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GENERAL AND PHYSICAL CHEMISTRY

SPECTRAL STUDY OF TRIMETHYLPHOSPHINE INTERACTION
WITH NITRO COMPLEX OF CO-MESO-TETRAPHENYLPORPHYRIN

A. A. HOVHANNISYAN, G. G. MARTIROSYAN,
G. Sh. HOVHANNISYAN and T. S. KURTIKYAN

Molecule Structure Research Centre (MSRC)
The Scientific Technological Centre of Organic and
Pharmaceutical Chemistry NAS RA
26, Azatutyan Str., Yerevan, 0014, Armenia
Fax: +37410282267 E-mail: ahovhan@gmail.com

Low-temperature reaction of trimethylphosphine (PMes) with sublimed layer of Co(TPP) (TPP -
meso-tetraphenyl-porphyrinato dianion) nitro complex (Co(TPP)(NO,)) leads initially to formation of
the 6-coordinate nitro complex Co(TPP)(NO;)(PMes) that at higher temperature under PMe; excess
converts to the {Co"(TPP)(PMes),}- NO; as is shown by FTIR spectroscopy reinforced by the data
with isotopic **NOz group. Neither Co(TPP)(NO,)(PMes) nor {Co"(TPP)(PMes),}- NO3 take part in the

oxygen atom transfer reaction from 6-coordinate nitro group or outer sphere NOz anion.

Figs. 4, table 1, references 19.

Nitro complexes of cobalt porphyrins have ability to take part in
stoichiometric and catalytic oxo-transfer reactions from the coordinated nitro
group to various oxygen acceptors. It was shown by Goodwin and co-workers
[1] that five-coordinate nitro complexes are active in the catalytic oxidation of
alkenes, while six-coordinate complexes with nitrogen- or oxygen-bound
ligands trans to the nitro group are not reactive because of unfavorable oxo-
transfer thermodynamics. However, derivatives with weakly bound sixth ligands
are capable of alkene oxidation perhaps due to the presence of five-coordinate
nitro species that exist in equilibrium in a solution. Hence, the nature of the
trans ligand appears to be an important factor regulating the oxo-transfer
reactivity of (cobalt) nitroporphyrins. The six-coordinate nitro complexes of Co-
porphyrins are known for trans nitrogen [2-4], sulfur [5], oxygen [6] and
phosphorus [7] ligands. Triphenylphosphine was used as a phosphorus ligand
and it was found that PhsP thermally abstracted an oxygen atom from the NO,
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moiety of (NO,)(H,O)Colll(TPP) resulting in the formation of nitrosyl cobalt
porphyrin (NO)Co(TPP) and oxidation of PhsP to triphenylphosphine oxide
PhsP=0.

In this paper the interaction of trimethylphosphine (PMe3z) with nitro
complex Co(TPP)(NO,) was studied and it is shown that this reaction leads
eventually to the formation of a cationic complex {Co(TPP)(PMes3),}" and outer
sphere NOs anion. It is also shown that neither initially formed 6-coordinate
nitro complex Co(TPP)(NO,)(PMes) nor eventually formed ion pair
{Co(TPP)(PMes),}"-NO3 promote oxygen atom transfer reaction with formation
of trimethylphosphine oxide (O=PMe;) and nitrosylcobalt porphyrin
(NO)Co(TPP).

Experimental Section

Co(TPP) was synthesized using a literature method [8]. NO, (**NO,) was
obtained by oxidation of NO (**NO) with an excess of pure dioxygen. NO was
synthesized according to the procedure given in [9] and purified by passing it
through KOH pellets and a cold trap (dry ice/acetone) to remove the higher
nitrogen oxides and trace quantities of water. The purity was checked by IR
measurements of the layer obtained by the slow deposition of NO onto the cold
substrate of the optical cryostat (77K). The IR spectrum did not show the
presence of N,O, N,O;, or H,0. " NO with 98.5% enrichment was purchased
from the Institute of Isotopes, Republic of Georgia, and was purified by the
same procedures. After preliminary drying under P,Os, the NO, (**NO,) was
purified by fractional distillation using a low-temperature vacuum technique
until a pure white solid was obtained. Sublimed layers of Co(TPP) were
obtained on the cold (77K) KBr support of an optical cryostat according to a
published procedure [10]. The sublimed layers of the nitro complexes
Co(TPP)(NO,) and Co(TPP)(**NO,) were obtained by supplying a low pressure
of NO, (*NO,) vapors on the amorphous layers of Co(TPP) as described
elsewhere [11]. This procedure rapidly led to the formation of the nitro complex,
which manifests itself by an intense vs(NO,)/vs(**NO,) band of coordinated NO,
(**NO,) at 1283 cm™ and 1265 cm™ correspondingly. The unreacted NO, (**NO,)
was then pumped out, the samples were cooled to 130 K, and small increments
of PMe; ligand were introduced into the cryostat. Since PMe; may be oxidized
to the phosphine oxide with an oxygen, as a source of PMe; air-stable silver
iodide complex Agl(PMes) (Aldrich) that releases PMe; upon heating was used
in the experiments. This complex was placed into glass tube provided with the
vacuum valve and was preliminary vacuum-dried at RT. The tube was attached
to the cryostat and the vapors of PMe; could be obtained in tube by mild
heating. Small portions of PMe; were then introduced into the cryostat with
layered Co(TPP)(NO,) {Co(TPP)(**NO,)} and FTIR spectra were measured at
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different temperatures of the substrates controlled by thermocouple. The FTIR
spectra were acquired on a Nexus (Thermo Nicolet, USA) spectrometer.

Results and discussion

It has been shown previously that sublimed layers of meso-tetraphenyl
porphyrinato cobalt(Il) give the five-coordinate nitro complex upon interaction
with NO, gas [11]. This layered complex was readily transformed to six-
coordinate nitro complexes (B)Co(TPP)(NO,) (B - N-, S- and O-donors) when
exposed to the vapors of corresponding compounds [4-6]. Similarly, the
introduction of trimethylphosphine (PMej;) to the layered Co(TPP)(NO,) led to
the species with the new set of FTIR bands in the ranges where normal
vibrations of coordinated nitro groups are disposed. The v,(NO,), vs(NO,), and
8(NO,) bands of parent Co(TPP)(NO,) are observed at 1470, 1283 and 806 cm™
and shift to 1388, 1314 and 808 cm™ (Fig. 1) after stepwise addition of PMe,
vapors to the layers of Co(TPP)(NO,) and its warming from 130K to 170K.
They have their isotopic counterparts when Co(TPP)(**NO,) was used. For this
system the bands located at 1444, 1265 and ~800 cm™ shift to 1368, 1288 and
802 cm™ (Fig. 2) and in the spectral range free of the bands of 5-coordinate nitro
complexes a new band at 950 cm™ grows in intensity that belongs to the most
intense band of coordinated PMe;. From these data it can be concluded that
interaction of trimethylphosphine with Co(TPP)(NO,) led to the formation of
six-coordinate nitro complexes, as shown in Scheme 1 (first reaction).
Additionally in this temperature interval a small band in the range of 1230 cm™
begins to grow (dashed arrow in the Fig.1) that has its isotopic analogue at
~1200 cm™ in the experiments with °NO, (Fig. 2).

Absorbance

0.0

T T T
1600 1400 1200 1000 800
Wavenumbers (cm”)

Fig.1. FTIR spectral changes upon stepwise addition of PMes vapors to the layer of
Co(TPP)(NO2) and its warming from 130K to 170K. The bands of coordinated PMe; are
denoted with asterisks.
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Fig. 2. FTIR spectra at 170K of mostly Co"(TPP)(PMes)(NOy) (solid line) and
Co"(TPP)(PMe3)(*°NO,) (dashed line).

