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Abstract. The increasing contamination of soil, sediment, and water with heavy metals by natural and industrial
processes is a worldwide problem. Many bacteria and microalgae have demonstrated ability to absorb toxic elements.
To study mercury biosorption by bacteria Arthrobacter globiformis and microalga Spirulina platensis neutron activation
analysis (NAA) was applied. The process of mercury biosorption by these media was described by Freundlich and
Langmuir-Freundlich Model. Both microorganisms showed a great potential to be used as biosorbing agents for
mercury removal from the environment.
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Introduction

Heavy metals are known as a hazardous group of pollutants. The contamination by heavy metals causes a serious
problem because they cannot be naturally degraded like organic pollutants and they are accumulated in different parts of
the food chain [1]. Physical and chemical methods have been proposed for the removal of these pollutants. Nevertheless,
they have some disadvantages, among them cost-effectiveness limitations, generation of hazardous by-products or
inefficiency when concentration of polluted materials is below 100 mg/l [2]. Biological methods help to avoid these
drawbacks since they are easy to operate, do not produce secondary pollution and show higher efficiency at low metal
concentrations. Microorganisms and plants are usually used for the removal of heavy metals. Mechanisms by which
microorganisms act on heavy metals include biosorption, bioleaching, biomineralization, intracellular accumulation and
enzyme-catalyzed transformations [3].

Mercury occupies the sixth position in the list of hazardous compounds [4-7]. Even its very small doses cause
gonadotoxic, mutagenic, neurotoxic and embryotoxic effects. Accumulating mainly in the kidneys, liver and spleen,
mercury blocks the biochemical activity of protein molecules and low-molecular weight compounds.

Mercury is a well-distributed element. Its mean content in the earth’s crust constitutes 8 x10%%. The total
amount of mercury in the atmosphere is 10 g/m?, 1x 10% in soil, and 25 x 10°% in plants (dry mass) [8].

Mercury is widely used in industry, medicine, dentistry, batteries, science, and in military applications.
Mercurial compounds are also used in agriculture as insecticides, fungicides, herbicides and bactericides [9]. These
various industrial and agricultural applications have led to severe mercury localized pollution in the aquatic systems
and in soils [10-11]. To prevent the detrimental effects of mercurial compounds, many bacterial species Alteromonas
tagae sp. nov., Alteromona simiduii sp. nov [5], Klebsiella pneumonia, Streptomyces sp. have evolved a sophisticated
detoxification system by which Hg(II) can be reduced to Hg(0) followed by volatilization of the relatively non-toxic Hg
(0) from aqueous media [7].

Algae have been successfully used for waste, wastewater and soil treatment. Chlorella pyrenoidosa, Oedogonium
Jfoveolatum, Hydrodictyon reticulatum, Scenedesmus quadricauda, Spirulina platensis, Spirulina maxima, Mastigocladus
laminosus efficiently remove aluminum, mercury, cadmium, zinc and chromium from wastes [12]. S. platensis can be
used as a metal adsorbent to accumulate copper, mercury, lead [13-14], chromium [15], and cadmium [16]. Scenedesmus
acutus and Chlorella vulgaris can be used to accumulate cadmium, zinc and chromium from wastewater [17].

In this work, biosorption of mercury by Arthrobacter globiformis and Spirulina platensis using neutron
activation analysis was studied.

Material and methods

Sample preparation
Cultivation of Arthrobacter globiformis 151B

Samples of Arthrobacter globiformis 151B a Gram-positive, Cr(VI)-reducer, acrobic bacterial strain was isolated
from basalt samples collected from the most polluted region in the Republic of Georgia (Kazreti). The bacteria were
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grown aerobically in the following nutrient medium: 10 g of glucose, 10 g of peptone, 1 g of yeast extract, 2 g of
caseic acid hydrolysate, 5 g of NaCl, and 1 liter of distilled water. All chemicals used in the experiment were ACS-
reagent grade, produced by Sigma (St. Louis, MO, USA). Bacterial cells were grown in 250 ml Erlenmayer flasks
as a suspension. The medium was inoculated with 0.1 ml of overnight broth and incubated at 21 °C being shaken

continuously. Hg(II) as [Hg(NO,), ‘H,0] was added to the bacterial cell cultures at an early stationary phase of their

growth. The concentration of Hg(II) varied within the range of 50-5000 pg/L. After being cultivated for 5 days the cells

were harvested by centrifugation (10,000 rpm, 15 min, 4 °C), rinsed twice in a 20 mM phosphate buffer and subjected

to NAA analysis. For NAA measurements this wet biomass was placed in an adsorption-condensation lyophilizer and

dried. The dry native biomass was finally pelletized to 5 mm pieces using a special titanium press form [18].
Cultivation of Spirulina platensis

Spirulina platensis IPPAS B-256 strain from Timiriazev Institute for Plant Physiology of the Russian Academy
of Sciences was cultivated in a standard Zaroukh alkaline water-salt medium at a temperature of +34°C, illumination
~ 5000 lux, initial pH 8.7 and at constant mixing. Since the Hg(II) ions in alkaline medium form an insoluble residue
(mercury hydroxide), in order to avoid the mercury residue, mercury glycinate was used as a nutrient loading. To study
the Hg accumulation by the S. platensis cells the concentrations of nutrient medium loading by mercury constituted 100,
50, 5, 1, 0.1 ug Hg/L. Initial concentration of S. platensis suspension in all the experiments of the series constituted
260 mg/L. Cultivation of the S. platensis cells was conducted for 6 days. Samples in all the series were taken every 24
hours. In the course of all the experiments microscopic control of S. platensis living cells was performed daily [8].

Analysis

The Arthrobacter globiformis 151B samples were irradiated using the facilities of the 2 MW nuclear research
reactor “Hoger Onderwijs Reactor” of the Reactor Institute Delft, Delft University of Technology [18]. More details on
the operation and quality assurance in this laboratory can be found elsewhere [19-20]. Mercury content in the Spirulina
platensis samples was determined by epithermal neutron activation analysis (ENAA) at the pulsed fast reactor IBR-2
(FLNP JINR, Dubna) [8]. The description of irradiation channels and pneumatic transport system of the IBR-2 are given
in [21]. The ENAA data processing and determination of Hg concentrations were performed using software developed
in FLNP JINR [22].

Results and discussion

Two heterogeneity-based models isotherm: Freundlich and Langmuir-Freundlich isotherm model (LF) were
used for the evaluation of the sorption characteristic of mercury on bacteria Arthrobacter globiformis and microalga
Spirulina platensis.
Freundlich isotherm model

NAA results obtained for Spirulina platensis were expressed by Freundlich (heterogeneous) isotherm model
(Fig. 1). The Freundlich equation is often considered to be purely empirical in nature [23].
The Freundlich Adsorption Isotherm is mathematically expressed as

x/m = Kc'”
It is also can be written as

log(x/m) = logK + (1/n) logc

where: x = mass of adsorbate; m = mass of adsorbent; ¢ = equilibrium concentration of adsorbate in solution;
K and n are constants for a given adsorbate and adsorbent at a particular temperature.

In work [8] theoretical calculations of the adsorption isotherm for Hg(I) on the basis of the obtained experimental
data were performed taking into account both physical adsorption and chemosorption. For various Hg(II) concentrations
at the duration of cultivation for 24 hours in the Freundlich coordinates the dependence was obtained

logR = -6.77 + 0.62 logC

where R —concentration of the adsorbed Hg(Il), C — concentration of Hg(II) in nutrient medium.

Linear approximation by method of least squares is shown in (Fig. 1). The straight line is cutting off on the
Y-axis a section, equal to log K. In the present case log K= -6.77 and K = 0.17-10°. The correlation coefficient is R =
0.97. The obtained result can be regarded as a confirmation of predominance of biosorptive processes at the initial stage
of the S. platensis cell cultivation.
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Fig. 1. Freundlich diagram. Linear approximation by method of least squares

The cell surface of many microorganisms, including cyanobacteria, consists of polysaccharides, proteins, and lipids,
which act like basic binding sites of heavy metals because they have functional groups, such as amino, carboxylic,
sulfhydryl, phosphate, and thiol groups, which can bind metals. The cell wall of Spirulina platensis consists of
polysaccharides, proteins, and lipids, which have many negative carboxyl and phosphate groups, the dominant binding

sites of toxic and heavy-metal cations [24].
It was shown that carboxyl groups of alginate played a major role in the complexation of heavy metals [25].

Langmuir-Freundlich isotherm model

Langmuir isotherm (L) is a useful model to represent the sorption mechanism. This model is based on the
assumption that the sorption energy is uniform and homogeneously distributed on the sorbent surfaces.
The Langmuir isotherm model is expressed as:
q=gq_bc/l+bc

max

Here: ¢ — is the concentration of metal ions; ¢, — represents the maximum metal accumulation; b — is the affinity
parameter of the isotherm reflecting the high affinity of the biosorbent for the sorbate.

The theoretical assumption of the Langmuir model is that the bonding energy on each sorption site is completely
equal [22]. The metal uptake (q) was calculated from the initial concentration (C,) and the analyzed final concentration
(C)) of the metal in solution according to the following formula:

q=V(C-C)/m
where V is the liquid sample volume and m is the starting sorbent weight [18].
Some experimental results showed that the theoretical assumption of the Langmuir model failed to explain the sorption

of some compounds.
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Fig. 2. Accumulation of mercury by A. globiformis
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Thus, the heterogeneity of sorption energy has been taken into account. The heterogeneity-based isotherm, the
Langmuir-Freundlich isotherm model (LF), is then derived as [26].

q =4, (b)"/1+(bc)"
where n is related to the degree of heterogeneity of a sorbent surface.

Langmuir-Freundlich isotherm was used to describe process of mercury accumulation by bacteria 4. globiformis
(Fig. 2) [18].

Adsorption processes consists of two steps, starting with the rapid one (physical adsorption between the metal
ions and the bacterial surface) and continuing with the slow one (chemical adsorption). The rapid process one may last
from for several minutes to a few hours, while the slow one lasts from several hours to a few days. The metallic cations
form complexes with functional groups (carboxyl, carbonyl, amino, amido, sufonate, phosphate, etc.) present on the
surface or inside the porous structure of the biological material [27].

Conclusions

It was shown that the mercury accumulation process fits well the Freundlich and Langmuir-Freundlich models.
This is obvious evidence that the bacteria Arthrobacter globiformis and microalga Spirulina platensis can be successfully
used as biosorbing agent for mercury removal from the environment.
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Abstract: The presence of nitrogen in the molecule is usually accompanied either by the appearance of a new
activity or the intensification of original activity characteristic for the native terpenoids. This maintains alive the
scientific interest in the synthesis of such compounds. The present communication put into discussion the recently
elaborated methods for preparation of the nitrogen-containing terpenic compounds.
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1. Introduction

Many terpenes exhibit various biological activities [1, 2]. In a series of articles it has been reported on the
appearance of a new activity or the intensification of the original activity that accompanies the introduction of nitrogen
in the molecules of native terpenoids. Therefore the synthesis of the nitrogen-containing terpenic compounds is of great
interest for further studies of their biological activity.

2. Synthesis of the nitrogenated derivatives of drimanes and homodrimanes

The nitrogen-containing sesquiterpenic compounds and their biological activity represent a poorly studied
area of terpenoid chemistry. The first synthesis of the homodrimanic nitrogen derivatives was reported by Grant P.
K. et al. in 1983 [3]. Oxidative degradation of manool (1) [4] gives the intramolecular acetals (2) and (3). The former
possesses a powerful ambra-type odour and is being used in the perfumery industry. In this light it was interesting to
examine the synthesis of the nitrogen analogues (4) and (5). Reaction of the methylene ketone (6), in turn obtained
from the permanganate oxidation of manool (1), with hydroxylamine gave the isomeric oximes (7) and (8) in 5:2 ratio.
Their stereochemistry was assigned on the basis of the corresponding amides obtained under Beckmann rearrangement
conditions. By direct treating of the oximes with thionyl chloride only low yields of amides were obtained, while by
using the base-promoted rearrangement of the tosylate derivatives the yields were greatly increased.

2 X=Me 3 X=Me 6
4 X=NHMe 5 X=NHMe

Scheme 1
The tosyl derivative (7a) of the less polar oxime (7) furnished the amide (9) in quantitative yield upon treatment

with dilute base at room temperature. Since it is known, that Beckmann rearrangement proceeds by a stereospecific anti-
migration, the E-configuration for the oxime (7) has been established. The more polar (O-tosyl) oxime (8a) required

10
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more forcing conditions to effect the rearrangement and gave the amide (10) in 27% yield. Since the amide structure was
established to be as depicted in formula (10), this pointed to Z-stereochemistry of the parent oxime (8). The rearrangement
of the oxime tosylates under acidic conditions gave the same amide product (9), thus reflecting the facile isomerization
of the less stable Z- (O-tosyl)oxime (8a) prior to rearrangement [5].

Later the synthesis was reported by Urones, J.G. et al. [6] describing the use of 12-acetoxy-7,9(11)-drimandien
(11), that was in turn prepared from methyl zamoranate (12), as a precursor for C-9 nitrogenated drimanes (Scheme 2).
Dien (11) reacts with m-CPBA in a regio- and stercoselective way, affording the epoxide mixture of compounds (13)
and (14) [7]. On ulterior derivatisation the a-epoxide afforded carbonates (15) and (17) and carbamates (16) and (18).
Alkaline hydrolysis of acetate (18) by using a 2N NaOH solution in dioxan (1/1) afforded the corresponding alcohol
(19) in 96% yield [8]. Extreme reaction conditions, including saturated solution of KOH and 1,2-ethanediol at 70°C [9]
led to the difficultly isolable amino diol (20) in 90% yield. Its treatment with Ac,O/Py [10] gave the spirodihydrooxazole
acetate (21) in 84% yield. In virtue of the amino alcohol high reactivity, the protection of its amino group was required.
Hence (21) was treated with (Boc),O [11], yielding the N-Boc derivative (22) in 73% yield. Since the latter was resistant
to hydrolysis, it could be reduced with DIBAL-H, furnishing diol (23) in good yield (73%).

15 R=CO,Me; X=0
16 R=CO,Me; X=NH
17 R=CH,0Ac; X=0
18 R=CH,0Ac; X=NH

Reagents: a) aqueous 2N NaOH/1,4-dioxane 1/1, 96%; b) saturated KOH in H,O, 1,2-etanediol, 70°C, 90%;
¢) Ac,0, Py, 84%; d) (Boc),0, Et,N, DMAP, THF, 73%; e) DIBAL-H, CH,Cl,, -78°C, 73%.
Scheme 2

New synthetic strategies to prepare natural drimanes from (-)-sclareol (24) have been reported by Barrero and
co-workers [12]. Thus the preparation of natural 9,11-drimen-8c.-ol (25) through the nitrogen-containing compounds
is described. Synthesis of compound (25) started with the homodrimanic acid (26), in turn obtained from sclareol
(24) in 75% overall yield by a two-step sequence [13]. The Curtius rearrangement of the acyl azide derived from (26)
represented the key-step in the discussed synthesis. Treatment of (26) with diphenylphosphorylazide (DPPA) in the
presence of triethylamine with subsequent reflux in benzene gave the isocyanate (27) [14]. All attempts to transform
the latter into the corresponding amine were unsuccessful: hydrolysis of the isocyanate afforded only a very stable
cyclic carbamate. Therefore the way was chosen to reduce compound (27) till the formamide (28) that was next treated
with potassium hydroxide in methanol to afford the hydroxyacetamide (29) or the aminoalcohol (30), respectively,
depending upon the reaction temperature. Then, the transformation of amine (30) into (25) was approached. First of all,
diazotization of the amine group was attempted. The main observations were that the amine (30) remained unaltered
when it was treated at 0 °C with sodium nitrite and hydrochloric acid, while at room temperature its decomposition
occurred. Hofmann elimination turned out to be also unsuccessful. Treatment of alcohol (30) with potassium fert-
butoxide in dimethylsulfoxide after exhaustive methylation afforded the methoxyamine (31). In this way the hydroxyl
group of compound (28) was protected by treating it with ethyl vinyl ether to give (32). Saponification of the latter

11
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consistently afforded the amine (33), which underwent elimination after exhaustive methylation on treatment under

basic conditions yielding (34). The removal of protection subsequently gave (25) (Scheme 3).
oH

COCH NCO

g iy
'0AC OAc
2
24 26 27
Cc
NH, NHAC NHCOR
“HOEE ""IOEE g “IoRY
% H
33 32 28 R=H; R'=Ac
d 9 R=Me; R'=H
i
e
NR,
"I0R “1IoR?
. H
) 34 R=EE 30 R,R'=H
! 25R=H 31 R, R=Me

Reagents: a) 1. OsO,, NalO,, t-BuOH, 45°C, 6h.; 2. Jones’ oxidation, acetone, 0°C, 45 min (75% overall yield);
b) 1. DPPA (1.1 eq), Et,N (1.1 eq), Dioxan, 0°C, 1.5 h; 2. Benzene, reflux; c) NaBH, (3 eq), EtOH, 0°C, 30
min. (80%); d) KOH, MeOH, rt, 6 h (96%); ¢) KOH, MeOH, reflux, 12 h (95%); f) 1. Excess Mel, t-BuOMe;
2. t-BuOK (1.4 eq), DMSO (80%); g) ethyl vinyl ether (8 eq), CSA (0.5 eq), CH,Cl,, 1t, 25 h (75%); h) KOH,
MeOH, reflux, 2 h (91%); i)1. excess Mel, t-BuOMe; 2. t-BuOK (2.7 eq), DMSO (85%); j) AcOH, MeOH, rt,
2 h (95%).

Scheme 3

Many drimane sesquiterpenoids, including their prototype drimenol (35), exibit various biological activities.
OH

CHO HC=NOH

Reagents: a) P,O,, DMSO, 20°C, 95%; b) NH,OHHCI; EtOH, Py, 95%; c) Ac,0, Py, 64%; d) p-TsCl, Py,
90%; e) LiAlH,, AICl,, Et,O, 50%; f) NaBH,, CoCl, H,0, MeOH, 20°C, 91%.
Scheme 4

Therefore, it seemed interesting to synthesize the amino- analog of drimenol in order to study its biological

properties. We accomplished the synthesis of 11-aminodrim-7-ene (36) from drimenol (35) in four steps [15] (Scheme
4). Drimenol (35) was oxidized into drimenal (37) in 95% yield via phosphoric anhydride activated dimethylsulfoxide,

12
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as previously reported [16]. Drimenal oxime (38) was obtained on interaction of drimenal (37) with hydroxylamine
hydrochloride in the ethanol-pyridine mixture of solvents. According to TLC, the reaction product consisted of a
mixture of Z- and E-isomers. The oxime of 14,15-bisnorlabd-8-(17)-en-13-one (7) was used as reference to show that
the less polar isomer had the E-configuration [3]. Since the E-configuration of (7) is energetically more favourable, the
predominant isomer in the mixture should most probably be the E-isomer. In the drimenal oxime (38) obtained by us
the above-mentioned less polar isomer predominated. Its content in the mixture after recrystallization from hexane was
80%, the ratio of Z- and E-isomers being approximately 1:4. Next we investigated the production of drimenylamine
(36) via the reduction of drimenal oxime (38) by various methods [17-20]. Compound (36) could not be synthesized in
satisfactory yield by the reduction of drimenal oxime (38), that is why we decided to convert (38) into the corresponding
nitrile (39) and then reduce it to the amine (36). Several methods have been employed by us in order to synthesize (39)
[21-27]. As a result, we found as acceptable methods for synthesizing (39) the reactions of (38) with p-TsCl or Ac,O in
pyridine. The target- product, 11-aminodrim-7-ene (36), was obtained in 50% yield by refluxing the hydroxylamine (38)
with LiAIH, in Et O in the presence of anhydrous AICI, [28].

The reduction of nitrile (39) by NaBH,, CoCl,-6H,0 in CH,OH produced compounds (36) and 7,8-dihydro-11-
aminodrimane (40), as a mixture of water-soluble hydrochlorides. The '"H NMR-spectrum of the mixture indicated on a
2:1 ratio of the hydrochlorides of (36) and (40). The pure compound (36) and its mixture with (40), synthesized by us,
are of interest as potentially endowed with biological activity.

P
¢ b
B — —_—
d
B ] .p-TsOH
N-OTs \\C/CH3
/
e 10
_— g
OH — = =
53

.
7,
s,
(e}

Tt

-
-

44

Reagents: a) NH,OH'HCI, EtOH, Py; b) Ac,0/Py, 105-110°C; ¢) 86% H,PO,, 60-70°C, 82%; d) p-TsCl, Py,
90%; e) CH,CN, A; f) p-TsON, 95%; g) 10% KOH, MeOH, 95%; h) AL,O,, 58%.
Scheme 5

The synthesis of amide (41) via Beckmann rearrangement of oxime (42) of 11-dihomodriman-8a-ol-12-one (43)
was the main our goal we pursued [29]. Hydroxyketone (43) is readily available, being obtained from norambreinolide
(44) by the method described by us [30]. Oxime (42) was prepared from compound (43) by its reaction with NH,OHHCl
in an ethanol-pyridine mixture of solvents. Compound (42) represented a mixture of Z- and E-isomers, according to its
TLC data and 'H, *C, and "N NMR spectra. In virtue of easy conversion of Z- into the E-isomer as a result of the fact that
the latter is energetically more favorable [3], we used (42) for the reactions as a mixture of its Z- and E-isomers. It was
found that on interaction of the oxime (42) with acetic anhydride in pyridine the oxime acetate (45) along with a small
amount of the mixture of isomeric dehydrated oxime acetates (46)-(48) were formed. On heating of the solution of the
oxime (42) in 86% H,PO, the elimination of water occurred giving 1,2-oxazine (49). Oxime (42) interacts with p-tosyl
chloride in pyridine affording the oxime tosylate (50). The latter rearranges under reflux in acetonitrile, according to the
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Beckmann transpozition, with the elimination of the water and p-toluene sulfonic acid, giving the unsaturated amide
(51). The reaction of compound (51) with p-TsOH leads to the corresponding salt of cyclic 1,3-oxazine (52) formation,
which upon treatment with a metanolic solution of potassium hydroxide furnished compound (53).

The new nitrogen containing drimanic compounds, the 1,2,6-oxazine and N-pyroline oxide derivatives
were obtained [31], which are of interest as compounds potentially endowed with interesting biological properties.
11-dihomodriman-8a-ol-12-one (43) was prepared according to the reported protocol [30] and subjected to the
dehydration in the presence of the ,,Amberlist-15" ionite. As result ketone (54) was obtained, which was transformed
into oxime (55) by interaction with NH,OH=HCIL.

_ A

=

43 b 54 R=0 56 57
55 R=NOH

Reagents: a) Amberlist-15, CH,Cl,, 20°C, 20 h, 70%; b) NH,OHHCI, EtOH, Py, 98%; c¢) H,PO,
(64:65)=36%:56%; CF,CO,H, (64:65)=30%:48%.
Scheme 6

By heating at 70-80°C a solution of the oxime (55) in 86% H,PO,, the intramolecular cyclization occurred,
giving the mixture of (1S,2S,4aS,8aS)-2,5,5,8a-tetrametildecahidro-1H-nafto[1,2][5,6]-3-metil-4,5-dihidro-[1,2,6]-
oxazine (56) and (18S,2S,4aS,8aS)-2,5,5,8a-tetrametildecahidro-1H-nafto[ 1,2-d]-2-metilpirolin-N-oxide (57). The same
outcome was reached by heating the oxime (55) in CF,CO,H.

OTBS

(EtO)2P(0) 7 "CO,EL

Reagents: a) 1. CTDI, CH,CL, reflux, 21 h, (94%), 2. n-Bu,SnH, AIBN, toluene 80°C, 15 min (quant), 3.
DIBAL, THF, 0°C, 15 min (98%); b) 1. TBSCI, imidazole, DMF, 0°C to rt, 15 min (97%), 2. MCPBA, CH,CL,
0°C, 24 h, (o : 62%, B : 30%); c) 1. TPAP, NMO, CH,Cl,, rt, 3,5 h, 2. Ph.P*CH,OMeCl, n-BuLi THF, 0°C, 10
min (60% in two steps); d) 1. TBAF, THF, 0°C to rt, 3 h (86%), 2. Dess-Martin periodinan CH,CL, rt, 4 h; e)
n-BuLi, THF, 0°C to rt, 1 h (48% in two steps a.:=4:1); f) MeLi, THF, 0°C, 10 min (72%, E:Z=4:1); g) NH,,
cat. AcOH, t-BuOH, rt, overnight [65% from (E), 60% from (Z)]; h) TBAF, THF, rt, 1,5 h, (89%).

Scheme 7
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A total synthesis of (+) chamobtusin A (58) has been accomplished [32] on the basis of presumed biosynthetic
pathway, involving first the imine formation of keto-aldehyde followed then by intramolecular aza-Michael addition. The
known alcohol (59) has been selected as a suitable starting material. Its hydroxyl group was converted into thiocarbamate
which was then deoxygenated via the treatment with #-Bu,SnH and AIBN, and the resulting diester was reduced with
DIBAL to give diol (60) in high yield. The less hindered primary alcohol of (60) was selectively protected as the tert-
butyldimethylsilyl ether. m-CPBA oxidation of the double bond gave a mixture of a- and B-epoxides in a ratio of 2:1, and
the major R-epoxide (61) was used in the next reaction. After tetra-n- propylammonium perruthenate (TPAP) oxidation
of the primary hydroxy group of (61), Wittig reaction of the resulting aldehyde under the conditions depicted in scheme 7
afforded enol ether (62) with the only Z-isomer of the double bond. The tert-butyldimethylsilyl—protection of compound
(62) was removed with tetrabutylammonium fluoride (TBAF), and the liberated primary alcohol was oxidized with
Dess-Martin periodinane to give the cyclic product (63). Horner-Wadsworth-Emmons reaction of compound (63) with
phosphonate gave compound (64) as a mixture of a- and - isomers in a 4:1 ratio. It was possible to directly convert
it into the cyclization precursor (64) by treatment with methyl lithium. Subsequent ring-opening of methyl acetal gave
the desired keto-aldehyde (65) as a E/Z mixture (cca 4:1 ratio) in 72% yield. As expected, the imine formation and
subsequent intramolecular aza-Michael addition smoothly proceeded with both geometrical isomers of (66) by treatment
with ammonia in the presence of catalytic amounts of acetic acid to afford compound (66) as a single diastereomer in
65% and 60% yield, correspondingly, for £- and Z-isomer. Finally, the removal of the ferz-butyldimethylsilyl group gave
(+)-chamobtusin A (58). The overall yield of (58) starting from (59) constituted 5.3% in 13 steps.

3. Synthesis of nitrogen-containing compounds from lambertianic acid

During the last decades, the vast series of natural terpenoids has been intensely supplemented by metabolites of
plant, microbial and animal origin, whose molecules include various structural fragments attached to the main terpene
skeleton through covalent bonds. The unique structure of many so-called mixed metabolites and their important biological
activities make them attractive targets of the total synthesis. On the other hand they can serve as plausible models
for the design of molecules with useful properties. Among such metabolites, the nitrogen-containing and alkaloid-like
compounds continuously attract the scientific interest.

The authors [33] describe a convenient approach to B-carboline diterpenoids as potential models of such
metabolites, which is based on the Pictet- Spengler reaction.

NH

MeO,C - MeO,C MeO,C

67 R=H 69 70
68 R= CHO

Reagents: a) 1) triptamine, 2) NaBH,; b) CH,O, TsOH.
Scheme 8

Reductive amination of methyl 16-formyllambertianate (67) or its aldehyde (68) with tryptamine, in the presence
of sodium borohydride gives amine (69) in 87% yield. The Pictet-Spengler cyclization of the resulting diterpenoindole
amine with formaldehyde furnishes methyl 16-(1,2,3,4-tetrahydro-p-carbolin-2-yl-methyl)lambertianate (70). The
reaction of formyl-substituted methyl labdatrienoates and labdadienoates with 2-(3-indolyl)ethylamines provides a
convenient approach to 1-diterpeno-f-carbolines.

The Diels-Alder reaction of lambertianic acid (71) with maleic anhydride occurred in a stereoselective fashion
and yielded the diastereoisomeric (1R,2S,6R,7R)- and (1S,2R,6S,7S)-exo-adducts (72a) and (72b) [34]. The latter
reacted with L-valinol in toluene in the presence of triethylamine to give the corresponding diterpenoid imides, 4-aza-9-
oxabicyclo[2.2.1]dec-8-enes (73a) and (73b). The product was a mixture of two diastereoisomers whose ratio (according
to the 'TH NMR data of the mixture) was the same as the (1R,2S,6R,7R)/(15,2R,6S,7S) ratio in the initial adduct.

Reactions of lambertianic acid (71) with N-substituted maleinimides (74) in the presence of Lewis acids
afforded diastereoisomeric adducts having both exo- and endo- configuration. With the aim of studying the effect of
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the N-substituent in the dienophile on the reaction stereoselectivity and biological activity of new nitrogen containing
heterocycles of the terpene series, apart from N-benzylmaleimide, on synthesized compounds (75-78) with various
substituents on the nitrogen. Some transformations of the adducts were examined with a view to obtain cantharidin and
dihydroisoindole analogs.

Diels-Alder reaction of lambertianic acid (71) with cyclic dienophiles provides a convenient route to terpenoid
cantharidin analogs. The nature of the dienophile is determinant for the stereochemistry of the addition. The reaction
of lambertianic acid (71) with maleic anhydride yields exclusively the corresponding exo adducts, whereas with
N-substituted maleimides both endo and exo adducts are formed, whose ratio depends on the substituent on the nitrogen.
In all the cases, diastercoisomeric pairs were obtained. The obtained products can serve as useful intermediates in the
synthesis of diterpenoid analogs of the isoindole and benzophthalimide series.

(0]
(0]
(@] N
COOH
71 72a

COOH
73a, 73b

0 o
H
(71) + NR + @ NR
Rl
H
0 le]
74 75 1S,2R,6S,7S 76 1R,2S,6R,7R 77 1S,2S,6R,7S 781R,2R,6S7R

Scheme 9

Heterocyclic derivatives of lambertianic acid were synthesized [35] via the reductive amination of carbonyl
compounds and subsequent Mannich intramolecular aminomethylation. Treatment of ketone (79) with methylamine-
sodum borohydride afforded the mixture of 17-nor-8a-methylamino labdanoid (80) and secondary alcohol (81)
in 52% and 33% yield, respectively (Scheme 10). Methylamino derivative (80) reacted with formaldehyde to give
hexahydrofuroazocine (82). By the oxidation of §,12-epoxy-17-hydroxy labdanoid (83) with pyridinium chlorochromate
in methylene chloride on obtained the aldehyde (84) that after the reductive amination with methylamine-sodum
borohydride gave the amine (85). As aforementioned for (80), the intramolecular aminomethylation of (85) by the
action of formaldehyde smoothly led to formation of furoazonine (86). Under analogous conditions, the oxidation of
8-hydroxymethyl labdanoid (87) yielded a mixture of (8R)- and (8S)- aldehydes (88) at a ratio of 2:1. The subsequent
reductive amination of (88) with tryptamine or phenylalanine methyl ester and sodium tetrahydridoborate resulted in the
formation of the corresponding amines (89) and (90) as mixtures of stereoisomers. Furoazonine derivatives (91) and (92)
have been obtained by cyclization in the presence of formaldehyde. Thus on proposed efficient methods for the synthesis
of optically active heteropolycyclic compounds, namely furoazocine and furoazonine derivatives, via transformations of
lambertianic acid methyl ester.
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~ ~
COOMe COOMe

87 88 89, 90 R=2(3-indolylethyl) 91,92 R=PhCH,CH(CO,Me)

Reagents: a) MeNH,/NaBH,; b) CH,O; c¢) PCC/CH,Cl; d) MeNH,/NaBH,; e¢) CH,0; f) PCC/CH,CL; g)
MeNH,/NaBH,; h) CH,0.

