents. There are two anodic peaks, one of them
is a small peak appears at -0.450 V (al) and
another prominent anodic peak centered at -0.124 V
(@2). On the negative-going scan, two cathodic
peaks appear at -0.992 (cl) and -1.098 V (c2).
Thevariation in peak potentials is insignificant as
indicated by the standard deviation values, +3, +5,
16, and +2 mV for Epa, Epa, Epci, and Epe
respectively. The peak potentials were independent
of the scan rate as expected from surface processes
while the peak currents were directly proportional
to the scan rate, ip o v.

Figure 8 shows a representative voltammogram
of the inner disk of half-dinar coin. The
voltammogram shows only one anodic peak and its
counter cathodic peak. The anodic peak is centered

at 0.400 V while the cathodic peak is centered at
0.300 V. The variation between the six tested
samples was insignificant as indicated by the values
of the standard deviation for the anodic and
cathodic peaks, +0.005 and +0.004 respectively.
The peak potentials were also independent of the
scan rate while peak currents showed direct
proportionality with scan rate which indicates that
these peaks are associated with surface rather than
bulk processes. Though the coin is composed of
75% copper and 25% nicked, the voltammogram
displays great similarity to nickel. This result is
notunexpected because nickel is electrochemically
more active than copper.

CONCLUSIONS

The cyclic voltammograms for the tested
Jordanian coins were obtained under optimized
conditions in terms of the composition of the
supporting electrolyte and potential scan rates. A
distinct voltammogram was obtained for each coin
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that is insensitive to the lifetime of introduction of
the coin to the market. The voltammetric features
were very indicative of the coin. When combined
with the other physical properties of the coin like
the mass, the diameter, and specific gravity, cyclic
voltammetry can be used as a an inexpensive,
reliable, simple and fast method for characterization
of coins.
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EJIEKTPOXVMHWYHO OXAPAKTEPU3UPAHE HA HOPJAHCKH MOHETU

M.K. Xypann , A.U. Yexbe

Henapmamenm no xumus, Hopoancku ynusepcumem, Aman 1942 — Hopoanus

IMoctenuna Ha 5 ronu, 2012 r.; [Ipueta Ha 12 despyapu, 2013 r.

(Pesrome)

W3nom3Bana e LUKJIMYHA BOJITAMIIEPOMETPHS 32 OXapaKTEPHU3WPaHETO Ha HOpAaHCKH MoHeTH. Yernpu
Pa3JIMuYHA MOHETH C Pa3JIMYEH ChCTAaB Ca M3CIEABAHM: MUACTHp, MICIUHT (OT 5 MUacTpa), KyapTep W MOJOBHH AWHAp.
MoHeTHTe ca B3eTH OT OOpallleHHe MM ca B3eTH KaTo HOBHM oT LleHTpanmara Gamka Ha Mopnamms. Beska ot Tax
MOKa3Ba pa3lIMyHa BOJITAMIIEpPOTpaMa, KOETO ce OOfACHABa C pa3iuyHusi MM ChcTaB. Bonrammeporpamwure
MIPEJCTaBIABAT “‘€JICKTPOXMMHYHM CIIEKTPH~ WM BOJITAMIEPUYHH “HOANMCH’ Ha MOHeTHTe. BonTammeporpamara Ha
MHAacThpa, KOWTO MpeACTaBIsgBa OKPUTA C M HEpBXKJaeMa CTOMaHa € TBBPJe CXOJHA ¢ Ta3u Ha mexara. LllenuHrsT,
KOMTO MpeJCTaBisBa MOKPUTAa C HHUKEN HEpbXKJaeMa CTOMAaHa MMa BOJTaMIIeporpamMa CXOJHAa C Ta3H Ha HUKeEINa.
OcTaHanMTe MOHETH CHIIO MIOKA3BAT BOJITAMIIEPOTrPaMHU, CXOJHH Ha Te€3M Ha METAJIUTE, OT KOUTO Ca HAaIpaBEHH.
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Molecular iodine catalyzed synthesis of some biologically active dihydroperimidines
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Several perimidines were prepared in good to high yields by reaction of 1,8-diaminonaphthalene and aromatic
aldehydes in the presence of molecular iodine as a highly efficient catalyst. This environmentally benign and clean
synthetic procedure offers several advantages, such as high yields, short reaction times and easy workup. Antibacterial
activity of these compounds was evaluated using Staphylococcus aureus (mm) and E. coli (mm) bacterial strains.

Keywords: lodine, Catalyst, Perimidine, Antibacterial

INTRODUCTION

There has special interest in the chemistry of
perimidines due to a wide range of biological
activities exhibited by these compounds [1-5].
Perimidines have also used as intermediates in
organic synthesis [6]. Variety methods have been
reported for the synthesis of perimidines in
literatures [2, 6-15]. The traditionally synthesis of
such compounds is still ordinary alongside modern
synthesis methods. The general method for the
synthesis of perimidines involves the condensation
reaction of 1,8-diaminonaphthalene with a carbonyl
group in the presence of a Lewis or mineral acid.
However, in spite of their potential utility, many of
these methods are associated with some limitations
and generally need strong acidic conditions,
expensive or non-available reagents, prolonged
reaction times and high temperatures. Thus, the
introduction of new methods and /or further work
on technical improvements to overcome these
limitations is still needed

The mild Lewis acidity of molecular iodine as a
catalyst increased its applications in organic
synthesis. It has received substantial attention as a
non-toxic and commercially available catalyst for
synthesis of benzothiophens [16], bis indoles [17],
quinolines [18], esterification [19],
phenanthrimidazoles [20] and indazoles [21].

In view of these reports and also due to
continuation of our studies on synthesis of
perimidines [13,14], we wish to report a simple,

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

efficient and eco-friendly one pot practical method
for the synthesis of perimidines by reaction of 1,8-
diaminonaphthalene and aromatic aldehydes in the
presence of molecular iodine. We also report the
biological activity of these compounds.

EXPERIMENTAL

Firstly, to evaluate the catalytic efficiency of
molecular iodine, the reaction of 1,8-
diaminonaphthalene and 4-nitrobenzaldehyde was
studied by using 2 mol% molecular iodine, as a
catalyst, in ethanol at room temperature. For
optimization of the amount of catalyst, this reaction
was carried out as a model, and different amounts
of catalyst were tested to increase the yield of
product under the same conditions. The amount of
catalyst less than 7 % wt. could catalyze the
reaction, but it needed a longer reaction time and
yields are low. On the other hand, the amount of
catalyst over 7 % wt. did not improve the yield of
product (Table 1). To examine the effect of solvent
for this model reaction, the reaction was carried out
in some organic solvents including C,HsOH,
CH;OH, CH3;CN, DMSO and DMF at room
temperature with 7 mol% of catalyst for 7 min. As
Table 1 shows, the most suitable solvent for this
procedure is ethanol.

To examine the generality of this simple
procedure, several aromatic aldehydes were treated
with 1,8-diaminonaphthalene in the presence of 7
mol% of the molecular iodine as a catalyst (Figure
1).

© 2013 Bulgarian Academy of Sciences, Union of Chemists in Bulgaria
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Table 1. Reaction of 1,8-diaminonaphthalene with 4-
nitrobenzaldehyde using different amounts of catalyst
and solvent at room temperature.

Entry Catalyst Solvent Time Yield (%)?
load (min)
1 2 EtOH 25 55
2 3 EtOH 20 77
3 5 EtOH 27 79
4 7 EtOH 7 93
5 10 EtOH 8 80
6 15 EtOH 6 87
7 7 MeOH 7 61
8 7 CH3CN 7 72
9 7 DMSO 7 63
10 7 DMF 7 65

2|solated yield

Ar

NH, NH, HN NH
7 mol % I,
+ AICHO ———2 3
C,H;OH

Fig. 1. The scheme preparation of perimidines.

Table 2. Reaction of 1,8-diaminonaphthalene with
aromatic aldehydes prompted by 7 mol% molecular
iodine catalyst in C;HsOH.

Comp Ar Time Yield M.P (°C)
ound (min) (%)?
3a CeHs 40 84  105-106 (101-103)°

3b 4-OHCeH4 60 85
3c 4-OCH3CsH4 20 65

162-164 (161-163)"
156-158 (151-152)°

3d 2-CICsHa 25 95 115-119 (116-118)°
3e 3-CICsHa 30 80 143-146

3f 3-BrCsHa 20 55  166-168 (165-166)
39 4-BrCsHa 12 96  115-117 (138-140)°
3h 2-NO2CsHq 8 98 183-185 (191-192)°
3i 3-NO2CeHs 10 87 180 (188-190)°
3 4-NO>CsHq 7 93 247-249 (>200)°
3k 4-FCeHa 20 82 182-183 (180-182)°
3l 4-CHsCsHa 7 62 165 (161-163)
3m 2-OH4-BrCeHs 15 92  112-117 (164-166)
3n  3,4-(OCHs)2 CeHs 45 88 205

a: Isolated yield, b:[ref 13], c:[ref 22], d:[ref 23], d:[ref
24].

The results of this study are presented in Table
2. We were pleased to find that the reaction of
different  aromatic aldehyses  with 1,8-
diaminonaphthalene in the presence of molecular
iodine afforded corresponding dihydroperimidines
3(a-n) in good to excellent yields. However,
aliphatic aldehydes such as formaldehyde or
acetaldehyde were also examined under the same
conditions, but the responding products were
isolated in low vyields (<10%). Almost all
synthesized compounds are known and identified
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using IR and NMR spectroscopy and also by
comparison with their authentic samples.

Melting points were determined using an electro
thermal digital apparatus and are uncorrected. NMR
spectra were recorded on a Brucker 300 MHz
spectrometer. IR spectra were performed on a
Galaxy FT-IR 5000 spectrophotometer.
Microanalyses were performed by the Elemental
Analyzer (Elemental, Vario EL Ill) at the Arak
University. The Microanalyses results were agreed
favorably with the calculated values. Reaction
progress was routinely monitored by thin layer
chromatography using silica gel Fzss aluminum
sheets (Merck).

The microbial strains are identified strains and
were obtained from the Pasteur Institute of Iran. The
bacterial strains studied are Staphylococcus aureus
(RTCC, 1885), and Escherichia Coli (ATCC,
35922).

Table 3.Zone inhabitation of dihydroperimidines (3a-n).

Staphylococcus
aureus (mm)

-- 9+0.1 mm 3a
-- 15+0.2 mm 3b
9+0.1 mm -- 3c

- - 3d

-- 8+0.3 mm 3e

- - 3f

- - 3g

- - 3h

- - 3i

- - 3

- - 3k

- - 3l

-- 12+ 0/2 mm 3m

-- 11+£0.3 mm 3n

- - DMSO

Gentamicin Gentamicin  Standard
11 mm mm 11 drugs

-- indicates resistance of bacteria to compounds. Discs
were inculcated with 5 mg of the chemicals dissolved in
DMSO. The inhibition zone numbers are the average
of three times independent experiments.

E. coli (mm) Materials

Antibacterial activity of synthesized perimidines
was tested against Staphylococcus aureus (mm) and
E. coli (mm) bacterial strain and the results
presented in Table 3. The verification of
antibacterial ~ screening data revealed that
compounds 3a, 3b, 3¢, 3m, and 3n have
bactericidal properties against Staphylococcus
aureus. Also these compounds have bactericidal
properties against E. coli as a gram negative. The
maximum and minimum antibacterial activities


http://www.pasteur.ac.ir/

Mobinikhaledi et al.: Molecular iodine catalyzed synthesis of some biologically active dihydroperimidines

against Staphylococcus aureus were related to
compounds 3b and 3e, respectively.

RESULTS AND DISCUSSION
Antibacterial activities

The agar disk diffusion method was used for this
purpose. In each test 5mg of chemically
synthesized materials was dissolved in 250 pl of
DMSO as a solvent and 100 pl of known
concentration of the test compounds was introduced
onto the disks (0.7 cm) and then allowed to dry.
The disk was completely saturated with the test
compounds. Then the disk was introduced onto the
upper layer of the medium with the bacteria. 100 pl
of solvent (DMSO) was added to the blank disk and
implanted as a negative control on each plate along
with the standard drugs. The plates were incubated
overnight at 37°C. The inhibition zones were
measured and compared with the controls. The
results are given in Table 3.

Typical procedure for preparation of
aryldihydroperimidines (3a-n)

To a solution of 1,8-naphthalenediamine (1
mmol) and corresponding aromatic aldehyde (1
mmol) in ethanol (15-20 mL) was added molecular
iodine (7 mol %). The reaction mixture was stirred
at room temperature for desired time (Table 2). The
progress of reaction was monitored by TLC. After
completion of reaction, water (15-20 mL) was
added to produce the product, which then filtered
and washed with cold water and air dried.

Selected spectra data

4-(2,3-Dihydro-1Hperimidine-2-yl)phenol
(3b). IR (KBr): 3396, 3331, 3045, 1600, 1517,
1412 cm™. *HNMR (DMSO, 300 MHz): & 5.23 (s,
1H, CH), 6.45-7.41 (m, 12H, CHarom, 2NH), 9.50 (s,
1H, OH). B®CNMR (DMSO, 75 MHz): & 66.8,
104.7, 112.9, 115.3, 115.6, 127.3, 129.6, 132.4,
134.9, 143.9, 158.2. Anal Calcd for C17H14N20: C,
77.84; H, 5.38; N, 10.68%. Found: C, 77.55; H,
5.50; N, 10.64%.

2-(3-Chlorophenyl)-2,3-dihydro-1H-
perimidine (3e). IR (KBr): 3393, 3354, 3045,
2806, 1607, 1416 cm?. HNMR (DMSO, 300
MHz): 6 5.39 (s, 1H, CH), 6.48-7.63 (m, 12H,
CHoarom, 2NH). *CNMR (DMSO, 75 MHz): § 65.8,
104.98, 112.9, 116.0, 127.0, 127.4, 128.2, 128.8,
130.6, 133.4, 134.8, 143.1, 145.1. Anal Calcd for
Ci7H1sNoCl: C, 72.72; H, 4.68; N, 9.98%. Found:
C, 72.86; H, 4.51; N, 10.27%.

2-(2-Nitrophenyl)-2,3-dihydro-1H-perimidine
(3h). IR (KBr): 3358, 3231, 2853, 1602, 1519,
1416, 1334 cm?. *HNMR (DMSO, 300 MHz): §
5.82 (s, 1H, CH), 6.51-8.05 (m, 12H, CHarom, 2NH).
BCNMR (DMSO, 75 MHz): § 61.4, 105.2, 112.5,
116.2, 124.6 127.5, 130.0, 130.4, 134.0, 134.7,
136.9, 142.5, 149.4. Anal Calcd for C17H13N3O,: C,
70.08; H, 4.51; N, 14.43%. Found: C, 69.98; H,
4.59; N, 14.32%.

2-(3-Nitrophenyl)-2,3-dihydro-1H-perimidine
(3i). IR (KBr): 3345, 3227, 1603, 1528, 1416, 1350
cmt, 'THNMR (DMSO, 300 MHz): & 5.56 (s, 1H,
CH), 6.53-8.45 (m, 12H, CHaom, 2NH). CNMR
(DMSO, 75 MHz): 6 65.3, 105.1, 112.9, 116.1,
123.1, 123.7, 127.4, 130.4, 134.8, 135.1, 142.7,
145.0, 148.1. Anal Calcd for C17H13N3O2: C, 70.08;
H, 4.51; N, 14.43%. Found: C, 70.20; H, 4.53; N,
14.51%.

2-(3,4-Dimethoxyphenyl)-2,3-dihydro-1H-
perimidine (3n). IR (KBr): 3350, 2997, 1601, 1416
cm?, THNMR (DMSO, 300 MHz): § 3.77 (s, 3H,
CHs), 3.78 (s, 3H, CHs), 5.29 (s, 1H, CH), 6.47-
7.22 (m, 11H, CHarom, 2NH). B®CNMR (DMSO, 75
MHz): & 55.9, 56.5, 68.8, 104.8, 111.7, 113.0,
115.8, 120.7, 127.3, 1345, 134.9, 143.8, 149.2,
149.59. Anal Calcd for CigH1sN2O,: C, 74.49; H,
5.92; N, 9.14%. Found: C, 74.40; H, 5.99; N,
9.20%.
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CHUHTESA HA HJKOU BUOJIOTMYHO-AKTUBHI JUXUAPOITEPUMUIVIHN,
KATAJIM3MPAHU OT MOJIEKYJIEH MO

A. Mo6unuxaneant, M.A. bonaru ®@apn?, ®. Cacann?, M.A. Amponaxu®

Ylenapmamenm no xumus, Hayuen paxynmem, Ynusepcumem é Apax, Apax, Upan
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SHayuen u uscnedosamencku Kion Ha uciamckus yuueepcumem “Asao“, Texepan, Upan

[ocreruna va 27 mapt, 2012 r.; kopurupana Ha 7 pespyapu, 2013 r.

(Pesrome)

[MonyueHu ca HIKOJKO MEPUMUAMHHM C BHCOK JIOOMB TpH peakuusita Ha 1,8-nmamuHoHadTaneH ¢ apoMaTHU
AaACXuau B MPUCHCTBUC Ha MOJICKYJICH ﬁOZ[ KaTo BI/ICOKO-G(I)GKTI/IBGH KaTajan3aTop. Ta3u exonoruyno n3abprKaHa 1
YUCTa TpoIlelypa Mpeasiara HIKOJKO MPEAMMCTBA: BUCOK JOOMB, KpaTKO BpeMe 3a peakilds W ONpoCcTeHa padoTa.
OrieHena e aHTH-0aKTepUaHaTa aKTUBHOCT Ha Te3H MpenapaT BepXy Oakrepuannute miamose Staphylococcus aureus
(mm) u Escherichia coli (mm).
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The kinetics of electrodeposition and the microstructure of pure Ag and alloyed Ag-Ni powders were investigated
depending on the type of electrolyte and conditions for deposition. It was found out that in acid nitrate electrolyte the
Ag powders are white after deposition and have a more determined crystal structure. In complex ammonia-nitrate
electrolyte grey Ag powders with irregularly shaped particles and higher dispersion are formed. In ammonia-citrate
electrolyte the deposited Ag powders are dark grey to black in color, with typical dendrite structure of particles and
susceptible to agglomeration. Each type of Ag powder consists of a single phase, i.e. silver phase with cubic face-
centered lattice (fcc). The advantages of ammonia-citrate electrolyte compared to ammonia-nitrate one for obtaining
fine dispersed Ag-Ni powders are proved. The use of higher cathode potentials in potentiostatic mode and pulse
frequency up to 1000 Hz in pulse potential mode in the ammonia-citrate electrolyte results in decreasing the average

size of particles to approximately 1 pm and increasing the content of nickel up to 12-18%.

Key words: Alloyed metal powders, Pulse potential mode, Morphology, Phase structure

1. INTRODUCTION

Silver powder and alloyed silver-based powders
are used in many industrial areas, e.g., in
electronics for preparation of electroconductive
pastes and solders [1, 2], in silicone solar cells [22],
as well as in storage battery manufacturing as
active mass in silver-nickel batteries [2]. Silver-
nickel powder may be used as a substitute for silver
powder, which prolongs its operational life and
results in some savings [3].

Electrolysis is a method allowing direct
preparation of alloyed metal powders of high purity
and  dispersibility, controlled phase and
composition [4-6]. The application of non-
stationary (impulse) current modes [7, 8], the use of
complex electrolytes and the introduction of special
additives [6, 8] affecting the crystal growth are
becoming more and more frequently applied means
in order to meet the high requirements for
maximum dispersity  and morphological
homogeneity of the powders. Moreover,
electrolysis is the only possible method for
obtaining some alloyed metal powders [9].