It was found previously for the cobalt nitroporphyrin complexes with
different trans ligands (L)Co(Por)(NO,) (L=nitrogen-, sulfur- and oxygen-
donors) that there was a negative correlation between the magnitude of the
difference of coordinated nitro group asymmetric and symmetric modes
Av=v,(NO,)-vs(NO,) and the s-donor ability of the trans ligand [4-6]. A higher
extent of the electron density transfer from the trans ligands to the nitro group
led to the closer disposition of v, and vq, i.e., lesser Av values. The same pattern
was reported for six-coordinate iron nitroporphyrin complexes [12]. In the case
of PMes as a trans ligand the values of v4(NO;) and vs(NO,) are closer to each
other than for nitrogen, sulfur and oxygen o-donor ligands (Table) indicating
greater electron density transfer from phosphine to coordinated nitro-group.

Addition of new portions of PMejs into the cryostat and further increase in
temperature leads to the growth in intensity of a previously noted weak band
disposed at 1227 cm™ (Fig. 3). This process is accompanied by complete
disappearance of the bands of the six-coordinate nitrocomplexes with trans
PMe; ligand (the weak remaining band at 1315 cm™ belongs to the coordinated
PMe;). In the experiments with ®NO, an isotopic analogue of the 1227 cm™
band appears at 1205 cm™ (Fig. 4).
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Table

Spectral characteristics of 6-coordinate nitro complexes
(B)Co(TPP)(NO,)*

Donor ligand (B) Vas A ) AV=Vae- Vg Ref.
- 1468(1440) | 1282(1264) | 805(796) | 186(176) [11]
Tetrahydrofuran 1462(1430) | 1300(1279) | 808(800) | 162(151) [6]
Acetone 1459(1429) | 1300(1281) | 810(802) | 159(138) [6]
Dimethylsulfide 1444(1413) | 1298(1279) | 810(802) | 146(134) [5]
Tetrahydrothiophen | 1443(1413) | 1300(1282) | 810(802) | 143(131) [5]

e
Piperidine 1436(1403) | 1305(1284) | 815(805) | 131(119) | [4]
Ammonia 1431(1400) | 1309(1289) | 814(805) | 122(111) | [4]
Trimethylphosphine | 1388(1368) | 1314(1288) | 808(802) | 74(80) [this

work]

“Data for °NO,-labeled compounds are given in parenthesis

0.4—

0.3

o
[N}
|

Absorbance

0.1+

0.0

T T T T T
1600 1400 1200 1000 800
Wavenumbers (cm™)

Fig. 3. FTIR spectral changes upon warming the layer, containing mostly
Co"(TPP)(PMe3)(NO,) from 170K to room temperature.

These data testify for the detachment of the nitro group in the form of a
nitrite anion and the occupation of its place by an additional phosphine molecule
(the second reaction in the Scheme 1) as evidenced by a sharp increase in the
intensity of the coordinated phosphine band with a maximum at 950 cm™ (Fig.
3). A free anion NO, (in the ground electronic state *A,) is characterized by the
point symmetry C,, and has full-symmetric valence vibration v;, deformational
vibration v,, antisymmetric valence vibration vs. Indeed, in the nitrite anion NO,
that represents the limiting case with greatest extent of the electron density
transfer, the v,(NO,) and vs(NO,) denoted in the case of anion as vz and v;
correspondingly are close to each other, with v3 even lower than v; [13]. The
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band representing vs is much more intense than that of v, and usually overlaps it.
The deformation mode v, is weak and is located near 800 cm™ where the intense
porphyrin band is disposed. The fundamentals of NO,™ are strongly dependent
on the measurements conditions. Notably, the v3 frequency of NaNO, measured
in Nujol mull is found at 1261 cm™ [14], in aqueous solution it is disposed at
1236 cm™ [14] and in a doped KBr crystal at 8K is reported to be at 1275(1250)
cm™ [15]. In the argon matrix, this band is located at 1244(1218) cm™ [16] (data
for ®NO, are given in parenthesis). These literature data show that both the
range where band v; is located and the value of isotopic shift are close to that
observed in our system and support our conclusion. As can be seen from these
data the v; band shifts to the lower frequency when ionic interactions in the
sample weaken.

0.7+

: {4 (!'
|

0.5+ ‘

Abscorbance
o
=

|

=
w
L

0.2+

| A
0.1+ IL _JJ I ] I‘, \\ ‘-L N 1
SA AN NACL L R R A
T T 1
1300 1250 1200 1150 1100 1050 1000 950

Wavenumbers (cm’)

Fig. 4. FTIR spectra of Co"(TPP)(NO,)+PMes (solid line) and Co"(TPP)(**NO)+PMe; (dashed
line) after warming these systems to room temperature.

0.0+

It should be noted that in the experiments with layered Co(TPP)(NO,),
neither the formation of cobalt nitrosylporphyrin, nor the signs of
trimethylphosphine oxidation were detected as seen in Figures 1 and 3. There
are no new bands in the range 1600 -1700 cm™ where v(NO) of the five- or six-
coordinated nitrosyl complexes of Co-porphyrins are located [5], nor in the
range 1050-1200 cm™ where the V(PO) of free or coordinated
trimethylphosphine oxide are disposed [18]. As noted above, when
triphenylphosphine was used as a phosphorus ligand it was found that PhsP
thermally abstracted an oxygen atom from the NO, moiety of
(NO,)(H,0)Co"'TPP resulting in the formation of nitrosylcobalt porphyrin
(NO)Co(TPP) and oxidation of PhsP to triphenylphosphine oxide PhsP=0 [7].
Thus, the cobalt nitroporphyrin complexes with trans PMe; do not promote the
oxo-transfer reaction in contrast to the triphenylphosphine under our
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experimental conditions. The reasons for different oxo-transfer reactivity may
be connected with the fact that the binding of trimethylphosphine ligand with
cobalt nitroporphyrin complexes in (PMe3)Co(TPP)(NO,) is much stronger. It is
most likely that such a different behavior of the two phosphines is due to their
significantly different electron-donating strength. The pK, values of
trimethylphosphine and triphenylphosphine are 8.65 and 2.73, correspondingly.
Finally, we assume that the higher stability of the nitro complex with a
trimethylphosphine ligand prevents an oxygen atom transfer in our system.
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Metogom @yppe MK cHeKTpoCKONUHM HCCIEJOBAHO B3aMMOAEHUCTBHE TPUMETHII-
¢docouna (PMe;) ¢ aurpokommiekcom Co-ueszo-rerpadenunnoppupuna. Peakuus npo-
TekaeT B JBe cTaauu. Ha mepBoii, npu Hu3kux temneparypax (120-170 K), nabmonaer-
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cs1 o0pa3oBaHKe 6-KOOPAMHUPOBAHHOTO HUTpOoKoMIuIekca Co-mmopdupurHa, comepkaiie-
ro mpanc-tpuMmeTmwidochuunsiii murang (PMes)Co(TPP)(NO,). ITogaya HOBBIX MOPIMI
PMe; u HarpeB CHCTEMBI 10 KOMHAaTHOH TeMIIEpaTyphl BeJeT K 00pa30BaHHIO MOHHOMN
Tapbl, COCTOSIIEH W3 KATHOHHOTO TU-TpuMeTHiIhochuaHOTO Komruiekca Co-niopdupu-
Ha W HUTPHUT-aHHOHA. TakuM 00pa3oM KOOPAMHMUPOBAHHAS HUTPOTPYIIA BBITCCHACTCS
TPUMETIIIHOCPUHOM B BUAEC HUTPUT-aHHOHA.