Scheme 10

Focusing on the preparation of the new diterpenoids of labdane series that contain a heterocyclic fragment of
10-oxa-3-azatricyclo[5.2.1.01,5]decene (93), the intramolecular [4+2]-cycloaddition reaction of quaternary ammonium
salts obtained by quaternization with allyl, methallyl, or propargyl bromides of lambertian acid dialkylaminomethyl
derivatives was investigated [36].

Kharitonov Yu.V. et al. [37] report on an interesting approach to the new heterocyclic derivatives of labdanoids
that is based on the transformation of 15,16-epoxylabdadiene-15,16-dione (94). The starting compound for this synthesis
is readily obtained by oxidative transformations of accessible methyl lambertianate (79).

The oxidation of furan labdanoid (79) with Jones’ reagent gave rise to a mixture of the corresponding anhydride
(94) and hydroxybutenolides (95) and (96) whose ratio depended on the reaction conditions. By reaction with secondary
amines compound (94) gave new terpenyl-containing N-substituted maleimides (97) and (98) (Scheme 11). It is
well-known that the reaction of maleic anhydride and its substituted analogs with hydrazines represents an efficient
procedure for the preparation of pyridazinediones. The reaction of anhydride (94) with hydrazine hydrate occurred in
acetic acid at room temperature and afforded a mixture of 3,6-dioxo-1,2,3,6-tetrahydropyridazine (99) and (N-amino)
maleimid (100) (in 47 and 15% yield). The reaction of anhydride (94) with phenylhydrazine required more stringent
condition, since 3-hydroxy-l-phenyl-(2H)-pyridazin-6-one (101) and (N-amino)maleimide (102) could be obtained
under boiling the reagent mixture in acetic acid in 22 and 38% yield, respectively. Thus diterpenoids of new structural
type, labdanopyridazinediones, were prepared for the first time.
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COOMe

95a, 95b (R=H)
b| _ 96a, 96b (R=Ac)

~
COOMe
93 97 (R=Bn), 98 (R=(CH,),Ph

(94)

Reagents: a) CrO,-H,SO,; b) Ac,O-Py; ¢) RNH; d ) NH NH,, AcOH, 20°C; ¢) NH,NHPh, AcOH, 100°C.
Scheme 11

The goal of the work described by Kharitonov Yu.V. et al. [38] was to synthesize diterpenoid azlactone from
16-formyllambertianic acid methyl ester (103) and study its reactions with nucleophiles. They found that aldehyde
(103) reacts with hippuric acid (104) under standard conditions to give labdanoid oxazol-5(4H)-one (105) in 44%
yield (conversion 56%) (Scheme 12). Azlactone (105) smoothly reacted with primary amines [such as aniline,
benzylamines, and phenylethyl (propyl)amines] and 7-aminoheptanoic acid on heating in benzene to give 59-91%
conversion into N-(1-carbamoylvinyl) benzamides (106)—(115). The lowest yield was observed in the reaction with
3,5,6-trimethoxybenzylamine, while the extension of the alkyl chain between the benzene ring and amino group was
noted to increase the product yield. For the interaction of compound (105) with secondary amines (piperidine and
N-methylphenylmethanamine) the prolonged heating was required and the corresponding terpenoid N-(carbamoylvinyl)
benzamides (113) and (114) were isolated in 73—80% yield. Treatment of compound (105) with L-proline fert-butyl ester
smoothly afforded 83% of the pyrrolidine-containing labdanoid (115). Azlactone (105) readily reacted with a-amino
acid (leucine and isoleucine) esters, furnishing in 62—78% yield the terpenoid N-(2-benzoylaminoacryloyl) amino acid
esters (116) and (117). Terpenoid oxazol-5(4H)-one (105) undergoes hydrolysis on treatment with a solution of hydrogen
chloride in diethyl ether or with 10% alcoholic alkali, the obtained product being identified as individual a-acylamino
acid (118) with Z- configuration of the double bond.
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Thus, the condensation of 16-formyllambertianic acid methyl ester with hippuric acid was investigated that
gave the corresponding 4,5-dihydrooxazol-5-one derivatives. Their subsequent transformations open exciting synthetic
routes to new nitrogen-containing derivatives of the labdane series.

% o)

PhCONHCH,COOH

104
a

103
~
COOMe
106-115
106- 112, R" = H; 106, R = Ph; 107, R = PhCH,; 108, R = 4-HOCH,(CH,),; 109, R = 3.4,5-(Me0),C,H,CH,; 110, R = 3,5-(¢-Bu)2-4-HOC H,(CH,) ; 111, R =

3,5-(-Bu)2-4-HOCH,(CH,),; 112, R = HOCO(CH,); 113, R = PhCH,, R" = Me; 114, RR' = (CH,),; 115, RR'N = 2-(tert-butoxycarbonyl)pyrrolidin-1-yl; 116,
R =MeCH,CH(Me), R" = Me; 117, R = Me,CHCH,, R’ = t-Bu.

Reagents: a) Ac,0, K,CO,; b) NHRR', PhH, 75°C; ¢)H,NCHRCOOR', PhH, 75°C; d) H".
Scheme 12

Oxidative methoxylation of 8,17-isopropylidenedioxy derivative of lambertianic acid methyl ester (119)
with N-chlorobenzenesulfonamide in methanol [39] produced almost quantitatively a mixture of stercomeric 2,5-
dimethoxydihydrofuran derivatives (120a)—(120d) (Scheme 13). The two cis and two frans stercoisomers were
formed in equal amounts, as concluded from the intensities of signals for methoxy protons and 14-H, 15-H, and 16-H
in the '"H NMR spectra. Hydrogenation of compounds (120a)-(120d) over Raney nickel respectively afforded the
2,5-dimethoxytetrahydrofuran derivatives (121a)—(121d), which were in turn subjected to the reaction with methyl-
or ethylamine in acetic acid to give of the corresponding N-alkylpyrroles (122) and (123) in 75-84% yield. As it was
noted, the extension of the reaction times result in the formation of diols (124) and (125). The glicols (126)-(128)
were synthesized in 51-75% yield when the 2,5-dimethoxytetrahydrofurans (121a)—(121d) interacted with allylamine,
benzylamine and aniline, respectively, on prolonged heating in acetic acid. By periodate oxidation of diols (124) and
(125) that was performed in the presence of acetic acid in methanol, we obtained the decahydronaphtho[1,2-g]indoles
(129) and (130) in moderate yields (46-51%) as a result of the cyclization of intermediate 8-oxo-17-norlabdanoids.
It should be mentioned that the oxidation of compounds (126)—(128) with sodium periodate under neutral conditions
gave the 8-oxo0-17-nor derivatives (131)—(133) in good yields (76-83%). Ketones (131)—(133) were subjected to the
intramolecular ring closure furnishing the N-substituted decahydronaphtho[1,2-g]-indoles (134)—(136) in acceptable
yields (71-77%).
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129,130, 134-136
122, 124, 129, R = Me; 123, 125, 130, R = Et; 126, 131, 134, R = PhCH,; 127, 132, 135, R = CH,=CHCH,; 128, 133, 136, R = Ph.

Reagents: a) PhSO,NHCI, MeOH; b) H,/Raney Ni, MeOH; c) RNH,, H,O, AcOH; d) RNH,, H,O, AcOH;
) NalO4, MeOH; f) MeOH, AcOH; g) NalO,, H,0, MeOH, AcOH.

Scheme 13

The work described by Kharitonov Yu.V. et al. [40] was intended to the development of procedures for the
synthesis of oxatricyclic y-lactams with a terpenoid fragment via intramolecular [4 + 2]-cycloaddition of N-furfuryl
amides of accessible labdane diterpenoids. Acylation of methyl 16-(benzylaminomethyl)lambertianic acid methyl
ester (137) with 2-methylprop-2-enoyl chloride in chloroform in the presence of triethylamine (1.5 eq.) gave the
corresponding methacrylic acid amide (138) in 64% yield. The latter underwent intramolecular cyclization on heating
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in boiling benzene (8 h). The only exo adducts could be found in the reaction product, as established by analysis of the
reaction mixture. The diastereoisomeric methyl (1R,5S,7R)- and (1S,5R,7S)-5-{2-(3-benzyl-5-methyl-4-ox0-10-oxa-3-
azatricyclo[5.2.1.01,5]dec-8-en-9-yl)ethyl}-1,4a dimethyl-6-methylidenedecahydronaphthalene-1-carboxylates (139a)
and (139b) were obtained in a 1:1 ratio (75% overall yield) (Scheme 14).

COOMe COOMe

Scheme 14

The smooth isomerisation of lambertianic acid methyl ester (79) into labda-8(9),13(16),14-triene derivative (140)
has been achieved by using p-toluenesulfonic acid in benzene (89% yield). The magnesium perchlorate assisted acetylation
of diterpenoid (140) with acetic anhydride gave a mixture of 16- and 15-acetyl-substituted furanolabdanoids (141) and
(142) at a ratio of 1.6:1 in an overall yield of 68%. Acetylfuran (141) easily reacted with benzylamine in the presence
of sodium borohydride and titanium isopropoxide to produce 16-[1-(benzylamino)ethyl]-substituted furanolabdanoid
(143) in 81% yield as a mixture of (16aR)- and (16aS)-diastereoisomers. The interaction of furfurylamine (143) with
2-methylprop-2-enoyl chloride in chloroform in the presence of triethylamine at 0-20°C gave the 86% conversion of
diastereoisomeric (1R,2S,5S5,7R)- and (1R,2R,5S,7R)-2-methyl-10-oxa-3-azatricyclo-[5.2.1.01,5]decenones (144a) and
(144b), differing by their configuration at the C-2 chiral center, at a ratio of 1:1. The intermediate methacrylamide (145)
was not isolated, but its formation was detected by "H NMR spectroscopy after 2 h of mixing the reagents. It has been
observed that in the intramolecular cycloaddition the a-methyl-substituted amide (141) is more reactive than its analog
(138). Under the acylation of amine (143) with maleic anhydride the mixture of diastereoisomeric (1R,2S5,5R,6R,7R)- and
(1R,2R,5R,6R,7R)-adducts (144a) and (144b) has been obtained in equimolar amounts with an overall yield of 86%.
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79

141 _—

Reagents: a) TsOH, 88%; b) Ac,0, Mg(ClO,) ; ¢) PhCH,VH,, NaBH,, (i-PrO),Ti; d) CH,=C(Me)COCI
Scheme 15

The aminomethylation of methyl 16-formyllambertianate (103) with L-methionine methyl ester or L-isoleucine
tert-butyl ester provided the amino acid derivatives of the lambertianic acid (146) and (147) in 63 and 76% yield,
respectively (Scheme 16) [41]. The corresponding N-furfurylamides (148)—(149) were obtained by the acylation of
compounds (146) and (147) with methacryloyl or crotonyl chlorides in chloroform in the presence of triethylamine.
Boiling of the amides (148)—(151) in benzene solution resulted in their intramolecular cyclization. The analysis of
the reaction mixture showed that the reaction afforded exclusively the exo-adducts, terpenoid 5-methyl-10-oxa-3-
azatricyclo[5.2.1.01,5]dec-8-en-4-ones as a mixture of (1R,5S,7R)- and (1S,5R,7S)-diastereomers (152a), (152b),
(154a) and (154b) or 6-methyl-10-oxa-3-azatricyclo-[5.2.1.01,5]dec-8-en-4-ones as a mixture of (1R,5S,6R,7R)- and
(1S,5R,6S,7S)-diastereomers (153a), (153b), (155a) and (155b) (85-89% yields).
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R' = (CH,),SCH,, R*= CH, (146); R' = CH(CH,)CH,CH,, R* = #-Bu (147); R' = (CH,),SCH,, R? = CH,, R* = H, R*= CH, ((148), (152a), (152b)); R' = (CH,),SCH,, R* =
H, R* = R*= CH, ((149), (153a), (153b));
R'=CH(CH,)CH,CH,, R*= CH,, R*= H, R* = C(CH,), ((150), (154a), (154b)); R' = CH(CH,)CH,CH,, R*= H, R® = CH,, R*= C(CH,), ((151), (154a), (154b)).

Scheme 16

For further studies of the effect of substituents in the dienophilic fragment of terpenoid N-furfurylamides,
the synthesis and properties of cyclic N-alkenyl derivatives of labdanoids have been considered. Consequently it was
found that methyl 16-formyllambertianate (103) readily reacted with cystamine in benzene at reflux in the presence of
triethylamine generating the methyl-16-(thiazolidin-2-yl)lambertianate (156) (Scheme 17).

103

NH,CH,CH,SH

157,158 _—

=
N

COOMe

159a-160a 159b-160b

Scheme 17
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The acylation of compound (156) with methacryloyl or crotonyl chlorides and assisted by triethylamine in
chloroform led to the formation of N-methylacryloyl- (157) or N-crotonyl-2-furylthiazolidines (158) in good yields
(75 and 82%, respectively). The intramolecular cyclization of compounds (157) and (158) was achieved by 10 h reflux
in benzene and resulted in the corresponding terpenoid derivatives of hexahydrothiazolo[2,3-a]isoindolinone (159a),
(159b), (160a) and (160b) in 92-96% yields.

The heterocyclic system of dihydroisoindol-1-one constitutes a structural moiety of a number of polycyclic
alkaloids, known for the variety of the exhibited biological activities. This motivated the ulterior diggings aimed to
the synthesis of functionalized dihydroisoindolones that contain a labdanoid fragment [42]. As starting compound
for the synthesis of terpenoid dihydroisoindol-1-ones the accessible furan diterpenoid, phlomisoic acid methyl ester
(161) has been selected. Vilsmeier—Haak formylation of phlomisoic acid methyl ester (161) provided a mixture of three
compounds, 16-formyllabdatrienoate (162), 15-formyllabdatrienoate (163) and 2-formylmarginatafuran (164) in 79, 8
and 2% yield, respectively (Scheme 18).

166-168

166-168 +

@)

169a-172a 169b-172b

166 R=Me, 167 R=Me,CH, 168 R=MeS(CH,),;169 R=PhCH,; 170 R=MeCH(CO,Me); 171 R=Me,CHCH(CO,Me); 171 R=MeS(CH,),CH(CO,Me).

Reagents: a) POC13—DMF, AcONa, H,O; b) PhCHZNHz, NaBH,, MeOH; H NCHRCOOMe, NaBH,, MeOH,
¢) HLNCHRCOOMe, NaBH,, MeOH; d) PhH, 20°C.

Scheme 18

Reductive amination of methyl 16-formyllabda-8(9),13(16),14-trienoate (162) with benzylamine, or with D,L-o-
amino acid methyl esters, in the presence of sodium tetrahydridoborate gave the corresponding labdanoid furfurylamines
(165) or furfurylamino acids (164)—(168) in 76-90% yield (Scheme18). In order to obtain the furfurylacrylamides the
acylation of compounds (165)—(168) with maleic anhydride and crotonoyl chloride has been examined. The reaction of
16-aminomethyl labdanoids (165)—(168) with maleic anhydride occurred under mild conditions in benzene, at 20°C and
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involved the intermediate formation of N-furfurylmaleamic acids that were converted into the N-substituted 4-oxo-1,7-
epoxyhexahydroisoindole-6-carboxylic acids (169)-(172) in 72-96% yield via the exo-transition state.

4. Synthesis of nitrogen-containing compounds of the enantiomeric series from andrographolide and some of its
rearranged derivatives

Andrographolide (173) - the major constituent of the Indian medicinal plant Andrographis paniculata, has
been lately reported to be conveniently involved in the development of an efficient semi-synthetic procedure for the
preparation of structurally diverse labdanes [43]. The proposed method started with the selective oxidative degradation
of the C-12(13) olefin bond of the discussed compound (173) into the key-intermediate (174), which served as a precious
chiral intermediate (Scheme 19).

s S
\f S\fo NH

HO © HO W' HO W
HO
HO HO
0
0
HOIY,, 0

173 174

179

Reagents: a) 1. 2,2-dimethoxypropane/PPTS/benzene/reflux, 95%; 2. Ac,O/TEA/DCM/1t, 95%; 3. DMAP/
DCM/1t, 80%;4.aq KMnO,/THF, rt, 62%; b) 1. rhodanine/thiazolidinedione/oxindole, b-alanine/benzene/reflux;
2. AcOH/H,O (7:3), c¢) 1. BrCH CO,Et/Zn/benzene/reflux, (70%); 2. PDC, DCM/1t, (90%); 3. guanidinium
chloride/NaOMe/MeOH/reflux, (60%); d) 1. ethyl acetoacetate/TiCl /py, (70%); 2. NaBH,/MeOH (95%); 3.
PDC/DCM, (95%); 4. guanidine hydrochloride/NaOMe/MeOH/reflux (60%).

Scheme 19
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The latter was converted into a number of labdane diterpenes by utilizing its aldehyde functionality. Knoevenagel
condensation of compound (174) with rhodanine, thiazolidinedione and oxindole, followed by the elimination of the
C-3,19-isopropylidene protection, furnished compounds (175), (176) and (177). Compound (178) containing the
aminopyrimidone moiety in the side chain was synthesized by Reformatsky reaction of (174) with ethyl bromoacetate,
followed by pyridinium dichromate oxidation and condensation with guanidine. The corresponding homologue (179)
was prepared as shown in scheme 19 (d).

An effective synthesis of (+)-agelasine C (180) has been achieved from ent-halimic acid methyl ester (182)
[44]. The structure and absolute configuration of the natural product (-)-agelasine C (180) was established.

OTHP OTHP

182 184 R=COOMe

/ b |, 185 R=CH,OH
e

OTHP

Reagents: a) DHP, p-TsOH, C.H
(98%); d) nBu,SnH, AIBN, toluene, 20 min, (31%); e) TPAP, NMO, DCM, Ar, 45 min, (94%); f) diethylene
glycol, NH,-NH,H,0, KOH, (81%); g) p-TsOH, MeOH, 30 min, (81%); h) CBr,, PPh,, DCM, 3 h, (76%); i)
DMA j) Zn, MeOH, H,O, AcOH, argon.

15 min, rt, (98%); b) LAH, Et,0, 8°C and then rt, 4 h, (99%); ¢) nBuLi, THF,

6°

Scheme 20

The synthesis of target-compound (180) has been run in a convergent way, considering its purine fragment and
the diterpenic part. The purinic fragment (181) was built following the methodology of Fujii [45] from adenine. The
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second part of the synthesis comprised the transformation of enthalimic acid methyl ester (182) into the bromoderivative
(183). This conversion required the reduction of the methoxycarbonyl group at C-18 to a methyl group, as well as the
substitution of the alcohol function in C-15 with bromine. For the aforementioned reduction at C-18 the necessity of
suitable protection at C-15 arose and was solved via the corresponding tetrahydropyrane derivative (Scheme 20). The
reaction of methyl ester (182) with 3,4-dihydro-2H-pyran in p-TsOH produced compound (184) that by reduction with
lithium aluminium hydride lead to the hydroxyderivative (185). The interaction of the latter with carbon disulphide was
followed by the treatment with methyl iodide in alkaline media, which led to the xantogenate (186). It was consequently
reducted with tributyltin hydride in the presence of azobisisobutyl nitrile giving the reduction product (188) in a modest
yield. The outcome of the reductive conversion could be ameliorated when the Huang—Minlon methodology has been
employed upon the aldehyde (187), in turn obtained by oxidation of compound (185) with tetra-n-propylammonium
perruthenate. Deprotection of the primary hydroxy group, followed by the treatment of the hydroxyderivative with CBr,
in the presence of thriphenylphosphine afforded the required bromoderivative (183). Once the two basic fragments have
been obtained, the synthesis was continued with the alkylation of methoxyadenine (181) by the bromoderivative (183).
It gave the mixture of two isomers: compound (199) corresponding to the N in C-6 alkylation and required (190). The
latter was finally reduced with Zn in acetic acid giving the target-compound (180).

4. Conclusion

The above-presented data demonstrate that lately the vast series of known natural terpenoids has been intensely
supplemented by the nitrogen-containing metabolites of plant, microbial and animal origin. The unique structure of
many so-called mixed metabolites, whose molecules include nitrogen, and their important biological properties make
them attractive targets of the total synthesis. On the other hand, they can serve as plausible models for designing the
molecules with useful functions.

Thus, the scientific interest remains opened to the exploration of new exciting facets of nitrogen-containing
terpenoids.
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Abstract: The paper summarizes literature data on occurrence of dihydroxyfumaric acid and its role in biological
systems, as well as its chemical properties.

Keywords: dihydroxyfumaric acid, fluorescent sensors, molecular clips, coordination polymers

1. Introduction

The role of many hydroxy acids, such as malic, lactic, glycolic, citric, tartaric, in living organisms and plant
metabolismis generally recognized. The interest in plant metabolites as sources of biologically active compounds appeared
a long time ago. One of the leaders, due to its potential, in the series of natural sources is the dihydroxyfumaric acid 1.
It is clear that discovery of the relationship between structures and properties can conduct to successful development
of new effective antioxidants, drugs etc. In this paper, we tried to systemize literature data based on occurrence of
dihydroxyfumaric acid 1 in biological sources and synthetic transformations into target products, which should be
convenient (from our point of view) for the chemists. This approach is presented in our review.

2. Structure and occurrence of dihydroxyfumaric acid in biological systems

Dihydroxyfumaric acid is 1 a dicarboxylic hydroxy acid, which is formed from tartaric acid via dehydrogenation
or oxidation processes.

For the first time, it was chemically obtained in 1894 by Fenton, as a product of tartaric acid oxidation by
hydrogen peroxide, in the presence of Fe(Il) [1,2]. Dihydroxyfumaric acid has trans- and cis- isomers. The trans- isomer
is called the dihydroxyfumaric acid, and the cis- isomer is called the dihydroxymaleic acid. Fenton suggested that the
dihydroxyfumaric acid mainly exists in its cis- form, therefore in all scientific work before 1950’s, the acid is referred to
as dihydroxymaleic. At the beginning of the XXth century it was proved [3] that these forms are chemically identical,
and in 1953 Hartree [4] showed that in crystalline form, as well as in solution, only the trans- isomer exists. Also, it
should be mentioned that dihydroxyfumaric acid in solution exists in two tautomeric forms in equilibrium (Scheme 1):

HO  CO,H HQ  CO,H

HO,C  OH HO,C O

Scheme 1

In solution, 80 % of the acid usually corresponds to the enolic group, and the other 20% - to the keto-group
[5].

Similarly to tartaric acid, dihydroxyfumaric acid (DHF) plays an important role in nature. The first proofs of its
biological significance appeared in 1915 when Neuberg [6] observed that DHF was fermented by yeast. In 1938 Banga
and Szent-Gyiirgyi [7] and Banga and Philippot [8] extracted an enzyme, which they called dihydroxyfumaric acid
oxidase from plants; the oxidation product was later proved to be diketosuccinic acid. In 1940 Theorell also discovered
an enzyme in some plants, which oxidized dihydroxyfumaric acid with oxygen uptake, and he proved that enzyme to
be peroxidase.

It was shown that the active centers of dihydroxyfumaric acid oxidase and peroxidase are the coordination
compounds of iron ad copper [9]. As it was previously said, these ferments catalyze the transformation of DHF into
diketosuccinic acid 2.

_ 0. CO,H
HO _ COH 1112 0, + DHF oxidase 2

HO,C  OH HOC O
1 2

Scheme 2
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Therefore, it was suggested [9] that in the system oxygen + DHF-oxidase, the role of DHF is similar to that of
ascorbic acid 3 in the ascorbate-oxidase system which afforded a-diketone 4 (see Scheme 3).

HO

+1/2 O, + L-ascorbate oxidase
HO

Scheme 3

It may be observed from these schemes that the dihydroxyfumaric acid bears some similarities with the ascorbic
acid, and therefore, in biological oxidation, it may play a similar role to that of ascorbate, i.e. intermediate hydrogen
carrier from substrates to oxygen.

The oxidase function of peroxidase was later shown towards other compounds, such as: glutathione, hydro- and
naphtoquinone, fluoroglycine and others. A necessary condition for the oxydase reaction was proved to be the presence
of cofactors — manganese ions and various phenolic compounds. Further information on certain enzymatic reactions of
dihydroxyfumaric and diketosuccinic acids in plant tissues was obtained by Stafford, Magaldi, and Vennesland [10] in
1954.

The role of dihydroxyfumaric acid in animal metabolism was evidenced for the first time in 1934 when it was
found that the content of glycogen was increased in muscle on incubation with DHF [11]. Latter, was discovered a
sequence of enzyme reactions as a pathway for glyconeogenesis, based on the observation suggesting the formation of
a pentose (or a pentose phosphate) on addition of DHF and glyceraldehydes (or fructose-1,6-diphosphate and aldolase
as a source of glyceraldehyde-3-phosphate) in rabbit muscle extract. The sequence of reactions leading from DHF to
3-ketopentose 5 is given as follows [12].

co,
CO, HO>_
COH
HO  CO.H ~ HOC HQ HO~_-CH,0H
_fO2 2 )—CH,0H
_CH,OH _ OHC 0
HO,C  OH o oHC 2 OH
1 CH,OH
>—COZH z
~  HO.C 5
co,
Scheme 4

It is well known that di — and tricarboxylic organic acids play an important role in plant and animal metabolism.
Products of carbohydrates transformations, they participate in the biosynthesis of alkaloids, glycosides, amino acids and
other biologically active compounds. The dihydroxyfumaric acid is linked to the cycle of di- and tricarboxylic acids, and
with the glyoxalic cycle via tartaric acid transformation cycle, as depicted below, in Figure 1.

Without going into details, it should be mentioned that the main function of these cycles consists in that they
represent the final collective path of oxidation of carbohydrates, lipids and proteins, as during metabolism processes,
glucose, fatty acids and amino acids are transformed either into acetyl-CoA, or in intermediate compounds of cycles
mentioned above.

The dihydroxyfumaric acid is formed from tartaric acid by dehydrogenation, in the presence of nicotinamide
adenine dinucliotide (NAD) and tartaric acid dehydrogenase, and bivalent iron.

The dihydroxyfumaric acid is involved in metabolism during grapes ripening. Although it is found in small
amounts in grapes, it serves as a catalyst for redox reactions. Dihydroxyfumaric acid is easily oxidized by DHF oxidase.
Therefore, grapes contain the products of its disintegration: mesoxalic acid, glycolic acid and oxalic acid and glyoxalic
acid.

Dihydroxyfumaric acid is of importance in winemaking industry and in food industry. It is well known that
organic acids contribute to the formation of acidity of wines — one of the major important wine characteristics. Although
its content in wine is small, DHF plays an important role in reduction processes occurring in wine.
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Figure 1 (from [9]). Interrelation of metabolic cycles (picture from Duca Gh., PhD thesis, 1979).

(A) — cycle of tricarbonic acids (Krebs cycle), (B) — glyoxalate cycle, (C) — cycle of dicarbonic acids (Baroud cycle). 1
— citric acid, Il — cis-acinitic acid, Il — iso-citric acid, IV — oxalo-succinic acid, V — o-ketoglutalic acid, VI— succinoxo-
enzyme A, VII — succinic acid, VIII — fumaric acid, IX — maleic acid, X — oxalo-acetic acid. 0 — acetyl coenzyme A;
1 — tartaric acid, 2 — oxaloglycolic acid, 3 — dihydroxyfumaric acid; 4 — reductone of triose, 5 — dixydroxyacrilic acid,
6 — semialdehyde of tartronic acid; 7 — diketosuccinic acid, 8 — tartronic, 9 — glyoxylcarbonic, 10 — mezoxalic acids;
11 — glycolic aldehyde, 12 — oxalic aldehyde; 13 — glycolic acid, 14 — glyoxalic acid, 15 — oxalic acid.

If the access of air to wine materials during processing and maturation is limited and within a year the wine
absorbs no more than 3-5 mg /L of oxygen, then, according to Rodopulo [13], under these conditions, tartaric acid is
oxidized to dihydroxyfumaric acid determining a low redox potential of the wine, and the reductons restore oxidized
substances, which contributes to the development of taste and flavor characteristic to table wines. However, DHF
decomposes easily in acrobic conditions, and that is the reason for which it is hard to determine it in wines.

To improve the stability of wines in time and to improve their hygienic properties, a series of experiments were
performed by Sychev and Duca [14], using dihydroxyfumarate for wine materials preservation. It was shown that due to
its pronounced reduction properties DHF transforms oxidized components of grape drinks in their reduced forms. When
added to the sample, DHF was consumed by interaction with oxidized polyphenols, while the latter were reduced. That
fact reduces the possibility of formation of colloidal haze in wine, and dihydroxyfumarate can be used in certain amounts
as a preservative. In this case, oxidation of DHF occurs into diketosuccinic acid, with its further decarboxylation.

It was noticed that compared to the wine obtained according to the conventional technology, the wine made
with the addition of dihydroxyfumarate exhibited better taste and a considerably greater stability.

Antioxidant properties of dihydroxyfumaric acid were also appreciated in studies regarding the inhibition of
nitrosation of secondary aliphatic amines and amides. It was shown [15] that under the action of DHF, nitrosating agents
are inactivated, therefore the formation of harmful nitrosoamines is supressed.
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The inhibitory activity of dihydroxyfumaric acid and its sodium salt was investigated in the process of
nitrosatoin of metabolites formed in gastric juice. It was found that during albumin and casein proteolysis by proteolytic
enzymes, these reagents inhibit the formation of N-nitrozocompounds without having any influence on the content of
unhydrolyzed protein substrate or the concentration of formed amino acids [15].

Also, it was found [16] that the sodium salt of DHF decreases the speed of methaemoglobin formation during
oxidation of hemoglobin with nitrites, by decreasing the acceleration factor with increasing reducton concentration.
Research in the endogenous formation of N’-nitrosonornicotine (one of the most abundant strong carcinogens in unburned
tobacco and cigarette smoke) in rats demonstrated efficient inhibition (86%) of this process by dihydroxyfumaric acid
[17]. Studies regarding the formation of N’-nitrosoamines in meat products (smoked, fried, dried, salted products)
demonstrated that the sodium salt of dihydroxyfumaric acid significantly decreased the concentration of nitrites and
nitrates in meat products [15].