It is known that Ag is one of the metals easily
obtained in powder form [10-13], unlike Ni that
belongs to the group of metals that are most
difficult to obtain in powder form through
electrolysis [9, 23]. The Ag powder precipitates

*All correspondence should be sent to:
E-mail: katya59ignatova@gmail.com

from acid nitrate electrolyte [12, 13]; there are
evidences, however, that very fine powders can be
obtained from ammonia solutions of some silver
salts [10, 14]. Depending on the conditions for
deposition, Ag powders of various morphologies
and colors from white to black can be obtained. In
solutions free of organic additives the Ag powder is
usually black in the beginning and changes its color
to white when the current is turned off [14-16].
Additives like gelatin or composition of gelatin and
sodium thiosulphate in a ratio of 1:10 [14-16] either
impede or partially prevent this transformation. In
some sources [16, 17] the change of color upon
turning off the current is explained with re-
crystallization from hexagonal to cubic singonia
with simultaneous aggregation of micro-crystals
into larger ones.

Ag-Ni powders can be deposited from ammonia
electrolyte [21] and from sulphamin acid electrolyte
[24]. The investigations carried out point that in the
first case powders with high nickel content (up to
30%) can be obtained, while in the second case the
content of Ni in the Ag-Ni powders does not exceed
5%.

This paper aims at studying the effect of three
different electrolyte compositions (acid nitrate,
ammonia-nitrate and ammonia-citrate) on the
kinetics of deposition, morphology and phase
structure of pure Ag powder in potentiostatic mode,
as well as to examine the kinetics of deposition,
morphology and elemental composition of Ag-Ni
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powder in ammonia-nitrate and ammonia-citrate
electrolyte upon application of potentiostatic and

2. EXPERIMENTAL CONDITIONS

The experiments were carried out at ambient
temperature (t=20°C) in a three-electrode cell with
a total volume of 150 ml. Platinum was used as
counter-electrode, silver as cathode (1 cm? disk
surface), and saturated calomel electrode
(Esce=0.241+ 0.244 V) as reference electrode.

The investigation of the kinetics of processes
and electrodeposition of Ag powder was carried out
in three different compositions of electrolytes, as
follows:

Electrolyte Nol — acid nitrate: 8 g dm AgNO3;
15 g dm NaNOs; 64%HNO; up to pH=4.5;

Electrolyte No2 — ammonia-nitrate: 8 g dm Ag
(as AgNOs3); 15 g dm® NH4NOs; 25%NH; up to
pH=10.0;

Electrolyte No3 — ammonia-citrate: 8 g dm™ Ag
(as AgNOs); 50 g dm Na citrate (from citric acid,
CeHgO~ and NaHCO3); 25%NH;3 up to pH=10.0.

The investigation of the Kinetics of processes
and electrodeposition of Ag-Ni powders was
carried out by adding 20 g dm= Ni(NOs)2.2H:0 to
compositions No2 and No3 (the resulting
compositions are designated as Electrolytes No2*
and 3*, respectively).

The kinetics of deposition of Ag and Ag-Ni was
studied by the method of potentiodynamic
polarization dependencies (v=30 mV s?); the rate
of powder formation was determined by the method
of chronoamperometry with potentioscan Wenking
(Germany).

The pulse electrodeposition of the coatings was
carried out using rectangular pulses of potential
generated by a pulse generator connected to the
input of a specially designed for the purpose
potentiostat connected to the three-electrode cell.
The average values of polarization, AE, (calculated
as a difference between the potential at the current
and the equilibrium potential) and the average
current, lay, were measured using a digital voltmeter
with high input resistance and milliammeter. The
amplitude values of the polarization, AE,, were
measured using an oscilloscope.

The relation between the average (AE) and
amplitude  (AE,)  polarization  values  at
potentiostatic rectangular pulse conditions is: AE =
OAE,, where © = 1y/( 15+ 1), Tp- pulse time, and t,
— time between the pulses. At each pulse frequency
(f=UT,Hz; T=1+1),and © = 0,5 the relations
AE - loy and AE, - la were calculated. The
investigation of morphology and elemental
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composition is carried out using SEM and Energy
Dispersive Spectral Analysis (EDSA), respectively,
on an equipment of Oxford Instruments, JSM-6390-
Jeol.

The phase and crystal structure of the deposited
coatings were studied using automatic Philips PW
1050 X-Ray diffractometer, equipped with a
secondary graphite monochromator for Cu Ka
radiation, and scintillation counter. The
diffractograms were recorded in the 2-theta range
from 10° to 100° with a step of 0.04° and a
counting time of 1s per step.

3. RESULTS AND DISCUSSION

3.1. Electrodeposition kinetics of Ag and Ag-Ni
3.1.1. Electrodeposition of Ag from electrolytes No
1to3

50
1-el. Nol (Ag)
2 - el. No2 (Ag)
409 3 -el. No3 (Ag)

304

i,mA cm?

20

10

0

T T T T T T T T T T T T T T T T T
-0,4-0,3-0,2-0,1 0,0 0,2 0,2 0,3 0,4 05 0,6 0,7 0,8 09 1,0 1,1 1,2 1,3
-E,(SCE)V

Fig.1. Comparison of the curves of Ag deposition in
electrolytes No1 (1); No2 (2); No3 (3), v=30 mV s,

In Fig. 1 the potentio-dynamically taken
polarization dependencies in the three electrolyte
compositions for deposition of Ag powder are
compared. In electrolyte Nol (acid nitrate) the
equilibrium potential of the silver electrode is the
most positive one (Eeq = 0.360V in relation to SCE)
compared to the two other electrolytes, i.e.
ammonia-nitrate (Fig.1, curve 2) and ammonia-
citrate (Fig.1, curve 3), with values of -0.173 V and
-0.035V  (SCE), respectively. In all three
electrolytes (No 1 to 3) the deposition of Ag
proceeds with reaching a plateau of the limiting
diffusion current, the plateau being shifted to the
most negative potentials and covering the widest
potential area in the case of ammonia-citrate
electrolyte (Fig. 1, curve 3). Obviously, in the
presence of Na citrate, deposition of Ag is
associated with greatest difficulties.



K. Ignatova: Electrodeposition of Ag and Ag-Ni powders in potentiostatic and pulse potential modes

3.1.2. Co-deposition of Ag and Ni in electrolytes No

2* and 3*.
65 -
60 -
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501 |3-Ag-Ni
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Fig. 2. Comparison of the curves of individual
deposition (v = 30 mV s? ) of Ag (1), Ni (2) and co-
deposition of Ag-Ni (3) in ammonia-nitrate electrolyte
(No 2%).

45 1
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, , — . .
0,0 0,2 0,4 0,6 0,8 1,0 1,2
-E(SCE),V

Fig. 3. Comparison of the curves of individual
deposition (v = 30 mV s?) of Ag (1), Ni (2) and co-
deposition of Ag-Ni (3) in ammonia-citrate electrolyte
(No 3%).

In Figs. 2 and 3 potentio-dynamically taken
polarization dependencies of independent and joint
deposition of Ag and Ni in ammonia-nitrate (Fig. 2)
and in ammonia-citrate (Fig. 3) electrolytes
(compositions No 2* and No 3*) are presented. In
both electrolytes the deposition of Ni is
characterized with high initial polarization and
absence of plateau, indicating a predominant
activation nature of the polarization (curve 2 in
Figs. 2 and 3), unlike the deposition of silver
discussed above. Silver is always deposited at more
positive potentials, i.e. it is the first deposited metal

3404
3204 1
300
280
260
2404
220 4
200 4
180 4
160
140 4
120
100

Ag: 1-3
AgNi: 2%, 3*

current, mA

T T T T T T T T
0 20 40 60 80 100 120 140 160

time, s

Fig. 4. Comparison of I-t dependencies at potentials
corresponding to I=5lq for Ag powders (curves 1-3) in
electrolytes Nol, No2 and No3, resp. and for Ag-Ni
powders (curves 2*, 3*) in electrolytes No2* and No3*,
resp.

of the Ag-Ni alloy in the electrolyte
investigated. In simultaneous presence of nickel
and silver in the electrolyte, the total polarization
decreases in comparison to the polarization of each
metal in electrolyte No 2* (Fig. 2), while in
electrolyte No 3* (Fig. 3) it approaches that for
silver deposition.

The strong shift of potential for deposition of
nickel to the negative range of potentials in
ammonia-citrate electrolyte (Fig. 3) compared to
the potentials of its deposition in ammonia-nitrate
electrolyte, allows assuming formation of citrate or
mixed citrate-ammonia complexes of nickel, which
have higher stability than pure ammonia ones [25].

It can be concluded from Figs. 2 and 3 that
under the examined conditions the joint deposition
of Ag and Ni as Ag-Ni powder is completely
possible but it will proceed with less difficulties in
ammonia-nitrate electrolyte (Fig. 2).

3.2. Conditions for powder formation of Ag and Ag-
Ni

The current-time dependencies taken in
electrolytes No 1, 2, and 3 for Ag powder and in No
2* and 3* for Ag-Ni powder at different potentials,
are indicative of the growth of the surface area of
the electrodes as a result of powder formation. In
Fig. 4 the curves taken are compared in such a way
that the current corresponds to the same position on
the polarization curve (as 1=5lq4 for all electrolytes
selected for the purpose). Through this selection of
conditions it is possible to obtain data for the
influence of composition on the rate of powder
formation from the curves in Fig. 4.
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It follows from the data obtained that the
powder formation for deposition of Ag powder
proceeds at the highest rate in acid nitrate
electrolyte (Fig. 4, dashed curve 1), which well
agrees with the kinetic data from Fig. 1. In the
complex electrolytes 2 and 3 the deposition of pure
Ag powder (Fig. 4, dashed curves 2 and 3) proceeds
at a lower rate, as the difficulties in citrate-
ammonia electrolyte are the greatest. The presence
of nickel in the electrolyte results in further
decrease of the rate of powder formation (Fig. 4,
solid lines 2*, 3*).

3.3. Electrodeposition of Ag-Ni from electrolytes
No 2* and 3* in pulse potential mode.

In accordance with the method described in the
experimental part, the polarization dependencies in
electrolytes 2* and 3* (AE-1a) and (AE-la) were
taken at different frequencies of pulses in the range
from 100 Hz to 1000 Hz. These curves are similar
by type to the polarization dependencies for joint
deposition of metals in c.p.m., but differ for
different frequencies. For a more clear comparison
based on the data obtained, the dependencies of
both average and amplitude polarization on
frequency (Fig. 5) were built for the same average
value of current 1=5.1d for electrolytes 2* and 3*.
The same comparison could be made for each other
value of I/lg and it will be analogous to the one
presented in Fig. 5.

AgNi, p.p.m.
2*(a),3*(a) - average polarization 3%(b)

2000 A . o
2*(b),3*(b) - amlitude polarization

2%(b)
1800

1600

1400

1200

el.No 3* (polarization in c.p.m.)
1000 + el.No 2% (-"-) 3*(a)

R a—
800 - //‘

600

average and amlitude polarizaton, mV

T T T T T
0 200 400 600 800 1000
Frequency, Hz

Fig. 5. Comparison between dependencies of the average
(2*a; 3*a) and the amplitude values of polarization (2*b;
3*b) on the frequencies of pulses (recorded for average
current I1=5Id) in ammonia-nitrate (2*a,2*b) and
ammonia-citrate electrolytes (3*a,3*b); the values of
polarization for 1=5 Id in constant potential potentiostatic
mode (c.p.m.) are also indicated.

As seen in Fig. 5, with the increase in pulse
frequency from 100 Hz to 1000 Hz, both the
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average and the amplitude value of polarization in
the two electrolytes increase. The possibility for
relaxation of the concentration gradient in the
pauses between pulses explains why the average
polarization in impulse conditions is lower than that
in stationary mode. The increase in frequency of
pulses reduces the time of pause, which results in
approximating the average polarization pulse to that
in c.p.m. (curves 2*a and 3*a). At the same time, as
seen from Fig. 5, the values of amplitude
polarization remain almost twice as high as the
average value for the given frequency, at frequency
1000 Hz the amplitude polarization reaching 1.8-
20 V (curves 2*b and 3*b). At all pulse
frequencies, in ammonia-citrate electrolyte both the
average and the amplitude value of polarization are
higher than those in ammonia-nitrate electrolyte
(curves 3*a, 3b).

3.4. Morphology and phase structure of Ag powder
in potentiostatic mode.

As seen from the SEM images of Ag powders

(Fig. 6a to 6d), Ag powders deposited from acid
nitrate electrolyte (Fig. 6a) have round-shaped
crystals, as the average size of particles varies in a
wide range from 0.5 um to 3.5 um. These powders
have white color and metallic luster after
deposition. In ammonia-nitrate electrolyte all
powders have grey color after deposition and no
luster, with much smaller average size of particles
(@bout 0.5-1.0 pum), which witnesses for heavier
difficulties during deposition (Fig. 6b). The Ag
powders  deposited from  ammonia-citrate
electrolyte remain dark grey to black, as the
particles have a typical branched dendrite structure
and are susceptible to agglomeration (Fig. 6¢). The
X-ray diffractogram of the same powders (Fig. 7c)
also proves that the “black” Ag powders deposited
from electrolyte No 3 (ammonia-citrate) have the
greatest dispersion and the dendrites observed
consist of agglomerated powder particles.
In Fig. 7a to 7c the X-ray diffractograms of white
(Fig. 7a), dark grey (Fig. 7b) and black (Fig. 7c) Ag
powders obtained from acid nitrate, ammonia-
nitrate and ammonia-citrate electrolyte are
compared. The reflexes are closest in the acid
nitrate electrolyte (Fig. 7a) and are gradually
widening with the increasing dispersion, being
widest and of lowest intensity in the ammonia-
citrate electrolyte (Fig. 7c). It is seen from the X-
ray diffractograms that regardless of the
composition of solution, the deposited Ag powders
contain a single crystal phase, i.e. that of Ag
with face-centered cubic lattice (fcc).
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Fig. 6. SEM images of Ag powders, deposited at potentials corresponding to 1=5l4 in polarization curves for electrolytes
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Fig. 8. SEM images of Ag-Ni powders deposited at potentials corresponding to 1=5l4 in polarization curves for
electrolyte No2* in potentiostatic (a) and in pulse potential mode at frequency of pulses =500 Hz (b). Elemental
content (from EDSA): (a) 83%Ag-12%Ni-5%0; (b) 89%Ag-5%Ni-6%0.
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20kV  X20,000 1um
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3.5. Morphology and elemental composition of Ag-
Ni powders in potentiostatic and pulse potential
modes.

10 29 SEI

In Fig. 8 SEM images and elemental content of
Ag-Ni powder deposited (in figure caption) in
potentiostatic and pulse potential modes from
ammonia-nitrate electrolyte (composition No 2*)
are presented. In potentiostatic mode powders
enriched in silver (up to 95%Ag) with typical
dendrite structure were formed (Fig. 8a), unlike the
irregular rounded shape of the particles of pure Ag
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20kV  X20,000 1pm

(b)

09 20 SEI

Fig. 9. SEM images of Ag-Ni powders deposited from
electrolyte No3* in potentiostatic mode at different
potentials E (SCE): -1,0V (a); -1,3V (b) and -1,5V (c).
Elemental content: (2)95%Ag-5%Ni ; (b) 87%Ag-9%Ni-

4%0; (C)76%Ag-18%Ni-6%0.

powder deposited from the same composition (Fig.
7b). The application of pulse mode results in strong
changes in the morphology of the powders. The
particles are strongly shortened, of irregular shape
and very small average diameter (less than 1 um).
In Fig. 9 SEM images and elemental content (in
figure caption) of Ag-Ni powder deposited from
ammonia-citrate electrolyte (composition No3*) at
different cathode potentials in potentiostatic mode
are presented. The higher cathode potential applied
leads to powders enriched in nickel (up to
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Fig. 10. SEM images of Ag-Ni powders deposited from
electrolyte No3* in pulse potential mode with different
frequencies of pulses: 100 Hz (a); 500 Hz (b) and 1000
Hz (c); the potential values correspond to I=5lg in
polarization curves for each frequency; elemental

content: (a) 92%Ag-8%Ni; (b)
()83%Ag-12%Ni-5%0.
maximum 12 % Ni), whilst a decrease of the
average size of particles is observed.

Agglomerates of small particles less than 1 pm
are observed on the images at the highest cathode
potential (Fig. 9c).

91%Ag-9%Ni;

The comparison between the morphology of
powders from the two electrolytes (No 2* and No
3*) in potentiostatic mode that is seen in Figs. 8a
and 9a-c proves the advantages of the ammonia-
citrate electrolyte (composition No 3*) for
obtaining more finely dispersed Ag-Ni powders.
That is why the influence of pulse frequency on the
change of morphology and elemental content of
Ag-Ni powders was precisely studied (Fig.10, a-c)
in ammonia-citrate electrolyte (No 3*).

The susceptibility to formation of dendrite
structure decreases with the increase of pulse
frequency from 100 Hz to 1000 Hz (Fig.10a-c).
The Ag-Ni powders obtained at frequencies 500-
1000 Hz have either needle-like particles or
irregular shaped particles with small lateral
branching and average size of particles about or
less than 1 um (Fig.10, b and c).

It follows from the data for the elemental
content of Ag-Ni powders given in the figure
captions that achieving a higher content of Ni up to
18% in ammonia-citrate electrolyte (composition
No 2*) and up to 12% in ammonia-citrate
electrolyte (composition No 3*) is possible solely
in potentiostatic mode at higher cathode potentials.
At higher potentials in both electrolytes and at
higher frequencies in ammonia-citrate electrolyte,
oxides are present in the powders accounted for
through the content of oxygen. The most probable
reason for oxide formation is that the solution close
to the electrode becomes alkaline because of
hydrogen evolution at high amplitude values of the
polarization at these conditions. The presence of Ni
that cannot be found out through regular X-ray
analysis is proved through the EDSA spectra of Ag-
Ni powders (Fig. 11).

4. CONCLUSIONS

It is found out that the transition from a regular
acid electrolyte to complex electrolytes leads to
increased dispersion of Ag powders and the
deposited powders have different colors — white,
dark grey, and black. This is due to the transition
from round to dendrite shape of the particles and
not to the occurrence of a new structure different
from cubic crystal structure (fcc). The advantages
of ammonia-citrate electrolyte towards the
ammonia-nitrate one are proved, as well as those of
pulse potential mode towards the potentiostatic
mode for obtaining more finely dispersed Ag-Ni
powders of average size of particles about or less
than 1 um. The maximum content of Ni in Ag-Ni
powders 12-18% is achieved in potentiostatic
mode.
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Fig. 11. EDSA spectra of Ag-Ni powder deposited from electrolyte No2* at E=-1,0V (a) and from electrolyte No3* at
E=-1,3V (b) in potentiostatic mode.
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EJIEKTPOOTJIATAHE HA Ag U HA Ag-Ni ITPAXOBE B CTALIMOHAPEH 1 B UMITYJICEH
PEXKM

K. UrnaroBa

Xumuxomexnonoeuuen u memanypeuven ynugepcumem, Coghus 1756, bvicapus

TlocTenmna Ha 24 ronu, 2012 r.; kopurupana Ha 30 cenremspy, 2013 r.
(Pesrome)

W3scnenBanu ca KMHETHKAaTa Ha OTiarane, Mopdosorusra u chcraBa Ha yucT AgQ npax u Ha AgNi npax B
3aBHCHUMOCT OT BHJIa Ha €ICKTPOIUTA M yCIOBUATA Ha OTJaraHe. Y CTAaHOBEHO €, Y€ B KHCEJ HUTPATEH eNEeKTPOIHT AJ
MpaxoBe ca OemM clel OTIaraHe, ¢ MO-ACHO ITPOSBEHA KPHCTAllHA CTPYKTypa. B KOMIUIEKCEH aMUHOHHTPATEH
SIIEKTPOJIUT ce (opmupar cuUBH A(Q IMpaxoBe C HENMpaBWIHA (OopMa Ha YAaCTHUIUTE M IO-BHCOKA TUCIIEPCHOCT. B
[IUTPATHOAMOHSYEH EJIEKTPOJIUT OTJIOKeHHTe AQ MpaxoBe ca ThMHOCHUBH JI0 YEPHHU Ha LBAT, C TUIMYHO JIEHAPUTHA,
CKIIOHHA KbM arjioMepupaHe CTpyKTypa Ha yacTunure. Beeku oT Tunosetre Ag MpaxoBe ce ChbCTOM OT €Ha €TMHCTBEHA
¢dasza — Tasu Ha cpebpo ¢ KyOwuHa creHHOueHTpupaHa pemerka (fcc). Jlokasanm ca npeaumcTBaTa Ha
[UTPATHOAMOHSYHUS EJIEKTPOJIUT B CPABHEHHE ¢ aMHHOHUTPATHUS 3a ToyyyaBane Ha puHoaucnepcuu AgNI mpaxose.
[Ipunaranero Ha MO-BHUCOKH KaTOJHU TMOTEHIMAIW B CTAIIMOHAPEH PEXHM W MPHIATaHETO HAa WUMITYJICEH PEXHUM C
yectoTa Ha ummysicure 10 1000 Hz B nuTpaTHOAMOHSYHUS €JIEKTPOJIUT BOAM JI0 MOHW)KEHHE Ha CPEeIHUS pa3Mep Ha
YaCTHUINTE JI0 OKOJIO U 1o | LM ¥ HapacTBaHE HA CHABPXKAHUETO Ha HUKeN 10 12-18%.
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Gases permeability in a porous mixed (proton and oxide ion) conductive membrane, which is a component of a new
high temperature dual membrane fuel cell design is investigated by specially designed testing system based on
measurements of the gas flow [ml/min] and pressure P (mm H>O) when penetrating through porous media. A strong
correlation expressed in increase of the permeability with the decrease of the gases molecular weight is registered. The
water vapor permeability decreases with the temperature. This is in agreement with data from the literature which show
that the viscosity of gases, including water vapor, increases with the temperature. The results obtained suggest optimal
porosity in respect to permeability, mechanical stability and conductivity in the range of 35 - 40%. They confirm the
need of optimization concerning not only the pores fraction, but also the pores geometry and distribution, as well as the
central membrane geometry and the configuration of the cell. This approach can be applied also for optimization of the
electrodes porosity (pores concentration, geometry, distribution etc), especially in cases when gas mixtures (including
water vapor) are used or produced.