Hutpoxommmiekcsl Co-mophupuHOB CIIOCOOHBI YYaCTBOBAaTh B PEAKIINH IepeHOca
aToMa KHCIIOpPOAa ¢ KOOPAWHUPOBAHHONW HUTPOTPYIIIEI HA COOTBETCTBYIOIIMH aKIIETITOP
kuciopoxna. MccnenoBanHas cucreMa, B omindne oT TpudeHmwidocuna, He MPOABISIET
TaKOH CIIOCOOHOCTH HU OT 6-KOOPIHMHUPOBAHHON HUTPOTPYIIBI, HA OT HUTPUT-aHUOHA,
9TO, MO-BUIUMOMY, CBA3aHO CO 3HAYUTEIHHBIM Pa3JIMYNEM B JIEKTPOHOIOHOPHOM cuie
9THX JIUTAHAOB.
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Mg-CARBOTHERMAL REDUCTION OF SILVER TUNGSTATE
IN COMBUSTION MODE AND SYNTHESIS OF W-Ag PSEUDOALLOY
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W-Ag pseudoalloy was synthesized via reduction of silver tungstate precursor with Mg+C
combined reducer in the combustion mode by applying reactions thermo-kinetic coupling approach.
It has been revealed that growth of the C/Mg ratio leads to decrease of both the combustion
temperature and its velocity conditioned by the growth in the portion of low-caloric reaction of
carbothermic reduction. The latter allows to control thermal regime of the reaction for the preparation
of fine-grained W-Ag pseudoalloy. Optimum conditions for preparation of W-Ag composite powder
were determined.

Figs. 7, table 1, references 20.

Introduction

In recent years, tungsten (W)-based heavy alloys have received increased
use in both commercial and industrial areas. Most heavy alloys consist of W
particles embedded in matrix of other metals or their alloys such as iron, nickel,
silver or copper [1]. In particular, W-Ag alloys can be used as heat dissipation
materials in the microelectronic devices that are prone to failure at high
operating temperatures, for example, as diverter plates in fusion reactors. They
combine the arc erosion and welding resistance of tungsten with the excellent
thermal and electrical conductivities of silver. The thermal expansion coefficient
of composites can be adjusted by changing their composition to match those of
ceramic materials used as substrates in semiconductor devices [2-4]. Powder
metallurgy is the technique utilized to manufacture W-Ag alloys, but due to the
mutual insolubility of W and Ag and poor wettability of liquid Ag on W,
sintering cannot easily produce dense and homogeneous structures [5-6].
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Experimental studies relating to the mechanical properties of samples
formed from nanocrystalline precursor powders show that these ultra-fine
grained materials are fundamentally different from their normal, coarse-grained
counterparts [2].

As there is no alloying between the silver and tungsten the properties of the
composites depend on direct proportion of their composition, the size,
morphology, and distribution of phases within the composite with finer particles
giving improved performance [7].

In this work a new pathway for the preparation of W-Ag composite
nanopowder/pseudoalloy by energy-saving combustion synthesis (CS) method
[8-10] is reported. Silver tungstate is suggested to be used as an initial precursor.
In our previous work [11], Ag+WO; mixture prepared by solution combustion
synthesis method for obtaining W-Ag pseudoalloy was used. But in this case
both the metals are in the same crystalline structure (Ag,WO,), thus the
formation of more homogeneous composite is expected.

For reduction of silver tungstate a combined Mg+C reducer was used,
which allows to control the reaction temperature in a wide range at the synthesis
of W-Ag material. This approach is known as reactions thermo-kinetic coupling
[12,13] and its essence consists in the coupling of a low exothermic reduction
reaction with a high caloric one with a possible change of the reaction pathway
[17-20].

It is worthy to note, that silver tungstate can exhibit three different
structural phases; a-, B-, or y-Ag,WO,. Among these polymorphs a-Ag,WO, is
the most thermodynamically stable, belonging to orthorhombic symmetry. In its
molecule all W atoms are six-coordinated and form WOg octahedra. These WOsg,
W,06, and W;0; octahedra are connected by sharing edges and grouped
altogether at a particular position (Fig. 1). Nevertheless, the number of different
sites occupied by the Ag atoms in Ag,WO, is six [14-15].

Experimental part

The following raw materials were used in experiments: sodium tungstate
(Na,WQ42H,0, chemically pure grade), silver nitrate (AgNO;, 7761-88-8,
Czechia), magnesium (MPF-3, Russia, pure grade, particle size 0.15 mm < p<
0.3 mm), carbon (P-803, Russia, u < 0.1 gm).

Chemical precipitation synthesis route was employed for the preparation of
a-Ag,WO, nanoparticles. This method possesses good stoichiometric control
and production of ultrafine particles with high purity and improved
compositional homogeneity in a relatively short processing time at lower
temperatures. Nanocrystalline silver tungstate samples were prepared by
reacting aqueous solutions of silver nitrate and sodium tungstate. These
solutions were mixed slowly in 2:1 molar ratio with contineous stirring at room
temperature for 20 min, keeping the pH value at constant magnitude 7. The
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Fig. 2. The Scheme of experimental setup.



precipitate formed was centrifuged, filtered and washed by ethanol, then several
times by distilled water. The product was dried at 70°C for 4 h. The final
product was light yellow in color.

After drying, the product was homogenized in a ceramic mortar with Mg/C
mixture for 10 minutes and cylindrical samples with 1-1.5 g-em™ density, 20-
25 mm height and 20 mm in diameter were prepared. The prepared samples were
placed in a reaction chamber CPR-3L (Fig. 2) which was sealed, evacuated,
purged with nitrogen (purity 99.97 %, oxygen content less than 0.02%) and
filled to the desired pressure (0.5 MPa).

The combustion process was initiated with short heating of a tungsten spiral
(18 V, 2 s) from the upper surface of the sample. The combustion temperature
(T¢) and combustion velocity (U;) were measured using two C-type tungsten-
rhenium thermocouples (W-5Re/W-20Re), each 100 gm in diameter. The
thermocouples were inserted into the sample at a depth of 10 mm with a distance
10 mm between each other. The standard measurement errors for T and U, were
+ 20°C and 5% respectively. The output signals of thermocouples were
transformed by a multichannel acquisition system and recorded by a computer
with a frequency up to 2 KHz. The average of maxima for two temperature
profiles was calculated as the combustion temperature (T.). The average value
of the combustion velocity was calculated by the formula: U, = L-(At)™, where L
is the distance between the thermocouples, At is the time distance between the
signals of thermocouples.

Phase composition of the samples was analyzed by X-ray diffraction (XRD;
D5005, Bruker, USA) using CuKo.l radiation (A = 1.5406 A) with a step of
0.02° (20) and a count time of 0.4 s. To identify the products from the XRD
spectra, the data were processed using the JCPDS database.

Results and discussion

Characterization of nanostructured precursor

It is well known that the selection of the starting materials can highly
contribute to enhancing the structure and properties of the final products. Based
on that, fine precursor representing silver tungstate, was prepared by chemical
precipitation method using silver nitrate and sodium tungstate as raw materials.

2Ag(NO3) + Na,WO,- 2H,0 = A92W04~L + 2NaN03 + 2H,0

The composition of the product, ascertained by the XRD analysis, has
shown that it is single phase a-Ag, WO, (Fig. 3).
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Fig. 4. SEM images of the product obtained by chemical precipitation method.

Microstructural examinations testify that the final product obtained by
chemical precipitation represents fine-grained rod-like particles with average
size 10-20 nm (Fig. 4).

Thermodynamic analysis results

Prior to the experimental investigations thermodynamical analysis has been
performed in a wide range of reducers' amounts in order to reveal the possibility
of silver and tungsten reduction from Ag,WO, under the combustion mode, as
well as to find the optimal conditions for formation of Ag-W alloy by using
“ISMAN-THERMO” software package [16]. The latter enables to calculate
adiabatic combustion temperature (T,y) and equilibrium composition of
combustion products. The main calculations were carried out for the pressure
0.5 MPa. As a result, corresponding phase diagram was constructed depending
on magnesium and carbon amounts (Fig. 5). As can be seen, there are different
areas of products formation depending on the amount of magnesium and carbon.
Formation of the target product is achieveable in a definite area of magnesium
(from 1.55 to 2.1 moles) and carbon (from 1.5 to 1.9 moles) amounts (marked on
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Fig. 5). Within this area the calculated values of the adiabatic temperature
changed from 1500 to 1900°C.
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Fig. 5. Thermodynamic analysis results for the Ag.WO,4-yMg-xC system, P = 0.5 MPa.