3. Chemistry of dihydroxyfumaric acid

It is well known that the spatial structure of a compound significantly affects its properties, including its
biological activity. One of the ways used to solve such problems is the implementation of the synthesis of the desired
derivative from natural renewable starting materials. In the directed synthesis of substituted 1,2-dihydroxyethylenes a
suitable starting compound is dihydroxyfumarate 1 [18-20]. This, along with the peculiar structure makes it an attractive
and indispensable source for the implementation of the synthesis of substances with desired properties.

HO  CO,H

HO,C  OH
4.

PR

_ N OH _
RO,C  OH RO,C  COzR RO,C  CO.R
6 R=Et (35% method A) 8 R=Et (11%) 10 R=Et (25%)
7 R=Me (45% method B) 9 R=Me (not detected) 11 R=Me (not detected)
(49% method C) \ “ /
HO OH

HO,C  CO.H
12

A: EtOH/HCI; B: MeOH/HCI; C: CH,N/ether

Scheme 5

Given the structure of acid 1, the attack of reagents on its molecule is directed generally to the carboxyl or
hydroxyl group. Further transformation of the resulting adducts leads to compounds with greater or smaller number of
carbon atoms than the starting material. On the other hand, the tendency to keto-enol tautomerism of substance 1, and as
a consequence of the isomerization of trans-isomer 1 in the cis-isomer 12 made Hartree E. F. explore the configuration
of'its esters [18].

The mixture of ethylic esters 6,8,10 was synthesized by prolonged maintenance of acid 1 in ethanol/HCI.
An analogical approach was used for the homologues 7,9 and 11. However, only the methylic ester 7 was isolated.
Alternatively, the substance 7 was synthesized by methylation with diazomethane.

The comparison of acid 1 with compounds of related structure in terms of dissociation constants and chemotactic
properties gives evidence for trans structure in aqueous solution. The formation of a grey-brown color with FeCl, (violet
on addition of alkali) is in contrast to the customary green color expected with cis OH groups. Since both esters retain
the ene-diol group they must be considered as trans and cis, respectively. The fact that ethylation and methylation carried
out under very similar conditions with alcohols/HCI yields products of different structures is perhaps due to the different
solubility of related ethyl and methyl esters in respective reaction mixtures. Thus after ETOH/HCI treatment, compounds
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3 and 5 can be isolated while after MeOH/HCI treatment, only the ester 7 (identical with that prepared with CHN,)
can be detected. Since a partial conversion of compound 6 into 10 can be shown to occur under acidic conditions of
esterification, and since methyl ester is not accompanied by other isomers after methylation under analogous conditions,
it is reasonable to conclude that the trans structure is the initial product 1.

Interest in the mechanism of oxidation and isomerization of cis- and trans-enediols prompted Goodwin et al
[19] to attempt the preparation of derivatives 13-18 starting from acid 1 (see Scheme 6).

0
MeO,C.__OH MeOH/HCI HO,C.__OH MeO,C H._-CO,Me
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MeOC OCOCeHs ¢ H.0cO™ “CcO,Me MeOCO™ COMe Me0,C~ “CO,Me
15 (Yield not indicated) 16 (Not obtained) 17 (Yield not indicated) 18 (Yield not indicated)
Scheme 6

Benzoylation of trans-enediol 7 by action of BzCl/Py leads to centro-symmetrical dimethyl dibenzoylfumarate
15. The formation of trans-dimethyl dibenzoylfumarate 16 was not detected. The trans- ester 7 with ketene yielded the
trans-diacetyl ester 17. As a by-product in the preparation of o,f-unsaturated five-membered lactone 13, the compound
14 was isolated. Notable, only if in the acetylation of trans-enediol 1, decarboxylation occurred prior to anhydrization
the product 14 may have the frans-configuration.

The action of various silylating agents on acid 1 has been investigated [20-22].

HO  CO,Me  MesSiC

1 2
— MeOH, rt HO  COH g R'O_ CO.R
- [
MeO,C OH 66% HO,C OH R20,C OR3
7 1

19 (R1=H, R?=R®=SiMe;, 92%)
20 (R'=R?=R3®=SiMe3, 95%)

A: Me,Si-acac, 70°C; B: C3HsSiMez CF3SO3SiMe; MeCN, rt
Scheme 7

2,4-Pentanedione trimethylsilyl enol ethers (Me,Si-acac) converted enediol 1 into the mono-acid 19.

The product 20 was obtained after the silylation of dihydrofumaric acid 1 with allyltrimethylsilane and
trimethylsilyl triflate in acetonitrile at room temperature.

The new esterification of acid 1 with MeOH under the action of trimethylsilyl chloride was performed. An
anhydrization with formation of homologue five-membered lactone 13 (see Scheme 7) was not observed in any reactions
with participation of silylations agents.

Nitrogen containing derivatives of dihydroxyfumaric acid 1 may open new possibilities in organic synthesis:
selecting of appropriate combinations of substituents may allow adjusting the polarity in wide ranges, the solvating
ability, catalytic properties and thereby influence the depth and selectivity of the reaction.

The conversion of esters to amides is a useful reaction, and different amides can be prepared this way from
appropriate amines. The reaction is particularly useful because the ester is easy to prepare, even in cases where the
corresponding acyl halide or anhydride is not. Although more studies have been devoted to the mechanism of acylation
of amines with esters than with other reagents, the mechanistic details are not yet entirely clear. Under the normal
alkaline conditions, the reaction is base-catalyzed, indicating that a proton is being transferred in the rate-determining
step and that two molecules of amine are involved.

In an effort to determine the role of hydrogen bonding in stabilizing secondary structure and to develop means of
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predictably enhancing the tendency of functionalized peptides 23 to assume sheet or helical conformations starting from
ester 3 has been prepared 2,8-diaminoepindolidione 22 [23].

NH,  HCI/MeOH O 4
then Dowtherm 05N N NO;
refux 15 min |

7 + > OMe e
NO,  34% N
o 21
SnCl, then Oy
NaAICl, 160°C, 1 h HoN N
-~ O | O Steps
60% N NH,
H
®) 22
H (@) (0] H
O N\(U\N | o
Rl H R!
~ 2 N N
R H H NH

Scheme 8

The amino-de-methylation of the ester 7 by p-nitroaniline followed un-catalyzed high-temperature cyclization
to form the quinolone 21 in an overall yield of 56%. Diamine 22 derived form carbomethoxyquinolone 21 further
was transformed into functionalized peptides 23. The B-turn-forming tendencies of the 2,8-bis-(X-L-Pro-D-Ala)
epindolidione, where X=Ac, Boc and COGlyOEt are assigned from "H NMR evidence.

Our group has been engaged in the synthesis and properties recognition of other amides (Scheme 9) [21].

H
_ 1 solvent free 0 ~®
() memiee | oS | o
80%

H OH H
HO™ X HO N
O O o 0
L ! _ l 24
Scheme 9

Heating of the ester 3 in aniline during two hours leads to the formation of monoamide 24.
Increasing the reaction time and temperature to the boiling point of aniline didn’t lead to the formation
of bis-anilide. It should be mentioned that the tentative of synthesis of the mixed amide by heating ester 20 with

monoethanolamine wasn’t successful, either.
An interesting result in the reaction of amidation of ester 7 was obtained when replacing aniline with its nitrogen-

containing analogue — 2-aminopyridine (Scheme 10).
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Scheme 10

Therefore, replacing the carbon atom in the benzene ring with nitrogen in the initial amine, had a significant
influence on the character of the formed compound 25.

The influence of the nature of homologues of monoethanolamine on the reaction rate and physico-chemical
properties of dihydroxymaleinic acid amides was investigated.

If the amidation is carried out at room temperature by using ester 7 and monoethanolamine, the reaction product
is bis-amidoalcohol 26.

OH O H o0
solvent free
N OH
e T e S S At
o) OH O OH
7 25 n=1 (70%)

26 n=2 (60%)
Scheme 11

Increasing the alkyl radical by one methylene fragment in the initial aminoalcohol gave the decrease of the total
yield of product 27.

The presence of two methyl groups in the a-position to the amino group in the initial 2-amino-2-methylpropan-
1-ol didn’t decrease the yield of the target diamide 27. Analogically to the previous synthesis, this reaction was performed
at room temperature.

HO, o— R R2 ; ;
— solvent free NH
o}/_/g—% * %Rl / %Rz
O OH HaN
7

27 R!=H, R?=0OH (75%)
28 R=0OH, R%=0OH (69%)
29 RI=R?=H (70%)

Scheme 12

The transformation into the 2-amino-2-(hydroxymethyl)propane-1,3-diol decreased the reactivity of the
amine. According to TLC data, only in the case of heating of initial reagents at 50°C the formation of the product was
observed. Following processing of the reaction mass with a yield of 69%, was separated N',N*-bis(1,3-dihydroxy-2-
(hydroxymethyl)propan-2-yl)-2,3-dihydroxyfumaramide 28.

It should be mentioned that the homologue 29 may be synthesized at room temperature by mixing of tert-butyl
amine with diether 7. In this case, the yield of the target product is practically the same with the mentioned above.

The benzimidazole nucleus has been of considerable interest since it was noted that benzimidazole inhibits the
growth of certain yeasts and bacteria. Such heterocyclic systems can be modified not only by changing the nature and
the number of the connecting atoms but by changing the nature of the substituents in the benzimidazole nuclei as well.
Scientific literature revealed the fact that a number of bis-benzimidazoles have been reported but apparently none of
them have been synthesized from dihydroxyfumaric acid 1.

On the other hand the methods were developed to synthesize novel mono and bis-benzimidazoles where the
both benzimidazole nuclei are united through their 2-positions either through ethen-1,2-diols (see Scheme 13).

N OH
HCI, reflux, 18h @ \>_\§_<OH

N
49%
HO  CO.H HoN 9% Huwo o
o
HO,C  OH H,N

1 HCI, reflux, 36h @ H

S alesnd e
N

Scheme 13
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The benzimidazole 30 was synthesized by hydrochloric acid-catalyzed condensation of the o-phenylenediamine
with a dihydroxyfumaric acid 1 an oil bath at 135° under N,. The same procedure has been used to prepare bis-
benzimidazoles 31 by refluxing two moles of diamine with one mole of a dihydroxyfumaric acid 1 in 4 N hydrochloric
acid.

Cucurbiturils Q[#] are substance which composed of 6 glycoluril rings and 12 methylene bridges [24]. It should
be noted that cucurbiturils Q[#] has been demonstrated different application including the preparation of molecular and
ion complexation [25-32], the catalysts [32-34], non-covalent modification of dendrimers [18], molecular necklaces
[36,37], molecular switches [38,39], DNA complexes [40] and bowls [41].

Preparation of glycoluril monomers from dihydroxyfumaric acid 1 for expanded cucurbiturils Q[n]uril reported
in [42]. In the beginning authors investigated the formation of carboxylic acids 30 (Scheme 14).

o (e}
1. AcOH, Br,
HO 2. EtOH, HCI HN NH HN NH
OH
H | 3. CONHz) Etozcﬁ—%cozEt H,O, NaOH ROzc%COzR
© OH HN. _NH 7 HN__NH
58-64% N
O 1 o 32 O ( 33R=Nao0%
34R=H 46%
Scheme 14

Conversion of esters 32 into acids 34 was possible by treatment of carboxylic salt 33 with an excess of
p-toluenesulfonic acid (PTSA). On the other hand, the transformation of esters 32 into cyclic derivatives 36 as well as
37 has been realized according to Scheme 15.

(@] Li
A o
TFA, (CH,0), (@] / (e} L|OH O O
32
N NN

46%

Scheme 15

Direct amidation reactions of esters 32 in neat primary amines at 75-90°C converts the esters into amide
functional groups (see Scheme 16).
(0]

o.HN" "NH

H2N (CH2)3N Mez N ; :
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\ T )
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Discovered that bulky esters 35 was highly reactive in direct amidation reactions with N',N'-dimethylpropane-
1,3-diamine, butan-1-amine as well as 2-aminoethanol and provided amides in 88%, 90% and 93% yields, respectively
(Scheme 17).
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Scheme 17

The amidation of esters 32 and 35 by heating in neat morpholine at temperature up to 128°C afforded
ammonium salts 44 and 45 rather than the desired tertiary amides (look Scheme 18).

I X
HN™ NH oHN" NH
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Scheme 18

On the other hand, conversion of diamides 38, 39 into the corresponding imides 46, 47 by treatment with PTSA
was realized via Scheme 19.
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Heating 40 under similar conditions did not result in the formation of the expected imide. In this case known
[43] an N- to O —acyl transfer reaction occurred instead delivering 48 as its PTSA salt. To prevent the N- to O —acyl
transfer reaction, acetylation followed ring closure in a single step afforded target compound 49 in 73% yield.

The transformation of compounds 41 and 42 into imides 50 and 51 occurred without incident in comparatively
good yields (66% and 82%, respectively) (Scheme 20).
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Scheme 20

Similarly with diol 40, compound 43 was converted into acetate 52 in 73% yields (scheme 21).

OH 0 OAc
HO\/\ (@] I~ ClCHzCHzcl, ACZO /[L
NH J eN then PTSA o= NN IN— o
;—N N__ﬂ / \
0P o Oﬁ_?/o
M 3% \—N N—
e T
52
o
o 43
Scheme 21

38



N. Secara et al./Chem. J. Mold. 2011, 6 (1), 29-44

Synthesized building blocks bearing free ureidyl group and bis-cyclic ethers could be used for construction of
cucurbituril, its derivatives, and its congegenes.

The introduction of two aromatic arms would provide n-n-stacking surfaces that encourage strong interactions
with substrate. However, aromatic amines have not been reported in such type of Mannich reaction, probably because
aromatic amines have lower reactivity compared to aliphatic amines. Other group has developed a new generation of
molecular clips from acid 1 with stronger binding capability and rigidity (Scheme 22) [44].

M &_/1 “
FEFO- U0 Q S
529 54 58% 55 53%
o)
/\O )J\ O/\ /\O o /\
o N/HN N0
N -
/©/ NI o Etozc'%—{-cozEt L \Q\(
0 \[( [
' O 56 61% 57%
3
0 PN o]
/\O )J\ O/\ o )]\ /\

Joptntavs QMQ

58 39% 59 28%

Scheme 22

The esters 32 reacted with aromatic amines in presence of 37% aqueous formaldehyde with formation expected
substances 53-59.

Electron-rich amines like para-nitroaniline and para-aminopyridine have not reacted, even when the temperature
was elevated and the reaction time was prolonged. DMF was the optimal reaction solvent, because diethoxycarbonyl
glycoluril 32 and the products have good solubility characteristics.

Synthesized clips 53-59 can bind 1,3-dihydroxy-substituted aromatic quests by means of hydrogen bonding
between the hydroxyl groups of the guest and the urea carbonyl group of the host and by m-n-stacking interactions
between the guest and the host sidewall. However such investigation has been realized.

One area of glycoluril derivatives that has been less well explored is their utilization as fluorescent chemosensors
for anions [45].

A novel class of fluorescent diethoxycarbobyl glycoluril derivatives with aryl alkyne side chains 61-68 starting
from dihydroxyfumaric acid 1 was synthesized via alkylation and subsequent Sonogashira cross-coupling reactions
according Scheme 23 [46].

Urea 32 was alkylated with 1,2-bis(bromomethyl)-4,5-dibromobenzene using ~-BuOK as base in anhydrous
DMSO in 59%. The variety of substrates were used in coupling reaction which accomplished using Pd(PPh,Cl,)/Cul as
catalysts in presence of Et,N in DMF at 100°C. The yields were not affected drastically in the presence of either electron-
donating or electron-withdrawing group on arylacetylene. The photophysical properties of synthesized compounds
were examined in MeCN. Substances 61, 64 and 65 exhibited a similar A_ of emission (368-370 nm). Fluorescence
maximum wavelengths of other derivatives differed from each other. Compared to 61 with an emission maximum at 370
nm, the imission spectrum of 68 exhibited a 32 nm bathochromic shift due to the larger m-conjugation of the naphthyl
group as compared to that of the phenyl group of 61. Similarly, red shifts of compounds 62, 63 and 67 with respect to 61
were presumably attributed to more electron-donating nature of the substituent groups.
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4-Nitrophenol has mutagenic properties and its use in active ester coupling reactions and previously was
complexed by cyclodextrin, calixarene, and cucurbit[z]uril molecular containers [47-52]. The synthesis and highly
selective recognition properties of fluorescent molecular clip 70 toward 4-nitrophenol reported [53].
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Alkylation of compound 32 with two equivalent of 2,3-bis(bromomethyl)-1,4-dibromobenzene under basic
conditions (see Scheme 19) gave product 69 in 39% yield. Installation of the 4-methoxyphenylethynyl arms by use
known method [54] afforded molecular clip 70 in 72 % yield.

It should be noted that significant fluorescence quenching which was observed only for 4-nitrophenol but not
for any of other phenols.

Many fluorescent molecular sensors and switches are known for heavy and transition metal ions such as Zn*",
Hg*, Pb*", and Cu?" have been developed [55-68]. But, there is examples of specific fluoresensors for Fe* still scarce
[67-72].

Iron is an essential element for humans and plays an important role in biochemical and nutritional processes.
Many proteins and enzymes contain ferric ions either for structural purposes or as part of a catalytic site [73].

A pair of novel molecular clips was synthesized from diethoxycarbonyl cyclic urea 35 and 1,2-dihydro-indazol-
3-one together with an evaluation of its utility as a new class of as fluorescent Fe*" sensor reported in [74]. Target
molecules 71,72 were synthesized as outlined in Scheme 25.
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o 3% Et0,C CO,Et
e} (0]
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Scheme 25

The condensation of cyclic compound 35 with 2 equivalents of 1,2-dihydro-indazol-3-one in MeSO,H at 80°C
according to the method [75] afforded the pair of diastercomers 71 and 72 in 35% and 26% yields, respectively.

The chemosensory behaviour of isomers 71 and 72 were investigated by fluorescence measurements. It was
discovered that sensors 71 and 72 have a higher selectivity for recognition of Fe*" then for K*, Mg*, Hg>", Cd*, Zn*,
Co?", Ni**, Cu*", Pb*, Ce*" and Cr*". Moreover, since molecular clips 71 and 72 have the same functional groups but
different structures and conformations, in the same conditions, the fluorescence emission response of substance 71 is
higher than of isomer 72.

It has been reported that dihydroxyfumaric acid 1, in the presence of certain divalent metal ions, undergoes
a sequence of oxidation and benzilic acid rearrangement to produce the trisubstituted methoxide ion -OC(CO,-),, a
previously undocumented oxidation of carbon, which generates the cubane-like core of a highly symmetrical octa-
metallic complex [76]. Figure 2 represents a central molecule acting as a triple H-bond donor to one neighbor and as a
triple H-bond acceptor from another neighbor.

Figure 2. (Picture from [76]).
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It was reported that 2,3-dihydroxyfumaric acid in the presence of certain divalent metal ions in basic aqueous
solution goes through an aerial oxidation and rearrangement [76,77].

A coordination polymer of composition [Zn (C,0,)(C,HO,),(H,0),](H,0) 8H,0 can be obtained in crystalline
form (see Figure 3) from basic aqueous reaction mixtures at 40°C containing Zn(Il) together with dihydroxyfumaric
acid 1 [78].

Figure 3 (from [78]).

This redox active compound 1 in basic aqueous solution can play a pivotal role in electron transfer
processes, including acting as a reducing agent for a redox couple with high reduction potential and can exhibit rich
electrochemistry.

On the other side, the stabilization of Cul complexes at open aerial atmosphere is a great challenge due to its
intrinsic instability of the cuprous state and facile oxidation to Cu(II) [79,80].

It was reported the one step facile synthesis of Cul and Cul/Cull mixed-valent coordination frameworks from
different Cull-salts in aqueous solution at aerial atmosphere using DHF acid 1 as a reducing agent according Scheme
26 [81].
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Figure 4 Figure 5 Figure 6
(Pictures from [81]).
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By changing the counter-anions, authors were able to produce three different Cul-frameworks with pyrazine
and 1,2-bis(4-pyridyl)ethylene linkers {Cu(pyrazine)1.5(ClO,)in 73 (Figure 3), {Cu(pyrazine)(NO,)}n 74(Figure 4),
and {[Cu(1,2-bis(4-pyridyl)ethylene)CI]-2H,O}n 75 (Figure 5) having different dimensionality and network topology
and a mixed-valent porous Cul/Cull framework, [Cu"Cu',(2,4-pyridinedicarboxylate)3]-2H,0}n 76 has also been
isolated using suitable linkers 2,4-pyridinedicarboxylate and pyrazine by controlling Cu(Il) and dihydroxyfumaric acid
1 stoichiometry.

4. Conclusions.

The aim of this review was to give an overview of the data about the occurrence of dihydroxyfumaric acid 1
in biological sources and its synthetic transformations into target products. We concentrated on reactions that relate to a
single product. Methods are chosen for their novelty and we only discuss very significant developments and improvements
regarding dihydroxyfumaric acid 1. The products derived from dihydroxyfumaric acid 1 can be successfully used to
make other materials, but we feel that they will find greater application in the future, hence their position in the review.
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IN AQUEOUS SOLUTIONS OF HNO,

Gheorghe Nemtoi', Liliana Airinei?, Tudor Lupascu® and Alexandru Cecal'”

Al 1. Cuza™ University, Faculty of Chemistry, 11-Carol | Bvd., 700506 — lasi, Romania
2 Technical College “Gheorghe Cartianu™, Traian Bvd., 610143, Piatra-Neamt, Romania

SInstitute of Chemistry, Academy of Sciences of Moldova, Republic of Moldova
“Email: cecal@uaic.ro

Abstract: The corrosion process of some steels immersed in HNO, solutions of different concentrations by means of
voltammetric measurements was investigated. Even if the differences regarding the chemical composition of these
steels were relatively low, it was succeeded to establish some electrochemical parameters (Rp, E Epc I .E,I ,E

corr” pe > pas® 7 str

and Dpas) with different values, in several experimental conditions. For different values of the corrosion potential, or

of the contact time solid steel-aggressive medium, were proposed equations of the type: | = f( E) ,only for linear
domains from the given voltammograms.

Keywords: corrosion, electrochemical parameters, nitric acid, steels, voltammograms,

Introduction

Studies on the global process of corrosion were published by several authors both in monographs and in detailed
articles [1-7]. There are also scientific papers which deal only with certain aspects of the corrosion process. Thus, Caceres
et al. [8] determined the electrochemical parameters and the corrosion rate of carbon steel in NaCl buffered solution,
while Sing and Mukherjee [9] dealt with the kinetics of acid dissolution of some mild steels. Nemtoi et al. [10-14]
characterized the electrochemical behavior of some steels or non-ferrous alloys in electrolyte medium, under different
experimental conditions. Moraru et al. [15] investigated corrosion kinetics of the G105 and P105 steels in 3% NaCl and
KCl solutions establishing that the anodic dissolution of iron is described by the exponential equations characteristic to
the first order chemical reactions. Moreover there are developed some electrochemical techniques combined with the use
of radionuclides, Mdessbaer spectroscopy, electronic microscopy, or uv-vis spectrophotometry ete, for the elucidation
of the corrosion processes [16-23]

This paper presents an electrochemical study on the corrosion of seven different steels immersed into HNO,
solutions of different concentrations, pointing out certain parameters that describe the corrosion process in several
experimental conditions.

Materials and equipment

The chemical composition of the steels used in the present paper is shown in table 1, the iron content being in
the domain 97.772 — 98.782 % g.

Table 1
Chemical composition of the studied steels (% gr)
Steel |01 g | wMn | P S | C | Mo | Ni | Al | Cu | V
sample

2 0.190 | 0.210 | 0.610 | 0.021 | 0.008 | 0.050 | 0.020 | 0.030 | 0.036 | 0.040 | 0.003
3 0.310 | 0.220 | 0.730 | 0.009 | 0.006 | 0.610 | 0.210 | 0.030 | 0.026 | 0.070 | 0.007
5 0.140 | 0.230 | 0.630 | 0.010 | 0.004 | 0.090 | 0.020 | 0.070 | 0.025 | 0.170 -
6 0.370 | 0.260 | 1.090 | 0.012 | 0.019 | 0.60 | 0.040 | 0.120 | 0.004 | 0.180 | 0.005
7 0.320 | 0.200 | 0.710 | 0.010 | 0.012 | 0.540 | 0.190 | 0.040 | 0.025 | 0.140 | 0.005
11 0.170 | 0.240 | 0.810 | 0.020 | 0.014 | 0.040 | 0.010 | 0.020 | 0.035 | 0.030 | 0.006
15 0.190 | 0.230 | 0.630 | 0.013 | 0.009 | 0.140 | 0.020 | 0.050 | 0.030 | 0.080 | 0.003

The experimental data obtained by linear polarization were afterwards processed by the Stern method, [24]
using in all the cases the same values of the potential interval (E__+15mV) to calculate the polarization resistance R.

Supplementary details on the processes that take place in the system may be obtained from analyzing the linear
polarization curves on extended potential domains when it twheti5—t?) defines a critical polarization point [25]. This
point corresponds to the maximum preceding the passivation process, passivity potential and current, passivation domain
and penetration potential E_ — corresponding to the end of the passivation domain. These dimensions are pointed out for
aqueous solutions of HNO,, of 0.4 and 4M, while for the 0.04M solutions, over the whole or part of the potential domain,
where appears a slight monotonous increase of the current (it is not clear). In order to modify the potential, we started
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from a sufficiently high negative potential to reduce all the ionic or molecular species that impurified the alloy surface.
The variation rate of the working electrode potential has been relatively high (10 mV/s) to obtain current intensities that
be sufficiently to cover the possible accidental system fluctuations, yet sufficiently low to sense all the processes that
take place in the solution or on the electrode surface.

For experiments the AutoLab PG STAT 302N Potentiostat (Olanda-Eco Chemie) was used coupled with a
GPES software for data processing and interpretation, to determine the open circuit potential (OCP) and for performing
the polarization studies. The potentiodynamic anodic polarization tests were performed in nitric acid solutions with 0.04;
0.4 and 4 M concentrations.

All potentiodynamic polarization experiments were performed at room temperature using an electrochemical
cell with three electrodes. The reference electrode was the saturated calomel electrode (SCE) and as an auxiliary
electrode a platinium wire (Pt) was used. The working electrode, achieved for each steel sample mentioned in table 1,
processed in cylindrical form with a diameter of 5 mm embedded into a polymer matrix with 11 mm diameter, so that
the part exposed to corrosion was a circular surface, without edges or corners. Before the experimental determinations
the working electrodes were mechanically polished with SiC abrasive paper (120 - 2000 gradually) and aluminium
paste of 1um granulation, after which they were washed with water and degreased with ethanol. Before being used in
the electrochemical cell, the electrodes were kept in distilled water where a ten minutes nitrogen flow was bubbled to
remove oxygen.

Results and discussions

In aqueous solutions of HNO, the corrosion potential of metals is attributed to the main “electroactive” species,
HNO, which is implied in the self-catalytic reactions [26-29].

In the anodic dissolution of iron and its alloys, an important role is played by the water molecules and the
anions adsorbed on the metal surface, as a result, Sato [30] proposes the following simplified mechanism:

Fe+H,0 — Fe(OH ),u + H* +e~ (1)
Fe(OH ),,, > FEOH" +e” )
FeOH* — Fe?" + HO~ (3)

The corrosion mechanisms of steels in nitric acid should take into account the concentration and the factors
that promote trans-passive corrosion by increasing the corrosion potential [31-32]. The appearance of some nitrous acid
“electroactive” species by self-catalytic reduction of HNO, can be explained due to NO, output. Depending on the nitric
acid concentration, the temperature and the implied reduction agent, the final corrosion products may be different.

In case of higher concentrations of nitric acid (> 8M HNO,) or at higher temperatures, the main heterogonous
chemical reaction is the self-catalytic reduction of nitric acid to nitrous acid and NO, which accumulates in aqueous
medium :

4HNO; — 2H,0+4NO, + 0, 4)
NO, +e~ = NO, )
NO, + H™ — HNO, (6)
HNO, + HNO; — 2NO, + H,0 (7)

In the case of lower temperatures and concentrations, the reduction of nitrous acid is the main electrochemical
reaction and the final product is NO:

2HNO; - HNO, +0, ®)
HNO, +H" — NO" +H,0 ©)]
NO" +e” — NO (10)
NO + HNO; — HNO, + NO, (11)

For both the mechanisms, the self-catalytic reduction of nitric acid leads to oxidizers as NO, NO, and HNO.,.
Similarly, the metal dissolution is self-catalytic in nitric acid because the oxidized cations from solution are available
for reduction, as such accelerates the metal dissolution. The electrochemical cathodic reduction has proved to take place
at smaller concentrations of HNO, (< 6M) while the reduction mechanism, followed by the “electroactive” species
regeneration that lead to the self-catalytic dissolution of the metal, is real at higher concentrations of HNO, (11M ), if
it is referred to the inoxidable austenitic steels. As it noticed in the present paper, during the corrosion process of steels
in the aqueous solutions of HNO, there appear brown-red colored precipitations (as rust) around the metallic samples
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and may assert that in the respective reactant systems, after a certain contact time: steel-aggressive medium, different
transformations may take place, as the following sequences show:

Fe+2HNO, — Fe** +2NO, +2HO"™ (12)
Fe** + HO™ — FeOH* (13)
FeOH"+HO™ — Fe(OH ) +e” (14)
Fe(OH ) — yFeO(OH )+ H ™ (15)
H++e‘—>%H2 (16)
3FeO(OH )+%H2 — Fe;0, +2H,0 17)
2FeO(OH ) — Fe,0; + H,0 (18)

The FeOH* and Fe(OH)," species are intermediaries resulting stable compounds FeO(OH), Fe O, and Fe O,
fact that will lead to the modification of the respective steel initial structure.

Electrochemical investigations for the study of corrosion

To study the electrochemical corrosion processes, the potentiodynamic method in the variant of line polarization
is frequently used [33-37]. The electrochemical polarization technique represents a rapid way to determine the behavior
to corrosion of a metal in a given medium and to evaluate the thermodynamic tendency of this process, by immersing
the metal or the alloy into an aggressive solution. The corrosion potential, E__, is a measure of the corrosion tendency
of a metal or an alloy immersed into a given electrolytic medium, the modification of which may give indications on the
active/passive behavior in metals and alloys. The corrosion potential may be determined by means of linear polarization
curves, directly from the voltammogram as being the open circuit potential (OCP) or using the Evans diagrams by
representing the logarithms of the current density depending on the potential of the electrode on a overpotential of
+50+150 mV. In these coordinates, the crossing of the linear parts of the anodic and cathodic branches (as Taffel slopes)
of the polarization curve gives, on the potential axis,the values of E_ .

The method of linear polarization resistance serves to determine the corrosion current at the corrosion potential
of an alloy by plotting the polarization curve obtained at relatively low overpotentials. The corrosion current determined
by this way represents, in fact, the corrosion current that appears at the interface metal/corrosive medium when this solid
sample is immersed into solution and cannot be measured directly by means of electrochemical methods. The method is
based on the evaluation of the polarization resistance, R defined as the tangent slope of the potential curve — the current

density [ E = f( j)]in the poise (E = E_ or overtension n = 0), namely the free corrosion potential:

RP{A—ﬂ , (19)
A‘] E=E ey

Here, j is defined by the relation between measured current intensity (I) at an electrode with a given surface (S).