Keywords: gases permeability, dual membrane fuel cell, porous mixed conducting ceramics, electrochemical impedance

spectroscopy.

INTRODUCTION

Following the strategic objectives of Europe
2020 for 20% lower greenhouse gas emissions,
20% of energy from renewables and 20% increase
of energy efficiency, hydrogen can play an essential
role not only as a fuel, but also as an universal
energy carrier easy to be integrated in electrical
systems. Thus the commercialization of solid oxide
fuel cells (SOFC) as extremely efficient device to
produce electricity with no deleterious emission if
fed by hydrogen is of primary importance.

Classical SOFCs have 50 years of technical
history. They operate at high temperatures, use a
solid oxide (ceramic) electrolyte to conduct oxide
ions created at the cathode to the anode, where they
react with hydrogen and produce water as by-
product. In our days more than 40 companies and
thousands of research groups all over the world are
working intensively towards decreases of material
costs and operating temperature, improvement of
performance stability as well as fuel flexibility and
efficiency.

In the last 20 years, due to the discovery of
proton conductivity in perovskite-dopped cerates

* To whom all correspondence should be sent:
E-mail: : emiliya@bas.bg

[1-3], more and more attention is drawn to the
development of proton conducting fuel cells
(pSOFC). They use a solid state proton conducting
electrolyte, which transports hydrogen ions created
at the anode to the cathode. Since the more mobile
proton is transported through the electrolyte,
PCFCs have the potential to operate at lower
temperatures (500-800°C).

However the dilution of the reacting gases with
the exhaust water (at the anode side in SOFC and at
the cathode side in PCFC) combined with decrease
of their catalytic activity can be regarded as a
limiting factor that slows down their marketing. In
order to overcome those limitations, innovative
Dual Membrane Fuel Cell (DMFC) architecture
was proposed [4] and proved [5-8].

The new concept combines the advantages and
eliminates the disadvantages of both oxide ion and
proton conducting high temperature fuel cells. The
main idea is the separation of the hydrogen and
oxygen from the exhaust water. It is realized by the
introduction of a junction central membrane (CM)
layer between a SOFC electrolyte/cathode (cathode
compartment) and a PCFC anode/electrolyte (anode
compartment). The CM has mixed (H* and O%)
conductivity and porous microstructure. Thus
protons produced at the anode progress toward the
junction membrane where they meet the oxide ions
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that are created at the cathode and produce water,
which is evacuated through the pores of the
membrane. Therefore hydrogen, oxygen and
exhaust water are located in three independent
chambers. The innovative concept has the potential
to considerably enhance the overall efficiency and
reduce costs of SOFC systems thanks to fine-tuning
of the catalytic properties of electrodes,
pressurization of both electrode compartments,
production of pure water for steam reforming and
employment of less sophisticated metallic alloys for
interconnects. More details for the concept and its
proof are given in [5-8].

The most challenging component of the DMFC
design is the composite CM. It should have high
anionic and protonic conductivities in the presence
of sufficient porosity and proper connectivity
among the different phases (proton conductor,
oxide ion conductor, open porosity for water
evacuation), avoiding tortuous and/or resistive
paths. Moreover, both solid phases - the proton
conducting BCY15 (BaCepssY0,15025) and no
oxide - ion conducting YDC15 (Ceo.:s5Y0.1501.925)
should percolate towards their respective
electrolyte, while porosity must percolate towards
the outside of the cell for water evacuation. Thus
each triple phase boundary (TPB) segment should
be connected to both electrolytes. The CM needs
the optimization of two processes with
contradictory initial requirements: (i) water vapor
formation and evacuation for which a porous
structure is needed and (ii) high mixed ion
conductivity, favored by higher density. Obviously
a compromise between the two targets is needed,
since the increase of porosity will improve the
water permeability, but will also decrease the
conductivity.

For optimization of the CM new research
approaches were introduced and developed for
deeper insight into the mechanisms and processes
of mixed conductivity and water formation and
release: X-ray micro-tomography 3D image
analysis [9, 10]; “in situ” conductivity
measurements of the CM composite matrix
components; gas and water vapor permeability
studies; capacitive and impedance measurements of
water behavior in the CM [8, 11].

This paper aims at summarizing the results of
one new and systematic study of gases (including
water vapour) permeability in porous ceramic
media. Although it is performed for deeper insight
into the water permeation in the central membrane
of the DMFC design, the applied approaches and

obtained results can be introduced in the electrodes
performance optimization procedures.

EXPERIMENTAL

The mixed oxide-ion and proton conductivity of
the central membrane was obtained by the
application of composite based on the chemically
compatible BCY15 and YDC15 electrolytes [6, 7],
(YDC15 is a decomposition product of BCY15
[12]). Samples with diameter about 2 cm and
thickness about 1 mm were produced by cold
pressing and sintering at 1300°C. The ratio of the
two ceramic phases was varied in the range from
40/ 60 to 60/40 vol %. Different porosity (25 — 60
v%) was obtained by adjustments of the type
(graphite, starch, polyvinyl butyral) and quantity of
the pore former.

Morphological studies performed by X-ray
micro-tomography 3D image analysis [9, 10]
confirmed good percolation rates and tortuosity of
the three phases, indicating easy pathways for the
ions through the central membrane and for the
water evacuation from shaping point of view.
Graphite pore former was estimated as the best one.

Since the CM consists of three phases (BCY,
YDC and pores), their co-existence influences the
way each of them forms and evolves during
sintering (the 2 ceramic components have different
sintering temperatures). Thus an essential point was
to study “in situ” the conductivity behaviour of
every ceramic component, i.e. in the presence of the
other two phases. This target was successfully
realized with the design of a new type of
symmetrical CM supported half cells (diameter
about 2 cm, thickness about 1 mm)
Pt/Y DCrorousBCY porous/Pt Which were measured by
electrochemical impedance spectroscopy (EIS).
The impedance measurements were carried out
with Solartron 1260 FRA in temperature interval
100-750 °C, frequency range from 1 MHz down to
0,1 Hz, density five points/decade and amplitude of
the AC signal 50 mV in wet (3%) hydrogen or
air/oxygen, which ensured separate information for
the conductivity of every component of the
composite.

For the performance of the permeability studies
a new testing system was specially designed. It is
based on measurements of the gas flow Qsow
[mlI/min] and pressure P (mm H,0) when
penetrating through media with different porosity
which determine a new characteristic parameter,
named permeability resistance R, (inversely
proportional to the permeativity):
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Rp = P/qflow (1)

The testing system ensures measurements of R
in the range 0.01 to 600 mm.min/ml. The
permeability measurements were carried out with
different gases: air, Hz, Oz, N2, Ar and humidified
air. The gas flows varied from 0 to 140 ml/min. The
tests with humidified air were performed in
temperature range 20 — 600°C at a constant gas
flow. The humidity (3% H,O) was ensured by
passing the gas flow through watered vessel at
room temperature. The experiments were carried
out on samples with different porosity, evaluated by
mercury porosimetry. Two configurations of the
gas flow set-up were used - lateral, which is similar
to the CM configuration in the DMFC, where the
water vapor formed in the porous membrane is
evacuated through its periphery, and transversal,
which represents the gas flows in the porous
electrodes layers, cf. Fig. 1.

Lateral Transversal

Fig. 1. Different gas flow configurations of the
experimental set-up.

Similarly to the ohmic resistance, the
permeability resistance can be expressed as:

Rp =pphs™ )
where “s” is the sample’s surface and “h” is its
thickness.

5
— ar
£
o
G
— 3}
S
k=]
2F
inHy
1

1,0 1,5 2,0

1000T 1/K1

Ig (o / Qcm)

Measurements of gases permeability were
calibrated on pipes with varying diameter and
length. It was found that for pipes with diameter
bigger than 2 mm n = 1. However, for internal pipe
diameter less than 2 mm the geometrical factor
increases, i.e. n>1. For pipes with diameter
between 1 and 2 mm it is 1,13. Obviously in porous
ceramic media this coefficient should be much
bigger.

RESULTS

The impedance measurements of half cells with
CM support of different porosity were performed in
both air and wet hydrogen atmospheres and thus
provided important information about the
individual conductivity of each one of the two
electrolytes in the real ceramic structure. Results
for central membranes with different porosity are
presented in Fig. 2. As it could be expected, the
porosity increases the resistivity of both
electrolytes. It is higher in air/oxygen, where the
YDCL15 contribution is represented. The influence
of the porosity is more pronounced in hydrogen,
where the BCY 15 resistivity is exhibited.

The obtained results, however, do not give
information about the water vapor transport in the
CM, which is an important factor in the
optimization of the cell performance. For this
purpose permeability studies were performed,
starting with gases permeability in the CM at room
temperature.

As expected, the permeability in the CM is
bigger for transversal configuration of the testing
rig (Fig. 3). Logically the gas permeability
decreases with the decrease of the porosity (Fig. 4).
Measurements with different gases at room
temperature and constant conditions (set-up
configuration and porosity) registered a strong

in air

1,0 1,5 2,0 2,5

1000T 1/ k1

Fig. 2. Arrhenius plots for the resistivity of central membrane with different porosity and 50 v % of BCY15 and YDC15

(m —40% porosity; o — 35 % porosity; ¥ —30% porosity).
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Fig. 3. Permeability measurements of H, in CM with
40% porosity at different measurement configurations
of the experimental set-up.
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Fig. 4. Permeability measurements of H, in CM with
different porosity at room temperature (transversal
configuration).

correlation  expressed in increase of the
permeability with the decrease of the gases
molecular weight (Fig.5).

Water permeability in the CM at elevated
temperatures was studied by measurements
performed in wet air in the temperature range 20 —
600°C. A decrease of the permeability was
registered with the increase of the temperature (Fig.
6). This result is in agreement with data from the
literature which show that the viscosity of gases,
including water vapor, increases with the
temperature (Fig. 5) [13]. Since the available data is
up to 300-400°C, the obtained results give
important  information  that at  operating
temperatures the water produced in the pores of the
CM has higher viscosity.

The results obtained from the conductivity and
permeability studies showed that the optimal
porosity of the mixed ion conducting central
membranes in respect to permeability, mechanical
stability and conductivity is about 35 — 40%.

CONCLUSIONS

The analysis of the permeability studies shows
that the phenomenon is complicated and strongly
dependent on the CM porosity, pores geometry,

600

400 -

200+

Pressure / mm H,0

0 50 100 150
Gas Flow / ml.min™1

Fig. 5. Gases permeability measurements in CM with

50% porosity at room temperature (transversal
configuration).
600
Or.\l
I 400
1S
1S
=
200 =
-
o
(o] 200 400 600
T/ °C

Fig. 6. Temperature dependence of wet air permeability
in CM with 40% porosity at constant gas flow.

tortuosity, sample configuration. The obtained
results confirm the need of optimization concerning
not only the pores fraction, but also the pores
geometry and distribution, as well as the CM
geometry and configuration in the cell, which
brought to the construction of a new cell design
[14]. It facilitates the water vapor evacuation from
the central membrane.

Gases permeability studies can be applied also
for optimization of the electrodes porosity (pores
concentration, geometry, distribution etc), in solid
oxide fuel cells and electrolyzers especially when
gas mixtures (including water vapor) are used, or
produced. Obviously the optimal porosity of the
cathode and anode will differ since the two
electrodes are fed with different gases.
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U3CJIEJBAHE HA T'A30BATA ITPOITYCKJIMBOCT B JIBOMHO MEMEPAHHA TOPYBHA
KIJIETKA

E. Mnanenosal, JI. Bnagukosal, 3. Ctoitnos!, A. Uecno?, A. Topen?, M. Kpbnuancka®
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IMoctenmna va 30 oktomBpH, 2012 r.; kopurupana Ha 11 mapt, 2013 r.

(Pesrome)

TecTBaHa € HOBa CHCTEMa 3a M3CJIEABAHE HAa ra3oBara HPOIyCKIMBOCT, B TOBA YHCIIO IPOIYCKIMBOCT M HA BOAHH
napy, B opecTa KepamudHa MeMOpaHna (T. H. neHTpaiHa membpara — [IM) cbc cMeceHa HOHHA MPOBOAUMOCT, KOSTO €
OCHOBEH KOMITOHCHT B HHOBATHBEH JIM3aiH Ha BHCOKO TEeMIIEPAaTyPEH TBhPIOOKCHICH ropuBeH eaement. Crcremara 3a
M3CIe/BaHe Ha ra3oBara MPOIYCKIMBOCT ce 6a3upa Ha W3MepBaHeTo Ha ra3oBus motok g [ml/min] u wansranero P (mm
H20). VcranoBena e crpora Kopenauus MEXAy YBEIMYaBaHETO HAa Ia30BaTa MPOIYCKIMBOCT M HaMalCHHETO Ha
MOJIOKYJTHOTO TEIJIO Ha ra3oBere. ['a30BaTa MPONMYyCKIMBOCT Ha BOAHM IIapy HaMalsiBa C yBEJIMYCHUE HA TeHepaTypaTta.
To3u pe3ysrar € B CHHXPOH C JIMTEPATYPHHUTE JaHHU, KOMTO ITOKa3BaT, Ye BUCKO3WTETA HA Ta30BETE CE YBEIHYABa C
HOBHIIABAHETO Ha TeMieparypara. llolyueHHTe pe3yiNTaTH [aBaT BB3MOXHOCT Ja C€ OMNPEASIH ONTHMAIHO
CHOTHOIICHHE MEX/y Ia30Ba IPOIYCKIUBOCT U HOPHCTOCT, MEXaHWYHa CTAOMIIHOCT M MPOBOIMMOCT B Anana3oH 35 -
40%. Pa3paOoTeHUAT MOAXOA € OCOOCHO MHTEPECeH W 3a ONTHMH3HPaHe MHUKPOCTPYKTypaTra Ha MOPHCTOCTTa Ha
eNEKTPOJUTE - KOHLCHTPALMs Ha TOPHUTE, TAXHATA TEOMETPHS U PasMpOCTpaHEHHE, OCOOCHO B CIydauTe, KOrato ce
M3I03BAT WX MPOU3BEKAAT Fa30BU cMecH (BKIFOYHMTEIHO BOJHA Mapa).
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Silica-bonded N-propyl sulfamic acid: A recyclable catalyst for microwave-assisted
synthesis of spirooxindoles via three-component reaction
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Silica bonded N-propyl sulfamic acid (SBNPSA) is employed as a solid acid catalyst for the synthesis of
spirooxindoles via three-component reaction in good yields and short reaction times in ethanol under irradiation
micrwave conditions. Irradiation of the combination of isatin or acenaphthoquinone, an activated methylene reagent,
and 1,3-dicarbonyl compounds in the presence of catalytic (SBNPSA) was found to be a suitable and efficient method

for the synthesis of the biologically important spirooxindoles.

Keywords: Silica-bonded N-propyl sulfamic acid (SBNPSA); Spirooxindoles; isatin; three-component; Irradiation

microwave

INTRODUCTION

Combinatorial chemistry is now routinely
applied to find out novel biologically active
compounds. In this context, multicomponent
reactions (MCRs) are powerful tools in the modern
drug discovery process in terms of lead finding and
lead optimization [1,2]. However, the range of
easily accessible and functionalized small
heterocycles is rather limited. The development of
new, rapid, and robust routes toward focused
libraries of such heterocycles is therefore of great
importance.  Spirooxindole  derivatives  are
important classes of heterocyclic compounds.The
heterocyclic spirooxindole ring system is a widely
distributed structural framework that is present in a
number of pharmaceuticals and natural products
[3], including cytostatic  alkaloids like
spirotryprostatins and strychnophylline [4]. The
unique structural array and the highly pronounced
pharmacological activity displayed by this class of
spirooxindole compounds have made them
attractive synthetic targets [5]. Oxa and azaspiro
derivatives are well-known [6], but the preparation
of corresponding quinazolinone analogues has not
yet evolved. Polyfunctionalized heterocyclic
compounds play important roles in the drug
discovery process, and analysis of drugs in late
development or on the market shows that 68% of
them are heterocycles [7,8]. Therefore, it is not

surprising that research on the synthesis of
polyfunctionalized heterocyclic compounds has
received significant attention.

The quinone moiety is involved in a wide
variety of biochemical processes including electron
transport and oxidative phosphorylation [3].
Various biological properties including enzyme
inhibition, antibacterial, antifungal, and anticancer
activities have been reported for quinones and
quinone derivatives [9]. The antitumor activity of
the quinone moiety has been studied thoroughly,
and it is known that they act as topoisomerase
inhibitors via DNA intercalation [10]. Quinone-
annulated heterocycles are found in nature, and
most of them exhibit interesting biological
activities. The chemistry of quinone-annulated
heterocycles is dependent largely on the substituent
being either on the quinone or on adjacent rings
[11]. These activities, combined with diverse
chemical behavior make quinones attractive targets
in organic synthesis. The indole framework is
common in a wide variety of pharmacologically
and biologically active compounds [12].
Furthermore, it has been reported that sharing of the
indole 3-carbon atom during the formation of
spiroindoline derivatives enhances the biological
activity highly [13]. The spiro-oxindole system is
the core structure of some pharmacological agents
and natural alkaloids [14]. Similarly, xanthenes
have been reported to possess diverse biological
and therapeutic properties such as antibacterial,
antiviral, and anti-inflammatory activities, as well
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as being used in photodynamic therapy [14]. Other
useful applications of these heterocycles are as
dyes, fluorescent materials for visualization of
biomolecules and in laser technologies [15].
Considering the above reports, and as part of our
program aimed at developing new selective and
environmentally friendly methodologies for the
preparation of heterocyclic compounds [16].

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. lIrradiation was carried out in a domestic
microwave oven (Electra, 2450 MHz, 700 W) for
optimized time. silica bonded N-propyl sulfamic
acid (SBNPSA) was prepared according to our
previously reported procedure, Scheme 1 [18].