According to the thermodynamic calculations, within the whole interval of
reducers' amount the main gaseous products are CO and CO,. At that, the ratio
of carbon oxides (CO/CO,) depends on the temperature and with its increasing
this ratio increases too.

For preparing tungsten-silver composite powders with homogenous
microstructure characteristics and enhanced properties the SHS co-reduction of
the prepared salt was performed. For selecting optimal composition of the
Ago,WO,-yMg-xC initial charge and to reveal the influence of reducers’ amount
on the combustion parameters to yield the target W-Ag alloy a series of
experiments was carried out at a constant magnesium content (1.6 moles) and a
varying carbon amount within certain intervals, at nitrogen pressure of 0.5 MPa
(Fig. 6). The mentioned amount of magnesium was selected on the basis of
thermodynamically calculated optimal area.

405



2500 r5
2000 i_r4
T. E
© 1500 is L3
°. =] o
. 2]
1000 e r2on
U 8
500 Pt
0 T T T T T T T: O
0o 1 2 3 4 5 6 7
C, mol

Fig. 6. Combustion temperature and velocity vs carbon amount for the Ag:WO4-yMg-xC
system, P =0 .5 Mpa.

According to the results obtained, with the increase of carbon amount in a
green mixture, both combustion parameters (T, U.) decrease, thus creating
moderate thermal conditions for implementing the reduction reaction, which is
very important for preparing nanomaterials. This phenomenon is conditoned by
the growth in the portion of low-caloric carbothermal reactions in the system.
As may be seen from Figure 6, increase of carbon amount (from 0 up to 6
moles) causes a drop in the combustion velocity by 25 times (from 3.50 to
0.14 cm/s), and combustion temperature - about 2 times (from 2100 to 1000°C).
According to the results, at x = 6.25 mole combustion limit is observed.

Table

Phase composition of combustion products
for the Ag;WO,+1.6Mg+xC mixtures

Carbon amount Phase composition

x = (0-2) mole Ag, W, MgO, MgWO,
X = (2-3) mole Ag, W, MgO

X = (4-6) mole Ag, W, MgO, W,C

To determine phase composition of the combustion products, XRD analysis
was performed indicating that the reduction degree increases with the increase
of carbon amount. According to the results obtained, magnesium tungstate was
formed at small amounts of carbon (x < 2). The amount of magnesium tungstate
decreases in parallel with the increase of carbon amount and fully disappears in
the combustion products beginning at x = 2 moles. At higher amounts of carbon
(x > 3), along with the metals formation of tungsten carbide was observed
(Table).
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Fig. 7. XRD pattern of the combustion product for the Ag,WO4+1.6Mg+2.5C mixture after acid
traetment.

For removing magnesia byproduct from the target metals, the reaction
products after cooling, were crushed into a powder, subjected to acid treatment
by hydrochloric acid (o = 10%) at room temperature, washed with deionized
water and dried in vacuum oven (at 90°C for 2 hours).

According to XRD analysis results, after acid leaching the product
contained only target metals (Fig. 7).

Thus, it was established that the reduction of silver tungstate under
combustion mode using a Mg+C combined reducer (in the ratio of 1.6:2.5
moles) enabled at moderate thermal conditions to obtain the target W-Ag
composite powders with necessary purity.
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B pabote mcciemoBaHa BO3MOXKHOCTH TMONydeHHs mceBmociuiaBa W-AgQ myTtem
BOCCTaHOBJICHHS BosIb()pamara cepedpa B pekuMe TOpEeHHsI KOMOMHUPOBAHHBIM BOCCTA-
HoBuTeneM M@+C ¢ nmpuMeHeHHEeM MeToJa TepMO-KHHETHYECKOTO COIPSDKCHHUS peak-
uid. BeisBrieno, uto ¢ pocrom otHoureHus: C/MQ nMeeT MeCTO yMEHbIIICHHE KaK TeMITe-
paTypbl, TAK U CKOPOCTH I'OPEHUs, OOYCIOBICHHOE POCTOM JONU HHU3KOKATOPUHHOM
peakIuu KapOoTepMHYECKOro BoccTaHoBIeHN. [locnenHee M03BoIsEeT KOHTPOIUPOBAT
TEIIOBOM PCKUM NPOTECKAHUA PCAKIHHU, YTO BAXXKHO JId IMOJTYYCHHS HAHOPAa3sMCEPHBIX
MaTepuaioB. Haﬁ}leHbI OINITUMAJIBHBIC YCJIOBHUA TOJYYCHUS KOMIIO3UTHOT'O ITOPOIIKa

W-Ag.
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In this work the reactions thermal coupling approach was applied for the joint reduction of Cu
and Ni from the mixture of copper (I) oxide waste and nickel (II) oxide in the combustion mode,
targeting the preparation of Cu+Ni composite powders and Cu-Ni alloys in a single step. The
experiments for reduction of both the metals in the combustion wave were implemented in the
presence of ammonium nitrate (Nt) without introducing any additional reducing agent. To achieve
complete reduction of metals, combustion laws in the Cu,O(oily waste)-NiO-Nt system by using
copper oxide (I) waste with different content of oil and at different ratios of metal oxides in the initial
mixture were investigated. Optimal conditions for obtaining Cu+Ni composite powders and Cu-Ni
alloys from copper waste and NiO powder depending on the content of oil and ammonium nitrate
were determined.

Figs. 8, references 19.

Introduction

Alloys based on copper and nickel are distinguished by excellent
mechanical properties, corrosion resistance, technological effectiveness and
special electrical properties, which lead to their widespread use in different
technologies. Copper-nickel alloys are used in the electrical engineering,
shipbuilding, aviation and space industry, in the production of nuclear reactors,
medical equipment, dishes, devices with shape memory, for special coatings, as
well as catalysts for the hydrogenation of various organic compounds, for deep
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oxidation of CO and various hydrocarbons, dry reforming of methane with
carbon dioxide, etc. [1,2].

In the wiring industry at production of copper wires and cables about 0.6-
0.7 wt.% of copper is converted into waste representing mainly copper (1) oxide
[3]. Therewith, on all stages of rolling for decreasing the friction forces of
moving details, as well as preventing deep oxidation of the metal, hydrocarbon-
based mineral oils are used as lubricants. Utilization of such wastes requires
reliable methods for their reprocessing back into copper [4-5].

One of the ways for utilization of the oily copper wastes is to remove the oil
with a suitable organic solvent and then reduce the oil-free waste to metallic
copper. For this purpose, one can use both traditional furnace methods using
carbon or hydrogen as a reducing agent [1,6,7] and the method of self-
propagating high-temperature synthesis (SHS) [8,9] using a combined reducing
agent: polystyrene [10-12].

The possibility of copper (II) oxide reduction under the combustion mode
has been shown for the first time in [10] by using combined organic reducers:
polystyrene (PS), polyethylene (PE), urotropin, etc. Then this approach was
developed in [11-15] and extended for reduction of other oxides (Cu,O, NiO,
Co0, Cos0,) and oxygenous salts (Ni,(OH),COs, Cu,(OH),CO;, C0SQ,), as
well as for joint reduction of CuO with Cu,0, CuO with NiO, NiO with Co30,
to produce metal powders and alloys. In these cases, for which the reduction by
polystyrene are weak exothermic reactions, it becomes necessary to use a high-
caloric additive, containing polystyrene and a strong oxidizer — NH;NO;
(hereinafter Nt) and apply the coupling of low-caloric MeO+PS and high-caloric
PS+Nt reactions approach in the combustion mode [16,17].