From potentiometric curves plotted in the coordinates | = f ( E ), for the domain OPC + 15mV it was determined
the polarization resistance R. Such a graphic plot is exemplified below only for sample no.5, yet the values of this
parameter are summarized in table 2.

0.15x10%  I(A)
0.10x10°%
0.05x10°t
0
-0.05x10°}
-0.10x10°}
-0.15x10°

0485 -0480  -0.475

E(V)

Fig. 1. The voltammogram plotted for sample 5 for determining the polarization resistance
in aqueous solution 0.04M HNO,
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Table 2
Voltammetric parameters obtained by the Tafel slopes method
Steel 2 | 3 5 6 | 7 | 11 | 15
sample

-OPC(V) | 0.506 | 0.498 | 0.461 | 0.445 | 0.488 | 0.543 | 0.480
R () 111.6 | 112.4 | 163.5 | 64.2 | 228.5 | 123.1 | 112.2

-OPC(V) | 0.430 | 0.344 | 0.374 | 0.374 | 0.357 | 0.408 | 0.363
R (©) 834 | 9.51 1076 | 7.63 | 9.82 | 10.26 | 7.917

-OPC(V) | 0.309 | 0.264 | 0.296 | 0.257 | 0.270 | 0.301 | 0.288
R () 3.029 | 2.391 | 2.177 | 1.537 | 1.897 | 2.343 | 2.266

The values of potential in the open circuit potential (OCP) were established for all the alloy samples immediately
after the immersion of the work electrode into the solution (WE), that indicates the spontaneous formation of passivation
film. The open circuit potential is identified with the corrosion potential (E_ ) due to the fact that the last is defined as
the potential of an electrode measured compared to the control/reference (ER) when the current in the exterior circuit is
zero. The transfer of the OCP values to more noble values (reduced) is linked to the more rapid increase of passivation
film and this depends on the nature of the formed passive oxide stratum. The R, values of all the samples are in the
concentrated solution (4 M HNO,), a fact that may be due to the generation of several reduction products of the nitrous
“electroactive” species that accumulate during the corrosion process. The dissolution will take place with higher speeds
at higher concentration due to the self-catalytic metal dissolution .

By means of the potentiodynamic method we traced the linear voltammograms on extended domain of: -0.6 +
3.0V out of which it highlighted the critical polarization potential, E  with the corresponding value of the I current, the
passivation potential or the Flade potential, E_, the passivation current L, , the penetrating potential, E_, and the passive
domain of each alloy (D ). These parameters are presented in table 3, characterlstlcs obtained in concentrated solutions
of 0.4 and 4 M HNO,.

Table 3
Corrosion parameters obtained from the potentiodynamic method
in solutions of 0.4 and 4 M HNO,,.

S:If;}e E,(V) | E (V) | I (mA) [E(V) | L mA | E (V)| D(V)
4 M HNO,
2 [-0309 [ 0187 [ 63.6 [0.342[ 2.107 [ 1.624 [ 034 1.62
3 ] -0268 | 0.146 | 1387 [ 0.241 | 2.490 | 1.646 | 0.24 — 1.65
5 ]-0300 | 0413 [ 31.8 |0.653 | 3.723 [ 1.534 | 0.651.54
6 | -0260 | 0308 [ 73.5 |0.343 [ 2.981 [ 1.607 | 0.45—1.59
7 | -0273 | 0347 [ 136.6 | 0374 | 2.356 | 1.683 | 0.37 —1.68
11 [ -0303 [ 0305 | 87.4 |[0.327 [ 3.105 | 1.623 | 0.49 - 1.63
15 [ -0292 [ 0272 | 7828 [0.355[ 1.273 | 1.678 | 0.35 - 1.68
0.4 M HNO,
2 [ -0431 [ 0305 513 [0.324 [ 2287 [ 1.497 [ 031150
3 | -0344 [ 0290 [ 482 0320 [ 1.656 | 1498 |0.32-1.50
5 1-0390 [ 0336 [ 503 |0.499 [ 2309 [ 1.571 | 0.49-1.57
6 [-0375 10320 [520  [0.541 [2.772 [1.540 [0.54—1.54
7 [-0361 (0433 [565  [0.475 [3.420 [1.558 [0.47-1.56
11 [-0412 [0408 [66.4 (0549 [3.864 [1.539 [0.54-1.53
15 [-0368 [0339 [493 (0476 [2.373 [1.497 [0.47-1.50

The voltammograms obtained both in 4 M and 0.4 M HNO, solutions are similar for all the alloys studied an
active domain being outstanding where the maximum current is I_, a passive domain, D_ characterized by a medium
current of passivation, L, , and at high values of the potential of 2.1 V, in the transpasswatlon domain there appear
oscillating currents with amphtudes higher in the more concentrated solution as can be seen in fig. 3. In the solution 0.04
M HNO, the alloys behave differently, in the respect that the passive domain is no longer met, there exists a potential
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interval in which the current grows lineary. This is also illustrated in fig. 3 where the voltammograms plotted for sample
3 in the three solutions of HNO, are shown.

0.500; &)
0.400
0.300
0.200
0.100
0
-0.100

1.000 2.000 3.000
E(V)
Fig. 3. The linear voltammograms obtained for sample 3 in solutions of different nitric

acid concentrations at v=10mV/s; 1) 0.04M; 2) 0.4M; 3) 4M

In table 4, the values of the corrosion potential and the equations of the corrosion current dependency on the
potential in its linear part are presented, where the linear correlation coefficient for all the alloy samples is 1.00.

Table 4
Some corrosion parameters obtained from the potentiodynamic method
for steels immersed in 0.04 M HNO, solution

SS:E;:G E. . (V) | The liniar dependency domain (V) Equation: I(A) = f(E)
2 -0.504 -0.593 —3.000 4758107 +9.812:10° E(V)
3 -0.495 -0.389 - 0.989 4.08410° + 8.114:103 E(V)
5 -0.456 -0.564 —-2.122 4.077-10° + 9.30-103 E(V)
6 -0.486 -0.570 —2.498 4.8810° +10.31:103 E(V)
7 -0.479 -0.574 —3.000 4.219-10° + 10,22:10° E(V)
11 -0.538 -0.599 —3.000 5.068107 +9.396:103 E(V)
15 -0.475 -0.596 — 1.729 5.316103 + 11.42:10° E(V)

In fig. 4 along with the polarization curve obtained with immersing sample 5 in a solution of 0.4 M HNO,
(a), there is the curve obtained after 4h (b) from the immersion, where one may notice a modification of the critical
polarization current (from 50.3 mA decreases to 36.95 mA) and the transfer of corresponding potential (from 0.336V to
0.243V), as well as the current oscillations after 2.1V.

I(A)

PN J1S kI h—]
SOOI DA

o ooooooo
OO it bt

Lh

=

!

000-0500 0 0.500 1.000 1.500 2.000 2.500 3.000 3.500
E(V)

Fig. 4. The linear voltammograms obtained in 0.4M HNO,
solution for sample 5 at v=10mV/s; a) initially; b) after 4 hours

In fig. 5 the in time modification of the polarization curve for sample 7 after being kept 18 hours in 0.04 M
HNO,, when the corrosion potential transfers to -0.507V (compared to -0.479V) and the corrosion current dependency
is given by the equation is shown:

I(A) =3.875103 + 7.79-10° E (V) on the whole potential domain (-0.6 — 3.0V).
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0°000-0300 0 0.500 1.000 1500 2.000 2.500 3.000 3.500
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Fig. 5. The linear voltammograms obtained in 0.04M HNO, solution for sample 7 at v=10mV/s; a) initially, b)
after 18 hours

Fig. 6 presents the linear voltammograms traced for sample 5 in 0.04 M HNO, solution at certain immersion
moments.

0024k 1A a)
0.020f
0.016
0.012
0.008
0.004
0

-1.000 -0.500 0 0500 1000 1500 2000 2500 3000 3500

E(V)

Fig.6. The linear voltammograms obtained in 0.04M HNO, solution for sample 5 at v=10mV/s; a) initially, b)
after 44 hours, c) after 74 hours, d) after 98 hours

In table 5 the corrosion potential and the dependency of the corrosion current on the potential applied for
sample 5 in 0.04 M HNO, at different immersion times are presented.
Table 5
Some corrosion parameters of sample 5 in a solution of 0.04 M HNO,
at different immersion times.

Time from immersion (hours) | E__ (V) | Potential domain (V) Equation I(A) = f(E)
0 -0.456 -0.564 —2.122 4.077-10° + 9.30-10° E(V)
44 -0.525 -0.600 — 3.000 3.226:107° + 6.539-10° E(V)
74 -0.547 -0.599 — 3.000 2.693:10° + 6.2410° E(V)
98 -0.564 -0.600 — 3.000 2.35310° + 5.237-10° E(V)

If the alloy sample immersion was done into the polarization curve at values higher than 2.10 V there appear
current oscillations, which can be observed in table 5 after 44 hours for sample 5, or after 18 hours for sample 7 (fig. 5)
.Here did not longer appear current oscillations, its dependency being linear up to 3.00V.

The electrochemical studies pointed out that the seven alloys considered are very close not only from the
chemical composition, but also from the structural one, and the different microelements do not significantly change the
voltammetric behavior. Yet, for given steels, it was noticed that the corrosion potential (E_ ) is higher in the case if the
aggressive medium of HNO, has a lower concentration. This may be explained by the appearance of some iron oxide
protection layers, which reduced the reaction rate on the steel surface undergoing corrosion, a fact that takes place faster
when the HNO, concentration is higher.

The data obtained in the present paper are added to those published ahead [38-39], referring to the behavior of
iron alloys in aqueous solutions of nitric acid having different concentrations.

Conclusions
There are determined experimentally some electrochemical parameters such as; R.E -ELLLE L E and

corr’ " pc? F, "pas® "str

D to characterize the corrosion process of seven steel samples immersed in different HNO, solutions. Taking into

pas ’
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account the obtained values from voltammetric studies it can pointed out the different behavior of steels, depending of
experimental conditions. For more concentrated HNO, solutions the corrosion process develops more slowly due to
formation of some protected oxide layers on the steel surface immersed in the aggressive medium. There are presented
some mathematical equations having the variables: I=f(E) which described the steels behavior in the corrosion media.
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THE INFLUENCE OF 2,3-DIHYDROXYBENZALDEHYDE
THIOSEMICARBAZONE ON CATALYTIC CURRENTS
IN THE SYSTEM MOLYBDENUM(VI) — POTASSIUM CHLORATE
IN ACID SULFATE SOLUTIONS
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Abstract: The polarographic catalytic current in acid solutions of Mo(VI), 2,3-dihydroxybenzaldehyde
thiosemicarbazone (TSC 2,3-DHBA) and chlorate ions has been investigated. The scheme of reactions, taking place
in the solutions and on the electrode, has been proposed. The increase of the catalytic current is explained by the
formation of an active intermediate complex [Mo(V)-TSC 2,3-DHBA (CIO,)]. The rate constant of this complex
formation K = 2.56 - 10° mol'-dm’-s”, the activation energy E = 15.9 kcal-mol" and the reaction activation entropy
AS 7= -23.5 e.u. have been calculated.

Keywords: voltammetry, catalytic current, molybdenum, thiosemicarbazone 2,3-dihydroxybenzaldehyde, chlorate of
potassium.

Introduction

The influence of aromatic hydroxyl-containing compounds on the kinetics and mechanism of reactions in
solutions involving molybdenum(VI), chlorate- [1-8] and bromate-ions [9] is rather different. So, in a solution with a
small content of phenol and large enough concentrations of Mo(VI) and KCIO, the maximum catalytic wave arises in
the area of the potentials matching the second form of Mo(III) on electrode [2].

Catehol [1], 2,3-dihydroxybenzaldehyde (2,3-DHBA) [4] as well as mandelic acid (HMand) [3,5,6] stabilize
certain forms of Mo(V) and Mo(Ill), formed during the polarographic stepwise reduction of Mo(VI) in solutions
containing Na,SO, as supporting electrolyte (pH 1 —2.5). Two reduction waves for Mo(VI) complexes into Mo(V) and
Mo(III) complexes were registered on polarograms. The presence of ClO,™ ions proves a large increase of the catalytic
current on the potentials of the first wave of reduction for Mo (VI). This effect allows an increasing of the sensitivity of
the Mo(VI) determination.

The catalytic adsorptive voltammetry with accumulation [5-9] allows an additional increasing of the sensitivity
for the molybdenum determination.

The present work is dedicated to the investigation of the nature of polarographic current in solutions containing
Mo(VI), chlorate-ions and 2,3-dihydroxybenzaldehyde thiosemicarbazone (TSC 2,3-DHBA). The special attention is
given to the influence of TSC 2,3-DHBA on the catalytic current in the system Mo (VI) — KCIO,, as well as to the
comparison of these results with those obtained in the presence of Catehol [1], 2,3-DHBA [4] and HMand [3, 5-9].

Experimental part

The measurements of polarographic catalytic currents were carried out using the polarograph PU-1 (Russia) in
the thermostated (25+0.1°C) three-electrode cell containing: the MDE (2.45 mg?? ¢-'V2) working drop electrode (a), the
saturated calomel electrode (SCE) as a reference electrode (b) and a platinum wire as an auxiliary electrode (¢).

The pH values were determined with an universal pH-meter with a glass electrode.

The initial molybdenum(VI) solution was prepared from the chemically pure Na,MoO,-2H,0 salt. The purity of
other reagents was of the analytical or chemically pure grades. The ligand standard solution (TSC 2,3-DHBA) with the
concentration of 5-10-° mol/dm?® was prepared as follows: an exact weighted amount of the reagent was placed in a 200
cm?® volumetric flask, then bidistilled water was added, the mixture was carefully mixed until the reagent full dissolution,
filled up to the mark and mixed again. The aqueous solution of TSC 2,3-DHBA is unstable to light, thus every two day
we prepared fresh solutions of this ligand.

Before the registration of the polarogram, the investigated solutions were deoxygenated by blowing off a
current of the electrolytic hydrogen within 20 minutes.
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Results and Discussion

In the Mo(VI) acid solutions at pH 1.0 — 2.5 in the presence of chlorate-ions on polarograms there are two
catalytic waves. They correspond to the potentials of the first and the second reduction waves of Mo(VI) and testify the
catalytic activity for both Mo(V) and Mo(I1I) species. In the presence of TSC 2,3-DHBA, the catalytic wave in the form
of a big maximum, as well as for 2,3-DHBA [4], covers the area of potentials for the first and second waves. However
under the conditions of the greatest display of catalytic effects and small concentrations of Mo(VI) (less than 5-10 mol/
dm’), the potential of maximum corresponds to the first catalytic wave in the system Mo(VI) - ClO,, i.e. its occurrence
is associated with the formation of an active form of Mo(V).

The occurrence of a maximum and the current falling at potentials more negative than E__ are associated with
a decreasing of the concentration of Mo(V) active form in the near-electrode layer and transformation of Mo(V) into
Mo (IIT). Moreover, in solutions containing Mo(V1), an oxidant (KCIO,) and an organic surface-active ligand (TSC 2,3-
DHBA), the occurrence of a wave in the form of a big maximum may be associated with the adsorption of the ligand
and /or its complexes with Mo(VI), on the mercury surface. In such a case the concentration in the near-electrode
layer is more important, the speed of the chemical reaction is increasing. This processus is determining the speed of the
catalytic process entirely. It is necessary to note down that the catalyst complex particles are in the monomeric forme,
when the molybdenum (VI) concentration in investigated solutions has been below 1-10 mol/dm?>. In order to explain
the nature of the maximum, we have investigated the influence of pH, temperature, height of the mercury column above
the capillary as well as the concentrations of TSC 2,3-DHBA, Mo(VI) and CIO," ions on the magnitude of the maximal
current [ .

p

The catalytic nature of the current in the system Mo(VI) - TSC 2,3-DHBA - CIO," is proved by a high value of
the temperature factor equal to 7 % per degree.

The independence of the current magnitude in solutions of Mo(VI) complexes with TSC 2,3-DHBA and CIO,"
on the height of the mercury column above the capillary confirms the volumetric-kinetic nature of the rate for the rate-
determining reaction of the catalytic process.

The dependence of the Ip value from concentration of the oxidant (KCI1O3), having the form of a curve with
an inflection point and a saturation region (Fig. 1, curve 1) testifies about the formation of intermediate active complex
(TAC).

—u—] C(KClOJ),M

~X-2 C(TSC 2,3-DHBA)*10*,M
—v—3 pH*10"

Fig.1. Dependence of I on the concentration of KCIO,, TSC 2,3-DHBA and pH: 0.2 M Na,SO,+ 0.05 M H,SO, (pH
1.4-1.6). The concentrations: 1:10°* M Mo(VI) (curves 1, 2 and 3), 1.5-10° M TSC 2,3-DHBA (1,3), 0.1 M KCIO,
(2) and 0.2 M KCIO, (3).

The curve of Ip dependence on the ligand concentration (TSC 2,3-DHBA) passes through a maximum (fig. 1,
curve 2).
Initially the activating action of the ligand is increasing with the growth of concentration, reaches a peak and then
decreases. The presence of the ligand in the coordination area of the catalyst gives rise to acceleration of the IAC
formation. When in the coordination sphere of catalyst there are seats accepting the oxidant species KCIO,, the catalytic
process is in progress. If, under certain conditions the ligand blocks completely the coordination seats around the catalyst,
its activity decreases. The maximal value of the current has been observed at the ligand concentration equal to 1.5-107
mol/dm?.

The optimal pH range is 1.5 — 1.6.The influence of the pH value (fig. 1, curve 3) may be connected with
generation of a suitable for coordination form of the molybdenum and/or of the ligand, controlled by photolytic equilibra.
Moreover, the ions of hydrogen participate in the redox reaction leading to the regeneration of depolarizer.
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The dependence of the catalytic current magnitude on various concentration factors in solutions of Mo(VI)
complexes containing 3-DHBA or TSC-2,3-DHBA has the similar character, and is explained by a common mechanism
of the catalytic process in these systems. The general scheme of the catalytic process in such systems can be presented
by following chemical and electrochemical reactions (for simplicity charges of particles are omitted):

1) Formation in solution of a complex of molybdenum (VI) with the organic ligand L

Mo(VI) + L < [Mo(VI)L] (1
2) Reduction of the formed complex on electrode
[Mo(VI)L] + e- — [Mo(V)L] 2)

3) Formation of an intermediate active complex with the oxidant species (ClO, ") and its adsorption on the
electrode surface

[Mo(V)L] + CIO, «> [Mo(V)L(CIO, )] +> [Mo(V)L(CIO,)] .. (3)

4) Redox-regeneration of the catalyst.

The IAC, formed according to the reaction (3), undergoes further changes leading to its disintegration in addition
to the catalyst regeneration. As it has been shown by the authors [10] by studying the system Mo(VI) - H,C,0, - CIO,,
the redox regeneration of the catalyst can occur by two ways:

a) In the polarographically—active complex (PAC) [Mo(V)L(CIO,)] an electronic charge transfer from
molybdenum on the oxidant (CIO,") with a subsequent intracomplex oxidation and regeneration of the catalyst in its
higher degree of oxidation, takes place

[Mo(V)L(CIO,)]+2H*—[Mo(V)L]+CIO, + H,0 4

b) An electronic density shift in the PAC from the oxidant to molybdenum occurs and as a result the catalyst is
regenerated in the lowest oxidation degree

[Mo(V)L(CIO,)+2H" +e—[Mo(V)L}+CIO, + H,0. (5)

The authors of [10] have shown that on the polarograms of molybdenum(VI) and H,C,O, in the presence

of ClO, ions , two waves can be observed, second wave being higher the first one. For small Mo(VI) concentrations
and H,C,0, concentrations (= 2.5-10° mol/dm* ) only one peak on the polarograms, matching the catalytic current of
reduction of complexes Mo (V) in Mo (I11) is registered. For this reason authors considered that the catalyst regeneration
occurs in its lowest degree of oxidation according equation (5). In our researches we have found, that for small ligand
(concentrations (< 3-10- mol/dm?), one high sharp maximum corresponding to the first wave of reduction of the complex
Mo(VI) to Mo(V) has been registered, and therefore it is more probable that the catalyst regeneration proceeds according
to the first mechanism, i.e. the catalyst is regenerated in the highest oxidation state.
The investigation of Mo(VI)-Catehol-CIO;" [1, 2] and Mo(VI)-2,3-DHBA~-CIO," systems [4] show that for small
concentrations of ligand (<5-10-° mol/dm?) one sharp peak is observed on polarograms (see fig. 1, curve 3 [1]). With an
increasing of the catehol or 2,3-DHBA concentrations , this peak becomes larger, without a clearly expressed top and
the current decreases to more negative potentials. By a further increase of the ligand concentration (>5-10-° mol/dm?)
[4], the peak bifurcates and for concentrations more than 1-10* mol/dm? the second maximum becomes slightly higher
than the first one. It is quite likely, that this phenomenon is associated not only with an adsorption of complexes on the
electrode surface as it was supposed in [6], but also with a regeneration of the catalyst in its lowest degree of oxidation.
For TSC 2,3-DHBA the study of influence of higher concentrations on L is impossible because of its poor solubility.

5 _
y =14,08x - 1,0479 M
4 - R? =0,9838
s
€
o2
l i
O T T 1
0 0,2 0,4 0,6

c"*xci0,)

Fig.2. Dependence of I on C"(KCIO,) with 1-10° M Mo(VI), 1.5:10° M TSC 2,3-DHBA , pH 1.45.
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The reaction (3) is the rate limiting and consequently defines the rate of electrode process. The rate constant of PAC

formation has been calculated according to Koutetski’s equation i,/i =0,81 4/ nKCSt in solutions with the TSC 2,3-

DHBA concentration of 1.5-10° mol/dm? in the area of I linear dependence on C'"*(KCIO,) (fig.2), i.e. in conditions of
a pseudo-ion-molecular reaction (where i_is the catalytic current equal to I -1 ; 1, — diffusion current of reduction of the
complex Mo (VI) into Mo (V), recalculated for the Mo (VI) concentration of 1-10° mol/dm?, n — the number of electrons
equal to 1; Cs — concentration of oxidant KCIO, and 7 is the dropping period of capillary, 3.6 s).

8.1 -
8
79 -
7.8 -
7.7 -
7.6 -
7.5 -
74 -
7.3 ‘ ‘
3.2 34 3,6

1T*1 03,rpap:(1

,=-0,246x+5,3048
R2=0,9789

IgK

Fig.3. Dependence of log K on 1/T for 1-10° M Mo (VI), 1.5-10° M TSC 2,3-DHBA, pH 1.5.

From the function log K= f( 1/T) (fig. 3) within the temperature range of 20 — 35°C the activation energy and
entropy have been calculated according to [11]. The values of the PAC formation rate constant, as well as its activation
energy and entropy are presented in Table 1.

Table 1
Kinetic and thermodynamic characteristics of catalytic processes in solutions of Mo (VI) with catehol,
2,3-DHBA, TSC 2,3-DHBA or HMand complexes and chlorate-ions

. . K-10°, E, AS %,
Ligand - activator mol - dmd- ¢ Keal-mol o References
Catehol 8.2 16,6 -26,0 1
2,3-DHBA 2.5 14,0 -28,3 4
TSC 2,3-DHBA 2.56 15.9 -23.5 -
HMand 220 14,3 -20,4 3

The found values of the rate constant for PAC formation [Mo(V) TSC 2,3-DHBA (ClO,")], its activation energy
and entropy testify about a high catalytic activity of systems. According to the activation influence, TSC 2,3-DHBA
is close to catehol and 2,3-DHBA. The large negative values of entropy recognize the spatial difficulties arising at the
introduction of C10,"ions in the coordination sphere of Mo(V) complexes. As it can be seen from the values of activation
entropy (Table 1), the involvement of ClO, ions in the coordination sphere of Mo(V) complexes with HMand and
TSC 2,3-DHBA occurs easier; therefore the activation action of this ligand is higher. On the polarograms of Mo(VI)
complexes with TSC 2,3-DHBA and HMand in the presence of KCIO,, the peaks have the highest I values. The
minimum concentration of Mo(VI) ensuring the appearance of the peak on the polarogram is 4-10-® mol/dm?® in the case
of HMand while for TSC 2,3-DHBA this value is 2.5-10® mol/dm3

The catalytic reaction in the system Mo(VI) - TSC 2,3-DHBA - ClO,™ is very selective and can serve for the
metal — catalyst determination of the molybdenum. The optimal conditions for this determination are following: 1.5-10°
mol/dm’ TSC 2,3-DHBA, 0.2 M KCIO,, 0.2 M Na,SO,, 0.05 M H,SO, (pH 1.4 — 1.6). The linearity of the function I
= f(C,,,) was observed in the concentration range (0.25 — 10) -10”7 mol/dm’. For the Mo(VI) determination the presence
of T1(I), Cu (II), Pb (II), Mn (II), Zn (II), Co (II), Ni (II), Bi (IIT), Cr (I11), Sn (IV), Te (IV), Se (IV) in the ratio 1:10; As
(I1), Sb (111), Fe (IIT), W (V1) in the ratio 1:1 do not interfere. The presence of large amounts of As (III), Sb (I1I), Fe (III)
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and any amounts of V (V) and Cr (VI) leads to an increase of the Mo(VI) catalytic wave. The study of this influence is a
purpose of our further research. At the ratio Mo(VI) : W(VI) > 1:1, L of molybdenum decreases, that is related, possibly,
with an involvement of ligand in the complex formation with W(VI) and the formation of catalytic waves of tungsten.

Mandelic acid has been proposed for analytical purposes and is used owing to its good solubility and greater
stability. Using the catalytic current of chlorate-ions, Mo (VI) in the presence of HMand has been determined in
lizimetric solutions and plants (tobacco leaves, hay beans ashes) [3]. The use of catalytic voltammetry with an adsorptive
accumulation has allowed to authors [5-9] developing sensitive methods of the Mo (VI) determination in natural waters
[5], while using tairon as a ligand — in river, well and artesian waters, in cucumbers, tomatoes and carrots [8]. The
perspective to use the system Mo(VI)) - TSC 2,3-DHBA - CIO, for determination of molybdenum is attractive by its
selectivity.

Conclusions

The polarographic catalytic currents in acid solutions, containing Mo(VI), chlorate-ions and
2,3-dihydroxybenzaldehyde thiosemicarbazone (TSC 2,3-DHBA) have been investigated, the schemes of the reactions
proceeding in solution and on electrode were proposed. The increase of the catalytic current in the presence of ligand
is explained by the formation in solution of an intermediate active complex [Mo(V) TSC 2,3-DHBA (CIO,")]. The rate
constant of this complex formation K =2.56 - 10° mol'-dm*-s™, the activation energy E = 15.9 kcal-mol' and the reaction
activation entropy AS *=-23.5 e.u. have been calculated.

These values testify about the high catalytic activity of the studied system. The possibility of the molybdenum
determination by means of the catalytic current has been shown.
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Abstract: An approach has been developed to determine the equilibrium model in heterogeneous aqueous systems
containing a mixture of solid phases from the initial composition of the heterogeneous mixture and the equilibrium
values of the pH. This approach allows to significantly reduce the quantity of measured data, properly for solubility
measurements. By using the new deduced equations it is possible to determine the solubility products of precipitates
on the basis of the known composition of initial mixtures and pH values of saturated solutions avoiding some difficult
experimental solubility measurements. The derived relations are useful for solving both direct and indirect equilibrium
problems.

Keywords: equilibrium model, heterogeneous system, solubility product, pH value, solid phase.

Introduction

The full definition of equilibrium model includes the number, nature and stability of chemical species in considered
systems [1-4]. Actually, the equilibrium model refers to a set of equilibrium equations and the associated equilibrium
constants. The objective of this study is to develop a new method for choice of equilibrium model characteristics that
will allow to significantly reducing the number and volume of measured data.

We will analyze the heterogeneous aqueous systems in which, depending on the medium acidity, various individual
solid phases may occur. We will be also taking into account the possibility of coexistence of individual precipitates,
especially in the cases of closed values for their product solubility values pK = - log K_.

There are two main methods to obtain the equilibrium (thermodynamic) constants that characterize the species
stability in solid and liquid phases:

a) Solubility method or the method of residual concentrations. The relation between experimental data obtained
by these two methods was revealed in papers [5-7]. Accurate measurement of solubility of sparingly-soluble
compounds often requires special experimental consideration and approaches. The traditional saturation shake-
flask procedures for measuring the equilibrium solubility are manually intensive, time- and sample-consuming,
and may be prone to systematic errors not easily recognized, especially when the pH is not carefully measured,
when aggregation or complexation reactions take place (unexpectedly altering spectroscopic properties), or
when highly insoluble substances are considered (exceeding the sensitivity of the analytical method) [8].

b)  Potentiometric method for determination of all the component activities of the precipitate (or precipitates) in
saturated solutions [5-7]. This method allows to examine poorly soluble compounds not only in dilute solutions,
but in concentrated solutions and in the presence of other electrolytes as well. Recently a new potentiometric
method has been proposed which overcomes some of the limitations of standard approaches [9-13]. The new
automated potentiometric method [9] was shown to be reliable for determining the solubility-pH profiles of
the uncharged substances. Its speed compared to conventional equilibrium measurements (entire solubility-pH
profile in 3-10 hr), its sound theoretical basis [9], its ability to generate the full solubility-pH profile from a
single titration, and its dynamic range (estimated to be seven orders of magnitude) make the new pH-metric
method an attractive addition to traditional approaches.

The first method is associated with complex measurements of the solubility of compounds (or their residual
concentrations), while the second one is limited by a narrow assortment of existing stable and reproducible ion-selective
electrodes.

Original methods for the determination of solubility products of poorly soluble hydroxides, acids salts and
complexonates, based on the potentiometric measurement of only equilibrium pH values of heterogeneous systems
as functions of the initial concentrations of the precipitate components, which are known when preparing the mixture
were developed in [5-7]. The values for the equilibrium constants as well as the equilibrium and residual concentrations
calculated for a series of real systems from known experimental data were in good accordance with those reported in
literature under the same conditions.

As it will be shown in this paper, our approach for determining species solubilities and equilibrium constants, based
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on new developed equations that require less quantity (and number) of needed experimental data, can be successfully
applied as well for the heterogeneous systems containing two coexisting solid phases (precipitates).

Theory, Results and Discussion

The methods of the potentiometric determination of product solubility K values for sparingly soluble acids and
bases (the systems of type a) as well for sparingly soluble salts of different compositions, in the case of a single solid
phase formation (the systems of type b) (avoiding solubility measurements) were developed in [5-7]. For the systems a
and b the equations for calculating K values and the necessary experimental data are summarized in Table 1.