H,N.__O Ry
0 o ‘ ‘ R
R N SBNPSA Re
+ 0+ N~ X ——————————— )=00
R;. N C,HsOH, Microwave N
H H

4a-g

aR;=CHjz, Rp=H, X= CN

b Ry=CHj, R,=H, X=CO,Et
¢ Ry=CHj, R,=F, X=CN

d R;=CHj, R,=F, X=CO,Et
eRy=H, R,CN

f Ry=H, R,=H, X=COEt
gR;=H, Ry=F, X=CO,Et

Scheme 1. Synthesis of spirooxindoles via three-
component reaction with isatin (2) in the presence of
silica-bonded N-propyl sulfamic acid (SBNPSA) as
catalyst under irradiation microwave conditions.

General procedure for the synthesis of
spirooxindoles (4a—j):

Silica-bonded N-propyl  sulfamic  acid
(SBNPSA) (0.1 g) was added to a stirred mixture of
isatin (1 mmol), malononitrile (1 mmol) and
phthalhydrazide (1 mmol) in ethanol (5 mL), and
was irradiated in a microwave oven at 700 W for
the appropriate time (Table 1). After complete
conversion as indicated by TLC, water was added
and the product was extracted with ethyl acetate (2
x 15 mL). The combined extracts were dried over
anhydrous Na»SO, and concentrated in vacuo. The
resulting product was recrystallized from ethanol
to afford pure product (4a—j).

3-Amino-5"-nitro-5,10-dioxo spirof(3'H)-indol-

3',1-5,10-dihydro-1(H)-pyrazolo (1,2-
b)phthalazin]-(1'H)-2'-one-2-carboxylate (table 1,
entry 1, 4a):

Yellow solid. m.p.: 280-282°C. IR (KBr)
vma/cm™: 3377, 3256, 2207, 1710, 1693, 1669,

1a,b 2a,b 3a,b
aR;= CHg aR;=H aX=CN
bR;=H b Ry=F b X=CO,Et
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1609, 1552, 1470, 1437, 1375, 1285, 1255, 1166,
698. 'H NMR (DMSO-ds, 300 MHz) ¢: 7.11 (d,
1H, J = 8.4 Hz), 7.95 (m, 3H), 8.21 (m, 2H), 8.46 (
s, 2H, NH), 8.62 (d, 1H, J = 7.65 Hz), 11.67 (s,
1H, NH). ¥*C NMR (DMSO-ds, 100 MHz) 6: 64.1,
69.5, 111.0, 114.5, 121.7, 127.6, 128.0, 128.2,
129.5, 135.3, 135.6, 143.5, 148.6, 152.8, 153.0,
157.0, 173.7. MS (m/z): 402 (M*). Anal. Calcd. for
C19H10NsOs: C, 56.72; H, 2.50; N, 20.88%. Found:
C, 56.80; H, 2.47; N, 20.82%.

Ethyl 3-amino-/-allyl-5,10-dioxo spiro[(3'H)-
indol-3’,1-5,10-dihydro-1(H)-pyrazolo(1,2-
b)phthalazin]-(1'H)-2'-one-2-carboxylate (table 1,
entry2, 4b):

Yellow solid. m.p.: 254-256°C. IR (KBr)
vma/cm™: 3385, 3254, 1735, 1709, 1668, 1608,
1572, 1456, 1423, 1377, 1285, 1256, 1178, 692. 'H
NMR (DMSO-dg, 300 MHz) ¢: 0.80 (s, 3H), 3.78
(9, 2H, J = 6.9 Hz), 4.25 (2H, J = 17.55 Hz), 5.18
(d, 1H, J = 9.95 Hz), 5.46 (d, 1H, J = 17.55 Hz),
5.83 (m, 1H), 6.90 (t, 1H, J = 7.6 Hz), 6.95 (d, 1H,
J=7.65Hz), 7.25 (t, 1H, J = 7.65 Hz), 7.36 (d, 1H,
J = 6.85 Hz), 7.85 (s, 2H, NHy), 7.95 (t, 2H, J =
7.65 Hz), 8.05 (d, 1H, J=9.15 Hz), 8.26 (d, 1H, J =
7.9 Hz). ®C NMR (DMSO-ds, 100 MHz) ¢: 14.4,
43.7, 59.5, 70.5, 79.7, 111.6, 117.8, 122.7, 124.1,
1254, 127.1, 127.3, 127.9, 128.5, 130.1, 132.2,
134.7,135.5, 152.6, 153.1, 157.1, 162.8, 171.8. MS
(m/z): 444 (M*). Anal. Calcd. for C2H2oN4Os: C,
64.86; H, 4.54; N, 12.61%. Found: C, 64.75; H,
4.51; N, 12.55%.

3-Amino-1 -allyl-5,10-dioxo spiro[(3'H)-indol-3’, I-
5,10-dihydro-1(H)-pyrazolo(1,2-b)phthalazin]-
(1'H)-2"-one-2-carbonitrile (table 1, entry 3, 4c):

Yellow solid. m.p.: 276-277°C. IR (KBr)
vmadCm™: 3384, 3260, 2200, 1715, 1692, 1665,
1613, 1560, 1469, 1438, 1377, 1285, 1255, 1170,
698. 'H NMR (DMSO-ds, 300 MHz) ¢: 4.35 ( 2H, J
=13.0 Hz), 5.16 (d, 1H, J =10.7 Hz), 5.30 (d, 1H, J
= 16.8 Hz), 5.81 (m, 1H), 7.00 (d, 1H, J = 7.6 Hz),
7.05 (t, 1H, J = 7.65 Hz), 7.32 (t, 1H, J = 8.4 Hz),
7.54 (d, 1H, J = 7.65 Hz), 7.96 (m, 3H), 8.25 (d,
1H, J = 6.85 Hz), 8.35 (s, 2H, NH,). **C NMR
(DMSO-ds, 100 MHz) o: 42.5, 60.3, 70.0, 110.2,
114.7, 117.0, 123.9, 125.0, 125.3, 127.5, 128.1,
128.0, 129.1, 131.0, 131.7, 135.0, 135.6, 143.0,
152.4, 153.1, 156.8, 171.5. MS (m/z): 397 (M").
Anal. Calcd. for C»HisNs0s: C, 66.49; H, 3.80; N,
17.62%. Found: C, 66.57; H, 3.75; N, 17.58%.

Ethyl 3-amino-/'"-benzyl-5,10-dioxo spiro/(3'H)-
indol-3’,1-5,10-dihydro-1(H)-pyrazolo(1,2-



Ali Gharib et al.: Silica-bonded N-propyl sulfamic acid: A recyclable catalyst for ...

b)phthalazin]-(1'H)-2'-one-2-carboxylate (table 1,
entry 4, 4d):

Yellow solid. m.p.: 290-291°C. IR (KBr)
vmadem: 3425, 3317, 1702, 1697, 1529, 1427,
1385, 1299, 1264, 1143, 700. *H NMR (DMSO-ds,
300 MHz) 4: 0.63 (m, 3H), 3.41 (m, 2H), 4.86 ( 2H,
J = 16.05 Hz), 6.80 (d, 1H, J = 7.65 Hz), 6.90 (t,
1H, J = 7.65 Hz), 7.18 (t, 1H, J = 7.65 Hz), 7.25
(t,1H, J = 6.85 Hz), 7.30 (t, 2H, J = 7.65 Hz), 7.38
(d,1H, J =7.65 Hz), 7.50 (d, 2H, J = 7.65 Hz), 7.95
(m, 3H), 8.15 (s, 2H, NH,), 8.29 (d, 1H, J = 9.15
Hz). 3C NMR (DMSO-ds, 100 MHz) 6: 14.1, 43.9,
56.5, 59.1, 70.3, 109.3, 123.1, 124.0, 127.5, 127.8,
127.9, 128.1, 128.9, 129.2, 130.0, 134.8, 135.6,
136.6, 144.5, 152.8, 157.0, 163.6, 172.3. MS (m/z):
494 (M"). Anal. Calcd. for CzsH2N4Os: C, 68.01;
H, 4.48; N, 11.33%. Found: C, 67.95; H, 4.42; N,
11.28%.

3-Amino-1"-benzyl-5,10-dioxo spiro/(3'H)-indol-
3'1-5,10-dihydro-1(H)-pyrazolo(1,2-b)phthalazin]-
(1'H)-2"-one-2-carbonitrile (table 1, entry 5, 4e):

Yellow solid. m.p.: 266°C. IR (KBr) vma/cm™:
3375, 3259, 2198, 1667, 1612, 1469, 1372, 1163,
699 . 1H NMR (DMSO-ds, 300 MHz) 4: 4.95 ( 2H,
1= 16.05 Hz), 6.88 (d, 1H, J = 8.4 Hz), 7.03 (t, 1H,
1=6.85 Hz), 7.25 (d, 2H, J = 6.9 Hz), 7.30 (t, 2H, J
= 7.65 Hz), 7.41 (d, 2H, J = 7.6 Hz), 7.55 (d, 1H, J
= 7.65 Hz), 7.96 (m, 2H), 8.05 (d, 1H, J = 6.85 Hz),
8.28 (d, 1H, J = 9.15 Hz), 8.40 (s, 2H, NH,). 3C
NMR (DMSO-ds, 100 MHz) §: 44.0, 60.3, 70.0,
110.2, 115.1, 123.9, 125.1, 125.4, 127.5, 127.7,
128.0, 128.2, 129.1, 129.3, 131.0, 135.0, 135.6,
136.0, 143.1, 152.5, 153.2, 156.8, 171.8. MS (m/z):
447 (M*). Anal. Calcd. for CasHiNsOs: C, 69.79;
H, 3.83; N, 15.65%. Found: C, 69.72; H, 3.78; N,
15.60%.

Ethyl 3-amino-1"-butyl-5,10-dioxo spiro[(3'H)-
indol-3',7-5,10-dihydro-1(H)-pyrazolo(1,2-
b)phthalazin]-(1'H)-2'-one-2-carboxylate (table 1,
entry 6, 4f):

Pale yellow solid. m.p.: 258-260°C. IR (KBr)
vma/cm ™t 3428, 3320, 2934, 1730, 1704, 1675,
1610, 1528, 1469, 1429, 1377, 1298, 1264, 1142,
757, 699. *H NMR (DMSO-ds, 300 MHz) §: 0.79
(m, 3H), 0.88 (t, 3H, J = 6.85 Hz), 1.36 (m, 2H),
1.61 (m, 2H), 3.65 (t, 2H, J = 7.65 Hz), 3.80 (m,
2H), 6.91 (t, 1H, J = 7.6 Hz), 7.03 (d, 1H, J = 8.4
Hz), 7.25 (t, 1H, J = 7.65 Hz), 7.35 (d, 1H, J = 7.65
Hz), 7.94 (m, 3H), 7.60 (s, 2H, NH>), 8.26 (d, 1H, J
= 6.85 Hz). C NMR (DMSO-ds, 100 MHz) &:
14.0, 14.3, 20.1, 29.7, 59.3, 70.0, 80.2, 108.8,
122.7, 124.0, 126.8, 127.6, 128.1, 128.5, 129.0,

130.2, 134.8, 135.5, 144.7, 151.4, 152.7, 157.2,
163.6, 171.8. MS (m/z): 460 (M™"). Anal. Calcd. for
C2sH24N4Os: C, 65.21; H, 5.25; N, 12.17%. Found:
C, 65.27; H, 5.20; N, 12.12%.

3-Amino-/ -butyl-5,10-dioxo spirof(3’H)-indol-
3’,1-5,10-dihydro-1(H)-pyrazolo(1,2-b)phthalazin]-
(1'H)-2"-one-2-carbonitrile (table 1, entry 7, 49):

Yellow solid. m.p.: 222-223°C. IR (KBr)
vma/cm 3384, 3260, 2938, 2197, 1668, 1612,
1562, 1468, 1434, 1375, 1257, 1146. 'H NMR
(DMSO-ds, 300 MHz) ¢: 0.85 (t, 3H, J = 6-9 Hz),
1.34 (m, 2H), 1.58 (m, 2H), 3.70 (m, 2H), 7.04 (t,
1H, J =7.65 Hz), 7.14 (d, 1H, J = 7.65 Hz), 7.36 (t,
1H, J =7.6 Hz), 7.50 (d, 1H, J = 6.85 Hz), 7.96 (t,
2H, J = 7.6 Hz), 8.00 (d, 1H, J = 8.45 Hz), 8.27 (d,
1H, J = 7.6 Hz), 8.36 (s, 2H, NH,). C NMR
(DMSO-ds, 100 MHz) ¢: 14.1, 19.8, 29.7, 60.5,
70.0, 109.8, 114.8, 123.5, 125.0, 125.3, 127.7,
128.1, 128.3, 129.2, 131.3, 134.9, 135.6, 143.6,
152.3, 153.1, 156.9, 171.4. MS (m/z): 413 (M").
Anal. Calcd. for C23H1sNsOs: C, 66.82; H, 4.63; N,
16.94%. Found: C, 66.93; H, 4.58; N, 16.88%.

2.2¢ 3-Amino-1'"-methyl-5,10-dioxo spiro[(3'H)-
indol-3’,7-5,10-dihydro-1(H)-pyrazolo(1,2-
b)phthalazin]-(1'H)-2'-one-2-carbonitrile (table 1,
entry 8, 4h):

Yellow solid. m.p.: 282-284°C. IR (KBr)
vmadcmt: 3455, 3328, 2197, 1727, 1665, 1610,
1472, 1370, 698 cm™. *H NMR (DMSO-ds, 300
MHz) ¢: 3.20 (s, 3H), 7.06 (t, 1H, J = 7.65 Hz),
7.10 (d, 1H, J = 7.65 Hz), 7.38 (t, 1H, J = 8.4 Hz),
7.50 (d, 1H, J = 6.9 Hz), 7.96 (m, 3H), 8.25 (d, 1H,
J =8.4 Hz), 8.37 (s, 2H, NHy). 3C NMR (DMSO-
ds, 125 MHz) o: 27.3, 60.1, 69.8, 109.7, 114.9,
123.8, 124.9, 125.3, 127.5, 128.1, 128.3, 129.2,
131.2, 135.0, 135.6, 144.2, 152.4, 153.1, 156.8,
171.5. MS (m/z): 371 (M¥). Anal. Calcd. for
Co0H13NsOs: C, 64-69; H, 3-53; N, 18-86%. Found:
C, 64-63; H, 3-:48; N, 18-81%.

Ethyl 3-amino-5,10-dioxo spirof(3'H)-indol-3’, 1-
5,10-dihydro-1(H)-pyrazolo(1,2-b) phthalazin]-
(1'H)-2"-one-2-carboxylate (table 1, entry 9, 4i):

Yellow solid. m.p.: 284-286°C. IR (KBr)
vmad/cm™: 3439, 3327, 1742, 1700, 1665, 1528,
1294, 1140. *H NMR (DMSO-ds, 300 MHz) §: 0.85
(t, 3H, J = 7-65 Hz), 3.80 (m, 2H), 6.80 (d, 1H,J =
7.65 Hz), 6.85 (t, 1H, J = 6.85 Hz), 7.18 (t, 1H, J =
7.65 Hz), 7.28 (d, 1H, J = 7.65 Hz), 7.52 ( s, 2H,
NH), 7.93 (m, 3H), 8.25 (d, 1H, J = 9.15 Hz),
10.74 (s, 1H). *C NMR (DMSO-ds, 100 MHz) 6:
14.1, 59.6, 70.5, 81.3, 109.8, 122.1, 124.3, 127.3,
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127.5, 128.0, 128.5, 129.1, 130.0, 134.7, 135.5,
143.9, 151.3, 152.6, 157.0, 163.7, 173.5. MS (m/z):
404 (M*). Anal. Calcd. For C21H1sN4Os: C, 62.37;
H, 3.99; N, 13.85 %. Found: C, 62.28; H, 3.94; N,
13.78%.

3-Amino-5,10-dioxo spirof(3'H)-indol-3",1-5,10-
dihydro-1(H)-pyrazolo(1,2-b)phthalazin]-(1'H)- 2'-
one-2-carbonitrile (table 1, entry 10, 4j):

Yellow solid. m.p.: 269-270°C. IR (KBr)
vma/cm ™t 3440, 3350, 2207, 1755, 1679, 1654,
1467, 1364, 1258, 1163. *H NMR (DMSO-ds, 300
MHz) ¢: 6.95 (d, 1H, J = 7.65 Hz), 6.95 (t, 1H, J =
7.65 Hz), 7.26 (t, 1H, J = 7.6 Hz), 7.45 (d, 1H, J =
7.65 Hz), 7.96 (m, 3H), 8.23 (d, 1H, J= 7-65 Hz),
8.34 (s, 2H, NHy), 10.90 (s, 1H, NH). C NMR
(DMSO-ds, 100 MHz) ¢: 60.5, 70.2, 110.9, 114.8,
123.2, 125.2, 125.9, 1275, 128.1, 128.3, 129.2,
131.0, 134.9, 135.6, 142.7, 152.2, 153.1, 156.9,
173.0. MS (m/z): 357 (M*)- Anal. Calcd. For
C19H1:NsOs: C, 63.87; H, 3.10; N, 19.60%. Found:
C, 63.83; H, 3.06; N, 19.55 %.

Typical procedure for preparation of 2-amino-7,7-
dimethyl-20,5-dioxo-5,6,7,8-
tetrahydrospiro[chromene-4,30-indoline]-3-
carbonitrile (4a):

A mixture of isatin ( 0.15 g), malononitrile (0.05
g), 5,5-dimethyl-1,3-cyclohexanedione ( 0.15 @),
and silica-bonded  N-propyl sulfamic acid
(SBNPSA) (1 0.01 g) in ethanol (6 mL) was stirred
and irradiated in a microwave oven at 700 W for
the appropriate time (Table 2). Upon completion,
monitored by TLC (n-hexane/ethyl acetate: 2/1),
the reaction mixture was allowed to cool to room
temperature. The solid was filtered off and washed
with water and cool ethanol to give the desired
products. The crude product was recrystallized
from EtOH to the yields:

Ethyl-2-amino-50-fluoro-20,5-dioxo-5,6,7,8-
tetrahydrospiro[chromene-4,30-indoline]-3-
carboxylate (table 2, entryl, 4a):

White solid. Mp 273-274 °C, IR (KBr) vma/cm-
1: 3595, 3366, 3160, 1715, 1695, 1656, 1520, 1295.
'H NMR (DMSO-dg, 300 MHz) 6: 0.7 (t, 3H, J=7.1
Hz, CHs), 1.86 (m, 2H, CH,), 2.19 (m, 2H, CH)),
2.62 (M, 2H, CHy), 3.70 (g, 2H, J=6.5 Hz, CH.),
6.64-6.86 (m, 3H, ArH), 7.90 (s, 2H, NHy), 10.17
(s, 1H, NH). 3C NMR (DMSO-ds, 100 MHz) §:
13.58, 20.05, 27.45, 375, 47.70, 59.36,
76.30,108.72, 111.7, 113.53,114.11, 138.30,
140.83, 156.60, 159.65, 165.06, 167.99, 180.34,
195.38. MS, m/z (%): 372 (M*, 65), 299 (100), 271
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(25), 42 (45).Anal. Calcd for CigHi17FN2Os: C,
61.29; H, 4.60; N, 7.52%. Found: C, 61.12; H, 4.77;
N, 7.69%.

Ethyl-2-amino-20,5-dioxo-5,6,7,8-tetrahydrospiro-
[chromene-4,30-indoline]-3-carboxylate (table 2,
entry 2, 4b) :

White solid. Mp 263-265 °C, IR (KBr) vmad/Cm-
11 3369, 3247, 3160, 1695, 1649, 1524, 1299. H
NMR (DMSO-ds, 300 MHz) &: 0.79 (t, 3H, J=7.1
Hz, CHs), 1.85 (m, 2H, CHy), 2.15 (m, 2H, CH,),
2.62 (m, 2H, CHy), 3.73 (q, 2H, J=6.1 Hz, CH,),
6.66-7.05 (m, 4H, ArH), 7.87 (s, 2H, NH), 10.15
(s, 1H, NH). 3C NMR (DMSO-ds, 100 MHz) §:
13.57, 20.12, 27.39, 37.58, 47.15, 59.27, 76.80,
108.49,114.64, 120.98, 122.88, 127.59, 136.56,
144.48, 159.44, 164.69, 168.12, 180.35, 195.29.
MS, m/z (%): 354 (M*, 40), 281 (100), 253 (25), 55
(30), 39 (30). Anal. Calcd for CigHi1gN2Os: C,
64.40; H, 5.12; N, 7.91%. Found: C, 64.08; H, 5.44;
N, 8.23%.