In the work [18] copper (I) oxide waste reduction was studied after
preliminary removing the oil, which is a labor-intensive and expensive
procedure. It was shown that complete reduction of copper from copper (1)
oxide waste in the combustion mode is possible by using the PS+Nt mixture.
Recently the complete reduction of copper from oily copper waste in the
combustion mode was performed without preliminary cleaning stage adding
only ammonium nitrate to the initial mixture. It was supposed that due to its
hydrocarbonic nature, the oil could serve as a combined reducer instead of
polystyrene for reduction of copper (1) oxide [19].

In this work the reactions’ thermal coupling approach was applied for the
joint reduction of copper (I) oxide waste and nickel oxide in the combustion
mode targeting the preparation of composite powders and Cu-Ni alloys in a
single step. To achieve this aim, combustion laws in the Cu,O(oily waste)-NiO-
Nt system by using the copper oxide (1) waste with different content of oil and
at different ratios of metal oxides in the initial mixture were investigated. In this
case, as well as at reduction of oily copper (I) oxide waste [19] the proposed
approach intends to take the advantage of the hydrocarbonic nature of the oil
and utilize it as a combined reducer for the joint reduction of copper and nickel
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oxides. For increasing the exothermic effect of low caloric Cu,0+C.H,, and
NiO+C,H,, reactions and performing joint reduction of both the oxides to
metallic Cu and Ni in combustion mode, the reactions’ thermal coupling
approach was applied.

Determination of optimal conditions of the process was based on the results
of preliminary thermodynamic calculations for the system under study. Note
that at certain ratio of the reagents the adiabatic temperature for PS + Nt reaction
reaches 2000°C. Close values of T, were attained at using other hydrocarbons
instead of PS, including the above mentioned mineral oils. In the case of Cu,0O—
NiO-C,H,,-Nt system the adiabatic temperature for the combined combustion-
reduction process is within the range of 700-1200°C, which is sufficient for self-
sustained reduction of copper and nickel oxides.

Materials and methods

The copper-containing oily waste of wiring industry used in this work
represents mainly copper (I) oxide with small amount of metallic copper and
comprises plate-like particles with linear size up to 1.6 mm (particles with linear
size less than 0.4 mm account for about 90 wt.%) and thickness up to 0.25 mm.
The composition of the initial copper waste was examined by XRD analysis
(Fig. 1a) and particle size distribution was determined by sieve analysis (Fig.
1b). The content of mineral oil (a mixture of various unsaturated and saturated
aliphatic and aromatic hydrocarbons, hereinafter C.H,,) in the copper waste
determined by the mass loss after diethyl ether treatment typically was up to
5 wt.%, and for special cases reached up to 15 wt.%. The content of carbon and
hydrogen in the oil were approximately 85 and 15 wt.%, respectively.
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Fig. 1. XRD pattern (a) and histogram (b) of the inital copper (I) oxide waste.
Copper waste with particle size less than 1.6 mm, containing different

amounts of oil (11 and 15 wt.%), nickel oxide powder (Pure grade, Russia) with
particle size less than 0.1 mm (<0.05 mm - ~95 wt.%) and granulated ammonium
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nitrate with granule size less than 3 mm (mark B, high grade, GOST 2-85,
Russia) were used as the initial reagents (Fig. 2).

In experiments cylindrical pellets 20 mm in diameter and 45-50 mm height
with 2.0+2.5 g-cm™ density (relative density: A=0.3+0.5) were prepared from
initial mixtures: [Cu,O + m(oil)] + yNiO + x(Nt). Main variables in combustion
experiments were x (moles), y (moles) and m (wt.%) values. The prepared
samples were placed in a reaction chamber CPR-2.5 L. The reactor was sealed,
evacuated, purged with nitrogen (purity 99.97 %, oxygen content less than
0.02%) and filled to the desired pressure (typically 0.5 MPa). The combustion
process was initiated with short heating of tungsten spiral (18 V, 2 s) from the
upper surface of the sample. Combustion temperature (T.) and combustion
velocity (U;) were measured by two K-type chromel-alumel thermocouples
(with 0.2 mm in diameter) covered with a thin layer of boron nitride. The
thermocouples were placed into the sample with depth of 10 mm, and 15-20 mm
distance from each other. The standard errors of measurement for T, and U,
were £ 10°C and 5%, respectively. The output signals of thermocouples were
transformed by a multichannel acquisition system and recorded by a computer
with frequency up to 1 KHz. After cooling, the reacted samples were extracted
from the reactor and crushed into a powder. Final products were examined by
XRD analysis with monochromatic CuK, radiation, wavelength 1.54056 A
(diffractometer DRON-3.0, Burevestnik, Russia) operated at 25 kV and 10 mA.
To identify the products from the XRD spectra, the data were processed using
the JCPDS database. The microstructure of powders was examined by scanning
electron microscopes BS-300 and CamScan MV2300. Carbon content in the
final product and in oil was determined using Leco SC-444 carbon/sulfur
analyzer.

Results and discussion

Combustion laws of the Cu,O(oily waste) + yNiO + xXNH4NO; mixtures

Combustion experiments for the [Cu,O + m (0il)] + yNiO + x(Nt) mixtures
were carried out in a wide range of the parameter x (0<x<1.2) for copper waste
with different contents of oil (m) and different ratios of metal oxides (y) in the
initial mixture. The dependences of the combustion temperature and velocity, as
well as mass loss of the samples versus parameters x, m and y were obtained,
the chemical and phase compositions of the combustion products were
determined. The reduction degree of the metals from oxides was primarily
estimated from mass loss of the samples after combustion.

The choice of specific values and ranges of the parameters m and y was
carried out on the basis of the data of combustion diagram for the [Cu,O -
m(oil)] - x(Nt) system in the coordinates m(oil) - x (Nt) [10]. For experimental
studies, two batches of waste with an oil content of m = 11, 15 wt.% and two
compositions with a nickel oxide content of: y = 1 and 2 mol were selected. For
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Cu,0 waste

Fig. 2. Photos/micrograph of the inital copper (1) oxide oily waste, nickel oxide and ammonium
nitrate.



each case the effect of the content of ammonium nitrate on the combustion laws,
phase and chemical composition of the combustion products was studied.

Combustion laws of the [Cu,0+11 wt.% (0il)] + yNiO + x(Nt) mixtures

The experimental results obtained for the [Cu,O+11% (0il)]+NiO+x(Nt)
and [Cu,0+11%(0il)]+2NiO+x(Nt) mixtures at varying the parameter X in the
intervals 0<x<0.9 and 0<x<1.2, respectively, are presented in Figures 3 and 4.
As can be seen from Fig. 3a, at x = 0.2, a lower combustion limit is observed for
the ammonium nitrate content in the initial mixture y=1. In the case of y=2 (Fig.
3b) a noticeable shift in the lower combustion limit (x=0.25) is observed
towards high values of the parameter x. Figure 3 also shows that in both cases,
an increase in the parameter x leads to an increase in both the combustion
temperature and velocity, as well as the loss in sample mass (Am), which is
associated with increasing the share of the strong exothermic reaction
(C,Hn+Nt) in the total process.

It should be noted that in the studied intervals of the parameter x, namely at
0.25<x<0.9 and 0.35<x<1.2 increase in the combustion parameters (T, and U)
shows a tendency to saturation. Figure 3a, b compares also the calculated mass
loss data for complete joint reduction of metals (Cu, Ni) from a mixture of the
corresponding oxides (solid curve) with experimental values (points) for
different x values. The mismatch between the calculated and experimental
values in the mass loss indicates to incompleteness of metal reduction and the
presence of unreacted oxides of one or both metals in the final products.
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Fig. 3. Combustion temperature (Tc), velocity (U;) and mass loss (Am) vs. x value for the
[Cu,0O-11wt.%(0il)]-NiO-x(Nt) (a) and [Cu,O-11wt.%(0il)]-2NiO-x(Nt) (b) systems.