Table 1
Possible composition of individual solid phases and their solubility products
Solid phase Equations for calculation Needed experimental data
composition
and medium
HAs, Ky =[H](C;-C}, +[H]) C3.Cy pH
acid solutions
My, Ci—Cp —2Cy, +[H]= (c5 - ) C3.Cy.Cy. pH
acid solutions 5 Z(Kg 2) _where & = H e
MHA4, Cl—Cpy =K JMT'[H] " ~[H] C3.Cy Cry, pH, pM =
acid solutions C1?4 _ CSI =[M]-[H]- KSK[M]_l =—log[M]
M(OH)ys) | Cpy —2Cy, = KJ[HT? (1 —2a)+ K, [H]" Cy»Cour PH
alkaline i . i
solutions a:;Ki[H] ! ZzzllK[H]

(Here the indices “a”, “b” and “s” represent acid, base and salt respectively).

We will consider comprehensively one of possible cases of coexistence of two precipitates (denoted by the
index “s”) with a common ion 4

HAg < H+ A, K =[H][4] &
MA, < M +24, Ky =[M][A] @

Here and underneath the charges of species are omitted for simplicity.

Using well-known methods of accounting for the non-ideality of real systems, it is easy to calculate the
thermodynamic constants from the concentration ones [5-7]. In liquid stage, we shall consider a series coexistent
equilibrium. For acid solutions we will take into consideration the side reactions of anion A- protonation:

HA< H+ A, K =[H][4] ®)
The mass balance conditions in this heterogeneous system are defined as follow [5-7]:
Cy = P"+[M] 4)
CS =P +2P"+C, =P +2P"+[A]+[HAl = P'+ 2P" +[ 4] (1+ K[H]) (5)
Cp =P +Cj, =P +[H]-[OH]+[HA] = P'+[H]- K, [H]* + K[H][4] (6)

where P is the amount of the ith ion in the precipitate per 1 unity of the solution volume (expressed in mol/L), Cis the
residual (or analytical) concentration of the component “i” of the precipitate in saturated solutions, i.e. its concentration
in the solution after the separation of the solid and liquid phases, mol/L [5,6].

The elimination of P from the set of equations above by the linear combination of the mass balance equations
(4)-(6) yields:
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C)—-C; -2C) =K[H]"'-[H]-2

C)-Cy—2Cy =C,—Cp, —2M] =
=[HA+[4]-[H]+[OH]-2[M]

(

[H]' K
YA

K})

If the composition of initial mixture (C’) at the measured equilibrium pH value of saturated solutions is known, the

equation (8) contains 2 variables: K and K ". Measuring the pH values for two different compositions of the initial

mixture, we compose a system of two equations with two unknown values K and K", which is unproblematic to solve.

Furthermore, from the equations (1) and (2) it is possible to calculate the equilibrium concentrations [AM] and [4]. If the

values K are known apriori, the satisfactory coincidence between calculated results and tabulated data may serve as a
proof of the correctitude of the chosen equilibrium model.

U]

Taking into account the MAL (mass action law) equations (1) and (2), the equation (7) may be rewritten as follows:

®)

If the calculated equilibrium characteristics for a certain equilibrium model keep the constancy of their values

within the studied area of the component concentrations, one may affirm that this model is chosen properly.

The other possible compositions of a mixture of solid phases and the equations for their solubility product

calculation are summarized in Table 2.

Table 2

Possible composition of a mixture of solid phases and their solubility products

Solid phase
composition and
medium

Equations for calculation

Needed experimental data

HAyg, + M,
ool
K, K!

acid solutions

C°—C% —2C° =

vt e [H]ny ]
=K [H] -[H]-2 2
[ (Ky)

c,Cy,Ch, pH

HA g, + MHA,
N
K Ky

acid solutions

K3 = K[M]

K{ =[H](CS-C), +[H])

Cg,Cg,pH,pM

MA, 5, + MHA
Vool

acid solutions

Cy = Cy =[H]+

KK[HY _

(K5)

"
K N

KiHY

c,.Cy, pH

MA, 5, + M (OH) 5,
\ \
K K}

alkaline solutions

1

A

"
K N

i 2 y2
C° - [Mj +KI[HV a+

#5(Cou Ky [T + L)~ KILHT 1)

a= ZKI. [H]', x= ZiK[H]’i

C3Cu Cou ==Cyy PH

For better understanding the quintessence of the developed approach a real heterogeneous system, that can

contain jointly two solid phases, will be examined. The heterogeneous system cadmium caprate-saturated solution can
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serve as an example of such system because of the practical significance of polyvalent metal ions in the form of low-
soluble soaps with potassium salts of saturated fatty acids [14]. For this system the following constants of equilibrium

are known: log K" = —10.12 andlog K" = —8.74 [15]. By means of experimental measurements the authors [14]

proved that the simultaneous coo-precipitation of the cadmium caprate CdAz(S) and caprinic (or n-capric) acid HA s,
takes place in acidic solutions, the hydrolysis of cadmium ion can be neglected. The equilibrium pH values in the case of
coexistence of two solid phases are calculated by the equation (8). After that, using the above combined equations of the
mass action law and the mass balance, we can easily calculate the distribution diagrams of the metal ion and anion in the
solid and complex species in aqueous solution, i.e., the heterogeneous equilibrium diagrams (depending on the problem
to be solved, one can calculate the distribution of species containing one or other component of solid phases) [16].

Initially, we will introduce the following equations for calculating the partial molar fractions y, of species

containing the anion A~ in the heterogeneous system, in which reactions (1)-(3) simultaneously occur:

P op" 4] _ [HA4] _ Gy _[A+[HA] ©)

Y =0 V4 = ) Y, = = ) =
HA(S) Cj MA2(S) Cj A Cg HA Ci SUM Cj Ci

The subscript “sum” denotes the sum of the molar fractions of all soluble species. The comparison of the equations (9)
with equation (5) implies that

Viaes)y T Vmazesy T Vsuw = Vaasy TV mazsy T Z?’H,.A =1
i=0

In their appearance, the heterogeneous chemical equilibrium diagrams (see Fig. 1) resemble the distribution diagrams of

complex species in a homogeneous solution, but the molar fractions of species y; also depend on the initial composition

of the mixture and, hence, for the system (1)-(3) are functions of three variables: }, = f(Cj ) C& ) pH). From the
calculated diagram y, = f(pH)Cl_o, i.e. Cg = const and C& = const (Fig.1) one can deduct that the solid phases

Ca’AZ(S) and HA g, coexist within the pH values 5 to 6. So, the equation (8) is valid only inside this pH range. The
nature of the formed precipitates can be checked by the IR examination after their isolation from aqueous solution with
different pH values [14].

! ”
In consequence, knowing one of the equilibrium constants K¢ or K , we can determine the second one by means
of the deduced equation (8). The later equation can also be used in the early stage of developing a equilibrium model

for the new compounds.
1,0

064

04+

024

0,0

Fig. 1. The distribution of the caprat ion in the heterogeneous system cadmium caprate CdAy5y~ capinic

acid HA 5, —aqueous solution as a function of pH at ¢, = 2.23-10°mot/2 and ¢} = 6.69-10 °mol / L.
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Conclusions

Therefore, the deduced relations are useful for solving both the direct (1) and indirect (I1) equilibrium
problems:

) Direct problem: calculating the equilibrium composition of heterogeneous mixture using the tabulated
constants;

(1) Indirect problem: determining the equilibrium constants (the equilibrium model) on the basis of experimental
data.

As it can be seen from the data of Table 2, in many cases the obtained equations allow to determine the
values of equilibrium constants, mainly K, using the pH values of saturated solutions (avoiding this way the traditional,
sometimes rather hard, solubility measurements).

The equilibrium constants computed by the developed equations may also produce the “seed” values for the
iterative least squares procedure for logK refinement, using the existing processing programs.

The developed approach can be applied without difficulty in the case of formation of a mixture of precipitates
for arbitrary compositions.
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Abstract. This paper presents the results of scientific research related to the electrochemical behavior of the complex
preparation, Enoxil. It was established that the oxidation-reduction process of Enoxil is quasireversible. The reactivity
of Enoxil obtained from alcohol soluble enotannins is more pronounced, compared to that obtained from standard
enotannins. The dependence of cathodic current intensity on Enoxil concentration is linear. This can be used to
establish Enoxil concentration in solution. Cyclic voltammograms were used to establish reduction and oxidation
potential and the formal redox potential on platinum electrode in sodium perchlorate aqueous environment. These
features can be used for identification and determination of Enoxil in pharmaceuticals.

Keywords: complex biologically active compound Enoxil, cyclic voltammetry, standard redox potential, dosage of
pharmaceuticals.

Introduction

Domestic and imported drugs are subjected to a rigorous control of their correspondence with the quality
indices set out in The Analytical and Normative Documentation.

For the identification and determination of pharmaceutical substances in drugs a number of physical, physico-
chemical and chemical methods are currently used. The most common physical and physico - chemical methods used
for identification and determination of active substance in drugs are IR spectroscopy, UV/Vis, mass spectroscopy, atomic
spectroscopy, nuclear magnetic resonance spectroscopy, chromatographic methods, electrochemical methods, etc.

Enoxil is a mixture of substances of natural origin obtained at oxidation of grape seed tannins [1]. As a result
of chemical oxidation processes, the breaking of polymer chain takes place in enotannins forming new compounds
containing carboxyl, peroxide, alcoholic, aldehyde, ketone, ether, ester, and other functional groups. These new
compounds are soluble in water and have an astringent taste. The presence of functional groups listed above has been
demonstrated by acid-base titration, and spectral methods [2]. The purpose of the research presented in the current paper
is to study the voltammetric behavior of Enoxil.

Electrochemical methods are commonly used in analysis of food tocopherons. Resulted tocopherylquinones
give reduction polarographic waves with heights proportional to concentrations, which allows the determination of
tocopherol in the initial samples [3]. The synthetic phenolic antioxidants such as Vitamin E and provitamin A can also
be detected by electrochemical methods [4-6]. Due to the presence of electroactive groups in natural and synthetic
oxidants molecules, the electroanalytical complex evaluation of charge transfer capabilities provides extremely valuable
information on the mechanism of reactions involving these compounds in the process of preventing the degradation
caused by oxidative stress [7]. Biologically active compound Enoxil exhibits significant antioxidant properties [8].

Experimental

Six types of Enoxil were taken into the study, labeled as follows:

E - homogenized Enoxil for I.M. Farmaco S.A. 2009;

- Enoxil homogenized on 13.X1.2009;

- Enoxil from standard enotannins with pW, 24.03.2010;

- Enoxil from standard enotannins without pW, 25.03.2010;

E.- Enoxil from enotannins alcohol solution with uW, 24.03.2010;

E,- Enoxil from enotannins alcohol solution without pW, 25.03.2010.

In 30mL of solution: water (75%vol.) - ethylic alcohol (25%) with electrolytic background 0.1M
tetrabutylammonium iodide (ITBA) were added 0.3mL Enoxil (E1) of conc. 5% (5g Enoxil in 100ml aqueous solution),
achieving a Enoxil conc. of 4.95x102% in the electrochemical cell, the obtained solution being slightly turbid, evidence
of precipitate formation tendency.

VO
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The cyclic voltamogram (CV) was drawn using the working electrode (WL), platinum disc electrode (EDPt-
®2mm), reference electrode, SCE (saturated calomel electrode) and the auxiliary electrode (AE), platinum wire
electrode, connected to the Electrochemical Combine VoltalLab 32 (Radiometer Copenhagen) and provided with
software VoltaMaster2 [9.10], the working temperature being 25 °C. As a result, was obtained a CV characteristic
to quasireversible processes, shown in Figure 1. The values of potential are all determined using the SCE used as
reference. In order to perform the pH and electroconductivity measurements, the electrochemical multimeter Consort

831 (Belgium) was used.
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Fig. 1. Cyclic voltamogram of E, in ITBA at scan speed of 50mV/s

By further introducing volumes of 0.3mL of E1, the solution becomes more opalescent, thus confirming the tendency of
precipitate formation, voltammetric results obtained are presented in Table 1.

Results and discussions

Table 1
Cyclic voltammetry characteristics for E, in ITBA at different concentrations and scan speed of 50mV /s

1 OZC ECD EPC IPC EPA IPA
(g/100mL) (mV) (mV) (nA) (mV) (nA)

4.95 127 -548 -13.0 -412 5.66

9.80 125 -648 -20.4 -388 4.71

14.56 123 -676 -28.3 -360 4.74

19.23 120 =723 -34.6 -340 4.19

23.81 122 -735 -42.0 -328 4.24

The following conclusions may be drawn from table 1:

- open-circuit potential values (E_,) change very little with increasing concentration of E,, proving that no
adsorption phenomena take place on the surface of EL;

- shift of the cathodic peak potential (E,.) to more negative values and of the anodic peak potential (E,,)
towards more positive values, with increasing Enoxil concentration shows that complexation phenomena occur;

- in dilute E, solution (4.95x107), CV shown in figure 1 highlights a quasireversible process by adding Enoxil,
the anode current (I, ) decreases, but it remains practically constant at the following concentrations of E , CV highlighting
the occurrence of an irreversible process (only the cathodic process takes place) due to precipitation of the formed
complex. Figure 2 shows the dependence of the cathodic current intensity on Enoxil concentration, which is linear, and
the equation that can serve as standard in the given concentration range.
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Fig. 2. Dependence of the cathodic current intensity on Enoxil concentration
(E,) in alcohol solution of ITBA

Considering all mentioned above on the voltammetric behavior of Enoxil in alcoholic solution of
tetrabutylammonium iodide on platinum electrode, its determination on the basis of the cathodic process can be
recommended, using the calibration graph (Fig. 2).

On acidification of solution with HCIO, at a pH below 2.6, no cathodic peak can be revealed (there is a
continuous decrease of cathode current), hazing of the solution is more obvious due to the formation of a yellowish
precipitate. By alkalinization of the solution with NaOH to pH 8.8 the precipitate darkens, yellow flakes are present, and
the CV doesn’t present any peaks. The electroreduction process evidenced for the considered above system, may be due
to the presence of peroxide group in Enoxil, which is reduced, process facilitated by the presence of iodide ion in the
electrolytic background.

In order to avoid the influence of the electrolytic background, we will consider an aqueous solution 0.1M
of NaClO, with pH=5.5 and electronegativity 10.78 mS/cm and using VoltaL.ab32 we will draw the CV in the range
-800+1200+-800 with a scan speed of 50 mV/s.

The solutions with 5% (5g Enoxil/100mL solution) were prepared of each type of Enoxil, of which were taken
volumes of 0.3mL or 1.0mL (at the end for the last addition) that were added to 30mL 0.1M solution NaClO, and CV
were drawn, at working temperature of 25 °C. Removing oxygen from the solution was achieved by bubbling nitrogen
for 5 minutes before plotting the voltamogram. Figure 3 presents the CV obtained for the most diluted solutions of
Enoxil (4.95x10%%) and Figure 4 - the 6 types of Enoxil of conc. 19.23x10%.
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Fig. 3.CV of the 6 types of Enoxil at 4.95x102%
in 0.1 M NaClO, at a scan speed of 50 mV/s
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Figure 3 shows that overlapping peaks found in the positive range of potentials can be attributed to electrolytic background,
while in the negative range of potentials, the anodic peak coupled with the cathodic one, reveals a quasireversible redox
process characteristic to Enoxil. The variation in peak intensities of the anodic processes (I,,) is different from the
cathodic ones (I,.) and can be grouped as follows:
L:E,E,E>E,E,>E;
IPC: Ez = ES’E() = El = E4’E3.
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Fig. 4. CV of the 6 types of Enoxil at 19.23x10%
in 0.1 M NaClO, at a scan speed of 50 mV/s

CV in figure 4 confirms the existence of peaks in the positive range of potentials due to the medium, and for that reason
in figure 5, we will present for E , the CVs both for expanded and restricted ranges, where only Enoxil characteristic
peaks occur. The reproducibility is very good, given by the overlapping peaks.
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Fig. 5.CV of E, at a concentration of 19.23x10°%
in 0.1 M NaClO, at a scan speed of 50 mV/s for expanded and restricted ranges

Considering the variation of peak current intensity for Enoxil concentration 19.23x102%, the 6 types of Enoxil may be
grouped as follows:
L EE.E>EE E;

5,72

IPC: Es’Es = Ez = EI = Es’E4.

There is a slight modification as compared to the Enoxil more diluted solution, but considering that the peak current
intensity is directly proportional to the velocity of the redox process, it may be concluded that Enoxil samples E, and
E, are the most reactive, while the E, sample is the least reactive. Table 2 presents the collected data obtained by cyclic
voltammetry at a scan speed of 50 mV/s for the 6 types of Enoxil on platinum disk electrode in 0.1M NaClO, solution.
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Table 2
Solutions parameters and peak characteristics of CVs
For aqueous solutions of 0.1M NaClO, of the 6 types of Enoxil
10% pH Epe Lo “Eps Loy
(g/100mL) K (mV) (nA) (mV) (MA)
mS/cm
E1
4.95 2.94 11.10 523 22.2 431 6.85
9.80 2.71 11.30 516 45.8 420 25.0
14.56 2.58 11.48 511 65.4 412 37.0
19.23 2.49 11.69 524 88.0 408 45.1
34.16 2.32 12.05 528 132.0 392 62.8
I, (MA)=5.3208 — 570.75823¢ + 492.24991c?; R=0.99898
I, (LA)=-10.91388 + 405.99054¢ — 558.70508¢?; R=0.99685
E’?
4.95 2.88 11.07 508 29.3 431 14.0
9.80 2.71 11.34 512 48.2 424 28.1
14.56 2.59 11.52 524 63.0 415 38.3
19.23 2.49 11.72 524 87.2 408 48.1
38.46 2.28 12.25 536 155.0 388 82.8
L.(LA)=-7.36359 — 4.39348c + 0.01437c?; R=0.99984
I, (uA)=1.09012 + 2.82228¢ — 0.01819c%; R=0.9993
El
4.95 3.02 11.14 523 19.7 439 6.32
9.80 2.80 11.28 512 40.9 420 22.8
14.56 2.68 11.43 528 57.0 420 31.8
19.23 2.61 11.52 540 71.2 412 38.2
34.16 2.46 11.77 540 112.0 404 60.3
I, (nA)=0.54852 — 441.465¢ + 329.27349¢*; R=0.99928
L, (LA)=-6.44928 + 304.78515¢ — 323.07386¢* R=0.99167
EA
4.95 3.04 10.88 511 18.5 432 6.5
9.80 2.84 10.90 516 34.5 428 16.4
14.56 2.72 10.91 519 49.2 420 25.2
19.23 2.64 11.03 536 63.7 416 34.0
34.16 2.48 11.14 559 102 408 55.8
L (nA)=-0.97988 — 361.38485¢ + 191.8709¢*; R=0.99994
L, (LA)=-4.44 +227.15128c — 148.47841c?;, R=0.9999
Ei
4.95 2.86 11.16 516 27.5 428 12.8
9.80 2.63 11.32 512 52.5 416 27.7
14.56 2.51 11.50 508 74.1 408 40.1
19.23 2.41 11.85 528 96.2 404 51.5
34.16 2.24 12.28 527 151 395 61.7
L.(LA)=-0.3855- 564.72738c + 361.95061c?; R=0.99987
I, (LA)=-7.13662 +425.25416¢ — 653.75472¢%; R=0.99844
Eﬂ
4.95 2.85 11.06 516 27.6 424 13.5
9.80 2.63 11.26 516 52.8 412 29.8
14.56 2.50 11.46 516 73.5 412 41.1
19.23 2.41 11.61 524 94.1 400 51.4
34.16 2.25 12.09 532 148.0 388 71.6

L (nA)=-1.65877 — 548.01533¢ + 350.42436¢* R=0.99988
I, (nA)=-3.38475 + 372.85301c — 449.51928c* R=0.99932
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Table 2 shows that increasing concentration of Enoxil in the electrochemical cell where the electrolytic background is
sodium perchlorate, leads to a decrease in pH accompanied by a slight increase in electroconductivity (k), which can be
attributed to hydrogen ions generated by Enoxil during dissolution. For every type of Enoxil, the dependency of peak
current upon concentration was established, for both the anodic (I, (1A)) and cathodic (I,.(uA)) processes. Also, the
corresponding correlation coefficients (R) are given, with values very close to unity, by 2nd order polynomial fitting of
experimental data.

Table 3 presents the mean values of reduction potentials (E,.) and oxidation potentials (E,, ) as well as a formal
redox potential (E”) calculated according to the formula:

Epc + Epy
2

EY =

Table 3
The mean values of reduction and oxidation potentials, as well as Enoxil formal redox potential on platinum
electrode in aqueous solution of 0.1MNaClO,

Enoxil -E,. -E,, -E”
mV mV mV
E, 520.4 412.6 466.5
E, 520.8 413.2 467.0
E, 528.6 419.0 473.8
E, 528.2 420.8 474.5
E 518.2 410.2 464.2
E, 520.8 407.2 464.0

The close values of each of the three forms of potential shown in Figure 3, prove that regardless of the type of
Enoxil, the electrochemically reactive group of Enoxil is characterized by a reduction potential Epc =-522.8mV and
an oxidation potential Epa =—413.8mV and the formal redox potential of this group will be E’ =-468.3mV. These
values should be qualitative indicators of Enoxil presence and the intensity of the peak current will provide quantitative
estimates for a subsequent dosing of Enoxil by voltammetry.

By acidifying the solution with HCIO, gives a marked rise in cathode current (increased speed of the reduction
process) and anodic peak flattening, as shown for E, in figure 6.
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Fig. 6. CV at pH=1.86 for the solution of 34.16x10?% E,
in 0.1M NaClO, at a scan speed of 50 mV/s

By alkalinization of Enoxil solution leads to the decrease of peak intensities and even at a slightly alkaline pH, the peaks
characteristic to Enoxil presence practically disappear, as illustrated in Figure 7 for E,.
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Fig. 7.CV at pH=7.46 for the solution of 34.16x10°% E,
in 0.1M NaClO, at scan speed of 50 mV/s.

After the voltammetric measurements were performed in 0.1M NaClO, solution on platinum electrode, as
shown in Table 2, pH values are functions of Enoxil concentration, acidification or alkalinization of the solution leading
to changes in CV and even annihilation of Enoxil electroreactivity.

This study allows us to conclude that hydrosoluble Enoxil can be studied by voltammetry in aqueous sodium
perchlorate medium as electrolytic background on platinum electrode by highlighting a quasireversible redox process.

Conclusions

- The dependence of cathodic current intensity of Enoxil concentration is linear. This can be used to determine the
concentration of Enoxil in unknown solutions.

- The analysis of cyclic voltammograms reveals a quasireversible redox process characteristic to Enoxil.

- The Enoxil samples obtained from alcohol soluble enotannins are more reactive over time, compared with enoxil
obtained from standard enotannins.

- The analysis of reduction and oxidation potentials and of the formal redox potential of Enoxil samples allows us to
estimate these values, which may serve as qualitative indices of Enoxil preparation that can be used for its determination
by voltammetry.
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Abstract. The article investigates phase stability of ethanol-gasoline mixtures depending on their composition,
water concentration in ethanol and ethanol-gasoline mixture and temperature. There have been determined the
perfect functioning conditions of spark ignition engines fueled with ethanol-gasoline mixtures.

Keywords: composition, ethanol, gasoline, mixtures, phase stability, temperature.

Introduction

Researches on phase stability of monoatomic alcohol-gasoline mixtures for different compositions and hydrodynamic
conditions were performed previously [1] at constant temperature (18 ... 20° C). In connection with the fact that the
smallest capacities of phase stability among studied fuels have been demonstrated by ethanol-gasoline mixtures with
ethanol volume fraction up to 50% (E10...E50), the purpose of our research is to study the phase stability of ethanol-
gasoline mixtures depending on temperature, water concentration in ethanol and in ethanol-gasoline mixture.

Methodology of experimental researches

For our researches we used ethanol C,H,OH (volume fraction of absolute alcohol - 97.0 ... 99.9%) and Regular
gasoline-80 with low octane number (LON > 80). In order to research phase stability there were prepared fuel samples,
each one having a volume of 100 ml 0.5 ml of water was added to each sample until the appearance of liquid turbidity.

Admissible water concentration for each experiment was determined based on the existing volume of added
water and the one existing in ethanol at initial time.

The point of turbidity was assessed according to the existing standard norm GOST5066-91. Based on a
bibliographical research [2,3,4,5] it was established that the decrease in temperature increases the danger of phase
separation in fuel mixtures. Therefore we studied the range of temperatures below + 18 °C.

Results and discussions

The obtained results (Fig. 1, 2) confirmed previous results. A drop in temperature from 18 °C to 0 °C reduces
the admissible water concentration in ethanol from 6% vol. to 4% vol. in the mixture E10 and from 14.3% vol. to 11.5%
vol. in the mixture E70 (Fig. 1). In other mixtures (E20...E50), under mentioned conditions, the reduction of admissible
water concentration in ethanol was on average by 2% vol.

It should be mentioned that exceeded admissible water concentration results in liquid turbidity and subsequent
separation of phases. The increase of ethanol fraction in the mixture from 10% vol. to 70% vol. enables the dissolution
of larger quantities of water. For example, at the temperature 18°C, the admissible water concentration in ethanol is 6%
vol. for the mixture E10, and 14.3% vol. for the mixture E70.
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Fig. 1. Dependence of admissible water concentration on the liquide temperature for ethanol — gasoline
mixture (1 — 10%; 2 — 20%; 3 — 30%; 4 — 40%; 5 — 50%;6 — 70% vol. ethanol)
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After the distillation and rectification, different fractions of ethylic alcohol contain 93 ... 96.6% vol. of absolute
alcohol (respectively 7 ... 3.4% vol. of water). Therefore, according to the results of our investigations, the ethanol
obtained in these conditions can be used for direct preparation of gasoline mixtures at temperatures above 0° C, if the
fraction of ethanol in the mixture exceeds 30% vol. (> E 30) (Figure 1.). Otherwise (C <30% vol.) it is necessary
an additional dehydration of ethanol.

The values of admissible water concentration in ethanol-gasoline mixtures at temperature changements in the
range of 0 ... 18 ° C (Fig. 2) vary little: in the mixture E10 - 0.4 ... 0.7% vol. (AC = 0.3% vol.), in the mixture E70 - 7.6
... 9.3% vol. (AC = 1.7% vol.). The variation of admissible water concentration in other mixtures (E20...E50) takes
intermediate values. It can be noticed the tendency for variation increase of admissible water concentration AC along
with the increase of ethanol fraction in the mixture from 10% vol. to 70% vol.

Researches results concerning the influence of liquid temperature on the values of admissible water concentration
in ethanol and ethanol - gasoline mixtures are necessary in particular for the practical use in preparing and operating
these mixtures.

No less important is the dependence of admissible water concentration on the ethanol fraction in the mixture
with gasoline. The obtained results demonstrated (Fig. 3) that the increase of ethanol fraction in the mixture from 0 to
90% vol., when changing the values of admissible water concentration, allow to observe four characteristic sectors:

a) Ethanol concentration 0...10% vol.: the gradient of admissible water concentration change is AC, =0,5 % vol./% vol.
ethanol;

b) C,,,.=10...60 %vol. : AC_,_=0,11 %vol./% vol. ethanol;

c) C,,,=60...80 %vol. : AC_, = 0,3%vol./% vol. ethanol;

d) C,,..=80...90 %vol. : AC , =1,2%vol./%vol. ethanol.
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Fig. 2. Dependence of admissible water concentration on the liquide temperature, for ethanol — gasoline
mixture (1 —10%; 2 — 20%; 3 — 30%; 4 — 40%; 5 — 50%0; 6 — 70% vol. de etanol)

It is well known that with the increase of ethanol concentration in the mixture with gasoline up to 100%,
water solvency in ethanol increases to infinity. Therefore, the domain a) reflects the transition from pure gasoline (C
ethanol = 0) to ethanol-gasoline mixture (C ethanol = 10%/vol.), where the influence of ethanol begins absorbing some
water (C adm = 5% /vol.) without phases separation. The domain b) shows the influence of ethanol, which increases
proportionally and slowly. The domain c¢) constitutes, as mentioned recently [1], a transition area to the mixtures in
which ethanol influence is predominant (sector d).

The use of alimentary alcohol and ether-aldehyde fraction did not essentially change the values of admissible
water concentration in ethanol (Fig. 3).

The analysis of research results concerning phase stability in ethanol-gasoline mixtures [1] and admissible
water concentration in ethanol (Fig. 3) shows a good concordance.
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Taking into account the fact that 5 ml of water were added in the ethanol-gasoline mixture with a volume of 100
ml and the fraction of absolute alcohol in ethanol of 98% vol., we will calculate the real water concentration in ethanol
from these mixtures (Table 1). At the same time for the analysis we’ll use the values of admissible water concentration
in ethanol, determined based on our research (Fig. 3).
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Fig. 3. Dependence of admissible water concentration in the ethanol with gasoline mixture
(1-alimentary; 2 — etero fraction — aldehyde)

When real water concentration in ethanol is higher than the admissible one (mixtures E10 ... E40), is can be
clearly observed phases separation with and without agitation. The mixtures E50 and E60, under studied conditions,
and as mentioned recently, are in the transition area. Water addition (5ml) in these mixtures without agitation leads to
phase separation. Intensive agitation during 20 min stimulates the formation of a transparent and homogeneous liquid in
the mixture E60 (Table 1, [1]). Real water concentration in ethanol in the mixture E85 (7.4% vol.) is much smaller than
the admissible one (22.5% vol.), and as a result of water addition, the mixture E85 instantly clears for all the studied
conditions.

Table 1
Values of real and admissible water concentration in ethanol for different mixtures (t = 18°C)
Ethanol-gasoline mixtures
Indicator E10 E20 E30 E40 E50 E60 E70 E80
1.Real water 34,7 21,6 16,0 12,9 10,9 9,5 8,5 7,4

concentration in
ethanol, %vol. [1]
2.Admissible water 5,0 6,5 7,2 8,1 9,2 10,4 13 22,5
concentration in
ethanol, %vol. (fig.3)

Mixtures with high ethanol fraction (E85) are distinguished by increased phase stability, but these mixtures
require the change of engine’s fuel construction system [2 ... 5]. It was also established [5,6] that the use of ethanol-
gasoline mixtures with ethanol fraction up to 30% vol. doesn’t require the modification of engine construction, but put
stringent requirements concerning admissible water concentration in ethanol. Therefore, for the mixtures E10 and E20,
we studied additionally the reaction at low temperatures (down to - 55 ° C).

Although among the results obtained in the two stages mentioned above there are some discrepancies, the study
of turbidity temperature dependence of ethanol-gasoline mixtures on the absolute alcohol fraction in ethanol (Fig. 4)
demonstrates the same tendencies: at similar temperatures the admissible water concentration is higher in the mixture
E20 (compared to E10), and the decrease of turbidity temperature when decreasing water concentration or increasing
absolute alcohol concentration in ethanol.