2-Amino-20,5-dioxo-5,6,7,8-
tetrahydrospiro[chromene-4,30-indoline]-3-
carbonitrile (table 2, entry 3, 4c):

White solid. Mp 251-252 °C, IR (KBr) vmax/Ccm~
- 3365, 3283, 3160, 2195, 17223, 1655, 1347,
1214. *H NMR (DMSO-ds, 300 MHz) §: 1.91 (s,
2H, CHy), 2.20 (s, 2H, CHy), 2.65 (s, 2H, CHy),
6.77-7.10 (m, 4H, ArH), 7.20 (s, 2H, NH,), 10.38
(s, 1H, NH). *C NMR (DMSO-ds, 100 MHz) ¢:
20.25, 27.16, 36.80, 47.30, 57.95, 109.58, 112.30,
122.2, 123.65, 128.58, 134.98, 142.44, 159.06,
166.49, 178.57, 195.47. MS, m/z (%): 307 (M*,
50), 251 (100), 209 (50), 140 (55), 39 (30). Anal.
Calcd for Ci7H13N3Os: C, 66.44; H, 4.26; N,
13.67%. Found: C, 66.31; H, 4.43; N, 13.84%.

Ethyl-2-amino-50-fluoro-7,7-dimethyl-20,5-dioxo-
5,6,7,8-tetrahydrospiro[chromene-4,30-indoline]-
3-carboxylate (table 2, entry 4, 4d):

White solid. Mp 240242 °C, IR (KBr) vma/cm-
1. 3395, 3350, 2954, 1707, 1689, 1665, 1487, 1170.
'H NMR (DMSO-ds, 300 MHz) 4: 0.76 (t, 3H,
J=6.5 Hz, CHs), 0.97 (s, 3H, CHs), 1.00 (s, 3H,
CHs), 2.05 (d, 1H, J=16.6 Hz), 2.15 (d, 1H, J=15.7
Hz), 2.56 (m, 2H, CHy), 3.72 (g, 2H, J=6.5 Hz,
CH,), 6.66-6.84 (m, 3H, ArH), 7.90 (s, 2H, NH,),
10.18 (s, 1H, NH). **C NMR (DMSO-ds, 100 MHz)
0: 13.59, 27.38, 28.07, 31.99, 47.60, 51.08, 59.35,
76.28, 108.87, 110.66, 113.39, 116.67, 138.24,
140.86, 159.63, 163.21, 167.97, 180.23, 195.23.
MS, m/z (%): 400 (M*, 25), 327 (100), 299 (22), 83
(25), 41 (45). Anal. Calcd for CyH21FN2Os: C,
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62.99; H, 5.29; N, 7.00%. Found: C, 62.74; H, 5.54;
N, 7.25%.

2-Amino-50-fluoro-7,7-dimethyl-20,5-dioxo-
5,6,7,8-tetrahydrospiro[chromene-4,30-indoline]-
3-carbonitrile (table 2, entry 5, 4e):

Pink solid. Mp 270-273 °C, IR (KBr) vma/cm™:
3357, 3299, 3160, 2964, 2192, 1725, 1648, 1345,
1225. 'H NMR (DMSO-ds, 300 MHz) &: 1.00 (s,
3H, CHs), 1.06 (s, 3H, CHs), 2.05 (d, 1H, J=15.9
Hz), 2.17 (d, 1H, J=16.0 Hz), 2.53 (m, 2H, CH,),
6.65-6.77 (M, 3H, ArH), 7.71 (s, 2H, NH,), 10.25
(s, 1H, NH). C NMR (DMSO-ds, 100 MHz) &:
27.36, 28.12, 33.13, 47.37, 51.23, 59.16, 110.17,
112.29, 117.80, 123.09, 124.45, 129.58, 133.80,
144,53, 160.02, 167.52, 179.45,196.27. MS, m/z
(%): 353 (M*, 30), 269 (100), 227 (55), 42 (75).
Anal. Calcd for C19H16FN3Os: C, 64.58; H, 4.56; N,
11.89%. Found: C, 64.27; H, 4.87; N, 12.14%.

Ethyl-2-amino-7,7-dimethyl-20,5-dioxo-5,6,7,8-
tetrahydrospiro[chromene-4,30-indoline]-3-
carboxylate (table 2, entry 6, 4f):

White solid. Mp 257-258 °C, IR (KBr) vmax/cm™
1. 3366, 3187, 2926, 1667, 1612, 1223. *H NMR
(DMSO-ds, 300 MHz) ¢: 0.79 (t, 3H, J=6.57 Hz,
CHs), 0.95 (s, 3H, CHs),1.03 (s, 3H, CHs), 2.00 (d,
1H, J=15.7 Hz), 2.16 (d, 1H, J=15.7 Hz), 2.57 (m,
2H, CH,), 3.69 (g, 2H, J=5.2 Hz, CH,), 6.68-7.04
(m, 4H, ArH), 7.87 (s, 2H, NH,), 10.15 (s, 1H,
NH). C NMR (DMSO-ds, 100 MHz) 6: 13.56,
27.12, 28.24, 32.0, 47.05, 51.08, 59.30, 76.75,
108.59, 113.53, 120.99, 122.68, 127.63, 136.45,
144.49, 159.56, 162.87, 168.10, 180.26, 195.13.
MS, m/z (%): 382(M*, 90), 309 (100), 281 (25), 83
(25), 41 (23). Anal. Calcd for CyH2N:Os: C,
65.96; H, 5.80; N, 7.33%. Found: C, 65.72; H, 6.03;
N, 7.57%.

2-amino-7,7-dimethyl-20,5-dioxo0-5,6,7,8-
tetrahydrospiro[chromene-4,30-indoline]-3-
carbonitrile (table 2, entry 7, 4q):

white solid. Mp 268-270 °C, IR (KBr) vmax/cm~
1. 3378, 3314, 2906, 2191, 1722, 1658, 1220. H
NMR (DMSO-ds, 300 MHz) &: 0.99 (s, 3H, CHa),
1.02 (s, 3H, CHs), 2.08 (d, 1H, J=16.1 Hz), 2.17 (d,
1H, J=15.9 Hz,), 2.52 (m, 2H, CHy), 6.76-7.15 (m,
4H, ArH), 7.22 (s, 2H, NHy), 10.40 (s, 1H, NH).
13C NMR (DMSO-ds, 100 MHz) §: 27.46, 28.06,
32.40, 47.25, 50.44, 57.89, 109.69, 111.22, 117.81,
122.14, 123.47, 128.63, 134.87, 142.49, 159.22,
164.61, 178.50, 195.37. MS, m/z (%): 335 (M",
50), 251 (100), 210 (25), 83 (23), 66 (23), 39 (35).

Anal. Calcd for Ci1gH17N3Os: C, 68.05; H, 5.11; N,
12.53%. Found: C, 67.94; H, 5.23; N, 12.64%.

Ethyl-20-amino-2,50-dioxo-50,60,70,80-
tetrahydro-2Hspiro[acenaphthylene-1,40-
chromene]-30-carboxylate (table 2, entry 8, 6a):

Yellow solid. Mp 225-227 °C, IR (KBr)
vmadcmt: 3400, 3295, 2989, 1726, 1677, 1520,
1354. 'H NMR (DMSO-ds, 300 MHz) ¢: 0.04 (t,
3H, J=7.1 Hz, CH3), 1.47 (m, 2H, CH>), 2.65 (t, 2H,
J=6.2 Hz, CH>), 3.45 (q, 2H, J=7.1 Hz, CHy), 4.52
(t, 2H, J=7.1 Hz, CHy), 6.58 (s, 2H, NH), 7.22—
8.48 (m, 6H, ArH). ®C NMR (DMSO-ds, 100
MHz) ¢: 12.25, 27.43, 36.82, 59.43, 63.40, 75.09,
119.40, 119.90, 122.78, 124.21, 127.80, 127.99,
128.72, 128.83, 129.50, 129.61, 129.71, 132.21,
136.02, 141.23, 164.17, 168.32, 195.60. MS, m/z
(%): 389 (M*, 20), 316 (100), 176 (80), 149 (40),
55 (25). Anal. Calcd for C2sH1sNOs: C, 70.94; H,
4.92; N, 3.60%. Found: C, 70.75; H, 5.12; N,
3.78%.

20-Amino-2,50-diox0-50,60,70,80-tetrahydro-
2Hspiro[acenaphthylene-1,40-chromene]-30-
carbonitrile (table 2, entry 9, 6b):

Yellow solid. Mp 245-247 °C, IR (KBr)
vmademt: 3372, 3189, 2192, 1718, 1672, 1595,
1344, 1205. *H NMR (DMSO-dg, 300 MHz) §: 1.92
(m, 2H, CHy), 2.15 (m, 2H, CHy), 2.71 (m, 2H,
CHy), 7.32-8.66 (m, 6H, ArH), 7.92 (s, 2H, NH,).
3C NMR (DMSO-ds, 100 MHz) 6: 20.27, 27.17,
36.50, 51.46, 58.50, 113.55, 117.99, 120.47,
121.81, 124.95, 128.90, 129.33, 130.19, 131.86,
132.67, 140.87, 143.82, 159.10, 166.93, 195.87,
204.06. MS, m/z (%): 342 (M*, 23), 230 (70), 202
(50), 175 (40), 84 (30), 42 (100). Anal. Calcd for
Co1HuN2Os: C, 73.68; H, 4.12; N, 8.18%. Found:
C, 73.54; H, 4.28; N, 8.34%.

Ethyl-20-amino-70,70-dimethyl-2,50-dioxo-
50,60,70,80-tetrahydro-2H-spiro[acenaphthylene-
1,40-chromene]-30-carboxylate (table 2, entry 10,

6¢):

White solid. Mp 261-263 °C, IR (KBr) vma/cm-
1. 3380, 3269, 2953, 1718, 1687, 1519, 1222. 'H
NMR (DMSO-dg, 300 MHz) 4: 0.53 (t, 3H, J=7.0
Hz, CHs), 0.93 (s, 3H, CHs), 1.01 (s, 3H, CHa),
1.92 (d, 1H, J=15.9 Hz), 2.07 (d, 1H, J=16.0 Hz),
2.62 (M, 2H, CHy), 7.22-8.12 (m, 6H, ArH), 7.94
(s, 2H, NH). *°C NMR (DMSO-ds, 100 MHz) §:
12.66, 27.17, 28.23, 32.15, 50.48, 51.16, 58.86,
77.67, 115.32, 119.46, 119.58, 124.23, 128.17,
128.68, 129.71, 129.89, 136.45, 141.09, 145.76,
159.85, 163.41, 167.91, 195.73, 205.65. MS, m/z
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(%): 418 (M*+1, 25), 344 (100), 271 (30), 83 (25).
Anal. Calcd for C;sH23NOs: C, 71.93; H, 5.55; N,
3.36%. Found: C, 71.78; H, 5.70; N, 3.95%.

20-Amino-70,70-dimethyl-2,50-diox0-50,60,70,80-
tetrahydro-2H-spiro[acenaphthylene-1,40-
chromene]-30-carbonitrile (table 2, entry 11, 6d):

Yellow solid. Mp 260-262 °C, IR (KBr)
vmax/cm-—t: 3369, 3187, 2953, 2192, 1718, 1666,
1597, 1215. *H NMR (DMSO-ds, 300 MHz) §: 1.02
(s, 3H, CHs), 1.04 (s, 3H, CHa), 2.06 (d, 1H, J=16.6
Hz), 2.12 (d, 1H, J=16.5 Hz), 2.63 (m, 2H, CH>),
7.35 (s, 2H, NH2), 7.38-8.26 (m, 6H, ArH). 3C
NMR (DMSO-ds, 100 MHz) ¢: 27.65, 27.93, 32.50,
50.17, 51.44, 58.48, 112.48, 117.99, 120.28,
121.88, 124.99, 128.94, 129.36, 130.25, 131.90,
132.65, 140.99, 143.66,159.24, 165.03, 195.77,
204.05. MS, m/z (%): 370 (M*, 75), 286 (100), 259
(45), 83 (25), 39 (30). Anal. Calcd for C23H1sN20s:
C, 74.58; H, 4.90; N, 7.56%. Found: C, 74.45; H,
5.15; N, 7.31%.

RESULTS AND DISCUSSION

We wish to report an efficient and green
protocol for the three-component synthesis of some
chromene derivatives at ambient temperature in
excellent yields (Schemes 2 and 3). As part of our
endeavour to discover new spirooxindoles of
biocidal interest, and guided by the observation that
the presence of two or more different heterocyclic
moieties in a single molecule often enhances the
biocidal profile remarkably, we investigated a
three-component  reaction  of isatin  with
malononitrile and phthalhydrazide, in order to
synthesize a new class of spirooxindoles with fused
phthalazines. To the best of our knowledge, there
have been no reports on the synthesis of
pyrazolophthalazinyl spiro-3’-oxindoles. We wish
to report here a simple and efficient method for the
synthesis  of  pyrazolophthalazinyl  spiro-3'-
oxindoles, through the three-component

R1

HaN_O

J T T
Ox

, . N x SBNPSA Q o
OO C,HsOH, Microwave

3a,b 6a-g
2 X=CN aRy=CHz; X=CN

b X= CO,Et b R;=CHgz, X=CO,Et

cRy=H, X=CN
d Ry=H, X=CO,Et
Scheme 2. Synthesis of spirooxindoles via three-
component reaction with acenaphthoquinone
(5) in the presence of silica-bonded N-propyl sulfamic
acid (SBNPSA) as catalyst under irradiation microwave

conditions.
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Scheme 3. Synthesis of pyrazolophthalazinyl spiro-3'-
oxindoles 4a-j in the presence of silica-bonded N-propyl
sulfamic acid (SBNPSA) as catalyst under irradiation
microwave conditions.

condensation of isatin, malononitrile  and
phthalhydrazide using silica-bonded N-propyl
sulfamic acid (SBNPSA) as a catalyst (Scheme 4).

o CN
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O + N7 X o
N Microwave
\ N
R L
1 2

CcN \
H
R / g Ry N
1 H Catal, C,H;OH 00 —H+
N o Microwave N >

4aj
Scheme 4. The mechanism for the synthesis of
pyrazolophthalazinyl spiro-3'-oxindoles of 4a—j.

The structures of compounds 4a—j were
confirmed by IR, *H and *C NMR spectroscopy,
mass spectrometry and elemental analysis. The H
NMR spectrum of 4a exhibited a broad singlet at 6
8.34 due to —NHy, a singlet at 6 10.90 due to —-NH
isatin and aromatic protons in the range ¢ 6.95-
8.223. Table 1 summarizes our results on the one-
pot reaction of wvarious isatin derivatives and
malononitrile/ethyl cyanoacetate with
phthalhydrazide (scheme 4). All the completed
reactions afforded the corresponding
pyrazolophthalazinyl spiro-3’-oxindoles in good
yields.

A possible mechanism for the formation of 4a—j
is proposed in Scheme 5. The process represents a
typical cascade reaction in which the isatin 1 first
condenses with malononitrile/ethyl cyanoacetate 2
to afford isatylidene malononitrile derivative 5.
This step can be regarded as a fast Knoevenagel
addition. Then, its cyclization affords the
corresponding product 4a—j.
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Table 1. Synthesis of pyrazolophthalazinyl spiro-3'-
oxindoles 4a—j. The reactions were run at microwave
conditions and in the presence of silica-bonded N-propyl
sulfamic acid (SBNPSA) as catalyst.

Entry Product Time aYield (%) Mp(°C)
(min)

4a 35 93(92,91,91)° 281-283

4b 40 89(89, 87,87)° 255-257

4c 34 90(89, 88, 88)° 276-278

4d 34 94(94,93,91)° 291-292

4e 31 97(97, 96, 95.5)° 266-267
4f 41 91.5(91, 89, 89)> 259-261
49 35 94.5(93, 93, 92)° 223-224
4h 30 95(95,94,93)° 283-285
4i 32 90.5(90, 88, 88)" 284-286
4j 30 94(93,93,92)° 268-270
ab Isolated vyield. The reactions were run at
microwave conditions and in the presence of silica-
bonded N-propyl sulfamic acid (SBNPSA) catalyst.
bYield of catalyst recycled three times.

H o
O IFOH (CH3:ORSi ™ "NH:z 0>/\/\NH2
& o

OH  Toluene, Reflux, 18h

Boovour~wnr

S

1} C1SOzH/CHCI3/dh
2} Was hing with CzH50H

5 B
0 %MNH’SOQH
-0

Scheme 5. Preparation of silica bonded N-propyl
sulfamic acid (SBNPSA).

The catalyst could be recycled and reused
several times without any loss of efficiency. The
possibility of recycling the catalyst was examined
in the synthesis of pyrazolophthalazinyl spiro-3'-
oxindoles (4a—j). When the reaction was completed,
the mixture was filtered and the remaining was
washed with warm ethanol, and the catalyst reused
in the next reaction. The recycled catalyst could be
reused three times without any additional treatment.
No observation of any appreciable loss in the
catalytic activity of SBNPSA was observed (Table
1 and Fig 1.). As shown Table 1, the results
obtained  from  the  reactions of the
malononitrile/ethyl  cyanoacetate  with isatin
indicate that the application of the microwave
irradiation can considerably increase the efficiency
of these reactions to produce (4a-j) in satisfactory
yields (89-97%) and reduce the reaction times when
compared with the conventional thermal conditions
(Table 1).

We have developed for the synthesis of
spirooxindoles. In the present exploration, the
reaction of 1,3-dicarbonyl compounds (1a,b), isatin
(2a,b), and activated methylene reagents (3a,b) in a
molar ratio of 1:1:1 in the presence of catalytic

silica-bonded N-propyl sulfamic acid (SBNPSA)
and ethanol for the appropriate time (Schemes 2,3)
furnished spirooxindoles in moderate yields (Table
2).

Table 2. Synthesis of compounds 4a-g, 6a-d in EtOH by
the reaction of 1,3-diketones (1), isatins (2) or
acenaphthenequinone (5), and activated methylene
compounds in the presence of silica-bonded N-propyl
sulfamic acid (SBNPSA) as catalyst.

Entry Product Time (min) 2Yield Mp(°C)
(%)
1 4a 10 90 274-275
2 4b 9 89 262-264
3 4c 6 90 250-253
4 4d 6 97 240-242
5 4e 5 85.5 271-273
6 4f 9 91.5 259-260
7 49 5 94 268-270
8 6a 5 91 226-228
9 6b 10 79.5 244-246
10 6¢c 9 88 262-264
11 6d 5 95 261-263

2 Isolated yield. The reactions were run at microwave
conditions and in the presence of silica-bonded N-propyl
sulfamic acid (SBNPSA) as catalyst.

As shown in Table 2, Two types of substituted
isatins and 1,3-cyclohexanediones were used in this
reaction (Scheme 2). We examined one-pot
reactions involving acenaphthoquinone (5), instead
of isatin. Under these conditions, a variety of
desired spirochromenes were also produced in
excellent yields (Scheme 3, Table 2).