According to the results of XRD analysis, for both the systems under
consideration, in the whole range of x parameter variation, complete reduction
of the metals does not take place. Combustion products, except the reduced
metals, contain also the oxides of corresponding metals, mainly NiO (Fig. 4).
Note, that formation of monophase Cu-0.5Ni alloy (containing 32 wt.% Ni) and
Cu-Ni alloy (containing 48 wt.% Ni) even at relatively high combustion
temperatures has not been observed for lack of sufficient amount of the reducing
agent (oil). Carbon content in the combustion products was measured to be 0.07-
0.20 wt.%, at that low content of carbon was observed at higher amount of Nt.
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Fig. 4. XRD patterns of the combustion products for the [Cu,0-11 wt.%(0il)]-NiO-x(Nt) (a) and
[Cu,0-11wt.%(0il)]-2NiO-x(Nt) (b) systems at different x values.

Thus, full joint reduction of both the metals and formation of Cu-Ni
composite powders and alloys under the combustion mode by using copper
waste with 11 wt.% of the oil content was not observed. Copper waste
containing 11 wt.% of oil can be used only for obtaining Cu-Ni alloys with less
than 32 wt.% of Ni. So for the SHS processing of the copper waste to Cu-0.5Ni
and Cu-Ni alloys it is necessary to use copper waste with higher (more than 11
wt.%) content of oil.

Combustion laws of the [Cu,0+15 wt.% (0il)]+yNiO+x(Nt) mixtures

In Figures 5 and 6 the results for combustion of the [Cu,O-15wt.%(oil)]-
yNiO-x(Nt) system at y=1 and 2 are presented. In this case lower combustion
limit is observed at the same values (x=0.2 and x=0.25) as for the copper waste
with 11 wt.% content of oil. It is obvious that increase in the parameter x in the
intervals of 0.2<x<0.9 (Fig. 5a) and 0.25<x<1.2 (Fig. 5b) leads to the increase in
both the combustion temperature and velocity, as well as in the mass loss of the
samples (Am), which is associated with an increase in the portion of the strong
exothermic reaction (C,H,, + Nt) in the total process similar to the case of using
copper waste with 11 wt.% content of oil. Thus, combustion in the mentioned
system leads to complete reduction of both the metals and formation of solid
solutions or alloys of the reduced metals.
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Fig. 5. Combustion temperature (T¢), velocity (Us) and mass loss (Am) vs. x for the [Cu,O-
15wt.%(0il)]-NiO-x(Nt) (a) and [Cu,0O-15wt.%(0il)]-2NiO-x(Nt) (b) systems.
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Fig. 6. XRD patterns of the combustion products for the [Cu,0O-15wt.%(0il)]-NiO-x(Nt) (a) and
[Cu,0O-15wt.%(0il)]-2NiO-x(Nt) (b) systems at different x values.

According to the results of XRD analysis, in the case of the [Cu,O-
15wt.%(0il)]-NiO-x(Nt) system complete reduction of both the metals takes
place with formation of a monophase product at x>0.55, representing Cu-0.5Ni
alloy that contains 32 wt.% of Ni (Fig. 6a). Full reduction of the metals and
formation of solid solution (Cu-0.5Ni alloy) is due to sufficient amount of the
reducing agent (oil) and relatively high combustion temperatures ensuring the
formation of reduced copper in the molten state that follows from the pictures
shown in Fig. 7.

In the case of the [Cu,O-15wt.%(0il)]-2NiO-x(Nt) system complete
reduction of the metals is observed within the interval 0.55<x<0.9 yielding a
monophase Cu-Ni alloy that contains 48 wt.% of Ni at x=0.9. At x>0.9 due to an
excess of the oxidizing agent, among the combustion products unreduced oxides
remain too (Fig. 6b). Incompleteness of the reduction of metals is expressed also
by the difference in the calculated (curve) and experimental (points) values of
the mass loss (Fig. 5b).

Fig. 7. Micrographs of fractures of the combustion product for the [Cu,O+15wt.%
(oil)]+NiO+0.75(Nt) mixture.

Thus, the results obtained demonstrated the possibility of complete
reduction of both the metals and formation of Cu-0.5Ni and Cu-Ni composite
powders or alloys under the combustion mode at using copper (I) oxide oily
waste with 15 wt.% content of oil. Optimum conditions for obtaining Cu-0.5Ni
and Cu-Ni alloys containing 32 and 48 wt.% Ni respectively were found out.
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According to the selected optimum conditions, Cu-0.5Ni alloy was
synthesized using copper oily waste with particle size less thanl.6 mm. The
synthesis was carried out in the tubular SHS-3L reactor with the charge
composition [Cu,0+15wt.% (0il)]+NiO+0.75(Nt) and mass m=300 g.

5 - Cu-Ni

20 30 40 50 70 80

60
20, degree

Fig. 8. XRD pattern of the final product synthesized in tubular SHS-3L reactor using 300 g of
the initial [Cu,O+15wt.% (0il)]+NiO+0.75(Nt) mixture.

Characterization of the obtained Cu-0.5Ni alloy was performed by XRD,
SEM (Figs. 7, 8) and chemical analysis of free carbon. It should be noted, that at
optimal conditions complete reduction of copper (1) oxide and nickel (I1) oxide
takes place with formation of a copper-nickel alloy and the combustion product
represents a single-phase Cu-0.5Ni alloy with 0.15 wt.% of free carbon.
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T'OPEHHUE B CUCTEME OTXO/bl OKCUJA MEJIH (I)-NiO-NH,;NO;
N CUHTE3 CIIVTABOB Cu-Ni
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B pabote mprMeHeH METO ] TEPMUUECKOTO COTPSDKEHUS Peakiuil it COBMECTHOTO
BOCCTaHOBJICHHS MEIM M HUKEJIS M3 CMECH OTXOJa okcuaa Meau u okcuzaa Hukens (1) B
PEKUME TOPEHHUSI C IO OJHOCTAAUNHHOTO MOJYyYEHHS KOMIIO3UTHBIX ITOPOIIKOB
Cu+Ni u crutaBoB Cu-Ni. DKCIepUMEHTBI 10 BOCCTAHOBJICHUIO METAILIOB B BOJIHE rOpe-
HUsI OCYIIECTBISUTUCH B IPUCYTCTBHK HUTpara amMmoHus (Nt) 6e3 BBeeHHs KaKoro-jiu-
00 IOIOJIHUTEIBLHOIO BOCCTAHOBUTEISA. I JMOCTIIKCHHS IOJHOTHI BOCCTAHOBJICHHUS
OBLTH HCCIIEI0BAHbI 3aKOHOMEPHOCTH ropenust B cucteme (orxoapl Cu,O-NiO-Nt) ¢ uc-
MOJIb30BaHUEM OTX0M0B okcuaa Meau (l) ¢ pasnuuHbIM CoJepKaHHEM MHHEPATLHOTO
Macia U pa3IudHbIM COOTHOILICHHEM OKCHIOB METAJLIOB B HCXOHOM cMecu. Onpenene-
HBI ONITUMAJIBHBIC YCIIOBUS TOJyYCHUS] KOMITO3HUIIMOHHBIX opoinkoB Cu+Ni u crnaBoB
Cu-Ni u3 orxomoB okcuna menu (1) u nopomka NiO B 3aBHCHMOCTH OT COAEPKAHUS
Maciia ¥ HUTpaTta aMMOHHS.
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CATALYTIC PROPERTIES OF SUPPORTED MO,C SYNTHESIZED
BY MICROWAVE IRRADIATION IN HYDRAZINE HYDRATE
DECOMPOSITION REACTION
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Microwave-assisted synthesis and catalytic processes of Mo,C/carrier systems have been
studied. Catalytic tests were carried out on hydrous hydrazine decomposition reaction. Supported
Mo,C has shown catalytic activity in decomposition reaction. The catalytic activity changes
depending on the carrier's characteristics. The highest catalytic activity is observed in the reaction
with Mo,Cly-Al,O3 system (95.4%). In all cases decomposition of hydrazine was 100% selective with
respect to ammonia and nitrogen.