In order to ensure the perfect operation of the engine at temperatures up to -30° C, the mixture E20 should
contain water no more than 1.6% vol. (98.4% vol. a.a.) and the mixture E10 - respectively 1.1% vol. of H,O (98.9% vol.
a.a.). For the temperature up to - 20°C, the values of admissible water concentrations increased: in the mixture E20 - up
to 2.2% vol., and in the mixture E10 - up to 1.5% vol.
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Fig. 4. Dependence of turbidity temperature of ethanol-gasoline mixtures
on absolute alcohol concentration in ethanol

Therefore, the obtained results demonstrate that for the existing conditions in the Republic of Moldova, the
most efficient solution is to use the mixtures E20 for fuel spark ignition engines. This fact will allow:

v' the use of existing engines without their design modification;

v’ perfect operation of the engine having biofuel phase stability at the required level in temperature range up

to -20 ...- 30 ° C and water concentration in ethanol less than 2.2...1.6% vol.

v' to reduce the danger of phase separation by shaking the biofuels.

Conclusions

1. The admissible water concentration in ethanol (ethanol-gasoline mixture) depends on biofuel composition
and temperature. Temperature increase in the range of 0...+18°C and ethanol concentration in the mixture allow an
increase of admissible water concentration values.

2. The ethanol obtained by distillation and rectification with the help of existing machinery in the Republic of
Moldova can be used to prepare directly gasoline mixtures at temperatures above 0°C, if ethanol fraction in the mixture
exceeds 30% vol. Otherwise, (at temperatures below 0°C and C (ethanol) <30% vol.) it is required an additional ethanol
dehydration.

3. The change of ethanol fraction in the mixture with gasoline from 0 to 90% vol. allows (t=18°C) to increase
admissible water concentration in ethanol from 0 to 28% vol., and to notice four characteristic domains in the gradient
of admissible water concentration increase.

4. The use of alimentary alcohol and ether-aldehyde fraction did not essentially change the values of admissible
water concentration in ethanol in the mixture with gasoline.

5. In order to ensure the perfect operation of the engine at temperatures up to -30 ° C, the mixture E20 should
contain water no more than 1.6% vol. (98.4% vol. a.a.) and the mixture E10 respectively - 1.1% vol. of H,O (98.9% vol.
a.a.). For the temperature up to - 20 ° C, the values of admissible water concentrations increased: in the mixture E20 - up
to 2.2% vol. and in the mixture E10 - up to 1.5% vol.
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Abstract: The article investigates phase stability for the mixtures of monoatomic alcohols (ethanol, butanol) with
gasoline in the presence of water. There have been determined the optimal storage conditions of mixtures depending
on their composition and mixing conditions. The positive influence of butanol on the phase stability of ethanol-
gasoline mixtures was detected.
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Introduction

In the last 30-40 years, because of a rapid growth in prices for crude oil, the interest for alternative sources of
energy including biomass, which the world economy and the Republic of Moldova possess in a sufficient extent, has
increased in the world economy [1]. As a result, in order to supply spark ignition engines (SIE), there are increasingly
used the mixtures of gasoline with monoatomic alcohols obtained from biomass. During the investigation [2-5] there
have been studied physical-chemical and operational properties reflecting the combustion capacity of these mixtures.

Simultaneously, it is well known that monoatomic alcohols, especially methanol and ethanol C,H,OH interact
with water H,O thus diminishing phase stability of alcohol-gasoline mixtures. But the existing literature lacks specific
information concerning phase stability of the mentioned mixtures.

Therefore, the purpose of our research is to determine the composition of monatomic alcohol - gasoline mixtures
and hydrodynamic conditions, which ensure high values of the phase stability.

Methodology of experimental researches

For the researches there have been used: ethanol C,H.OH (volume fraction of absolute alcohol - 95.7-98%
vol.), butanol C,H;OH (absolute alcohol - 99.9% vol.) and regular gasoline — 80 with low octane (RON = 80).

There have been studied separately the components forming the mixtures (gasoline 100%, butanol 100%,
ethanol 100%) and their mixtures: butanol - gasoline (B10, B20, B30, B50, which contain respectively 10, 20, 30, 50%
vol. of butanol), ethanol - gasoline (E10, E20, E30, E40, E50, E60, E85, which contain respectively 10, 20, 30, 40, 50,
60, 85% vol. of ethanol), ethanol - butanol - gasoline (E16 - B16, containing 16% vol. of ethanol, 16% vol. of butanol,
68% vol. of gasoline).

To research the phase stability, there were prepared fuel samples with a volume of 100 ml each one. To these
samples there were added 5 ml of water with and without agitation. Shaking was performed by electromagnetic stirring
having a constant intensity for all samples and duration of 0.5, 2.0, 5.0, 10.0, and 20.0 minutes. The studied mixtures
had an average temperature of +20°C.

Phase stability was assessed visually according to liquid state (cloudy, clear), duration of liquid clearing, the
absence or existence of sediment and its volume.

Results and discussions

According to the obtained results (tab. 1, fig. 1), adding water without agitation (tagit =0) in any pure fuel has
as a consequence practically the instant clearing of these mixtures and the volume fraction of sediments in these fuels is
as follows: gasoline — 5 ml, butanol — 4 ml, ethanol — 0 ml.

The agitation of gasoline-water and ethanol-water mixtures does not change the liquid state. After the agitation,
the entire quantity of added water (5 ml) settles as sediment in the gasoline, which becomes instantaneously clear.
Ethanol also becomes clear in similar conditions, dissolving all the quantity (5ml) of added water.

Butanol, with kinematic viscosity (3.64 mm?/s) 2,4 times higher compared with ethanol and 6.4 times higher
compared to gasoline, with the addition of 5 ml of water, dissolves only 1 ml without agitation and the remaining 4 ml
deposit as sediment. The agitation stimulates the dispersion of water drops dissolving them in butanol (t, =0 h, V_ =0
ml).

The behavior of gasoline, butanol and ethanol when adding water corresponds to their composition and
molecules structure. Because of hydrogen links formation between alcohol and water molecules, the alcohols dissolve
well in water. The solubility decrease in water of superior alcohols is a consequence of the increasing influence of
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hydrocarbon radical. Gasoline contains C H_ hydrocarbons of over 200 types [6], having an average molecular weight
within 110-120 kg/kmol and the value of dielectric permeability € 1,9-2,1 [7]. Ethanol and butanol are monatomic
saturated alcohols C H, . OH. Ethanol C,H ,OH has a molecular weight of 46 kg/kmol and dielectric permeability of 32,

and butanol C,H ,OH -74 kg/kmol and 23 respectively (for comparison, water H,O molecular weight is 18 kg/kmol, and
the dielectric permeability - 81).

Table 1
The influence of mixing conditions of different fuels with water on the duration
of liquid clearing 7, and volume of sediment V_
Duration of agitation, min
0 0,5 2 5 10 20
Fuel
wh Voml| wh | Y| nh | Vel g fvoml| B0 Ve | oy o
ml ml ml
1.Gasoline (100%) | O 5 0 5 0 5 0 5 0 5 0 5
2. Butanol (100%) | 0 4 0 0 0 0 0 0 0 0 0 0
3. Ethanol (100%) | O 0 0 0 0 0 0 0 0 0 0 0
4 Mixtures:

41 B10 0 5 0,25 5 17,1 5 20,1 5 236 | 5 24,5 5

4.2. B20 0 5 1,2 5 17,4 5 21 45 | 23,7 | 5 248 | 4,7

4.3. B30 0 5 2,7 5 18,5 5 21,3 43 | 24,1 | 48 | 25,1 4

4.4. B50 0 5 0,5 2,5 1,5 2 15,8 2 17,5 | 2 17,8 1

4.5.E10 0 5,5 0,4 13 0,45 12 0,45 13 | 043 | 13 | 0,38 12

4.6. E20 (FEA) 0 8 0,37 | 22 0,42 22 0,38 22 1032 | 22| 033 | 21

4.7. E20 (alim) 0,8 15 4,55 | 24 3,43 24 3,2 24 | 3,02 | 24 | 2,45 | 24

4.8. E30 0 11 0,15 | 35 0,33 35 0,33 36 | 0,32 | 36 | 0,35 | 34
4.9. E40 0 12 | 0,024 | 50 | 0,011 | 44 | 0,013 | 50 | 0,013 | 50 | 0,018 | 50
4.10.E50 0,17 | 67 | 0,029 | 67 | 0,015 | 72 | 0,024 | 72 | 0,029 | 73 | 0,019 | 67

4.11. E60 0,033| 69 | 0,015 | 96 0,13 95 0,17 94 | 0,17 | 97 0 0

4.12. 85 olol o ol o o o o] olol] oo
413 E16B16
) 0 | s | 188 | 4| 45 | 5| 48 | 5| 5 | 5|53 |5
A14.EI6BI6 |\ o 1 g | o1 | 65| 36 | 7 | 413 | 7 | 42 | 7 | 408 | 7
(alim)

Dielectric permeability of water and alcohols is influenced by strongly polar group OH-, which has the greatest
influence in water (¢ =81), then decreases its influence - in ethanol (¢ =32) and butanol (¢ =23). The values of listed
properties explain practically absolute indissolubility of water H,O in gasoline, limited water solubility in butanol and
unlimited in ethanol.

In most cases, adding water in monoatomic alcohol-gasoline fuel mixtures without agitation has identical
consequences - instant clearing (Tab. 1). Only in E50 and E60 mixtures the clearing took 0.17 hours (10 minutes)
and 0.03 hours (2 minutes). The volume of sediment in the mixtures butanol-gasoline B10 ... B50, ethanol - butanol -
gasoline E16B16 is equal to the volume of added water (5ml). In the mixtures of ethanol-gasoline, sediment volume
increased from 5.5 ml (E 10) to 69 ml (E60), decreasing to 0 ml in the mixture E85.
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We can assume that in the mixtures E10 ... E40, ethanol increasingly deposits as sediment together with water
as its concentration in the mixtures increases. In the mixtures E50 and E60, the sediment includes not only water,
ethanol, but also perhaps certain hydrocarbons from gasoline. In the mixture E85 (sediment volume of which is 0 ml),
water and gasoline are assimilated (diluted) by ethanol.

The agitation of monoatomic alcohol-gasoline-water mixtures is the cause of water droplets dispersion in
monoatomic alcohol-gasoline solutions, thus they becoming cloudy. In all the mixtures with butanol, an increase in the
duration of agitation would first of all lead to the increase of the clearing duration 1, (Fig. 1). Shaking for 0.5 minutes
butanol-gasoline-water mixtures B10 ... B50 allows to keep them cloudy, and the clearing duration being for B10 1=0,25
h (sediment volume - 5 ml), B20 —t,= 1,2 h (V_ =5ml), B 30 — 1, =2,7 h (V_ =5 ml), B50 — 7, = 0,5 h (V =2,5 ml).

When increasing the duration of agitation of butanol mixtures with up to 20 minutes leads to a stabilization
of clearing conditions (Fig. 1), maintaining t, values at 24.5-25.1 h for B10...B30 and 17.8 h for B50. The volume
of sediment in these conditions maintains in the mixture B 10 (5 ml) and decreases in the mixtures B20 ... B50. Its
decreasing degree increases while butanol concentration increases: V_ = 4,7 ml in B20, V =4 ml in B30, V=1 ml in
B50 (tab 1.). The decrease of sediment volume can be explained by the dissolution of a part of water in butanol.

The agitation of ethanol-gasoline-water mixtures during 0.5 minutes increases the clearing period 1, compared
with stationary conditions up to 0.4 h (E10), the following values being in decrease: 1, =0,37 h (E20), 1, = 0,15 h (E30);
1,=0,024h (E40); 1, = 0,029 h (E50), 7, = 0,015h (E60), T, = 0 h (E85).

The decrease of clearing period occurs, probably, due to the increase of ethanol fraction and consequently of
its influence. All this also explains the increase in sediment volume: V = 13 ml (E10), V_ =22 ml (E20), V_ =35 ml
(E30), V= 50 ml (E40), V_ = 67 ml (E50), V_ =96 ml (E60). In the mixture E85, as already mentioned, the influence
of ethanol prevails dissolving
momentaneously the gasoline and water.
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Fig. 1. The influence of the duration of agitation on the duration of clearing of
monoatomic alcohol-gasoline-water mixtures

Increasing the duration of agitation up to 20 minutes does not change anything in the behavior of mixtures E10
... E40, the duration of clearing and volume of sediment varying in narrow limits. The mixtures E50 and E60 present a
variant of transition from the mixtures E10...E40 to the mixtures E85...E100. Increasing the duration of agitation up to
20 minutes we reduce sediment volume in the mixture E50 from 73 to 67 ml, and in the mixture E60 - from 97 to 0 ml,
the period of clearing decreasing from 0.17 to 0 h.

Our researches proved the dependence of phase stability in mixtures on ethanol composition (Table 1). Using
ethero-aldehyde fraction - EAF (98% vol. of absolute alcohol) in the preparation of mixture E20 allows a faster fuel
clearing when adding water than in the case when purified alimentary alcohol (95,7 % vol. a.a.) is used.

At the same time when adding water the volume of sediment in the mixtures E20 and E16B16 which are
prepared with alimentary alcohol is mostly about 2ml higher than in the mixtures prepared on the basis of ethero-
aldehyde fraction. The difference in volumes of sediments is probably linked to differences in the composition of ethylic
alcohol, including water fraction.
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It should be mentioned that ethero-aldehyde fractions contain relatively large amounts of aldehydes, esters,

fusel oil, volatile acids in comparison to alimentary alcohol. This fact influences the properties of alcohol and mentioned
mixtures.

Therefore, the accomplished researches prove the dependence of phase stability in biofuels on their composition,

agitation regimes, and allow determining the optimal conditions of storage and use of biofuels.

Conclusions

1.

10.

Studied pure fuels (gasoline, butanol, ethanol) and their mixtures butanol-gasoline B10 ... B50, ethanol-butanol-
gasoline E16B16, have high properties of phase stability. Adding water into gasoline, butanol and their mixtures
results in its sedimentation in an equal or less volume than the added volume. The water added in ethanol is
completely dissolved.

The agitation of butanol-gasoline mixtures increases their clearing period up to 24.5 ... 25.1 hours and reduces
the volume of sediment, dissolving a part of the added water in butanol. When increasing butanol fraction in the
mixture, water volume increases too, and this is dissolved in butanol.

In the triple mixture of ethanol-butanol-gasoline E16B 16, water addition has as consequence only its sedimentation,
and the remaining ethanol in the fuel mixture obtains high phase stability due to butanol.

Butanol, butanol-gasoline mixture B10 ... B30, and ethanol-butanol-gasoline mixture E16B16 require practically
identical conditions for the storage process as in the case of gasoline. In this case, the water that gets into fuel (for
example, condensed), deposits as sediment for up to 25 hours after which the mixture can be used.

Addition of water to ethanol-gasoline mixture E10 ... E30 is the cause of not only water sedimentation but also
of ethanol, which can be removed in this way from the fuel mixture. In the mixtures E40 ... E60, together with
water and ethanol, certain gasoline fractions decant.

Intensive agitation for a relatively long duration (20 minutes) of E60 mixtures allow to obtain a transparent and
homogeneous liquid without sediment. The same state can be also achieved in the case of the mixture E85, when
adding water with and without agitation due to gasoline and water dissolution in ethanol.

Addition of water changes ethanol properties and ethanol-gasoline mixtures while maintaining phase stability
in ethanol of the mixtures E60 (with intensive agitation), E85 or excluding it in the mixtures E10 ... E50, E60
(without agitation). Therefore, the mentioned fuels submit more exigent requirements referred to their storage
conditions regarding the minimization of water penetration.

Faster clearing of ethanol-gasoline mixtures (t,<0,45 h) compared with butanol-gasoline mixtures (t, < 25 h) can
be explained by ethanol viscosity which is 2.4 times smaller than that of butanol. The obtained results can serve
as a basis for establishing the duration of clearing of fuel mixtures in practical conditions.

The obtained results allow determining the most efficient agitation regimes of the mixtures ethanol-gasoline and
butanol-gasoline with water surplus directly in the composition of supply system of internal combustion engines
to achieve optimal composition of combustion air-fuel mixtures.

The use of ethylic alcohol of different compositions (purified alimentary alcohol, ethero-aldehyde fraction)
changes slightly phase stability, which practically does not affect their conditions of storage and use.
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Introduction

A large number of dyes have an important role not only in the textile and dye industries, but also in food,
pharmaceuticals, cosmetics, and computers. These new applications bring a series of new problems in the purification
of waste water obtained from different technological processes, because colorants are microtoxic, mutagens and
carcinogens.

Obtaining of new catalysts, which would oxidize organic pollutants (dyes) in groundwater at relatively low
temperatures represents an important goal in developing technologies for purification of wastewater obtained from
various processes.

It is known that methylene blue in the presence of various catalysts (in most cases - modified adsorbents) and
oxidants, undergoes transformations with the formation of new non-toxic products, whose structure has not yet been
established [1-5].

The purpose of this paper is to study the oxidation products of methylene blue, using chromatography and mass
spectrometry methods for this purpose.

Results and discussions

The process of oxidation of methylene blue was described in detail in our paper [6].
After 25 cycles of oxidation, the solution was separated from the active carbon CAN-8, subjected to vaporization in
vacuum to a~ 0.5 ml volume. It was subsequently dried in the desiccator with phosphoric anhydride. The obtained content
was analyzed using thin-layer chromatography. Two fragments were found in the oxidation products. To determine the
structure of these fragments, a fresh aliquot of dye was subjected to oxidation, for 25 cycles, as well. After drying in
the desiccator, the content was dissolved in methanol. The solution obtained after rinsing was subjected to liquid-liquid
chromatographic and mass spectrometric analyses using Agilent 5973 mass spectrometer.

Figure 1 illustrates the chromatogram of products of catalytic oxidation of methylene blue and the table
presents the retention time and their peaks areas.

Abundance

TIC: CHIM3.D

15.12
240000
220000
200000 14.70
180000
160000
140000

120000

11.22

100000
80000
60000
40000
20000

12.60 14.47 15.02
424

1367 1

A B B e o B e N o
11.0011.5012.0012.5013.0013.5014.0014.5015.0015.5016.0016.5017.00
Time-->

Fig.1. The chromatogram of products of catalytic oxidation of methylene blue

77



Chemistry Journal of Moldova. General, Industrial and Ecological Chemistry. 2011, 6 (1), 77-80

Table 1
Retention time and peaks areas
Compound | Retention time Peak Area
#
1 11.222 5407038
2 12.603 505822
3 13.674 435750
4 14.178 1486617
5 14.237 382915
6 14.469 488206
7 14.696 2875073
8 15.022 443141
9 15.119 4577054
10 16.215 376094
11 16.378 512623
12 16.606 1016222

Figure 2 shows the diethyl phthalate mass spectrum (first peak) from the database.
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Fig.2. Mass spectrum of diethyl phthalate from the database.

Figure 3 shows diethyl phthalate mass spectrum from the database (a) and the first peak of the oxidation

products (b), from figure 1.
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Figure 3. Diethyl phthalate mass spectrum from the database (a) and the first peak of the oxidation products (b).

From the presented data we find a coincidence of more than 90 percent of this substance.

The other peaks in the chromatogram presented in Figure 1 correspond to the retention time 12.6;
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14.18;14.47;14.69;15.12;16.61 and, respectively, to the following compounds: methyl tetradecanoate (97%);
1,2-benzenedicarboxylic acid (83%); 9-hexadecenoic acid (91%); hexadecanoic acid (98%); dibutyl phthalate (91%);
octadecanoic acid (99% ).

Analysis of obtained mass spectra show that the products obtained during the oxidation process, cannot form
from the fragmentation of methylene blue, although a catalytic oxidation process of methylene blue is known, giving a
series of products, such as butane-2 amine, arridinone, benzylidene, benzacetic acid, benzonitrile [7].

Much of the products obtained by us probably can get into the dry mixture from the vacuum distillation system,
or from the methanol used as solvent. It is worth mentioning here that these products make up only 10% of methylene
blue used during the 25 cycles. Proceeding from the structural formula of methylene blue (Fig. 4) in the oxidation
process, the radical OH', with very high oxidation potential (2.8v) opens the cycle containing nitrogen and sulfur atoms,
so that nitrogen can oxidize to nitrates (NO,") or free nitrogen and sulfur may oxidize to sulfates [8].

N
=
H4C N CHgy

Fig.4. Structure of methylene blue

The attack of OH' radical in the presence of oxygen initiates a complex cascade of oxidation reactions that lead
to the mineralization of the resultant product. However, the precise directions of these reactions are not yet well defined.
In any case, after the dissolution (after water vaporization) of oxidation products of methylene blue in methanol, an
amount remains undissolved, which contains sulfates and nitrates, and which confirms the mineralization of methylene
blue in the process of its oxidation.

The study of catalytic oxidation process with a different initial concentration of methylene blue (120 mg/L)
produced an unexpected result. As a result there was a complete destruction of methylene blue. In this case the sample
with oxidation products was subjected to vaporization in the drying oven at 100 °C and the dry content dissolved in very
pure methanol.

The mechanism of this dye oxidation process is explained by participation of alkaline functional groups and
by the fact that during oxygen bubbling through the solution containing methylene blue (C = 120 mg/L), on the surface
of the activated carbon CAN-8 (at the interface) planar members (hemi-micelles) of dye and oxygen molecules are
adsorbed. Thus, there is a potential difference at the interface and the OH" radical is formed, which has a high oxidation
potential (2.8V), and which completely catalytically oxidizes methylene blue in the conditions of the experiment. In
case of performing the process at a methylene blue concentration of 20 mg/L, the OH radical acts less effectively at the
interface, due to the presence of a smaller number of dye molecules. Methylene blue adsorption occurs, in this case, from
the real solutions, and not hemi-micellar ones.

In order to determine if any organic substances are eliminated from the studied active carbon during the
oxidation process, we performed blank analysis.

Chromatograms of the zero sample are shown in figure 5 (activated carbon, demineralized water, bubbling with
oxygen at 50 °C) and of oxidation products of methylene blue C;— 120 mg/L, activated carbon quantity CAN-8 — 200
mg, Vsol.-100ml, bubbling with oxygen, p-2 atm, T-50 °C.
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Fig. 5. Chromatogram of the blank sample (activated carbon, demineralized water, bubbling with oxygen at 50
°C) (1) and chromatogram of oxidation products of methylene blue C - 120 mg/L, activated carbon quantity

CAN-8 — 200 mg, Vsol.-100ml, bubbling with oxygen, p-2 atm, T-50 °C. (2).

It should be noted that in paper [1], where the authors studied the oxidation of methylene blue using as the

oxidant - tertiary-butyl hydroperoxide and as a catalyst - manganese oxide with different valences, at room temperature
and higher temperatures, the products that are obtained as a result of oxidation are not named, although the mass spectra
of obtained products were registered in time (kinetics of the process). Mass spectra for all times were totally different
from those we obtained in the present work, which indicates that depending on the catalyst and oxidant studied, and on
the concentration of the dye, different intermediate and final products are obtained.

Conclusions

1.

It was established that the process of catalytic oxidation of methylene blue, at low concentrations (20 mg/L), i.e.
in real solutions, gives sulfates and nitrates and new product, which can be categorized, in their vast majority,
as impurities, probably got from the vacuum distillation unit, which make up for only ~ 10 % of methylene blue
used in the experiment. Methylene blue adsorption at the interface occurs in real solutions.

In case of performing the process at methylene blue concentration of 120 mg/L, hemi-micelles are adsorbed at
the interface and the OH’radical acts more effectively due to the presence at the interface of a greater number of
dye molecules.
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Abstract. Quality control of alcoholic beverages, coming into the market, is a defining element in preventing the
production and supplying of defective products. One of the main criteria for quality control of wine distillates is to
estimate their age, and more precisely the period of maturation as the dominant factor in determining the quality of
cognacs and, consequently, their market price. On the opinion of majority scientists, one of the main factors, which
determines the age of wine distillates, is the content of aromatic aldehydes, mostly vanillin, and their ratio.

Keywords: wine distillate, age of maturation, aromatic aldehydes, high-performance liquid
chromatography.

Introduction

Extraction of natural phenolic compounds from oak wood by wine distillate and their hydrolysis in the process
of aging leads to the formation of aromatic alcohols and their subsequent oxidation to aromatic aldehydes. Aromatic
aldehydes (vanillin, siringic, sinapic, coniferylic, p-oxybenzoic aldehydes etc.) by their organoleptic properties are
involved in formation of cognac’s flavor and aroma. In addition, according to many researchers, the concentration of
aromatic aldehydes can serve as a marker of duration of the wine distillate’s maturation in oak barrels. In this regard,
relevant is the correct quantification of aromatic aldehydes in the aged wine distillates, from which subsequently are
made cognacs.

From aromatic aldehydes in wine distillates are found mostly compounds of guaiacyl (I) and siringyl (II) series

(Table 1) [2, 4].

R4 R4
R, S] R, /
Ry Ry CHO
Vanillin: R =H; R,=OH; R,=OCH, Coniferylic aldehyde: R =H; R,=OH; R,=OCH,
Siringic aldehyde: R =R,=OCH,; R,=OH Sinapic aldehyde: R =R,=OCH,; R,=OH

p-oxybenzoic aldehyde: R,=R,=H; R,=OH

Aromatic aldehydes give characteristic color reactions with various reagents. A number of spectral methods
of their quantitative determination is based on this property. However, according to I. Skurikhin, vanillin, siringic and
sinapic aldehydes in the ultraviolet absorption spectrum have similar maxima. As a result, the spectrophotometric
method can show the total content of these components. Therefore, rather contradictory data on the content of individual
aromatic aldehydes in wine distillates and cognacs often appear. It concerns mostly vanillin.

In the present, in the existing regulatory-technical documentation for production of cognacs (SM 145:2003
“Divinuri. Conditii tehnice”), for ageing proof of wine distillates the concentration of an aromatic aldehyde — vanillin is
used. But spectrophotometric determination method of analysis is provided for this purpose.
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Table 1
. The content of aromatic aldehydes in wine Threshold concentrations, mg/1
Aromatic aldehydes .

distillates of 1-15 years old, mg/l Aroma Taste
Vanillin 0,1-1,6 0,01 0,1
Siringic aldehyde 0,2-2,8 50 100
Sinapic aldehyde 0,5-2,4 200 200
Coniferylic aldehyde 0,9-2,6 3 10
Total 1,9-8,7

1. Skurikhin and others have found that the content of aromatic aldehydes in the process of aging of wine
distillates in contact with oak is growing. The relation between simple aromatic aldehydes (vanillin and siringic aldehyde)
and aldehydes with the double bond (sinapic and coniferylic aldehydes) is changed ambiguously in the process of aging,
so using only vanillin for characterization the degree of wine distillate’s maturation without regarding other aromatic
aldehydes represents a wrong approach.

The method of high-performance liquid chromatography (HPLC) allows us to identify and quantify the

individual aromatic aldehydes from the general group of these compounds, selected by optical methods.

Materials and methods

Spectrophotometric method of SM 145:2003 is based on measuring the optical density of alkaline solution of
vanillin in the ultraviolet part of the spectrum at A = 350 nm.

The method of high-performance liquid chromatography (HPLC) allows to separate the phenolic compounds
and the products of their degradation - aromatic aldehydes and acids extracted by wine distillate from oak wood, on a
special chromatographic column, and then to determine them quantitatively. We picked the best mode of separating a
mixture of aromatic aldehydes and their predecessors - the aromatic acids and used a method developed for quantitative
differential determination of the above mentioned compounds, including vanillin, in wine distillates of different periods
of maturation.

For our research we selected about 30 samples of wine distillates of different periods of maturation (young,
from 2 to 27 years old), prepared at domestic enterprises and imported into Republic of Moldova.

Determination of aromatic aldehydes and acids by HPLC was performed on the liquid chromatograph LC-
20A Prominence, Shimadzu, on the column CC 125/4 Nucleosil 100-5C18 Nautilus. Detector SPD-20AV UV/VIS, by
which is equipped this liquid chromatograph, includes deuterium and tungsten halogen lamps, as a result the analytical
capabilities are expanded to the visible range. As an eluent we used a mixture of methanol and acetic acid. Separation of

standard mixture of aromatic aldehydes was carried out under the following conditions:

The volume of injected sample, pl 100
Wavelength, nm 280
Eluent Solution A — Methanol. Solution B — 0,5 % Acetic acid
Gradient program: Start - 5% solution A, -95% solution B
10 min - 15 9% solution A, - 85 % solution B

45 min -40 % solution A, - 60 % solution B
55 min  -92 % solution A, -2 %  solution B

Stop -5% solution A, - 95 % solution B
The rate of the eluent, ml/min 0,8
Duration of analysis, min 60

The content of vanillin was determined on the spectrophotometer CD-46 by the method indicated in SM
145:2003.

Results and discussion

Figure 1 shows the chromatogram of a standard mixture solution of aromatic aldehydes and acids, on which
there is good separation of the peaks and sensitivity.
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Fig. 1. Chromatogram of standard mixture solution of aromatic aldehydes and acids.

We separated by HPLC method the mixture of aromatic aldehydes and natural sample of the aged wine distillate
in the measurement mode of two wavelengths 280 and 254 nm. Figures 2 and 3 show the chromatograms, on which
it is seen that the analysis in this mode allows in one step to get a good separation of the peaks of studied substances.
Thus, the established modes of analysis by HPLC can differentially determine the concentration of individual aromatic
aldehyde and the corresponding aromatic acids in wine distillates.

mV
60
. Detector A Chl: 280 nm =
_ . <
500 Detector A Ch2: 254 nm gl o 3 3
== 2 S
] gl 2 © = >
f 3 Sl 2 5z
407 g < = .
N o 2 -
7 = g‘] = ::Q
] o g= 5ora
307 © % 2 iz
] S i
20 2 N
1&: B s = : ., - T LT e L L DL L i
] "7 B ) - « o, “.‘o'“ﬂ')"f npoasens e T
ﬂ{ .m..,\_‘. S Dincay g
; ; —— — — — — —
0.0 5.0 10.0 15.0 20.0 25.0 30.0 35.0 min

Fig. 2. Chromatogram of standard mixture solution of aromatic aldehydes and acids
on two wavelengths: 280 and 254 nm.
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Fig. 3. Chromatogram of composition of aromatic aldehydes and acids of natural sample of the aged wine
distillate, year 1980, on two wavelengths: 280 and 254 nm.

We have carried out studies on the comparison of results obtained in determining the content of vanillin in
wine distillate of different periods of maturation by the spectrophotometric method in SM 145:2003 “Divinuri. Conditii
tehnice” and by high-performance liquid chromatography (HPLC).

We have seen that they differ (Table 2). The content of vanillin, determined by HPLC, was significantly lower
than the one, established by spectrophotometric method.

In the current SM 145:2003 “Divinuri. Conditii tehnice” for characterization the physico-chemical composition
of aged wine distillates the amount of vanillin is only used, and in wine distillates up to 5 years old this parameter is
not normalized, and in the distillate over 6 years old the content of vanillin may not exceed 16 mg/dm? /4/. Our studies
show that this parameter does not reflect the real picture, the amount of accumulated vanillin is significantly lower than

the indicated value.