The possibility of recycling the catalyst
was examined. For this reason, the reaction of isatin
with malononitrile/ethyl cyanoacetate was studied
in EtOH in the presence of SBNPSA. When the
reaction was complete, the mixture was filtered, the
residue was washed with warm ethanol and
recycled catalyst was reused in the next reaction.
No appreciable loss of catalytic activity was
observed after twelve cycles (Fig. 1).

o
97
96,5
96
-}
S
£ R 955
95
94,5 - T T .
1 2 3
Ru

Figure 1. Recyclability of SBNPSA catalyst for the
synthesis of compound (Table 1, 4e).
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CONCLUSION

In conclusion, we have developed a simple
and clean procedure for the synthesis of a series of
spirochromene and spirooxindole derivatives
catalyzed by silica-bonded N-propyl sulfamic acid
(SBNPSA) in water starting from commercially
available starting materials. The use of inexpensive
and available silica-bonded N-propyl sulfamic acid
(SBNPSA) has made this procedure simple,
convenient and practical. The utility of the
described methodology in MCRs is highly
promising as it allows for the combination of the
synthetic virtues of the conventional MCR strategy
with the ecological benefits and convenience of the
procedure. The microwave irradiation reduced the
reaction times in this synthesis. The catalyst was
recovered and reused without any noticeable loss of
reactivity. The mild reaction conditions and
simplicity of the procedure offers improvements
over many existing methods.
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Ethylene bis (N-methyl imidazolium) ditribromide: An efficient and reusable reagent
for oxidation of thiols and sulfides
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Ethylene bis (N-methyl imidazolium) ditriboromide (EBMIDTB) is an efficient and selective reagent for the
oxidation of thiols to their corresponding symmetrical disulfides and sulfides to sulfoxides under mild reaction
conditions in good to excellent yields. Selective oxidation of thiols in the presence of sulfides at room temperature is

also achieved with this reagent.

Keywords: Ethylene bis (N-methyl imidazolium) ditribromide, thiols, sulfides, oxidation, sulfoxides

INTRODUCTION

Disulfides are important compounds possessing
unique and diverse chemistry in the synthetic and
biochemical  areas.  Large  disulfide-linked
aggregates are prevalent in proteins and many other
bioactive molecules [1]. Industrially, disulfides find
wide applications as vulcanizing agents for rubbers
and elastomers, giving them excellent tensile
strength. Numerous reagents and catalysts have
been applied to oxidize thiols to disulfides under
controlled conditions [2]. Disulfides can also be
prepared by electrochemical oxidation of thiols in
methanol/sodium  methoxide  solution  under
constant current [3].

Most of the described methods for oxidation of
thiols to disulfides make use of volatile organic
solvents [4] and are promoted by molecular
bromine supported on silica gel [4a], anhydrous
potassium phosphate [4b], PCC [4c], N-
phenyltriazolinedione [4d], nitric acid [4e],
I,/CeCl3.7H,0 [4f], VO(acac); [49],
BusSnOMe/FeCl; [4h], potassium permanganate
[4i], (NH.)2S20s [4]], trichloroisocyanuric acid [4k],
montmorillonite K10 [4l], CsF-Celite [4m], and
basic alumina [4n].

Although, many of the reported methods are
effective, but suffer from drawbacks such as the use
of expensive, rare or toxic reagents and metal
oxidants, low yields, long reaction times and high
temperature, or the risk of overoxidation of the

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

products. Thus, there is still a demand for simple
and efficient oxidative methods that would produce
the target disulfides in high yields without above
mentioned disadvantages.

On the other hand, selective oxidation of
sulfides to the corresponding sulfoxides remains a
challenge and is interesting because of the
importance of sulfoxides as synthetic intermediates
for the construction of various chemically and
biologically significant molecules [5], especially
for the synthesis of drugs and natural products [6].
There are several reagents available for this key
transformation; sulfoxides conventionally prepared
using stoichiometric amounts of both organic and
inorganic reagents, for example, FeBrs-nitric acid
[7a], N-halosuccinimides [7b], NBS/S-CD/HO
[7c], m-chloroperbenzoic acid [7d], halogens [7e],
MnO,-TMSCI [7f], sodium meta periodate [7g], (-
BusN),S,0s [7h], CAN [7i], ozone [7j], NaCIO,/
Mn  (lIl) catalyst/Alumina [7k], binuclear
manganese complex periodic acid [7l], and
HAUCI,-4H.0/H20 [7m].

Due to importance of sulfoxides in organic
synthesis, the introduction of a mild, efficient and
selective method to synthesize sulfoxides is still
needed.

Tribromide reagents due to their crystalline
nature are preferred over some liquid brominating
agent such as, liquid bromine, as they are less
harmful and can be easily handled and stored,
without loss of bromine. These reagents have been
recently used as either an oxidant [8] or
brominating agent [9] in organic synthesis; for
example, tribromides, quinolinium tribromide
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[10a], bipyridinum hydrobromide perbromide
[10b], o-xylylenebis(triphenylphosphonium  tri-
bromide [10c], pyridinium tribromide [10d] and
cetyltrimethylammonium tribromide [10e].

EXPERIMENTAL

'H NMR spectra were measured on Bruker
Avance DRX 500 MHz and Bruker Avance 400
MHz spectrometers, using deuterated chloroform
(CDCls) as solvent. Melting points were determined
on Electro Thermal 9100. Materials were purchased
from Fluka and Merck companies. All the products
were characterized by 'H NMR, and GC data and
also by comparison with authentic samples.

General procedure:

To a solution of thiol or sulfide (1 mmol) in
acetonitrile (5 mL), EBMIDTB (0.336 g, 0.5 mmol)
was added. The mixture was stirred magnetically at
room temperature for the appropriate time (Tables
1, 2). The progress of the reaction was monitored
by TLC (eluent: n-hexane/ethyl acetate: 5/1) or GC.
The reaction mixture was transferred into a
separatory funnel, and washed with water (15 mL)
and extracted with dichloromethane (20 mL).
Organic layer was dried over anhydrous Na;SO.
and solvent was concentrated in a rotary
evaporator. The crude product was purified by
passing it over a column of silica gel, using a
mixture of n-hexane and ethyl acetate as the eluent.
In order to regenerate the reagent, the aqueous layer
was concentrated under vacuum and treated with
Br, in n-hexane. All of the products were known
compounds and characterized by comparing
melting point and 'H NMR spectra with does
reported in the literature. '"H NMR spectra of some
products are given below:

1, 2- Diphenyl disulfide (2a).

Yield 97%; mp 60-61 °C; *H NMR (500 MHz,
CDCls): ¢ 7.26-7.31 (m, 2H), 7.35-7.40 (m, 4H),
7.57 (d,J=8.3,2H), 7.61 (d, J = 8.3, 2H).

1, 2- Di p-tolyl disulfide (2c).

Yield 99%; mp 45-47 °C; *H NMR (500 MHz,
CDCls): 6 2.36 (s, 6H), 7.15 (d, J = 8.1, 4H), 7.42
(d, J= 8.1, 4H).

1, 2- Bis(4-bromo phenyl) disulfide (2f).

Yield 90%; mp 92-95 °C; *H NMR (500 MHz,
CDCls): 6 7.38 (d, J = 8.4, 4H), 7.47 (d, J = 8.4,
4H).
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1, 2- Bis(benzo thiazolyl) disulfide (29).

Yield 85%; mp 176-178 °C; *H NMR (400 MHz,
CDCls): 6 7.38 (dt, J = 7.7, 1.0, 2H), 7.49 (dt, J =
7.7,1.0, 2H), 7.79 (d, J = 8.0, 2H), 7.96 (d, J = 8.4,
2H).

1, 2- Dipentyl disulfide (2i).

Yield 85%; 'H NMR (500 MHz, CDCls): 6 0.95
(t, J = 7.0, 6H), 1.35-1.44 (m, 8H), 1.69-1.75 (m,
4H), 2.72 (t, 3 = 7.4, 4H).

1, 2- Dicyclohexyl disulfide (2j).

Yield 75%; 'H NMR (500 MHz, CDCls): o
1.24-1.39 (m, 10H), 1.64-1.67 (m, 2H), 1.81-1.86
(m, 4H), 2.07-2.09 (m, 4H), 2.69-2.74 (m, 2H).

Dibenzyl sulfoxide (4b).

Yield 98%; mp 134-136 °C; *H NMR (400 MHz,
CDCls): 6 3.90 (d, J = 13.0, 2H), 3.95 (d, J = 13.0,
2H), 7.30-7.33 (M, 4H), 7.35-7.42 (m, 6H).

Benzyl phenyl sulfoxide (4c).

Yield 96%; mp 122-124 °C; *H NMR (400 MHz,
CDCls): 6 4.02 (d, J = 12.4, 1H), 4.12 (d, J = 12.4,
1H), 7.0 (d, J = 7.6, 2H), 7.24-7.33 (m, 4H), 7.38-
7.48 (m, 4H).

4-Methyl benzyl phenyl sulfoxide (4d).

Yield 97%; mp 96-98 °C; 'H NMR (400 MHz,
CDCls): & 2.42 (s, 3H), 4.0 (d, J = 12.6, 1H), 4.11
(d, J= 12.6, 1H), 7.02 (d, J = 7.6, 2H), 7.24-7.31
(m, 7H).

RESULTS AND DISCUSSION

(N-methyl imidazolium)
ditribromide is easily prepared from
N-methylimidazole, 1,2-dibromoethane and
bromine and used for bromination of organic
compounds [11]. Herein we report its utility for the
oxidation of thiols and sulfides to disulfides and
sulfoxides, respectively.

Thiols were oxidized in acetonitrile with
EBMIDTB to give the corresponding disulfides at
room temperature.

In our first experiments, thiophenol was chosen
as a model substrate to determine the optimal
reaction conditions. When thiophenol was treated
with 0.5 mmol EBMIDTB at room temprature in
acetonitrile, complete  conversion to the
corresponding disulfide achieved within 5 min.
This reaction was carried out in different solvents
such as CH,Cl,, THF, dioxane, ethanol, H,O and
under solvent free condition the best results in

Ethylene bis
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Table 1. Oxidation of thiols with EBMIDTB in acetonitrile

EBMIDTB
S ——

R-SH RS-SR
la-j CHZCN 2a-j

Entry R Product? Time (min) Yield %° mp (°C) [Refl
1 Ph 2a 5 97 60-61 kel
2 B-Naphtyl 2b 5 97 143-144 14l
3 p-Methyl phenyl 2c 5 99 45-47 112
4 p-Methoxy phenyl 2d 5 98 4243 [13]
5 o-Methyl phenyl 2e 5 60 37-39 (4
6 p-Bromo phenyl 2f 5 90 92-95 [l
7 Benzo thiazolyl 29 15 85 176-178 12
8 Benzyl 2h 15 90 71-72 Wl
9 n-Pentyl 2i 15 85 oil 12
10 Cyclohexyl 2j 15 75 QOil e

2 All the products were identified by comparing of melting point and *H NMR spectra with those of authentic samples

reported in the literature.
b Yields refer to isolated products.

Table 2. Oxidation of sulfides with EBMIDTB in acetonitrile.

EBMIDTB (I:I)
R—S—R' R—S—R’
CH4CN
3a-e 4a-e
Entry R R’ Product? Time (min) Yield %" mp (°C) [Refl

1 Phenyl Me da 20 95 31-33 %]
2 Benzyl Benzyl 4b 20 98 134-136 28]
3 Phenyl Benzyl 4c 20 96 122-124 1171
4 p-Methyl benzyl Phenyl ad 20 97 96-98 (181
5 Phenyl Phenyl 4e 90 - -

2 All the products were identified by comparing of melting point and *H NMR spectra with those of authentic samples

reported in the literature.
b Yields refer to isolated products.

terms of reaction time and yield of the product was
obtained, when the reaction conducted in
acetonitrile

To show the generality of this procedure, a wide
range of aromatic and aliphatic thiols were
transformed into the corresponding disulfides by
treatment with EBMIDTB in acetonitrile at ambient
temperature (Table 1).As it is clear from this table,
thiophenol, p-thionaphtol, electron donating and
electron withdrawing substituted thiophenols were
reacted with EBMIDTB at room temperature to
give high yield of the expected disulfides (Table 1,
entries 1-6).

p-Methyl and p-methoxy thiophenol also under
reaction conditions formed the expected disulfide in
high vyields (Table 1, entries 3 and 4). 2-
Mercaptobenzothiazol and aliphatic thiols were
converted to their corresponding disulfides in good
yields in longer reaction times (Table 1, entries 7—
10).

Similarly when sulfides were treated with
EBMIDTB in acetonitrile at room temperature, a

high yield of the corresponding sulfoxides were
obtained in 20 min (Table 2, entries 1-4). However,
diphenylsulfide under the reaction conditions did
not afford any sulfoxides even with higher amount
of EBMIDTB and at higher temperature (Table 2,
entry 5).

In order to study the selectivity of this method, a
mixture of equimolar amounts of thiophenol or p-
methoxythiophenol and phenylmethylsulfide was
treated with 0.5 equivalent of EBMIDTB at room
temperature. After only 5 min diphenyl and
di(p-methoxyphenyl)disulfide were formed in 97-
98% vyield and a trace amount of phenylmethyl
sulfoxide was detected (Scheme 1).

EBMIDTB

CH3CN

o
Il
PhSSPh + Ph—S—CH,
97% trace
0

p-MeO-PhS—SPh-OMe-p  + Ph—g—CH3

iCN 98% trace
Scheme 1. Selective oxidation of thiol in the presence of
sulfide.

Ph—SH + Ph—S—CH;

p-MeO-Ph—SH + Ph—S—CH, EBMIDTB

381



Z. Lasemi et al.: Ethylene bis (N-methyl imidazolium) ditribromide: An efficient and reusable reagent...

Table 4. Comparison of EBMIDTB with other tribromide reagents for the oxidation of thiophenol and methyl phenyl

sulfide.
Entry Substrate Reagent Reaction Time  Yield% [Ref]
Conditions (min)

1 Ph-SH EBMIDTB CH3CN/rt 5 97 -

2 Ph-SH phenyltrimethylammonium tribromide Ethyl acetate 1 95  [193]

3 Ph-SH o-xylylenebis (triphenylphosphonium THF/rt 2 98  [10c]
tribromide)

4 Ph-SH {[K.18-Crown-6]Brs}n CH3CN/rt - 100  [19b]

(conv.)

5 Ph-SH Benzyl trimethyl ammonium tribromide  NaOH/CHCl,/H,0 - 98  [19c]

6 Ph-SH Quinolinium tribromide CH3CN/rt 10 95 [10a]

7 Ph-SH bipyridinium hydrobromide perbromide rt 10 88  [10b]

8 Ph-S-Me EBMIDTB CH3CN/rt 20 95 -

9 Ph-S-Me o-xylylenebis (triphenylphosphonium THF/rt 5 98 [10c]
tribromide)

10 Ph-S-Me 1,1'-(ethane-1,2-diyl)dipyridinium CHCI2/H0 5 87  [19d]
ditribromide

11 Ph-S-Me phenyltrimethylammonium tribromide Ethyl acetate 5 86  [19a]

12 Ph-S-Me Pyridinium tribromide CH,ClI,/ Hydrated 25 100 [10d]

silica gel
13 Ph-S-Me DBU-hydrobromide-perbromide H20,/H,0 60 95 [19¢e]
CHsCN
14 Ph-S-Me N-methylpyrrolidine-2-one CHCIs/ H,0 180 85 [19f]
hydrotribromide 65 °C

15 Ph-S-Me phenyltrimethylammonium tribromide Pyridine 180 85 [15]

16 Ph-S-Me Cetyltrimethyl ammonium tribromide CH3CN/ H,0O/rt 720 93  [10e]

A good feature of this reagent is that it can be However, in order to show the merits and

regenerated and reused several times without loss
of activity. To regenerate the reagent, after
completion of the reaction, the mixture was
successively washed with water and CH,Cl,. The
aqueous layer was concentrated and treated with
bromine in n-hexane to give ethylene bis
(N-methyl imidazolium) ditribromide, which was
identical in all respects with the parent EBMIDTB.
This process repeated for three cycles in the
oxidation of thiophenol and the yield of the
diphenyldisulfide did not change significantly
(Table 3). The decrease in conversion can be
attributed to the losses during handling of the small
amount of reagent during recycle. These results
clearly show the stability of EBMIDTB in the
reaction media as well its recovery and recycle
without any appreciable decrease in its activity.

Table 3. Recycling studies of oxidation of thiophenol to
diphenyldisulfide with EBMIDTB.

Entry Cycle Time (min)  Yield %?
1 fresh 5 97
2 1 5 94
3 2 7 89
4 3 7 87

2 Yields refer to isolated products.
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drawbacks of this reagent, some of our results were
compared with other tribromide reagents reported
in literature (Table 4). As shown in Table
4,thiophenol and methyl phenyl sulfide were
oxidized with EBMIDTB very fast at room
temperature in excellent yield in mild conditions
(Table 4, entries 1 and 8), which is comparable with
some reagents (Table 4, entries 2-5 and 9-11), but
in other cases gave better results (Table 4, entries 6-
7 and 12-16).

In summary, the method described here is very
simple and efficient for the oxidation of thiols and
sulfides to the corresponding disulfides and
sulfoxides using EBMIDTB. This reagent oxidizes
thiols almost quantitatively irrespective of the
presence of sulfides. This method is applicable to a
wide variety of thiols and sulfides, being a useful
alternative of the existing methodologies.

Acknowledgements: We gratefully acknowledge
financial support from the Research Council of
University of Mazandaran.
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ETWJIEH BUC-(N-METUJI UMUJIA30JT) IU-TPUBPOMU/: EOEKTHUBEH 1
MHOI'OKPATHO M3IIOJI3BAH PEATEHT 3A OKUCJIEHUETO HA TUOJIA 1 CYJIOUAN

3. Jlacemn®, P. Xocenmsaze?, M. Tamx6akw 2, M. Moxamkepanu °

Tenapmamenm no xumus, xion @upysxy, Uciamcku ynusepcumem “Azad”,Dupysxy, Upanu
2lenapmamenm no opeanuuna xumus, Paxyrmem no xumus, Yuusepcumem 6 Masanoapan, baboncap, Hpan
3flenapmamenm no 6uonozus, Hayuen paxynmem, Yuusepcumem ¢ Mazanoapan, Baboncap, Hpan

Tloctenmna Ha 5 aBryct, 2012 r.; kopurupana na 30 anpui, 2013 r.
(Pesrome)
Etunen Guc-(N-metun wummgazon) au-tpubpomunst (EBMIDTB) e edekTuBeH u CeleKTHBEH pearcHT 3a
OKHMJICHHUETO Ha THOJH 0 CHOTBETHUTE CUMETPHUYHM IUCYI(DUIN U HA CyAPUIH 10 CYI()OKCUAN TP MEKH YCIIOBHUS C

n00pu 10 oTn4HU 100uBH. C TO3M peareHT ce IOCTUra M CEeJISKTMBHOTO OKHCIIGHHE Ha THOJNM B IPHCHCTBUE HA
cyiduam npu craiiHa Temmeparypa.
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The synthesis of di-N-acetyl-p-chitobiosyl N-glycothiazoline 2 was investigated. The synthesis was processed using
the N-benzyloxycarbonyl (Cbz) protected trichloroacetimidates 11 and 13 as donors, polystyrene as support, and o-
nitrobenzyl ether tether as linker. The target compound 2 was efficiently yielded by three glycosylations, catalytic
hydrogenolysis, acetylation, deacetylation, and photolysis, respectively.

Keywords: di-N-acetyl-p-chitobiosyl N-glycothiazoline, synthesis, glycosylation, analogue

INTRODUCTION

The allosamidin 1 (Fig. 1) is a well-known
pseudotrisaccharide, and it is a typical chitinase
inhibitor. Compound 1 has the important biological
activities, for example, acting as insecticide and
fungicide [1]. It has been reported about the
synthetic methods of allosamidin 1 and its
analogues [2-3], and these compounds mostly were
synthesized by the liquid-phase synthesis. The
methods have multiple steps and the manufacturing
costs are high, which prevents allosamidin 1 and its
analogues from being widely utilized in agriculture.
The compound 1 was synthesized by the
solid/liquid phase methods [1]. However, but the
allosamidin 1 must be purified to use column
chromatography in the final step. Therefore, it
doesn’t fully utilize the strongpoint of solid-phase
synthesis to synthesize compound 1. Namely, one
can distinctly avoid the purification process if the
allosamidin 1 is synthesized by total solid-phase
method. So, the redundant reactants or outgrowths
can be removed by filtrating and washing. For such
point of view, the solid-phase synthesis of di-N-
acetyl-p-chitobiosyl N-glycothiazoline 2 was re-
studied herein.

OH OH

o OH
HO R O&&/ FE)&\O
=-NMe,

N
oH NHAC oy NHAC
1

Fig. 1 Structures of allosamidin 1.
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H o)
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Scheme 1 Preparation of the chlorinated o-
nitrobenzyl ether polystyrene 8.