Figs. 2, table 1, references 18.

Introduction

It is known that transition metal carbides show high catalytic activity in a
number of reactions. For practical purposes, the catalysts are used in
combination with different carriers, giving them different properties. As an
example, alumina-supported molybdenum carbide (Mo,C) was tested as a
catalyst for hydrazine decomposition in a monopropellant thruster [1]. Also
known the high catalytic activity of microwave-synthesized tungsten carbide-
carbon (WC-C) system in hydrazine hydrate (N,H4-H,O) decomposition [2].
The above mentioned metal carbides, in particular molybdenum carbide, were
synthesized by various methods such as temperature-programmed reduction of
molybdenum oxide [3], plasma-assisted synthesis [4], solution combustion
synthesis [5], microwave-assisted synthesis [6].

The present work includes the study of the synthesis and catalytic properties
of Mo,C in a microwave oven in combination with different carriers. For the
studies hydrazine hydrate decomposition was chosen as a model reaction.
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In today's modern chemical industry, time is the most important and
expensive capital. This quote is certainly also true for Science. Particularly a lot
of experimental research is being done to develop, optimize and find new
synthetic routes, which is a time-consuming process. From this point of view,
any new synthesis method that will save time is extremely important to science
as it allows more experiments to be done simultaneously to achieve the desired
result. Microwave chemistry seems to meet this requirement and is an
indispensable rapid synthesis tool in modern synthesis [7, 8, 9]. In the last
decades, microwave chemistry has evolved significantly in different directions.
Such areas are organic [10] and inorganic chemistry, in particular new and more
effective synthesis of materials, analytical chemistry, biochemistry, catalysis
and photochemical processes that have achieved great success in applying
microwave irradiation as a source of heat [11].

Since the 1990s, there has been great interest in conducting heterogeneous
catalytic reactions under the influence of microwave irradiation (MW) [12]. The
results of research show that such speeds of chemical reactions cannot be
achieved at conventional heating under the same conditions and time periods,
which are possible in microwave ovens. The unique interaction between the
catalyst and the microwave irradiation appears to be a means of speeding up the
intermediate chemical reaction, which leads to similar results.

Microwave irradiation is electromagnetic radiation in the frequency range
0.3 to 300 GHz, which corresponds to wavelengths of 1 mm to 1 m. The
frequency used in domestic microwave ovens is 2.45 GHz with a wavelength of
12.25 cm, which is used for the study of catalytic chemical reactions.
Considering the recent experience, the following advantages and features of
microwave heating can be distinguished: rapid heating and cooling of the
system (homogeneous heating), obtaining of nanoparticles with relatively
narrow particle size distribution and extremely short time of processes which
bring to huge energy savings. Given the well-known fact that semiconductors
(they are often heterogeneous catalysts, transition metal carbides, borides) are
good microwave absorbers [13], there is a need to conduct heterogeneous
catalytic processes under microwave irradiation. As was mentioned above, in
the present work have been investigated the catalytic properties of microwave-
synthesized Mo,C (in the presence of different carriers) in the reaction of
hydrazine hydrate decomposition. The choice of the hydrazine decomposition
reaction is due to its high applicability. Depending on the direction of the
hydrazine decomposition reaction, it is used for different purposes. Specifically,
when the catalytic decomposition of hydrazine is accompanied by a large
amount of heat dissipation (reaction 1), it is used as monopropellant for satellite
propulsion [14, 15]. Selective catalytic degradation of hydrazine hydrate leads to
large amounts of pure hydrogen depletion for fuel cell (reaction Il) [16]. In
recent decades there have been numerous studies on the decomposition of
hydrazine hydrate using different catalysts.
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3N,H,=4NH3 + N, (|)
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Although transition metal series carbides as catalysts have been extensively
studied, there are few works in which carbides have been synthesized with a
combination of carriers that may affect the carbide catalytic properties. The
current work is dedicated to the study of the catalytic activity of microwave-
assisted synthesized Mo,C in the presence of different acidic carriers on the
hydrazine hydrate decomposition reaction.

Materials and methods

Microwave-assisted synthesis of Mo,C, Mo,C/C, Mo,C/ZSM12 and
MOzc/}/' A|203.

The following materials were used to obtain molybdenum carbide in
combination with different carriers: MoOjs (high purity), carbon (VulcanXC-
72R, Cabote corp. 250 m%g), zeolite (ZSM 12, 280 m?/g, SiO,/ Al,O; — 25) and
v-Al, 05 (Rhone-poulene, 200 m%/g).

Microwave synthesis of molybdenum carbide is well known in the literature
[6]. In this study, carbide / carrier system synthesis was performed in a similar
manner in the microwave oven. MoO; and carbon in stoichiometric ratio were
taken to obtain pure carbide (Mo,C).

2Mo0;+ 7C = Mo,C + 6 CO {g}

To obtain Mo,C/C, in initial mixture carbon was taken in excess,
according to the following reaction:

2Mo0O3+ 11C =Mo,C/C + 6 CO {g}

For the synthesis of M0,C/ZSM12 and Mo,C/y-Al,O3 systems, MoO; /
zeolite (ZSM12)/C and MoOs y- Al,O3 / C were taken respectively. In all the
mentioned systems the mass ratio of raw materials were calculated so that the
mass fraction of the catalyst (Mo,C) in the finished material was 70 wt.% [6].
Microwave-assisted synthesis of supported molybdenum carbide was performed
in a quartz tube reactor in a nitrogen flow. The precursor was placed in the
reactor, which was then purged with nitrogen for 2 h at room temperature.
Domestic microwave oven (Electrolux EMS 2820) with a frequency of 2.45
GHz and 900 W was used to irradiate the tube for up to 600 s [6].

The crystal structure and phase composition of the products were
determined by X-ray diffraction (XRD) analysis with Ni-filtered CuKo radiation
1, 54018 A° (D8 Advance, Bruker) operated at 40 kV and 40 mA. The average
diameter of molybdenum carbide crystals was determined by the Scherer’s
method, from which the specific surface areas were evaluated. Since the
adsorption method is not known for separately estimating the specific surfaces

421



of molybdenum carbides and carriers, the estimation was performed in the
manner described above.

Synthesis temperature was measured from a window opened in the back of
the microwave oven using an infrared pyrometer (Dostmann electronic GmbH
HT 1800). Measurements showed that in all cases the temperature of the
synthesis was 1050-1150°C.

Catalytic experiments

The catalytic activity of supported Mo,C was tested. For that 0.3 g of
catalysts was taken and placed in a Teflon-lined autoclave with a volume of 65
cm? then 5 ml of diluted hydrous hydrazine 1% solution was poured. The closed
autoclave was inserted in a microwave oven and irradiation was carried out at
180 W for 180 sec. After the test, the autoclave was removed from the oven, the
catalyst was separated by filtration, and the hydrazine concentration was
determined by iodometric titration method according to GOST 19503-88 [17].
Separately the catalytic activities of the carriers were tested. For the test 0.09 g
(as the mass fraction of carriers in the outgoing catalyst mass 30% wt.) of
carriers — C, y-Al,O3; and zeolite ZSM 12 and 5 ml of 1% hydrous hydrazine
solution were taken. It has been shown that the selectivity of hydrazine
decomposition is 100% in relation to ammonia and nitrogen formation [6].

Results and discussion

Figure 1 shows the XRD patterns of the final product Mo,C (fig.1). As it is
seen within the sensitivity range of X-ray analysis, the conversion of initial
mixture is 100%. The crystals of molybdenum carbide calculated from the XRD
patterns with Scherrer’s formula, have nano sizes (Table). The specific surface
area of Mo,C in Mo,C/carrier (Mo,C, Mo,C/C, M0,C/ZSM12 and Mo,Cly-
Al,O3) systems from the calculated crystal sizes was also estimated (Table).
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Fig. 1. XRD diffractogram of synthesized molybdenum carbide.
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In Figure 2 the XRD patterns of the initial ZSM 12 and synthesized final
product are presented. The precursor zeolite is characterized by 26 = 7and9 °
angles (Fig. 2a) [18]. After the synthesis, the XRD characteristic lines of the
zeolites have disappeared, suggesting that the outgoing zeolite was subjected to
phase conversion at high temperatures (Fig. 2b).
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Fig. 2. XRD diffractograms of initial ZSM 12 a), and synthesized final product b).