Table 2
The content of vanillin in aged wine distillates, determined by different methods
The content of vanillin, mg/dm?
The year of laying for maturation
Spectrophotometric High-performance liquid chromatography
method on SM145:2003 (HPLC)

1983 13,0 5,6
1985 17,7 6,1
1988 13,5 6,6
1989 14,0 6,6
2003 12,7 7.9
2004 8,5 52
2005 6,2 2,7
2005 5,0 32
2005 9,5 5,5
2007 2,7 1,2
2007 2,0 0,5
2008 1,2 0,4
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Conclusion
The method of determination of aromatic aldehydes in wine distillates by high-performance liquid
chromatography has been elaborated. Application of high-performance liquid chromatography (HPLC) allows to

eliminate errors at the control of the content of aromatic aldehydes, especially vanillin, in maturated wine distillates.
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Abstract: This article reports on the high yield synthesis and novel chalcones with isothiocyanate and imidazol
groups. The synthesis was started from N,N-diphenilamine and finished with 4-(N,N-diphenylamino)-4’-(2-thioxo-
imidazolidin-4-one)-chalcone, where the cheap and accessible reagents were used.

Keywords : chalcone, isothiocyanat, imidazole, NMR, IR.

Introduction

Since its discovery, chalcones became of interest due to its biological activities such as antibacterial, antifungal,
antimalarial and anticancerous properties[1]. The possibility to use chalcones in application domains of luminophore
pigments [2], developing of lasers, photographic techniques, photocopying, data storage elements, in dye-sensitized
solar cells [3] gave an impulse for the intensification of luminescent chalcones investigation [4].

Results and discussion

In order to obtain 4-(N,N-diphenylamino)benzaldehyde, (4, Scheme 1), two reactions were carried out. Initially,
diphenylamine (1) was condensed with iodobenzene (2) to obtain triphenylamine (3). The reaction is catalyzed by
activated copper in nitrobenzene [5]. For the introduction of the carbonyl group in the para position of the phenyl ring
the Vilsmeier reaction was used [6]. The presence of formyl group in the final product (4) was demonstrated by IR
spectroscopy (v (C=0) = 1685 cm™.

) a )0 am
PhoNH +  Phl —> PhsN —> PhyN E—
1 2 3 4
(e}
av) \ V)
N=C=S E—

Ph,N
Ph,N

Scheme 1: Synthetic Route of the 4-(N,N-diphenylamino)-4’-(2-thioxo-imidazolidin-4-one)-chalcone
(I) Cu/K,CO,, PhNO,, reflux (IT) POCI,, DMF, 95-100 °C, 20 h (IIT) 4-N,N-dimethylthioureidoacetophenone, NaOH, EtOH/DMF,
25 °C, 5 h (IV) acetic anhydride, dioxane/H,0, reflux, 2 h (V) glycine, Na,CO,, reflux, 2 h (VI) CHCI,, reflux, 1 h.

The synthesis of 4-(N,N-diphenylamino)-4’-(N,N-dimethylthioureido)-chalcone (5) was carried using the
alkaline catalysis (Scheme 1). The acetophenone carboanion attack the positively charged carbon of the carbonyl group.
As aresult, aldol condensation occurs and aldol products are obtained. Thus, by removal of hydroxyl group and formation
of the double bond (crotonic condensation), the final compound is obtained (5). To inhibit secondary reactions, alkaline
catalysis was carried out at temperatures not more 25 °C.
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To confirm the proposed structure of product (5) the IH-NMR spectrum of this substance was measured. The
main information was provided by doublet with chemical shift 7.78 ppm and integral 1 which indicates the presence of

the double bond C=C. Also, the peaks for protons of the following groups were found:
e 4-(N,N-dimethylthioureido) — 3.37 ppm (s, 6H, CH,) and 9.81 ppm (s, 1H, NH);
e  parasubstituted phenyl ring from acetophenone group — 8.01 ppm (d, 2H, 2’,6’—Cph);
e parasubstituted phenyl ring from 4-(N,N-diphenylamino) group — 7.48 ppm (d, 2H, 2,6—Cph);
e  Other proton peaks were found as multiplets in the region 7.00 +~ 7.41 ppm.

Reaction yield is relatively high (70%) compared with those described in the literature for analogue compounds
[7].

Inordertoobtaintheisothiocyanatoproduct(6)theeliminationofdimethylaminefromdimethylthioureidochalconic
compound (5) was performed. This was achieved by boiling the latter one in benzene in the presence of acetic anhydride.
As aresult, the compound (5) was completely consumed and the final product was easily separated.

To confirm the proposed structure of product (6) 'H-NMR, Cosy45-NMR and IR spectroscopy methods were
used. The main changing in "H-NMR spectrum (fig. 1) for compound (6) versus the analog spectrum of the initial
compound (5) is the disappearance of the proton peaks for CH, and NH groups from 4’-(N,N-dimethylthioureido)
fragment. Proton spectrum has provided information about the presence of the following fragments:

e double bond C=C - 7.77 ppm (d, 1H, 2-C);

e  parasubstituted phenyl ring from acetophenone group — 8.00 ppm (d, 2H, 2’,6’—Cph);

e  parasubstituted phenyl ring from 4-(N,N-diphenylamino) group —7.02 ppm (d, 2H, 3,5-C ), 7.48 ppm
(d, 2H, 2,6-C ));

e  other proton peaks are overlapped and were assigned to multiplets in the regions — 7.10 +~ 7.16 ppm
(m, 2H, 2*4”-C | +4H, 2%27,67-C ) and 7.29 +7.33 (m, 2H, 3°,5°-C | +4H, 2*3”.,5”-C | + 1H,
3-C).
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Fig. 1. *H-NMR spectrum of 4-(N,N-diphenylamino)-4’-isothiocyanato-chalcone

For correct assignment of other proton peaks in the NMR spectrum, Cosy45-NMR spectroscopy was used (fig.
2), that provided information about all protons of compound (6):
e double bond C=C —7.33: 7.77 ppm (1H, 3-C : 1H, 2-C);
e parasubstituted phenyl ring from acetophenone group — 7.30 : 8.00 ppm (3’,5’—Cph : 2’,6’—Cph);
e monosubstituted phenyl ring from 4-(N,N-diphenylamino) group —7.09 : 7.30 ppm (4”’-C apha - D 0"
Cype) and 7.13 : 7.30 ppm (27,6”-C, |+ 37,57-C, )
e  parasubstituted phenyl ring from 4-(N,N-diphenylamino) group — 7.01 : 7.48 (3,5—Cph : 2,6—Cph).
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Figure 1: Cosy45-NMR spectra of 4-(N,N-diphenylamino)-4’-isothiocyanato-chalcone

IR spectroscopy was used to demonstrate the presence of functional groups in the studied compound. For
product (6) ketone and isothiocyanato groups were studied. Their presence was indicated by intense peaks at following
wavelength:

e v (CO)=1650 cm’, medium — ketone group;
e Vv (CN)=2115 cm’, strong — isothiocyanato group.

"H-NMR, Cosy45-NMR and IR spectroscopic data unequivocally demonstrate the proposed structure of
compound (6).

The synthesis of the 4-(N,N-diphenylamino)-4’-(2-thioxo-imidazolidin-4-one)-chalcone (8) was performed
by addition of glycine to 4-(N,N-diphenylamino)-4’- isothiocyanato chalcone (6) and subsequent cyclization of the
intermediate compound (7). Sodium glycinate is more active in addition reactions as compared to its acid form, therefore
glycinic acid was neutralized with sodium carbonate. The addition of sodium glycinate to compound (6) leads to obtaining
of sodium chalcone-4-(N,N-diphenylamino)-4’-((carbamothioyl)aminoacetate) (7). The neutralization and subsequent
heating in chloroform of the intermediate compound (7) lead to the final product (8).

To confirm the proposed structure of product (8) "H-NMR and IR spectra were measured. Proton spectrum has
provided information about the presence of the following fragments:

e 2-thioxo-imidazolidin-4-one substituted on 3-C —4.38 (s, 2H, CH,) and 9.25 (s, 1H, NH);

e  parasubstituted phenyl ring from acetophenone group — 8.21 ppm (d, 2H, 2,6’-C )

e monosubstituted phenyl ring from 4-(N,N-diphenylamino) group — 7.00 ppm (d, 2H, 3,5-C,) and 7.54
ppm (d, 2H, 2,6-C);

e  parasubstituted phenyl ring from 4-(N,N-diphenylamino) group — 7.75 ppm (m, 4H, 3,5”°-C ioha)”

e other protons peaks are overlapped and were assigned to multiplets in the regions — 7.14 — 7.17 ppm
(m, 1H, 2-C + 2H, 2*4”-C | +4H, 2%27,67-C ), 7.36 — 7.40 ppm ((m, 2H, 3°,5’-C | + 1H, 3-C).

Using IR spectroscopy the presence of the following functional groups was demonstrated:

e v (CO)=1654 cm' — ketone group from acetophenone;

e v (CO)=1761 cm' — ketone group from glycine;

e v (NH)=3229 cm"! — secondary amine group.

Experimental section

NMR spectra were performed in CDCl, on BRUKER AVANCE-III 400 MHz spectrometer. NMR methods
utilized in this research are: 'H-NMR, *C-NMR, Cosy45-NMR.

IR spectra were measured at the Spectrum 100 FT-IR Spectrometer Perkin Elmer.

Synthesis of 4-(N,N-diphenylamino)-4'-(N,N-dimethylthioureido)-chalcone (35).
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An amount of 5 ml of dried DMF was added to the mixture of 0.40 g (1.45 mmol) 4-((N,N-diphenyl)amino)
benzaldehyde and 0.35 g (1.57 mmol) (1:1 equivalent) of 4-N,N-dimethylthioureidoacetophenone. Complete dissolution
of initial compounds was observed after addition of solution formed by adding 0.5 g NaOH in 6.5 ml of absolute
ethanol. The reaction was performed at 25 °C under stirring for 5 h. The end of reaction was determined from TLC
(Thin Layer Chromatography) analysis by consuming of 4-((N,N-diphenyl)amino)benzaldehyde. The reaction mixture
was neutralized with aqueous solution of HCI (4 %) and the precipitate was formed, which was washed with distilled
water. The crude product was purified on silica gel column (hexane/benzene, 1/3) to afford the target compound (5)
(0.56 g, 70 % yield). '"H-RMN (CDCl,), & (ppm): 3.37 (s, 6H, CH,), 7.00 = 7.41 (m, 2H, 3,5-C, + 2H, 2*4”-C  +
4H,2*%27,57-C . 2H,3",5’-C  +4H, 2*37,57-C |+ 1H, 3-C), 7.48 (d, 2H, 2,6-C ), 7.78 (d, 1H 2-C), 8.01 (d, 2H
2°,6’-C ) 9.81 (s, 1H, NH).

Synthesis of 4-(N,N-diphenylamino)-4 -isothiocyanato-chalcone (6).

An amount of 0.22 g (2.15 mmol) of acetic anhydride in 4 ml of benzene was added to 1.0 g (2.1 mmol) of
4-diphenylamino-4’-(N,N-dimethylthioureido)-chalcone. The mixture was refluxed for 2 h, the formed precipitate was
filtrated, the solvent from filtrate was removed by low pressure distillation. The crude product was purified on silica gel
column (hexane/benzene, 1/3) to afford the target compound (6) (0.9 g, 80 % yield). 'H-RMN (CDCl,), 8 (ppm): 7.02
(d,2H,3,5-C ), 7.10 = 7.16 (m, 2H, 2*4”-C | +4H,2%27,67-C  ),7.29+7.33 (m, 2H, 3°,5°-C | +4H,2*3”,5”-C |
+ 1H, 3-C), 748(d 2H, 2,6-C ), 7.77 (d, 1H, 2-C), 8.00 (d, 2H, 2 ,6°-C ). COSY 45 - RMN(CDCI) d (ppm): 701
7.48 (3,5-C,,:2,6-C ), 7.09 : 730(4” aona - 3" Cyp)> 713 730(2”6” a3 25" -Cyp)> 7.33:7.77 (1H, 3C : 1H,
2C), 7.30 : 8.00 (3’,5’—Cph :2,6’-C ). IR v (ecm™): 620 w, 643 w, 667 m, 684 m, 694 s, 703 s, 745 m, 756 s, 772 m, 798
m, 810 s, 835 w, 856 vw, 864 vw, 890 w, 929 m, 952 w, 976 m, 1003 m, 1014 m, 1030 s, 1051 w, 1073 m, 1109 w, 1155
m, 1172's, 1187 s, 1212's, 1261 m, 1288 m, 1304 s 1314 s, 1337 vs, 1432 m, 1450 m, 1488 vs, 1507 s, 1553 s, 1568 vs,
1576 vs, 1593 s, 1650 m, 1688 w, 1740 vw, 2115 s, 2189 m, 2287 vw, 2510 w, 2600 w, 2743 vw, 2850 w, 2919 w, 3033
w, 3060 w, 3294 vw.

Synthesis of 4-(N,N-diphenylamino)-4’-(2-thioxo-imidazolidin-4-one)-chalcone (8).

The mixture of 0.30 g (0.004 mol) glycine and 0.21 g (0.002 mol) of Na,CO, was dissolved in minimal quantity
of water, this solution of sodium glycinate was added drop wise to dioxane solution of 0.86 g (0.002 mol) 4-(N,N-
diphenylamino)-4 -isothiocyanato-chalcone. After refluxing for 2 h, the solution was cooled at room temperature and
neutralized with HCI solution (HCl _ _/H O = 1/2). The intermediary noncyclic compound was extracted with CHCI,.
After refluxing for 1 h, the solvent was removed by low pressure distillation. The crude product was purified on silica gel
column (ethyl acetate/benzene, 1/2) to afford the target compound (8) (0.39 g, 40% yield). "H-RMN (CDCl,), & (ppm):
4.38 (s, 2H, CH,), 7.00 (d, 2H, 3,5-C ), 7.14-7.17 (m, 1H, 2C + 2H, 2*4”-C | +4H, 2*27,6”-C ), 7.36-7.40 (m, 2H,
3°,5-C,, +1H, 3-C), 7.54 (d, 2H, 2,6-C ), 7.75 (m, 4H, 2*3”,5”-C, ), 8.21 (d, 2H, 2°,6’-C ), 9.25 (s, 1H, NH). IR, v
(em™): 665 w, 696 s, 754 m, 817 m, 897 vw, 959 w, 981 m, 1017 m, 1031 m, 1076 w, 1173 vs, 1187 s, 1215 s, 1269 vs,
12958, 13155, 1327 5, 1396 m, 1425 m, 1452 m, 1489 vs, 1504 vs, 1580 s, 1603 m, 1654 m, 1761 m, 2599 vw, 2852 w,
2922 w, 3034 w, 3060 w, 3229 w (band).
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Abstract: The synthesis and antiviral activity evaluation of new derivatives of 2-aminothiazole, 1,2,4-triazole, as well
as oxindoles has been realized. The synthesized compounds exhibited different cytotoxicity, in particular, oxindols 4
,5,7,8,9,10, 11, 12, 13, 58 as well as thiazole/triazole 73 and 75 turned out to be the most cytotoxic for MT-4 cell
lines. The compounds 11, 12, 73, and 75 are more toxic than reference compound Efavirenz. As far as the antiviral
activity is concerned, none of the title compounds turned out active against Reo-1, Sb-1, VSV, RSV, YFV and VV
viruses. The results obtained against Bovine Viral Diarrhoea Virus (BVDV) showed that nine compounds (six from
oxindol’s seria 6, 12, 13, 52, 56, 58 and three 73, 75, 77 of triazole homologues) resulted moderate active. Among all
of them, the most potent compound was 52, with EC, of 6.6 uM. Studies of effect of synthesized compounds against
Coxsakie Virus (CVB-2) revealed that only two compounds, 13 and 73 exhibit moderate activity (EC,,>40 and
>18 uM, respectively). It should be noticed that eleven compounds, 4, 5, 7, 8, 9, 10, 11, 12, 13, 58, and 75 showed

moderate activity against HIV-1 (EC, >16 —m >59uM).
Keywords: 2-aminothiazole, 1,2,4-triazol, oxindoles, cytotoxicity, antiviral activity.

1. Introduction

The twentieth century has been characterized both by a drastic reduction in the mortality caused by infectious diseases
and by arise in the control of neoplastic pathologies. The treatment of infectious diseases still remains an important and challenging
problem. The therapeutic problem has achieved increasing importance in hospitalised patients, in immuno suppressed patients
with AIDS or undergoing anticancer therapy and organ transplants. Oxindoles has posses a different kind of physiological
activity [1-21]. 4-Aryl-5-(1H-1,2,4-triazol-1-yl)-1,3-thiazol-2-amines are found to be associated with various biological
activities such as antifungal, anti-inflammatory, plant-growth regulatory, adenosine receptor antagonists [22-24].
Prompted by these reports and in continuation of search for bioactive substituted thiazole from computer prediction [25]
to synthesis and biological evaluation it was contemplated to synthesize 2-aminothiazole containing 1H-1,2,4-triazole’s
moiety starting from 1-benzoylmethyl-1H-1,2,4-triazoles.

2. Results and discussion

2.1 Chemistry

Recently, we described the synthesis of substituted oxindoles [11, 26-32]. In the present paper, the synthesis of
3-hydroxyoxindoles 1-18 from easily accessible [32, 33] indol-2,3-diones 25-35 are suggested (Scheme 1).

Our initial studies [27,28] were performed using as catalyst Et NH in ag. MeOH, aq. EtOH, aq. i-PrOH. The
presence of water in reaction media at room temperature showed a positive effect on the reaction of isatine 25 with
acetone 19. However, the use of Et NH as a catalyst in 25% aq. ethylene glycol gives the best result (98 %) compared
to using of Et, NH in aq. MeOH (77 %), aq. EtOH (81 %) or aq. i-PrOH (88 %). When the temperature was decreased
to 5-10° C, the 3-hydroxyoxindole 1 was obtained only with 60 %. Finally, all the interactions of isatines 26-35 with
methylketones 19-24 carried out in 25% ag. ethylene glycol as a solvent using 1 eq. of Et NH as catalyst at room
temperature gave the novel oxindoles 3-8 and known derivatives 1,2,9-18 with moderate to good yields (see Table 1 and
experimental part).

The known transformation [34] of 1-methylindoline-2,3-dione 26 into thiosemicarbazone 44 afforded an
antiviral drug that works by inhibiting mRNA and protein synthesis, especially in pox viruses. On the other side, the
synthetic approach to A2-1,3,4-thiadiazoline 56 from thiosemicarbazone 46 we published early [35]. This prompted us to
find new compounds having a thiadiazoline moiety attached to oxindoles. These compounds can be considered as cyclic
thiosemicarbazide derivatives as well.
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The synthesis of compounds 43, 45, 47-53 from easily accessible isatines 25, 29, 36-42 was performed according
to the method previously reported [35]. Here we report the reaction of 2-oxoindolin-3-ylidene-hydrazinecarbothioamides
43, 45, 47-53 with boiling acetic anhydride (Scheme 1).

o) HoN

S
HO $R2 Me(CO)R? HN ) F J<x
19-24 o 7 NNH SO
o Et,NH, (CH,0OH), @E& HaNTNH Ac,O Ac
-— o —~ o ————~ o
Nl N N N
R Rl Rl Rl
1-18 25-42 43-53 54-63
1 R!= H, R=Me 19 RZ= Me 25,43 Rl=H
2 R= R%=Me 20 R?=Ph 26,44  R=Me
3 Rl= Et, R%=Me 21 R?=2,4-Cl,-CgH3 27 Rl= Et
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R §§ co,Me 29 45, 55 Rll: Bu
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23 2—-§§>« 59
R°= ", CONH, 31 R1=decyl

5 § 32,46,56 R'=Bn
24R% = ; CN 33 Rl= CH,CH,Cl

4 R'= Bn, R=Me

5 R= CH,CH,CI, R>=Me

6 R1I=CH,N(CH,CH,),0, R>=Me

7 R1I=CH,N(CH,CH,),NPh, R?=Me
8 R!=Pr,R?=CgHsg

9 Rl= Me, R? = 2,4-Cl,-CgH3
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Scheme 1

The reaction of thiosemicarbazone 43 with Ac,0 at high temperature afforded isatine-derived A*-1,3,4-
thiadiazoline 54 as colorless needles in 71 % yield. Similarly, by the reaction of thiosemicarbazone 45, 47-52 and Ac,0,
solid spirooxindoles 54, 55, 57-62 were obtained in good to excellent yields (see Table 1).

Table 1
An analytical data of the synthesized compounds
Compo  Aggregation Yield Elemental analyses (%)
unds Mp.(°C) (%) Mol. Formula C H N
from EtOH Calcd. / Found Calcd. /Found Calcd. / Found

3 155-156 76 C,H \NO, 66.94/67.23 6.48 /6.67 6.00/6.32
4 155-157 80 C,HNO, 73.20/73.44 5.80/6.21 4.74/4.72
5 150-152 78 C,H,,CIN,O 58.32/58.22 5.27/5.68 5.23/5.48
6 107-108 76 C,H_NO, 73.20/73.44 5.80/6.21 4.74/4.72
7 165-166 73 C,H,N,0, 63.14/63.22 6.62/6.26 9.20/9.33
8 149-150 76 C,,H,N,O, 69.64 /69.77 6.64/6.99 11.07/10.92
43 252 92 C,H,N,08 49.08/49.08 3.66/3.49 25.44/25.27
45 155 91 C,H NS 56.50/56.34 5.84/6.02 20.27/20.45
46 250 96 C,H NS 61.92/61.77 4.55/4.68 18.05/18.34
47 166-168 90 C, H,N,0S 59.18/59.00 6.62/6.49 18.40/18.11
48 131-132 88 C,H,N,0S 62.39/62.22 7.56/7.33 16.17/16.01
49 251-254 97 C,H N0, 52.16/51.89 4.38/4.55 20.28/20.11
50 236-237 82 C.,HN,O,S 56.58/56.38 5.70/5.56 17.60/17.46
51 228 79 C,H CIN,OS 50.57/50.69 4.24/4.47 18.14/18.11
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52 203-205 77 CH,N,08 53.78/54.09 4.86/5.02 19.30/19.10
53 176-178 81 C_H,N,08 55.37/55.21 4.65/4.69 21.52/21.63
54 246-248 71 C,H,N,0S 51.31/51.59 3.97/4.25 18.41/18.66
55 211213 65 C,H,N,0,S 56.65/56.66 5.59/5.77 15.54/15.34
56 248-249 88 C,H,N,0,8 60.90/60.88 4.60/4.44 14.20/14.32
57 170-171 71 C,H,N,0,S 58.74/58.77 6.23/6.50 14.42/14.65
58 202203 70 C,H,N,0,S 61.37/61.55 7.02/7.32 13.01/12.96
59 247 59 C HN,0,S 53.32/53.61 4.47/4.35 14.20/14.20
60  250(decom) 82 C,H,N,0,S 56.70/56.55 5.51/5.69 13.92/14.12
61  176-178 60 C,H,CINOS 51.97/51.84 4.36/4.54 14.26/14.02
62 189-192 57 CH,N,0.S 54.53/54.59 4.85/4.68 14.96/14.89
63  173-175 40 C.'H,N,0.S 55.80/55.98 4.68/4.41 16.27/16.45
70 162-163 75 C H N.S 50.75/ 50.97 4.65/ 4.83 32.28/32.55
71 194-199 66 CH NS 52.54/52.66 5.14/5.33 30.63/30.76
72 187-190 79 C H,CLN,S 40.13/40.34 3.06/3.06 25.53/25.67
73 226-236 50 C.H,N,0.S 52.31/52.33 4.68/4.77 24.40/24.23
74 199 56 CH,N,0.S 53.65/53.44 5.07/4.77 24.40/23.37
75 250 (decom) 63 C H,CLNOS  43.59/43.52 3.41/3.49 20.33/2031
77 230-232 89 C HBNS C41.01/40.98  2.50/2.71 21.74/21.72
78 245246 88 C, H,CIN.S 47.57/47.83 2.90/2.59 25.22/25.03
79 250(decom) 93 C,H, CINS 56.01/56.21 4.31/4.00 27.22/27.47
80 243244 77 C HCLN.S 42.32/41.98 2.26/2.08 22.43/22.65
81  285-286 77 C.H CLN,S 45.89/46.32 3.26/3.11 20.58/20.68

N-Allylisatine derivative 53 readily underwent cyclization with Ac,O to produce the corresponding 1,3,4-thiadiazoline
63. This compound also appeared to be quite stable in the reaction mixture at this temperature. However, acetamide 63 was
obtained in a low yield (only a 40 %). At this condition polymerization to a dark solid material was observed.

The successfull use of thiosemicarbazones in heterocyclization encouraged us to apply available 1-aryl-2-(1H-
1,2,4-triazol-1-yl)-1-ethanones 66, 68, 69 [36] for the synthesis of compounds 70-72 (schema 2).

HN S

Ac-HN
=N
AczO RD ¢"
) N-Ac
R
Nx
R2 N\;WN

70 R=R?%=Cl| 73 R'=R%=ClI

71 R1=H, R%=Me 74 R=H, R?=Me

72 R1=R%=H 75 R1=R%=H

R3 O R1
0 R® thiourea then
R2 >\ NaHCO3
=N
N —
Br
64 R'=R%H, R°=Cl 26
65 R1=R2=C|, R3=Me 77 R:=R%=H, R?=Br
66 RI=R2=R3=H 78 R'=R?=C|, R®=H
67 R1=R3=H, R?=Br 79 R=R3=H, R?=Me
68 R1=R2=C|, R3=H 80 R’=R3=H, R?=Cl
69 R1=R3=H, R?=Me 81 R1=R?=C|, R®=Me
Scheme 2

The thiosemicarbazones 70-72 when reacted with boiling acetic anhydride gave variable yields of 2-acetamido-
4-acetyl-5-(aryl)-5-(1H-1,2,4-triazol-1-yl-methyl)-A2-1,3,4-thiadiazoline 73-75.
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The second strategy has include transformations of ethanones 64, 65, and 67-69 into the 1,3-thiazol-2-amines
derivative 1,2,4-triazoles 77-81 via corresponding a-bromoketones 76. In the beginning our study the compound 76
(R'=R*=H, R*=Br) was obtained by the halogenation of ketone 67 with Br, in mixture HBr/AcOH at 10°C according
to the procedure described in the literature [37]. However, this compound was apparently not very stable. It is worth
noting that allylic bromination of ketone 67 using Br, followed by condensation of product with thiourea gave the
2-aminothiazole 77 in 89 % yield. The optimized two steps protocol was then expanded to ketones 64, 65, 68, and 69.
The targets 2-aminothiazole-1H-1,2,4-triazoles 78-81 were conveniently isolated as precipitates with good yields (see
Table 1). All synthesized compounds were characterized by ellemental analysis (Table 1) as well as spectroscopically
(H-NMR, Table 2, MS experimental part).