]

RESULTS AND DISCUSSION

Polystyrene 3 (Scheme 1) was functionalized to
phenolic polystyrene 4 by reaction with n-BulLi,
oxygen, and PPhs, respectively. The linker, o-
nitrobenzyl ether tether, was used because it was
easy to attach and cleave. So, the available 5-
hydroxy-2-nitrobenzaldehyde 5 was reacted with
1,3-diiodopropane in DMF under the alkaline
condition, and then directly was reduced with
NaBH, to offer iodobenzyl alcohol 6 in 93% vyield
for the above two steps. Compound 6 was attached
to phenolic polystyrene 4 via its linker with Cs,CO3
to provide the conjugate 7 in 91% vyield based on
mass gain of the polymer. Chlorination of
compound 7 with PhsP/CCl,4 obtained the chloride 8
in 86% vyield.

The N-glycothiazoline 9 was obtained according
to the reported method [4]. The C-3 hydroxyl group

© 2013 Bulgarian Academy of Sciences, Union of Chemists in Bulgaria ~ 385
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of diol 9 was selectively benzylated with chloride 8
and Bu,SnO [1] to afford the intermediate 10 in 60
% yield (Scheme 2).

HO oBn HO O%‘n
Hoi?\ a. BuoSnO o
b Q- D
s N S\y//
he 10

<}
a. 11,TMSOTf
b. NpH4-HOAC

N

oBn

HO [ o oBn
AcO o o
NHCbz d

N

S =
12 ~
a. 13, TMSOTf
OAC b. Hy, Pd/C, CH3COOH

AcO O,
ACO% oH
ACO
e d

S

a. AcO, pyrldlne
OoH b NH3z, MeOH

HO o
Ho% o
NHAc H
NHAC
N

HO% o ou
NHAC H;%/ /'\&'_1\

Scheme 2 The synthesis of di-N-acetyl-f- chltoblosyl
N-glycothiazoline 2.

Glycosylation reactions were gone along using
donor (3.0  equiv.) and trimethylsilyl
trifluromethanesulfonate (TMSOTT, 0.1 equiv.) as
catalyzer to activate the trichloroacetimidate donor.
Under zero temperature, TMSOTf-catalyzed
glycosylation of trichloroacetimidate donor 11
under the protection of N-benzyloxycarbonyl (Cbz)
[5] with the 6-O-benzylallosamizoline acceptor 10
yielded the O-perprotected B-pseudodisaccharide in
70 % yield. The yield was proved by the analysis of
high pressure liquid chromatography (HPLC) after
removal of the polystyrene and o-nitrobenzyl ether
tether by photolysis from the O-perprotected p-
pseudodisaccharide. This method for yield
calculation was analogous to the following process.
The levulinoyl ester was removed with hydrazine
acetate and MeOH to obtain acceptor 12. After the
acceptor 12 was reacted with trichloroacetimidate
donor 13 under the protection of N-Cbz [5], the
resin-bound saccharide was hydrogenated with
Pd/C and acetic acid for removal of Cbz and Bn to
provide intermediate 14 in 88 % vyield. Whereafter,
the resulting mixture was acetylated with Ac,O-
pyridine and deacetylated with NH3;-MeOH,
respectively. After above-mentioned reactions were
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finished, the resin was filtrated and washed,
respectively. Efficient removal of the di-N-acetyl-p-
chitobiosyl N-glycothiazoline 2 moiety from linker
was achieved by photolysis of intermediate 15 to
offer the target compound 2 [6] in 91 % vyield. It
wasn’t necessary to re-purify di-N-acetyl-p-
chitobiosyl N-glycothiazoline 2 because it had the
high purity.
CONCLUSION

The solid-phase synthesis of di-N-acetyl-B-
chitobiosyl N-glycothiazoline 2 was reported
herein. With the support polystyrene and the linker
o-nitrobenzyl ether tether, the satisfying yield for
compound 2 was obtained by three glycosylations,
hydrogenation with Pd/C-acetic acid, acetylation,
deacetylation, and photolysis, respectively.
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Compound 2: 'H NMR (CDs0D, 300 MHz):
1.94, 2.01 (2s, 6H, COCHs), 2.24 (br s, 3H,
oxazoline CHjs), 3.17-3.28 (m, 5H), 3.28-3.50 (m,
3H), 3.52-3.71 (m, 6H), 3.82 (d, 1H), 3.88 (d, 1H),
4.27-4.39 (m, 1H, H-2), 4.45, 51 (2d, 2H, H-1",
1"), 4.65 (br s, 1H, H-3), 6.31 (d, 1H, H-1).
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CHUHTE3A HA JI1- N-ALIETWJI-B-XUTOBHUO3UJI N-I'TTMKOTHUA3OJINH
Kc. Meii, 1. Iy, ®@. Yenr, I'. Xyanr

Yuueepcumem Yonexune, Yonexune, 401331, Kumaiicka napoona penybnuxa
Tloctenmna Ha 27 mait, 2013 r.; npuera Ha 26 tonu, 2013 r.

(Pestome)

Uscnenpana e cuHte3ara Ha Au- N-anetui-B-xuroomosmn N-riamkoruazonmuH 2. CHHTe3aTa € H3BBPILICHA
nsnon3saiiku N-benzyloxycarbonyl (Cbz), saumrenu tpuxmop-aunetumuaatu 11 u 13 kato TOHOPH, MOJHCTHPEH KATO
HOCHTENI M O-HUTPOOCH3WI-€Tep Karo CBbp3Bail areHT. LleneBoTo cheauHeHue 2 Gelre MOMYYEHO C BHCOKH
e(eKTHBHOCT ¥ JOOHWB CBOTBETHO Ype3 TPU TIIUKONU3UPAHHS, KaTATUTHYHA XHUIPOTCHONH3a, aleTUIIHpaHe,
JeaneTunrpanen GpoTonusa.
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A term is a particular energy state and term symbol is a label to an energy state. Russell-Saunders (L-S) coupling
and j-j coupling schemes are important schemes to determine the terms and to assign the term symbols. In this proposed
work computation is done to calculate all possible microstates and atomic spectroscopic terms for f2 and f*2
configuration without any long tabulation with mental exercise and a comparative study was carried out between the
atomic spectroscopic terms for f2and 2 orbital configuration. The possible microstates and atomic spectroscopic terms
calculated for f2 and f'? orbital configuration are 91 and 7 for each. These terms are triplets (3) and singlet’s (4).The
ground state term for f2and %2 configuration is triplet H (3H) and the ground state for f2is 3H, and for 12 is 3Hs

Key words: Term symbol, Russell-Saunders coupling, microstate, singlet, triplet.

1. INTRODUCTION

The term refers to the energy associated with the
state of an atom involved in a transition. Term
symbols are abbreviated descriptions of the energy,
angular momentum and spin multiplicity of an atom
in a particular state. When only one electron is
present at a degenerate energy level or sub shell
such as 2p, 3d, 4f, etc., the energy depends on I’ -
the orbital quantum number but when more than
one electron is present, they interact with one
another with the formation of a ground state and
one or more excited states for the atom or ion.

It is found that the Russell-Saunders scheme
gives a good approximation for the first row
transition series where spin-orbit (j-j) coupling can
generally be ignored, however for elements with
atomic number greater than thirty, spin-orbit
coupling becomes more significant due to the
higher nuclear charge and the j-j coupling scheme
is used [1-3]. However, for heavier atoms it is still
convenient to use the Russell-Saunders scheme [4].

The microstates are expressed by proper term
symbols and are defined by new quantum numbers
- L, My, Ms, S. These quantum numbers for multi
electron systems are obtained by vectorial summing
of the quantum numbers for the individual electrons
[5].

The total number of microstates increases with
the increase in the number of electrons in the

* To whom all correspondence should be sent:
E-mail: Parmeshwar1978@gmail.com
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orbital. The formulation of a hole can be used for a
sub shell that is more than half full. When a sub
shell is more than half full, it is simpler and more
convenient to work out the terms by considering the
holes that are vacancies in the various orbital’s
rather than the larger number of electrons actually
present. By considering the holes, the terms which
arise for pairs of atoms with p" and p®", d" and do"
and f" and " arrangements give rise to identical
terms [6]. In the 2 configuration there are two
holes which have the same possible arrangements
as the electrons in f2 configuration. A complete term
symbol is ®*VL,;[4,6,7].

2. EXPERIMENTAL

2.1. Calculation of the total number of microstates
The question of arranging X electrons in a
degenerate set of ‘r” orbital’s is equivalent to asking
how many ways are there to distribute n
indistinguishable objects among n boxes (where n
would equal 2r). The answer is given by the
expression [8]:
Number of ways of filling electrons

B 21+ n!
CxIEI+1)!1-x)  xI(n!-x!)

n= 2(21+1) or two wise of the total number of

orbital’s,

X = Total number of electrons in sub shell.

© 2013 Bulgarian Academy of Sciences, Union of Chemists in Bulgaria
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So, for f2configuration n= 14 and x= 2
141
T 21aa-2y;
_ 14x13x12x11x10X9x8X7 X6 x5x4x3x2X1
12x11x10X9X8X7 X6 X5x4x3x2x1x2x1
N = 91 Microstates

For f2configuration n= 14 and x=12
141
i 121(141-121)
N = 14x13x12x11x10X9X8X7 X6 X5x4x3x2Xx1
12X11X10X9X8X7 X6X5Xx4X3X2X1x2X1
N = 91 Microstates

2.2. Determination of the electronic configuration
allowed by the Pauli principle or possible spin
conditions for f?and *2 configuration

It is determined by arranging the possible spin
states of electrons in an orbital. Total microstates
with possible spin states are given in Tables 1 and
2.

2.3. Determination of orbital angular momentum
guantum number (L), I-I coupling

The coupling of orbital momentums of non-
equivalent electrons referred to as I-l coupling gives
a resultant L of magnitude [L (L+1)]Y?> h/2n
=L*h/2n. The orientations of I, and I,  for f2
configuration, which can be taken, are governed by
the values that the quantum number L can take. L is

associated with the total orbital angular momentum
for the two electrons of the f2 and the twelve
electrons of the f*2 configuration and is restricted to
the values L= (l1+l2), (li+l2 -1), (Ii+l2-2)...| (1:-12) |
[4, 6, 7, 9]. The space quantization of L produces
2L+1 components with M. = L, L-1,... -L
analogous of I. In the present case L= 6,5,4,3,2,1,0
and the magnitudes of L are 42¥2 h/2n  30Y2 h/2m
20Y2 h/2m, 122 h/2m, 6Y2 h/2n | 2Y2 h/2n and 0,
respectively, which can be drawn by vector
diagrams. Some of them are shown in Fig.1, Fig.2
and Fig.1. It follows that the f2 and f%2
configurations give riseto S, P, D, F, G, H and |
terms corresponding to L= 0,1,23,45 and 6
respectively.

2.4. Determination of total spin angular
momentumguantum number (S) s-s coupling

It represents the total spin of an atom while ‘s’
represents the spin state of an electron. The
coupling between the spin momentums is referred
to as s-s coupling. The vector for each electron is
always of magnitude of 3“2 h/2n according to
[s(s+1)] ¥2 h/2n = s* h/2n. The vectors can only
take orientations relative to each other such that the
magnitude of the s-s coupling can be as follows: [S
(S‘l‘].)]ll2 h/2r = S*h/2n. S= (S1+S2), (S1+S2-1),
(s1+s2-2)....... , | (s1+s2)| [4, 6, 7, 9]. In the case of 2
and f'2 configuration for the two and twelve
electrons, the values of S = 1/2 or zero. The vector
sums giving the resultant S vectors of magnitude
2Y2h/2m or 1¥2h/2x are drawn in Fig. 2.

Table 1 and 2. Possible spin arrangement of electrons with microstates according to Pauli principle for f2 and f?

configuration.

Table 1 for f configuration

5. Pozahle spin states Total | Taotal

N Spin | M3
n q | x

1| 2
i e
[t 2N

Total microstates for £ confizuration- 91

Table 2 for {2 configuration

5. | Pozsthle spin states Tatal | Total
N apin | BWLS

R
SR
SR A

NN " |

Total microstates for f12 configuration- 91
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I=3 F.5 F—1
=3 L f1=3 L. £1=3 D
LG L=S L—4
42V piaa 30 iz 20 Wi
H G F

Fig.1. I-I coupling (magnitude of L)

S2

S1 Sz
S1

S=1/2+1/2=+1, S=1/2-1/2=0, S=-1/2-1/2 = -1
2Y2h/2n  Y2hi2n Y2hi2n
Fig.2. s-s coupling (magnitude of S)
S=-1
s=1
L=6 L=4
L=5 J=6 J=4
3H6 3H; 3H4

Fig.3. L-S coupling (Magnitude of J)

2.5. Determination of M. and Ms

Mc=Ym, = the components of the total angular
momentum along a given axis. The total values of
M=2L+1, M= +L ...0...-L. The total possible
values of My for the 2 and f'? configurations are
2x6+1=13 M =+6,+5+4,+3,+2,+1,0,-1,-2,-3,-4,-
5,-6. Ms=>ms. It defines the spin state for a given
‘S’ value, it is equal to (2S+1). Ms=+S...0...- S.

2.7. Statistical representation of microstates

All microstates for the f2 and f*2 orbital
configuration calculated as given above can be
represented statistically as given in Tables 3 and
4.

Tables 3 and 4. Microstate chart representing the total

number of microstates for f2 and 2 configuration
(statistic chart of microstates)

Ms=mg+ms+...+ms. Total Ms values are Table 3
2x14+1=3 ranging from +1 to -1. Ms
2.6. Determination of (J) L-S coupling 6 1 2 -1 .
It is a result of the orbital angular momentum 5 1 2 1 4
vector and the electron spin angular momentum 4 1 3 1 5
vector. This coupling gives the total angular 3 2 4 2 8
momentum vector J [J (J+1)]*? h/2n = J*h/2m, 2 2 5 2 9
where J is restricted to the values J = L+S , L+S- M. 1 3 6 3 12
1,.....L-S, from which it follows that if L>S, J can 01 g 673 g ig
take 2S+1 values, but if L<S, it can take 2L+1 5 5 5 5 9
values. When L=0, J can take only one value, viz., 3 5 4 2 8
J=S. The vector sum can be made only in certain 4 1 3 1 5
ways and the values of ‘J” may be either 1+1/2 or 5 1 2 1 4
1-1/2. The 1-1/2 state is of lower energy state -6 1 1
since the orbital and spin are opposed [6, 7, 9, 10, Total 21 49 21 91

11]. The L-S coupling for ®H term is given in Fig.
3.
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Table 4
Ms
+1 0 -1

6 * 1
5 * *% * 4

4 * *%k% * 5

3 *% **kk*k *% 8

2 ** *kkkk *% 9

1 *k*k *kkkhkkk **k*x 12
M L O **%x **kkkkkk *k* 13
_1 **%x *kkkkk *k* 12

- 2 ** *kkkk *% 9
_3 *% **kk*k *% 8
_4 * *%k% * 5
-5 * *% * 4
-6 * 1
Total 21 49 21 91

Table 5.2
Ms

+1 0 -1
5 | I I
4 | I I
3 | I I
2 | I I
1| I I
M. O | | |
-1 I I
2 | I I
-3 | I I
-4 | I I
S5 | I I

11 11 11

2.8. Resolving the chart of microstates into
appropriate atomic spectroscopic terms

An atomic state forms an array of microstates
consisting of 2S+1 columns and 2L+1 rows. Thus,
a ' state requires one column or (13x1) array and
3H state requires (11x3) array [4, 6]. By removing
each state from the microstate table (Table 4) we
can draw microstate sub tables for each term
[13,18]. The microstate sub tables for each atomic
spectroscopic term can be drawn as given in Table
5. The term or energy state (ground and excited)
splits up into singlet, doublet, triplet, etc., due to
electron-electron  coupling and  orbit-orbit
coupling, which further splits up into different
states due to orbit-spin coupling that gives
different values of J [19]. The ground state term
and the order of stability of other terms can be
determined by applying Hund’s rule [4, 6, 7, 10,
11, 20].

Table 5. Sub tables representing each atomic
spectroscopic term
Table 5.1

0
|
|
|
|
|
|
|
|
|
|
|
|

13

L=6, S=0, 25+1=1,
Microstates=13,
Term=1

L=5, S=1, 25+1=3,

Microstates=33, Term=3H

Table 5.3

Ms

0
4 I
3 I
2 I
1 I

M. O |

1 |
) |
3 |
-4 |

9

L=4, S=0, 2S+1=1,
Microstates= 9,

Term='G
Table 5.4
Ms
+1 0 -1
3 | [
2 | [
1| [
M. 0 | | |
-1 [
-2 [
-3 [
7 7 7

L=3, S=1, 25+1=3,

Microstates=21, Term='D

Table 5.5

Ms

oL N

ML

1
N -

0
|
|
|
|
|

5

L=2,5=0,25+1=1,
Microstates=5,
Term=23P
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Table 5.6
Ms

0
M. O |
1
L=0, S=0, 25+1=1,
Microstates=1,
Term=1S

2.9. A complete matrix table for 2 and f'2 orbital
configuration

It can be drawn as given in Table 6 for f2 and

orbital configuration including atomic
spectroscopic term, term symbol, microstate,
multiplicity, total J values.

le

3. RESULTS AND DISCUSSION

For the f2and f*2 configuration the total number of
atomic spectroscopic terms calculated are 7, out of
7, 3 are triplets and 4 are singlet’s. These terms
are °H, 3F, %P, 1, 1G, 'D and *S. The stability order
terms is 3H>3F>*P>1I>!G>!D>!S. The ground

Table 6 A complete matrix table

state term for 2 and 2 is triplet H (3H) which is
split up into three energy states due to orbit-spin
(interaction) coupling, which are *He, *Hs, *Ha.

4. CONCLUSIONS

It is concluded that there are 7 atomic
spectroscopic terms for the f2and f*2 configuration
which split up into triplets (3) and singlet’s (4)
due to s-s and I-l coupling. The stability order of
the ground state terms for the 2 configuration is
3He <*Hs <®H, and for the 2 configuration it is *He
>3Hs >%H,, so that the ground state for f2
configuration is *H4 and for 2 configuration it is
3He. The order of energy of all terms and
ground state terms can be drawn as given in
fig.4 for f2and f*2 configuration.

5. Acknowledgement:Authors are thankful to all
the members of Department of Chemistry
M.L.V.Govt. College, Bhilwara and M.L.S.
University, Udaipur.

S. L L S Multiplicity Term Total Several Possible Array Microstates
N Label (2S+1) symbol values of J Terms
1 6 | 0 1 4 J=1 He 13x1 13
2 5 H 1 3 °H J=3 3He 3Hs 3Hy 11x3 33
3 4 G 0 1 G J=1 1G4 9X1 9
4 3 F 1 3 F J=3 3F, °F3 °F2 73 21
5 2 D 0 1 D J=1 D, 5x1 5
6 1 P 1 3 3p J=3 3P, 3Py 3Py 3x3 9
7 0 S 0 1 s J=1 1S, 1x1 1
Total No of Microstates-91
A Conficumration #? Configuration
lg
Singl et o
R
i
s
EX T\ Triplet Triplet 3F 3H,
M, *H *H1 *H;
*H, *He

(L-3 0 coupling, (-NCoupling, (s-siCoupling (s-syCoupling |, (- Coupling, (L-3 ) coupling

Fig.4. Stability order of different atomic spectroscopic terms
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W3uncisBaHe Ha aTOMHU CIIEKTpockorncku Husa 3a f2 u 12 opourannu
KOH(UTYpaILMK Ype3 CPAaBHUTEITHO U3CIIe/IBAHE M CUMBOJIM Ha HUBATa
I1.JI. Meena!, H. Kymap?, A.C. Meena?, K.C. Meena?, T1.K. [[xaiin?

Ylenapmamenm no xumus, M.JI.C.Ynuueepcumem,Yoaiinyp (Padxcacmar), Unous
2,ZZenapmamehtm no xumust, M.JI.B. npasumencmeen xonesc, bxunsapa, (Paosxcacman),Mnoust

Ioctenuna Ha 20 maif, 2012 r.; kopurupana Ha 2 centemsps, 2012 r.