Table 2
'"H NMR spectral data of synthesized compounds
Comp. 6 (ppm)
3 DMSO-d,: 1.20 (t, 3H, J=9.17, CH,CH,); 2.10 (s, 3H, Me); 2.97 (dd, 2H, CH,, AB-system, J= 11.20 and 14.49),
4.80 (q, 2H, J=6.48 Hz, MeCH,); 4.39 (s, 1H, OH), 6.81-7.44 (m, 4H, ArH)
4 DMSO-d:2.11 (s, 3H, Me); 2.89,2.99 (dd, 2H, CH,, AB-system, J=11.55 and 24.32); 4.48 (s, 1H, OH); 4.88 (s,
2H, N-CH -Ph); 6.24-7.41 (m, 9H, arom).
5 CDC13:2.121 (s, 3H, Me); 3.11-3.66 (m, 3CH,); 3.97 (s, 1H, OH); 6.91-7.23 (M, 4H, arom).
6 DMSO-d,:2.09 (s, 3H, Me); 2.50-3.65 (m, 3CH,); 4.41 (s, 2H, NCH,), 6.08 (s, 1H, OH); 6.77-7.11 (m, 4H,
arom).
7 CDCI,:2.17 (s, 3H, Me); 2.48-3.44 (m, 3CH,); 4.58 (s, 1H, OH); 4.45 (s, 2H, NCH,), 6.43-7.27 (M, 9H, arom).
8 CDCI,: 0.90 (t, 3H, J=8.7, CH,CH,); 1.62-3.38 (m, 4H, 2CH,), 2.06 (s, 3H, Me); 2.76 (dd, 2H, CH,, AB-system,
J=11.01 and 14.49), 5.99 (s, 1H, OH), 6.83-7.98 (m, 4H, ArH)
43 DMSO-d,: 7.23-7.89 (m, 6H, NH,, ArH); 9.10 (s, 1H, NH-CO); 11.13 (s, 1H, NH-CS)
45 DMSO-d,: 1.00 (t, 3H, J=8.76, CH,CH,); 1.31-3.97 (m, 6H, 3CH,); 7.21-7.98 (m, 6H, NH,, ArH), 10.92 (s, 1H,
NH-CS)
46 DMSO-d,: 4.94 (s, 2H, CH,); 6.93-7.75 (m, 9H, ArH); 8.74-9.10 (m, 2H, NH,); 12.43 (s, 1H, NH-CS)
47 CDCIL,: 0.78 (t, 3H, CH,-CH,, J=7.28); 1.02-1.79 (m, 6H, (CH,),); 3.64 (q, 2H, CH-N, J=7.14)
48 CDCIL: 0.78 (t, 3H, CH,-CH,, J=5.76); 1.0-1.83 (m, 14H, (CH,).); 3.64 (t, 2H, CH_-N, J=7.28); 6.65-7.54 (m,
5H, ArH, NH,); 12.26 (s, 1H, NH-CS)
49 DMSO-d,: 2.11 (s, 3H, COCH,); 2.85 (t, 2H, CH,-CO-CH,, J=7.28); 3.89 (t, 2H, N-CH,-CH,, J=7.2); 7.00-7.70
(m, 4H, ArH); 8.65-9.05 (m, 2H, NH,); 12.36 (s, 1H, NH-CS)
50 DMSO-d,:1.20(s,9H,3CH,); 4.80 (s,2H,CH,); 6.69-7.76 (m,4H, ArH); 8.71, 8.08(s,s,2H,NH,);12.29 (s,1H,NH)
51 DMSO-d,: 2.11 (s, 3H, CH,); 4.42 (d, 2H, CH,, J=6.06); 5.72 (t, 1H, CH=,, J=6.29), 6.93-7.72 (m, 4H, ArH);
8.67,8.9.06 (s, s, 2H, NH,); 12.34 (s, 1H, NH)
52 CDCI,:2.13 (s, 3H, Me); 2.70-3.24 (m, 2CH,); 7.21-7.98 (m, 6H, NH,, ArH), 10.92 (s, 1H, NH-CS)
53 DMSO-d,: 4.32 (s, 2H, CH,); 4.89-5.39 (m, 2H, =CH,), 5.49-6.2 (m, 1H, CH=), 6.97-7.73 (m, 4H, ArH); 8.59,
8.9.03 (s, s, 2H, NH,); 12.45 (s, 1H, NH)
54 DMSO-d;: 2.1, 2.15 (s, s, 6H, 2COCH,); 2.56 (s, 3H, CONCOCH,); 6.65-7.5 (m, 4H, ArH); 12.05 (s, 1H, NH)
55 CDCI;: 0.812 (t, 3H, CH,-CH,, J=6.28); 1.13-1.64 (m, 4H, CH,-CH,-CH.,); 1.91, 2.13 (s, s, 6H, 2COCH,); 3.69
(t, 2H, N- CH,, J=6.51); 6.74-7.39 (m, 4H, ArH); 10.40 (s, 1H, NH)
56 DMSO-d,: 2.08 (s, s, 6H, 2COCH,); 2.21 (¢, 3H, CO-CH, ), 4.94 (q, 2H, J-16.11, N-CH,-C H,); 6.73-7.45 (m,
9H, apom); 12.00 (c, 1H, NH- CO-CH,)
57 CDCIL,: 0.80 (t, 3H, CH,-CH,, J=5.49); 1.15-1.65 (m, 8H, (CH,),Me); 1.92 (s, 3H, COCH,), 2.12 (s, 3H, COCH,);
3.67 (t, 2H, N- CH,, J=6.91); 6.73-7.38 (m, 4H, ArH); 10.40 (s, 1H, NH)
58 CDCI,: 0.80(t,3H, CH,-CH,, J=6.64); 1.21-1.84 (m, 14H, (CH,).Me); 1.93 (s, 3H, COCH,); 2.13 (s, 3H, COCH,);
3.67 (t, 2H, N-CH,, J=6.69); 6.74-7.39 (m, 4H, ArH); 10.35 (s, 1H, NH)
59 CDClL:2.1,2.16,2.22 (s, s, s, 9H, 3COCH,); 4.67 (s, 2H, CH,); 6.68-7.36 (m, 4H, ArH); 11.72 (s, 1H, NH)
60 DMSO-d,: 1.19 (s, 9H, CMe,); 2.08, 2.14 (s, s 6H, 2COCH,); 4.83 (s, 2H, CH,); 6.79-7.43 (m, 4H, ArH)
61 CDCIL: 1.08 (s, 3H, =C-CH,); 1.96, 2.12 (s, s, 6H, 2COCH,); 4.45 (d, 2H, CH,, J=7.21); 5.45 (t, 1H, CH=C,
J=7.07); 6.74-7.38 (m, 4H, ArH); 10.17 (s, IH, NH)
62 CDCI: 1.97,2.02 (s, s, 6H, 2COCH,); 2.05 (s, 3H, COCH,); 2.73 (t, 2H, CH,CO, J=7.4); 3.82 (t, 2H, N-CH,,
J=7.6); 6.69-7.28 (m, 4H, ArH); 11.06 (s, 1H, NH)
63 DMSO-d,: 2.09,2.2.16 (s, s, 6H, 2COCH,); 4.20-4.39 (m, 2H, CH,); 4.89-5.48 (m, 2H, =CH,), 5.63-5.89 (m, 1H,
CH=), 6.88-7.59 (m, 4H, ArH); 12.03 (s, 1H, NH)
70 DMSO-d,: 5.71 (s, 2H, CH,); 7.36 (m, SH, ArH); 7.93 (s, 1H, triazole C<3)H); 8.12-8.52 (m, 2H, NH,); 8.68 (s,
1H, triazole C  H); 10.97 (s, 1H, NH)

(%)
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71
72
73
74
75
77
78
79

80
81

DMSO-d,: 2.26 (s, 3H, CH,); 5.69 (s, 2H, CH,); 7.09-7.68 (m, 4H, ArH); 7.94 (s, 1H, triazole C
(m, 2H, NH,); 8.66 (s, 1H, triazole C(S)H); 10.94 (s, 1H, NH)

DMSO-d,: 5.29 (s, 2H, CH,); 6.98-8.48 (m, SH, ArH, NH,); 7.92 (s, 1H, triazole C
H); 10.21 (s, 1H, NH)

DMSO-d,: 1.93, 2.17 (s,s, 6H, 2COCH,); 5.30, 5.36 (d,d, 2H, CH,, AB system, J = 14.43 and 23); 7.41 (m, 5H,
ArH); 8.01 (s, 1H, triazole C(3)H); 8.55 (s, 1H, triazoile C(S)H); 11.55 (s, 1H, NH)

DMSO-d,:1.94, 2.16 (s,s, 6H, 2COCH,); 5.24, 5.31 (d,d, 2H, CH,, AB system,J = 18.67 and 28.92); 7.20, 7.34
(d,d, 4H, ArH, J = 8.65); 8.00 (s, 1H, triazole C(S)H); 8.54 (s, 1H, triazole C(S)H); 11.50 (s, 1H, NH)

DMSO-d,: 1.97,2.07 (s,s, 6H, 2COCH,); 5.25, 5.32 (d,d, 2H, CH,, AB system, J = 18.67 and 25.79); 7.54-7,66
(m, 3H, ArH); 8.01 (s, 1H, triazole C(3>H); 8.55 (s, 1H, triazole C(s)H); 11,55 (s, 1H, NH)

DMSO-d,: 7.31-7.67 m (6H, NH, arom), 8.11 s, 8.45 s (2H, 2 Tr-H).

DMSO-d_: 7.18-7.40 m (6H, NH2' arom), 8.18 s, 8.56 s (2H, 2 Tr-H).

DMSO-d : 2.26 s (3H, Me), 7.05 broad s (4H, arom), 7.3 s (2H, NH,), 8.15 s, 8.47 s (2H, 2 Tr-H)

DMSO-d,: 7.23-7.51 m (5H, NH,,arom), 7.97 s, 8.51 s (2H, 2 Tr-H)

DMSO-d,: 2.00 s, 2.18 s (6H, 2 Me), 7.20-7.50 m (5SH, NH_, arom)

»H); 8.09-8.44

(3)H); 8.48 (s, 1H, triazole C(S)

6
6
6
6
6

2.2. Antiviral activity

The synthesized thiazole/triazol/oxindols/thiosemicarbazones were evaluated in vitro in parallel cell-based

assays for cytotoxicity and antiviral activity (Tables 4) against viruses representative of two of the three genera of the
Flaviviridae family, i.e. Flaviviruses (YFV) and Pestiviruses (BVDV), as Hepaciviruses can hardly be used in routine
cell-based assays. Title compounds were also tested against representatives of other virus families. Among ssSRNA* were
HIV-1 (Retroviridae), CVB-2 and Polio-1 (Picornaviridae); among ssRNA- were RSV (Paramyxoviridae) and VSV
(Rhabdoviridae); among double-stranded RNA (dsRNA) viruses were Reo-1 (Reoviridae). Two representatives of DNA
virus families were also included: HSV-1 (Herpesviridae) and VV (Poxviridae).

Compounds exhibited different cytotoxicity, in particular, oxindoles 4 ,5,7,8,9, 10, 11, 12, 13, 58 as well as

thiazole/triazole 73 and 75 turned out to be the most cytotoxic for MT-4 cell lines (table 3).

Table 3

Bioactivity synthesized compounds against MT-4, MDBK, BHK-21, Vero-76, HIV-1, BVDYV, YFV, CVB-2, Sb-1,

VSV, VV, HSV-1 (in vitro)

Comps [MT-4 [MDBK |BHK-21 |Vero-76 |HIV-1 |BVDV |YFV [CVB-2[Sb-1 [VSV |VV [HSV-1
CC50 [nM] ECS0 [uM]
1 >100 >100 >100 >100 >100 | >100 | >100 | >100 | >100 | >100 | >100 | >100
2 >100 >100 >100 >100 >100 | >100 | >100 | >100 | >100 | >100 | >100 | >100
3 >100 >100 >100 >100 >100 | >100 | >100 | >100 | >100 | >100 | >100 | >100
4 47 >100 >100 >100 >47 >100 | >100 | >100 | >100 | >100 | >100 | >100
5 55 >100 >100 >100 >55 >100 | >100 | >100 | >100 | >100 | >100 | >100
6 >100 93 >100 >100 >100 >93 | >100 | >100 | >100 | >100 | >100 | >100
7 59 >100 >100 >100 >59 >100 | >100 | >100 | >100 | >100 | >100 | >100
8 49 >100 >100 >100 >49 >100 | >100 | >100 | >100 | >100 | >100 | >100
9 33 >100 >100 >100 >33 >100 | >100 | >100 | >100 | >100 | >100 | >100
10 29 >100 >100 >100 >29 >100 | >100 | >100 | >100 | >100 | >100 | >100
11 17 >100 >100 >100 >17 >100 | >100 | >100 | >100 | >100 | >100 | >100
12 19 >100 >100 >80 >19 85 >100 | >80 >80 | >80 | >80 | >100
13 45 >18 >19 >4() >45 >18 >19 >40) >40 | >40 | >40 >19
14 >100 >100 >100 >100 >100 | >100 | >100 | >100 | >100 | >100 | >100 | >100
15 >100 >100 >100 >100 >100 | >100 | >100 | >100 | >100 | >100 | >100 | >100
16 >100 >100 >100 >100 >100 | >100 | >100 | >100 | >100 | >100 | >100 | >100
17 >100 >100 >100 >100 >100 | >100 | >100 | >100 | >100 | >100 | >100 | >100
18 >100 >100 >100 >100 >100 | >100 | >100 | >100 | >100 | >100 | >100 | >100
52 >100 >100 >100 >100 >100 6.6 >100 | >100 | >90 | >90 | >100 | >100
54 >100 >100 >100 >100 >100 | >100 | >100 | >100 | >100 | >100 | >100 | >100
56 >100 >100 >100 >100 >100 >94 | >100 | >100 | >100 | >100 | >100 | >100
55 >100 >100 >100 >80 >100 | >100 | >100 | >100 | >100 | >100 | >100 | >100
57 >100 >100 >100 >100 >100 | >100 | >100 | >80 >80 | >80 | >80 | >100
58 51 >100 >100 >100 >51 22 >100 | >100 | >100 | >100 | >100 | >100
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59 >100 >100 >100 >100 >100 | >100 | >100 | >100 | >100 | >100 | >100 | >100
61 >100 >100 >100 >90 >100 | >100 | >100 | >90 >90 | >90 | >90 >100
62 >100 >100 >100 >100 >100 | >100 | >100 | >100 | >100 | >100 | >100 | >100
63 >100 >100 >100 >100 >100 | >100 | >100 | >100 | >100 | >100 | >100 | >100
70 >100 >100 >100 >100 >100 | >100 | >100 | >100 | >100 | >100 | >100 | >100
71 >100 >100 >100 >100 >100 | >100 | >100 | >100 | >100 | >100 | >100 | >100
72 >100 >100 >100 >100 >100 | >100 | >100 | >100 | >100 | >100 | >100 | >100

73 <3.7 16 >100 18 >100 | >16 | >100| >I8 | >18 | >18 | >18 | >100
74 >100 >100 >100 >100 | >100 | >100 | >100 | >100 | >100 | >100 | >100 | >100
75 16 55 >100 90 >16 >55 | >100 | >90 | >90 | >90 | >90 | >100

77 >100 >100 >100 >100 | >100 | >87 | >100 | >100 | >100 | >100 | >100 | >100
78 >100 >100 >100 >100 | >100 | >100 | >100 | >100 | >100 | >100 | >100 | >100
79 >100 >100 >100 >100 | >100 | >100 | >100 | >100 | >100 | >100 | >100 | >100
80 >100 >100 >100 >100 | >100 | >100 | >100 | >100 | >100 | >100 | >100 | >100
81 >100 >100 >100 >100 | >100 | >100 | >100 | >100 | >100 | >100 | >100 | >100

It is worth noting that compounds 11, 12, 73, and 75 are more toxic than reference compound Efavirenz.

As far as the antiviral activity is concerned, none of the title compounds exhibited any activity against Reo-1,
Sb-1, VSV, RSV, YFV and VV viruses.

The results obtained against Bovine Viral Diarrhoea Virus (BVDV) showed that nine compounds (six from
oxindol’s seria 6, 12, 13, 52, 56, 58 and three 73, 75, 77 of triazole homologues) resulted moderate active. Among all of
them, the most potent compound was 52, with EC_ of 6.6 uM.

Studies of effect of synthesized compounds against Coxsakie Virus (CVB-2) revealed that only two compounds,
13 and 73 exhibit moderate activity (EC, >40 and >18 pM, respectively).

It should be noticed that eleven compounds, 4, 5, 7, 8, 9, 10, 11, 12, 13, 58, and 75 showed moderate activity
against HIV-1 (EC_ >16 — m >59uM).

3. Conclusions

In the light of the above-mentioned results, we conclude that synthesized compounds in general not so active as
antiviral agent. But some of them showed, good activity against viruses containing a single-stranded positive-sense RNA
genome (ssRNA™). In particular, in cell-based assays the compounds 11, 12, 52, 57, 73, and 75 results the most potent
against MT4 cells, BVDV, and HIV-1, respectively.

4. Acknowledgements
The authors gratefully acknowledge to professor Paola La Colla from University of Cagliari, Italy for providing data
an antiviral activity studied compounds.

5. Experimental methods

Solvents and commercially available reagents (1H-indole-2,3-dione 25, 1-methyl-1H-indole-2,3-dione 26, 1-ethyl-1H-
indole-2,3-dione 27, 1-benzyl-1H-indole-2,3-dione 46) were purchased from Aldrich and used without additional purification.
1-Alkylindoline-2,3-diones 28-31, 33-42 were obtained by a known method [32,33]. Melting points were determined on a Boétius
melting point apparatus (PHMK, VEB Wigetechnik Rapido, Radebeul, Germany) and are uncorrected. 'H - NMR spectra were
acquired on a Bruker Avance I11 400 spectrometer operating at 400.13 MHz for "H. Chemical shifts 8 are given in ppm referring to
the signal center using the solvent peaks for reference: DMSO-d, 2.50 ppm. IR spectra were acquired on apparatus ‘“Perkin-Elmer

Spectrum 100 FTIR”. Electron ionisation mass-spectra were recorded on a VG-250 spectrometer (VG Labs., Tritech England)
with ionisation energy maintained at 70 eV.

General procedure for synthesis of oxindoles 1-18

A mixture of indoline-2,3-dione (10 mmol), ketone (10 mmol), and Et,NH (0.73 g, 10 mmol) in 25% aq.
ethylene glycol (20 ml) was stirred for 6-8 hours at room temperature (TLC control). The precipitate was filtered off,
and washed with 25% aq. ethylene glycol (3x10 ml). The crystalline product was used for further synthesis without
purification. For analytical purposes, a sample was recrystallized from a suitable solvent.
3-Hydroxy-3-(2-oxopropyl)indolin-2-one 1. M.p. 168-169°C, Ref. [38] 160-165 °C.
3-Hydroxy-1-methyl-3-(2-oxopropyl)indolin-2-one 2. M.p. 147-148°C, Ref. [38] 140-145°C.
3-(2-(2,4-Dichlorophenyl)-2-oxoethyl)-3-hydroxy-1-methylindolin-2-one 9. Yield 87%, M.p. 162-164°C. Ref. [27]
M.p. 161-164°C.
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3-(2-(2,4-Dichlorophenyl)-2-oxoethyl)-1-ethyl-3-hydroxyindolin-2-one 10. Yield 78 %, M.p. 137-138°C. Ref. [27]
M.p. 135-138°C.

1-Butyl-3-(2-(2,4-dichlorophenyl)-2-oxoethyl)-3-hydroxyindolin-2-one 11. Yield 95 %, oil. Cal. C 61.24; H 4.88; N,
3.57.C,H ,CLLNO,. Find. C 61.29; H 4.60; N, 3.58. Ref. [27] Oil.
3-(2-(2,4-Dichlorophenyl)-2-oxoethyl)-1-hexyl-3-hydroxyindolin-2-one 12. Yield 98 %, oil. Cal. C 62.86; H 5.52; N
3.33. C,H,,CL,NO,. Find. C 62.77; H 5.52; N 3.26. Ref. [27] Oil.
1-Decyl-3-(2-(2,4-dichlorophenyl)-2-oxoethyl)-3-hydroxyindolin-2-one 13. Yield 99 %, oil. Cal. C 65.54; H 6.56; N
2.94. C,,H, CLNO,. Find. C 65.39; H 6.56; N 2.88. Ref. [27] Oil.
2-((1S,3S5)-3-(2-(3-Hydroxy-2-oxoindolin-3-yl)acetyl)-2,2-dimethylcyclobutyl)-acetamide 14. Yield 68 %, M.p.
206-207°C. Ref. [28] M.p. 205-207°C.
2-((1S,35)-3-(2-(3-Hydroxy-2-oxoindolin-3-yl)acetyl)-2,2-dimethylcyclobutyl)-acetonitrile 15. Yield 81 %, M.p.
163-164°C. Ref. [28] M.p. 163-164°C.

Methyl 2-((1S,3S)-3-(2-(3-hydroxy-2-oxoindolin-3-yl)acetyl)-2,2-dimethyl-cyclobutyl)acetate 16. Yield 88 %, M.p.
76-77°C. Ref. [28] M.p. 76°C.

Methyl 2-((1S,3S)-3-(2-(1-ethyl-3-hydroxy-2-oxoindolin-3-yl)acetyl)-2,2-dimethylcyclobutyl)acetate 17. Yield 55
%, M.p. 162-163°C. Ref. [28] M.p. 162-164°C.

Methyl 2-((1S,3S)-3-(2-(1-benzyl-3-hydroxy-2-oxoindolin-3-yl)acetyl)-2,2-dimethylcyclobutyl)acetate 18. Yield
79 %, M.p. 152-153°C. Ref. [28] M.p. 152-153°C.

General procedure for synthesis of thiosemicarbazones 43-53, 70-72

The ketones (1 mmol) in EtOH (10 ml) and thiosemicarbazide (1 mmol) in EtOH (10 ml) were mixed at 50°C.
Three drops of 30% HCI were added to the mixed solution following by reflux for 1-6 hours (TLC control). The mixture
was cooled and precipitate was filtered and recrystallized using an appropriate solvent.

General procedure for heterocyclization of thiosemicarbazones into 1,3,4-thiadiazolines 73-75

After refluxing during 3-6 hours of thiosemicarbazones 70-72 (10 mmol) in Ac,O (25 ml) the solution was cooled
and after addition of H,O (5 ml ) kept overnight at room temperature. The solid was filtered off, washed with cold H,0,
dried over P,O, and recrystallized from appropriate solvent.
N-{5-[(1H-1,2,4-Triazol-1-yl)methyl)-4-acetyl-5-(2,4-dichlorophenyl]-4,5-dihydro-1,3,4-thiadiazol-2-yl}
acetamide 73. MS, m/z (relative intensity %): [M]" 277 (100), 208 (23), 188 (61), 181 (15), 163 (11), 155 (10), 140 (23),
139 916), 138 (56), 137 (38), 132 (8), 123 (7), 114 (8), 113 (9), 111 (17), 102 (12), 90 (8), 86 (10), 81 (8), 76 (8), 75
(13), 70 (10), 60 (89), 32 (25).
N-{5-[(1H-1,2,4-Triazol-1-yl)methyl]-4-acetyl-5-p-tolyl-4,5-dihydro-1,3,4-thiadiazol-2-yl}acetamide 74. MS, m/z
(relative intensity %): [M]"269 (16), 259(27), 258 (92), 203 (15), 189 (14), 188 (27), 162 (8), 161 (22), 147 (12), 145
(10), 143 (10), 135 (9), 119 (21), 118 (100), 117 (34), 116 (18), 103 (10), 92 (8), 91 (37), 90 (16), 89 (17), 86 (13), 77
(10), 76 (9), 71 (7), 69 (10), 65 (19), 64 (11), 63 (21), 62 (14), 61 (17), 60 (51), 59 (12), 54 (16), 53 (11), 51 (22), 50
(14), 45 (10), 42 (10), 41 (13).
N-{5-[(1H-1,2,4-Triazol-1-yl)methyl]-4-acetyl-5-phenyl-4,5-dihydro-1,3,4-thiadiazol-2-yl}acetamide 75. MS, m/z
(relative intensity %): [M]*315 (9), 314 (19), 313 (47), 312 (28), 311 (66), 279 (8), 278 (54), 277 (12), 276 (100), 275
(12), 224 (15), 222(21), 197 (11), 195 (22), 194 (8), 174 (9), 173 (11), 172 (20), 171 (19), 136 (9), 60 (32), 59 (12).

General procedure for the preparation of 4-aryl-5-(1H-1,2,4-triazol-1-yl)-1,3-thiazol-2-amines 77-81

The bromination of ketones 64, 65, and 67-69 were realized with Br, in mixture HBr/AcOH at 10°C. The crude product
76 was used without purification in the next step. Mixture of bromide (0.01 mol) 76 and thiourea (0.01 mol) in acetone (20 ml)
was stirred at room temperature for 1 hour and after removal of the solvent, the resulting solid was refluxed in ethanol (50 ml) for
additional 2 hours. After evaporation of the EtOH, 5% water solution of NaHCO, (50 ml) was added and mixture was refluxed 8
hours. The solid was collected by filtration, dried and recrystallized from ethanol.

Biological Assays

Compounds were dissolved in DMSO at 100 mM and then diluted in culture medium.
Cells and Viruses.

Cell lines were purchased from American Type Culture Collection (ATCC). The absence of mycoplasma
contamination was checked periodically by the Hoechst staining method. Cell lines supporting the multiplication of
RNA viruses were the following: CD4" human T-cells containing an integrated HTLV-1 genome (MT-4); Madin Darby
Bovine Kidney (MDBK); Baby Hamster Kidney (BHK-21) and Monkey Kidney (Vero 76) cells.
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Cytotoxicity Assays

For cytotoxicity tests, run in parallel with antiviral assays, MDBK and BHK cells were re-suspended in 96
multi-well plates at an initial density of 6x10° and 1x10° cells/mL, respectively, in maintenance medium, without or
with serial dilutions of test compounds. Cell viability was determined after 48-96 hrs at 37 °C in a humidified CO, (5%)
atmosphere by the 3-(4,5-dimethylthiazol-2-y1)-2,5-diphenyl-tetrazolium bromide (MTT) method [39].
Vero 76 cells were re-suspended in 24 multi-well plates at an initial density of 4x10° cells/mL. The cell number of Vero
76 monolayers was determined by staining with the crystal violet dye.
For cytotoxicity evaluations, exponentially growing cells derived from human haematological tumors [CD4* human
T-cells containing an integrated HTLV-1 genome (MT-4)] were seeded at an initial density of 1x10° cells/mL in 96 well
plates in RPMI-1640 medium supplemented with 10% fetal calf serum (FCS), 100 units/mL penicillin G and 100 pg/mL
streptomycin. Cell cultures were then incubated at 37 °C in a humidified, 5% CO atmosphere in the absence or presence
of serial dilutions of test compounds. Cell viability was determined after 96 hrs at37°C by the MTT method.

Antiviral assay

Activity of compounds against Human Immunodeficiency Virus type-1 (HIV-1) was based on inhibition of
virus-induced cytopathogenicity in MT-4 cells acutely infected with a multiplicity of infection (m.o.i.) of 0.01. Briefly,
50 pL of RPMI containing 1x10* MT-4 were added to each well of flat-bottom microtitre trays containing 50 pL of
RPMI, without or with serial dilutions of test compounds. Then, 20 uL of an HIV-1 suspension containing 100 CCID50
were added. After a 4-day incubation, cell viability was determined by the MTT method.
Activity of compounds against Yellow Fever Virus (YFV) and Reo Virus type-1 (Reo-1) was based on inhibition of
virus-induced cytopathogenicity in acutely infected BHK-21 cells. Activities against Bovine Viral Diarrhoea Virus
(BVDV), in infected MDBK cells, were also based on inhibition of virus-induced cytopathogenicity.
BHK and MDBK cells were seeded in 96-well plates at a density of 5x10* and 3x10* cells/well, respectively, and were
allowed to form confluent monolayers by incubating overnight in growth medium at 37 °C in a humidified CO, (5%)
atmosphere. Cell monolayers were then infected with 50 puL of a proper virus dilution (in serum-free medium) to give
an m.o.i = 0.01. 1 hr later, 50 pL. of MEM Earle’s medium, supplemented with inactivated foetal calf serum (FCS), 1%
final concentration, without or with serial dilutions of test compounds, were added. After 3-4 days incubation at 37 °C,
cell viability was determined by the MTT method.
Activity of compounds against Coxsackie Virus, B-2 strain (CVB-2), Polio Virus type-1 (Polio-1), Sabin strain, and
Vesicular Stomatitis Virus (VSV), Vaccinia Virus (VV) and Herpes Virus 1 (HSV-1) and against Respiratory Syncytial
Virus (RSV), A-2 strain, in infected Vero 76 cells, was determined by plaque reduction assays in Vero 76 cell monolayers.
To this end, Vero 76 cells were seeded in 24-well plates at a density of 2x10° cells/well and were allowed to form
confluent monolayers by incubating overnight in growth medium at 37 °C in a humidified CO, (5%) atmosphere.
Then, monolayers were infected with 250 uL of proper virus dilutions to give 50-100 PFU/well. Following removal of
unadsorbed virus, 500 pL of Dulbecco’s modified Eagle’s medium supplemented with 1% inactivated FCS and 0.75%
methyl cellulose, without or with serial dilutions of test compounds, were added. Cultures were incubated at 37 °C for 2
(Sb-1 and VSV), 3 (CVB-2, VV and HSV-1) or 5 days (RSV) and then fixed with PBS containing 50% ethanol and 0.8%
crystal violet, washed and air-dried. Plaques were then counted. 50% effective concentrations (EC, ) were calculated by
linear regression technique.
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Abstract: A selective rearrangement of a epoxi-homodrimanic substrate is described. Using fluorosulfonic acid at
low temperature leads by ring contraction to a perhydrindanic structure. On the contrary, using boron trifluoride-
diethyl ether at r.t. selectively brings about angular methyl migration.

Keywords: terpenoids, homodrimane, epoxide, rearrangement, hydrindane.

Introduction

Rearrangement reactions of terpenoids leading to ring contraction represent a generally accepted biosynthetic
pathway to diverse natural compounds. In general, these reactions are supposed to proceed via an acid-mediated
epoxide rearrangement. For a series of important classes of terpenes such biosynthetic schemes have been postulated.
We have used a similar bio-mimetic approach [1] for the synthesis of austrodoric acid 1 — a ring contracted nor-drimanic
sesquiterpenoid isolated from the Dorid nudibranch Austrodoris Querguelenensis. The key step of the synthesis was a
bio-mimetic ring contraction of a homodrimanic substrate 2. This step was performed under the action of a Lewis acid
and the yield of target perhydrindane 3 was moderate (cca. 45 %). The structure of the minor reaction products was not
reported in our paper and it was the subject of following discussions [2]. We present in the current communication our
first results on identification of the minor rearrangement products, which resulted from deeper skeleton transformations
of epoxide 2 (Scheme 1).

Results and discussion

Rearrangement reaction of epoxides, leading to ring contraction are supposed to proceed via a process, involving
acidic attack on the epoxy-group, followed by epoxide opening. A carbonium ion is formed as a result, and its stability
assures the following reaction course. Electron-donating groups facilitate carbonium ions formation and in the case of
unsymmetrically substituted epoxides, the carbonium ion which is more stabilized by these groups is favoured. In our
case, the epoxide group in the substrate 2 is attached to similar substituted carbons, and it is very difficult to estimate
the localisation of the positive charge after acidic attack. Consequently, different reaction pathways can lead to different
products, diminishing the reaction selectivity.

OAc

Scheme 1

We have investigated the reaction of epoxide 2 with different acids. All experiments led to similar reaction
products, consisting of mixtures of several compounds (Scheme 1). The product composition was also affected by the
reaction temperatures and durations. It was established, that the best yield of ring contraction product 3 was highest on
treatment of 2 with fluorosulfonic acid at -78°C for 15 min, followed by quenching with triethylamine-hexan mixture.
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Using boron trifluoride-diethyl ether complex as initiator turned out to provide selectively the rearranged diene
5in a similar 66 % yield. Formation of minor amount of 3 was also detected. The results of all isomerisation experiments
are presented in the Table 1 below. The relative ratio between reaction products was determined on the basis of 'H
NMR data of crude reaction mixtures, by integration of selective proton signals (Figure 1). Separation of individual
compounds was performed chromatographically. Structural assignment was performed on the basis of 'H and '*C data of
pure compounds, as well as on the basis of IR spectra. Compound 4 was characterized as free alcohol 7, obtained after
hydrolysis (K,CO,-MeOH) [3].

Table 1
Reaction Reaction Reaction product distribution, %
E]i](g Solvent Temperature, duraFion, 3 4 5 6 Acid
°C min
1 |DCM -20 35 45 14 18 n.d. BF,-Et,0
2 |MeNO, -25 15 50 17 33 n.d. BF,'Et,0
3 |MeNO, 0 20 47 35 19 n.d. BF,'Et,0
4 |2-NO,-Pr 22 15 35 n.d. 66 n.d. BF,-Et,0
5 |MeNO,+2-NO- -78+-40 45 54 18 n.d. 27 BFEt,0
Pr(1:1)
6 |MeNO,+2-NO,- -50 15 51 28 n.d. 22 BF,'Et,0
Pr(1:1)
7 |2-NO,-Pr -78 15 65 35 n.d. n.d. FSO,H
8 |DCM 22 60 45 20 35 n.d. *R-SbCl,

*R=tris-(p-bromophenyl)-aminium

Explanation of these results can be made on mechanistical grounds. In order for the substrate 2 to form a ring
contracted product, the acid attack on the epoxy-group shall lead to formation of C-8 carbonium ion A (Scheme 2).
It is stabilized by three alkyl groups and by neighbouring acetoxy- group. Following disruption of C9-C10 bond and
formation of the new C10-C8 bond occurs through the tri-centered cation and after proton expulsion provide the ring
contracted perhydrindane 3.

OAc
2

Scheme 2

||+

OI

The other reaction pathway is represented in Scheme 3. Carbonium ion formation occurs at C9, which is
also facilitated by three alkyl substituents, but less likely stabilized by acetoxy- group. Instead, it is facilitated by the
equatorial disposal of the —OH group and by a facile methyl migration from C10 to C9, to give intermediate carbocation
B. It can transform either by a following hydride shift and cyclisation through the C8-O- atom into oxide 4, or by
deprotonation to 5 and 6.

“MeOH -HZO I~/ "o

OH OAc OAc
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2H, 3.9-4.2 ppm. 2H, 3.9-4.2 ppm.
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Peak at 4.8 ppm corresponds to one proton of 5, the triplet at
4.3 ppm — to two protons of 3 and the multiplet 3.9-4.2
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U L L represents additive signals from two CH,-groups of
compounds 4 and 5.

Conclusions

By using different acid inducers and reaction conditions it was possible to finely tune the selectivity of

homodrimanic epoxide rearrangements, which besides ring contraction, involve a cascade epoxide opening, followed
by methyl and proton shifts. The observed mechanism of epoxide 2 reactivity is confirmed by the similar results in the
known transformation of bisnor-labdanic epoxides, reported previously by Halsall and Hadley [4].
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