(Pesrome)

HuBoTO € 0C06CHO CHEePruitHO ChCTOSIHIE, 8 CHMBOJIBT Ha HUBOTO € O3HAYEHHE Ha TOBa ChCTOsIHUE. CBBbP3BAaHETO
no Pecen-Cayunepe (L-S) u j-j — cBbp3BaHETO Ca BasKHU CXEMH 3a OIPEACISIHETO Ha HUBATA W 33 [PUCBOSBAHETO Ha
CHMBOJIMTE KBM TsX. B Hacrosmara paboTra ca H3YHCICHH BCHYKHA BBH3MOXKHH MHKPOCHCTOSHUSI U ATOMHH
crekrpockorncky HuBa 3a 2 u f12 konpurypauuu 6e3 HUuKakBo TabysupaHe. 3BBPIIEHO € CPABHUTEIHO M3CIIEIBAHE 3a
2 u f12 opburannuTe KOHpUrypanuu. BB3MOKHUTE MUKPOCHCTOSHHS M ATOMHH CIIEKTPOCKOTICKHM HHBA, U3YUCIIEHH 32
f2 u f? opOuranuu kondurypauuu ca chorBetHo 91 u 7. Tesu nHupa ca Tpunnetd (3) u cunrnetu (4). Husoro 3a
0CHOBHOTO cherosinue 3a 2 u f12 —xongurypauuunre e tpumier H (3H); ocaosHOTO cherosnue 3a 2 e *Hya 3a 12 e 3Hg
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In this study low grade crude palm oil (LGCPO) was proposed as a potential agro-industrial raw material for
biodiesel production. Chromosulfuric acid was used as a hew homogenous catalyst in the pre-treatment process to
reduce the free fatty acids (FFA) content in LGCPO to the acceptable level for producing biodiesel via alkaline
transesterification reaction. The results of esterification reaction showed that the FFA of LGCPO was reduced from 7.0
% to less than 1% using optimum operating conditions. The vyield of the final product after the alkaline
transesterification was 85% with 0.14 % FFA content and ester content 97.5% (mol mol™') which meets the

international standard quality specifications for biodiesel.

Keywords: biodiesel, esterification, free fatty acids, chromosulfuric acid.

INTRODUCTION

The limited resources to produce fuel have
driven the attention to biodiesel as an alternative
renewable fuel. The production of biodiesel was
mainly using vegetable and animal oils [1,2].
Malaysia is one of the biggest palm oil producer
and exporter in the word [3]. There has been an
increasing interest in the utilization of palm oil for
biodiesel raw material as an alternative, renewable,
non-toxic, biodegradable and environment friendly
one [4-6]. The high value of palm oil as a food
product makes its production very expensive [7, 8].
However, many large industrial vegetable oil mill
facilities produce low grade crude palm oil
(LGCPO). LGCPO is oil with high acidity that can
be converted to biodiesel fuel. LGCPO is an
attractive feedstock and a significant raw material
for biodiesel production. The use of LGCPO can
lower the cost of biodiesel production significantly.
A number of researchers have worked on a variety
of feedstock that have elevated FFA levels [9-12].
LGCPO typically contain 5% to 10% FFAs and this
value is high compared to the acceptable level that
can be converted to biodiesel fuel [4, 6]. It is
reported that the oil should not contain more than
1% FFA for alkaline-catalyst transesterification
reactions [2, 5, 12, 13]. Thus, an acid-catalyzed pre-
treatment step to convert the FFA to fatty acid

methyl esters (FAME) followed by an alkali—
catalyzed step to convert the remaining
triacylglycerols (TAG) to FAME and glycerol is the
typical process to produce biodiesel fuel from
acidic oils [14]. Lipase enzyme was used as a
biocatalyst for biodiesel production [15]. Methane-
sulfonic acid, ethane-sulfonic acid, and sulfuric
acid were used in the esterification reaction for
biodiesel production [7-9] while, p-toluene sulfonic
monohydrate acid (PTSA) was used in the pre-
treatment of sludge palm oil (SPO) [6]. Tri-
potassium phosphate as a heterogeneous catalyst
was studied for biodiesel production by Guan et al
[17]. Introducing new type of homogenous acid
catalyst is gaining an increasing interest in the
development of biodiesel production process. No
study was reported in the literature for the
esterification of acidic oil using chromosulfuric
acid (CSA). Therefore, the main objective of this
study was to investigate the potential of using
LGCPO as a low-cost feedstock in biodiesel
production and to study the influence of operational
conditions such as dosage of CSA to LGCPO,
molar ratio, reaction temperature, reaction time and
stirrer speed for reducing FFAs content to less than
1% in LGCPO and to give high biodiesel yield.

MATERIALS AND METHODS
Raw materials and chemicals

LGCPO was obtained from local mill, Selangor,
Malaysia. LGCPO was stored in cool room at 4°C.

* To whom all correspondence should be sent:
E-mail: adeeb.hayyan@yahoo.com
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Methyl alcohol anhydrous was purchased from
Mallinckrodt Chemicals USA, CSA and potassium
hydroxide laboratory grade were purchased from
Merck.

Preparation of biodiesel

First, a pre-heating step was performed because
LGCPO usually exists in semisolid phase at room
temperature similar to sludge palm oil and acidic
crude palm oil. The LGCPO was molten in an oven
at a temperature of around 70°C and the preheated
LGCPO was then transferred into the reactor. The
LGCPO was pre-treated by using an acid
esterification step. This was followed by an alkaline
transesterification under fixed conditions of 10:1
molar ratio, 60°C reaction temperature and 30 min
reaction time. The final product was separated and
purified to produce high quality biodiesel fuel.

Chemical analysis

The fatty acid composition of LGCPO was
determined using a GC/MS (Agilent Technologies
7890A\); the capillary column was DB- wax 122-
7032, with length of 30 m, film thickness of 0.25
um and an internal diameter of 0.25 mm. Helium
was used as a carrier gas with a flow rate of 36
cm/sec, measured at 50°C; and the experimental run
was done for 35 min. A neat sample was diluted in
hexane prior to injection into GC. Ester content was
analyzed using GC/FID (Perkin Elmer Clarus 500),
with a capillary column (Polyethylene glycol wax
phase) and an isotherm oven at 250°C.

Monoacylglycerols, diacylglycerols,
triacylglycerols, free and total glycerol content
were determined using GC/FID (Perkin Elmer
Clarus 500). The GC/FID was equipped with an on-
column injector, high temperature column with
polysiloxy divynil benzene phase (DB-HT type),
and temperature program of oven up to 350°C. The
FFA content of LGCPO was tested according to the
American Oil Chemists’ Society (Ca 5a—40)
methods [18]. Product yield is defined as the weight
percentage of the final product relative to LGCPO
weight at the beginning of experiment [6]. The
LGCPO was characterized according to the MPOB
test methods [19]. The mean molecular weight of
LGCPO was determined based on the
saponification value calculated according to
Equation 1 [20].

Sy = 3r 56.1r 1000 (1)
" (mean molecular weightr 3)+ 92.09- (3r 18)

where:

S.V. is saponification value defined as mg KOH per
g of sample

3 is the number of fatty acids per triacylglycerols
56.1 is molecular mass of KOH (g/mol)

1000 is conversion of units (mg/g)

92.09 is molecular mass of glycerol (g/mol)

18 is molecular mass of water (g/mol)

RESULTS AND DISCUSSION

LGCPO characterization

The study of fatty acid composition is very
important to identify properties and the type of
carbon chains contained in oil and fat [6]. As
shown in Figure 1, the common fatty acids are
oleic, palmitic, linoleic and stearic acid.
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Myristic Palmitic  Stearic Oleic Linoleic
acid acid acid acid acid

Fig. 1. Fatty acid profile of LGCPO.

The percentage of saturated fatty acids in LGCPO
is 44%. Due to the high percentage of saturated
fatty acids and FFA, LGCPO exists as a gel phase
at room temperature (25+2°C). Higher saturated
fatty acids in oils such as LGCPO give a higher
cetane number and this type of acidic oil is less
prone to oxidation [4]. The vehicle engine works
more efficiently with an oil of high cetane number.
Table 1 illustrates the characteristics of LGCPO.
Based on the saponification value, the average
molecular weight calculated was 816.9 g/mol and
the LGCPO FFA content used was 7.0 % as shown
in Table 1.

Table 1. Characteristics of LGCPO.

Parameters LGCPO
FFA content (%) 7.0+ 0.30
Peroxide value (meq mol/kg) 7.5+0.65
Moisture content (%) 1.03+0.1
Impurities (%) 0.050+0.006
Saponification value (mg 198.00 £ 1.70
KOH/g oil)
Unsaponification matter (%) 6.8+ 0.22
Ash (%) 0.010=+ 0.001
Anisidine Value (AV) 3.2+ 0.042
DOBI (Index) 1.81+0.023
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The moisture content in LGCPO was found to be
1.03% while the impurities and the ash content
were 0.05% and 0.01%. The LGCPO was
characterized with high FFA as well as high
moisture and impurities content. This indicates that
the LGCPO has a lower quality as compared to
normal CPO.

Effect of CSA dosage

Using a fixed reaction time (30 min) and fixed
molar ratio (10:1), the dosage of CSA was varied in
the range of 0.25- 3.5 wt%. The results showed that
CSA was a very effective catalyst in the
esterification reaction. Figure 2 shows the effect of
different dosage of CSA on the reduction of FFA
content, conversion of FFA to FAME and yield of
treated LGCPO.
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Fig. 2. Effect of CSA dosages on FFA content reduction,
conversion of FFA to FAME and yield of treated
LGCPO.
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Fig. 3. Effect of molar ratio on FFA content reduction,
conversion of FFA to FAME and yield of treated
LGCPO.

A FFA content of less than 1% was achieved using
a CSA dosage of more than 1 wt%. To minimize
catalyst usage, a catalyst dosage value of 0.75%
was selected as optimum dosage to reduce the FFA
content to the acceptable limit. The conversion of
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FFAs to fatty acid methyl ester (FAME) was
86.77% after the esterification process. The FFA
content of LGCPO was reduced from 7.0% to
0.92%. In a similar work on SPO, it was reported
that 0.75 wt% of the catalyst (such as PTSA) was
the optimum dosage needed to reduce the high FFA
content [6].

Effect of molar ratio

Molar ratio is one of the important factors
affecting the conversion of FFA to FAME, as well
as the overall production cost of biodiesel. In this
study, the molar ratio of methanol to LGCPO was
varied between 2:1 and 20:1. Figure 3 describes the
effect of molar ratio on the reduction of FFA
content, conversion of FFA to FAME and yield of
treated LGCPO. No significant change observed in
the reduction of FFA within the molar ratio range
of 10:1 to 20:1. On the other hand, a minimum of
10:1 molar ratio were required to reduce the FFA
content of LGCPO from 7.0 % to below than 1%,
which is the limit of FFA for a successful
transesterification reaction. In order to save
methanol consumption, a molar ratio of 10:1 was
sufficient for the esterification reaction. This ratio
was also the optimum ratio reported for the
esterification of SPO using PTSA as acid catalyst

[6]

Effect of reaction temperature

The reaction temperature during the different
steps was reported to range between 40 - 70°C [8,
13]. Figure 4 presents the effect of reaction
temperature on the reduction of FFAs content of
LGCPO. In this study, it was found that the lowest
reaction temperature to reduce the FFA content in
LGCPO was 60°C. At this temperature the FFAs
content was reduced from 7.0 % to below 1%, with
a very high conversion of FFA to FAME.
Therefore, a reaction temperature of 60°C was
selected for the esterification of LGCPO. It was
reported by Leung and Guo [21] that a temperature
higher than 50°C had a negative impact on the
product yield for neat oil, but had a positive effect
for waste oil with higher viscosities. Effect of
reaction time

In order to determine the optimum reaction time,
esterification reaction time was varied in the range
(3-150 minutes). Figure 5 shows the effect of the
reaction time on the reduction of FFA content,
conversion of FFA to FAME and yield of treated
LGCPO. During the course of the reaction and at
the first 10-20 minutes, most of FFA was removed
as shown in Figure 5. The fast reduction reflects the
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Fig. 4. Effect of reaction temperature on FFA content
reduction, conversion of FFA to FAME and yield of
treated LGCPO.

catalytic activity of CSA. As shown in Figure 5, the
FFA content decreased significantly with the
increase in reaction time. A bout 30 to 60 min was
sufficient to reduce the FFA content to less than
1%. It was found that after 30 min there was no
improvement in the reduction of the acidity along
reaction time. Hence, in order to optimize the
reaction time, 30 minutes was selected as the
shortest reaction time for the pre-treatment of
LGCPO. The shortest reaction time can be
considered as the optimum value due to the
additional cost entailed with longer reaction time.
Hashim et al. [22] used trifluoromethanesulfonic
acid for the esterification of CPO with high FFA
content and the optimum time of reaction was 30
min. The matching between the current study and
the mentioned study illustrates that CSA has high
catalytic activity compared to super acid
(trifluoromethanesulfonic acid).

Effect of stirrer speed

Mixing intensity is a very important operational
parameter. Therefore, in order to achieve an
effective mass transfer in the esterification reaction,
continuous mixing and sufficient reaction time
should be used in order to complete the reaction.
Mixing intensity affects the Kkinetics and
consequently the whole process. In this study a
wide range of mixing speed (100 to 400 rpm) was
tested in order to investigate the optimum value for
the pre-treatment of LGCPO. Figure 6 shows the
effect of stirrer speed on the reduction of FFA
content in LGCPO via the esterification reaction.
The results revealed that a stirrer speed of 200 was
sufficient to reduce FFA content to less than 1%. In
order to save energy requirements, lower stirrer
speed should be taken as the optimum for LGCPO
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B d
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Figure 5. Effect of reaction time on FFA content
reduction, conversion of FFA to FAME and yield of
treated LGCPO
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Fig. 6. Effect of stirrer speed on FFA content reduction,
conversion of FFA to FAME and yield of treated
LGCPO.

esterification. Therefore, a speed of 200 rpm was
selected as the optimum mixing intensity. Hayyan
et al. [6] used 400 rpm for the pretreatment of SPO
due to the high FFA content in SPO compared to
LGCPO.

Transesterification reaction

During the esterification reaction, FFA is
converted to FAME in the presence of an acid
catalyst. The remaining neutral TAG is converted
to FAME via transesterification reaction in
presence of an alkaline catalyst such as potassium
hydroxide. The conditions of biodiesel production
were fixed [6,7,23]. The FFA content was less than
0.5% which meets the international standards
ASTM D6751-02 and EN 14214. Table 2 shows the
fatty acid composition of biodiesel from LGCPO.
Using the optimum conditions for the esterification
reaction the FFAs were reduced from 7.0 % to less
than 1%. The yield of biodiesel was 85% with 0.14
% FFA. The results of this study meet the standard
specification for biodiesel fuel as shown in Table 3.
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Table 2. Fatty acid composition of biodiesel from LGCPO; results are the average of three replicates + standard

deviation.
Carb T f f FAME
Systematic name of FAME arbon ype of fatty content
chain acid
(%)
Dodecanoic acid methyl ester C12:.0 Saturated 0.19+0.02
Tetradecanoic acid methyl ester C14:.0 Saturated 0.91 +£0.02
Hexadecanoic acid methyl ester C16:0 Saturated 44.1+1.00
Hexadecenoic acid methyl ester Cl6:1 Unsaturated 0.285 +0.002
Octadecanoic acid methyl ester C18:0 Saturated 4.3+0.03
cis-9-Octadecenoic acid methyl ester Ci8:1 Unsaturated 40.40 £2.40
AII—C|s-9,12-Octad(§e;2(:|en0|c acid methyl C18:2 Unsaturated 9.440.05
AII—C|s—9,12,15—Octaéjsoi:?tr|en0|c acid methyl c18:3 Unsaturated 0.8 4 0.02
Eicosanoic acid methyl ester C20:0 Saturated 0.3 +0.003

Table 3. Properties of biodiesel from LGCPO.

Properties

Biodiesel from
LGCPO

Ester content

Monoacylglycerol content
Diacylglycerols content
Triacylglycerols content

Free glycerol content
Total glycerol content

K content
P content
Sulphated ash

Total contamination

FFA content

Copper Strip Corrosion

(3hr at 50°C)
Cetane Number

97.5% (mol mol™)
0.1% (mol mol™)
0.02% (mol mol™)
<0.02% (mol mol™)
<0.01% (mol mol™)
0.04% (mol mol™)
1 mg kg 'max
7.2 mg kg! max
<0.005 % (w/w)
0.002 mg kg ™!
0.14 %
Class 1
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CONCLUSIONS

This study concludes that LGCPO is a suitable
feedstock for biodiesel production with a pre-
treatment stage using CSA as a catalyst at 0.75%
wt/wt (catalyst to LGCPO) with 10:1 molar ratio
and 60° C at 30 min and 200 rpm as stirrer speed.
Using these conditions the FFA content was
reduced from 7.0 % to less than 1%. The yield of
biodiesel was 85% with 0.14 % FFA and ester
content 97.5% (mol mol™). The results attained in
the current study meet the international standard
specifications for the biodiesel fuel. It is
recommended to study the catalytic activity of CSA
compared to other conventional homogenous
catalysts in the esterification reaction. The
comparative study may assists in highlighting the
advantages and disadvantages of the different
catalysts used for the pre-treatment of acidic oils.
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N3ITOJI3BBAHETO HA XJIOP-CYJI®OHOBA KHUCEJIMHA 3A ITPEBPBIIAHE HA
CBOBOJAHUTE MACTHU KUCEJIMHN OT HUCKO-KAYECTBEHO I[TAJIMOBO MACIJIO B
METWJIOBHM ECTEPU ITPU ITPON3BOJACTBOTO HA BUO/U3EJI

A. Xaitan®, ®.C. Mumxkann?, M.A. Xamum?, M. Xaiian!, UM. AnHamed?

Ylenapmamenm no unoicenepna xumus, Llenmwvp 3a tionnu meunocmu (UMCIL), Manaticku ynusepcumem, Kyana
Jlymnyp, Manatizus
2[lenapmamenm no negpmeno u xumuuno unxcenepcmso, Yuusepcumem “Cynman Kabyc”, Mycxam, Cynmanam Oman
3 lenapmamenm no unscenepua xumus, Yuueepcumem “Kpan Cayo”, Puao, Cayoumcka Apabus

Ilocrprmna Ha 29 centemBpu, 2012 r.; kopurupana Ha 12 HoemBpu, 2012 1.

IMpemmoxeHo e Hucko-kadecTBeHo manmmoBo Mmacio (LGCPO) karo moTeHnmamHa pacTHTETHA CYPOBHHA 3a
MPOM3BOJICTBOTO Ha Owoamsen. Karo karanu3arop Ha XOMOTEHHATa XMMHYHA pEaKUusl IpPU IPEIBaAPUTEIHOTO
TpeTHpaHe Ha CypOBHHATA 32 HAMaJIIBaHE ChABP)KAHUETO Ha cBOOOaHNTE MacTHH kucennnu (FFA) B manmmoBoTo Macio
JI0 TIPUEMITMBO HUBO INIPEJH MOCIeBallaTa ajKajaHa TpaHCc-ecTepuduKalns € U3M0JI3BaHa XJIOp-Cya(pOHOBa KHCEINHA.
Pesynrarure oT ecrepudukanmaTa nokaspar, ye FFA B maiMoBoTo Maciao ca Hamanenn ot 7.0 mo mox 1% mpu
ONTHMAIHU pabOTHH ycinoBus. JJoOMBBT Ha KpaiHus mpoaykt ciex ecrepuduxanusara e 85% c 0.14 % cobGogun
MacTHH KHCEJIMHM W Chabpxkanue Ha ectepu orT 97.5% (mol mol™') koero ynoBneTBOpsiBa MEXTyHApOHHUTE
N3UCKBaHU 32 KAUECTBOTO Ha OMOMHU3EIL..
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