In previous works it has been shown that the Mo,C/C system has
significantly high catalytic activity during hydrazine hydrate decomposition
under the influence of MW [6]. Given this, an attempt has been made to
combine different carriers with molybdenum carbide to increase its catalytic
activity. For this purpose, carriers with different physicochemical properties,
from weakly acidic to strong acidic properties, have been selected for the
synthesis. Studies have shown that the percentage of hydrazine conversion
depends on the carrier used. In our case, molybdenum carbide catalytic activity
on different carriers can be presented in the following order:

Mo,C/Al,O3; > Mo,C/C > Mo,C > Mo,C /ZSM -12.

Since hydrazine is a basic molecule by its nature, it can be assumed that the
first step of its interaction with the catalyst will be with the acid sites, which in
some cases may be the limiting step (reaction 3)

N,H4 + S = NyH,4-S (3),

where S is the surface acidic site. This site can be both on the surface of the
carbide and on the carrier. The carriers have almost no catalytic activity (Table)
therefore the catalytic decomposition of hydrazine has been attributed to
molybdenum carbide. The highest conversion rate was observed during the
Mo,C/y-Al,03+N,H4-H,0 reaction (Table). It is assumed that y-Al,Os, having a
pronounced acidic property, provides a high concentration of basic hydrazine at
the catalyst surface, which in turn provides good microwave absorption at an
appropriate temperature, which results in such a high yield (95% approx.).
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Although literature acknowledges that zeolite systems have strong surface
acidity, but in our case the Mo,C/ZSM 12 + N,H4-H,O reaction shows the
lowest conversion rate (Table ). It is known that the degradation temperature of
low SiO, containing ZSM 12 zeolites is about 700°C [18]. It is assumed that
during the carbide synthesis, as already mentioned, degradation of the zeolite
results in a loss of acidity.

The catalytic activity of individual carriers without the presence of a
catalyst has also been studied. It is found that the carriers y-Al,O; and zeolite
ZSM 12 show absolute catalytic inertia (Table). However, carbon shows some
minor catalytic activity (approx. 8%, Table) which is explained by the formation
of active centers on the surface of the carbon when it interacts with microwave
irradiation.

As has been shown in the previous work [6], Mo,C, Mo,C/C has catalytic
activity due to the presence of surface acid centers. However, our research has
shown that the carriers have a large share in the catalytic process, which results
in 100% selectivity.

Table
Sample Conv., | dwo,c.nm | S, m7g of Conv., %/m°
% Mo,C Mo,C
70%Mo,C /ZSM -12 41 23 28.4 1.44
70%Mo,C/C 61.15 28 23.3 2.62
70%Mo,C/ Al,O4 95.4 21 311 3.07
Mo,C 52.5 30 21.8 2.41
C 8.03 - - -
Al,O3 0 - - -
ZSM -12 0 — — —
Conclusions

Microwave irradiation allows to synthesize Nano scale carrier-supported
Mo,C, which shows high selective catalytic activity in hydrous hydrazine
decomposition reaction. The acidity of carriers plays a vital role on catalyst
activity.

Acknowledgements

This work was supported by the State Committee of Science of Republic
of Armenial8RF-114 (Raman Mnatsakanyan).

424



UbuCOAULPLUSPL EAULUGAL ULPLELE 1LTE MO2C-P UPLEEQL
Gd. 2+ U GUSULPShY UGShINFE-3UL AFUNFU LUURLOFE-3OFLL
NSPELUQP LNAMLUSE LUSLU3U UL A-EUGSPUSAFT

U. U. 11030, (- T ULU3UyUL3UL b - N, HUd.E6-30L

Ppulyustougly & MoyClipps Sunbuljupghpp uffdbyy dfplypmugppuygph bywhulm] b
ll,[uuilg q:.uml.ul[un[ﬂi 4Luml[nL[3JnLilflb[1[1 nl_unuﬁuuuﬁan[JJnLilE J[II[[I”MI[[I#HIJ[IL 1[Luru.uluu—
I l]l.uuuuu‘unﬁl[ l[1nl1&lul1[lnl_lﬁllil1£ ﬁpw[lwilwgl[bl 197 CﬁlHﬂuqﬁiIC[nHuumﬁ #WJ#WJJwb
n.l?l.ul[g[ounLlf.‘ Mozc/llpilz <uufulllul[111_lrl1a 5nL5ulFbl1nl_lf 127 l[l.uuuuu‘un[ﬂl ullllﬂ[ll[nLFJnLil
.gl.l.lJ.gl.llJLfllliI nbwl[g[uu]nuf I lll.u[zu[l.ué' l[ﬁluurululé' 1111[12/1 CLumllnl_ﬁ‘/nLililbpﬁg <Lul.fulllull111_[1
[lw"””lll""ll’l[ llllllﬂ["[nL[;'/nLilE L[1nl[1n[1u[nl_lf k: uJbbwllulp&p l[l.ut.nl.ul[unﬁll l.l.lllln[ll[ﬂLFJnLiIE
ll,[unl{[il 4’ M02C/'Y—AIZO3 /C[n}[uuzl[ﬂl nlﬂullglu.,[lnLlr (95.4%). F'nlnli Tbu[#bantl‘ 4[11}[111111[1—
21[1 @LuJ#luJ”Ll}iI Eilﬁmylil I3 100% EilmnllluliluilnLﬁJuufF Lutl'nil[u.ul[[l I uulnmﬁ Luru.uzulg—
dudp :

KATAJIUTUYECKHUE CBOMCTBA HAHECEHHOI'O MO,C
CHUHTE3UPOBAHHOI'O MUKPOBOJHOBOM PAJTMAIIUEN B PEAKIIAA
PA3SJIOKEHUA THAPASUHTUAPATA
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W3yueHbl MUKPOBOJHOBBIA CHHTE3 M KAaTaJIMTHYECKHE Mporecchl ciucteM Mo,C /
HocuTenb. KaTamuThyeckue HCHBITaHUS OBLIN MpOBEACHLI 10 PCAKIUU PA3JTOKCHUA
TuaApasuHaruvapara. M02C Ha HOCHUTEJIC MOKa3aJl KaTAJIMTUICCKYIO aKTUBHOCTb B PCaK-
MU pas3JIOKCHUA. B 3aBucumoctn ot XapaKTCPUCTUK HOCUTEIIA OHA U3MECHACTCA. Hau-
GoJTbIas KaTaIMTHYECKash aKTHBHOCTh HAOJIFOJaeTCs IPH peakiuu ¢ cuctemoit Mo,Cly-
Al,0; (95.4%). Bo Bcex cayuasx pasnoxenue ruapasuHa 66010 Ha 100% celeKTHBHBIM
10 OTHOILICHHIO K aMMHAaKy U a30Ty.
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In the paper the interaction between silica hydrogel species recovered from serpentine
minerals (Mg(Fe))s[SisO10](OH)s and calcium hydroxide Ca(OH), in aqueous medium by stirring in air
at ambient pressure has been studied. The present research was aimed to investigate the effect of
stirring time and the silica hydrogel aging on the yield of B-wollastonite produced by the heat-
treatment of intermediates which had been precipitated in the boiling aqueous suspension prepared
from the mentioned reagents. The data derived from the experiments have revealed that the portion
of B-wollastonite in the products is variable and depends on the stirring time and the silica hydrogel
aging. The replacement of the freshly synthesized silica hydrogel with the same one aged for six
months’ time leads to increase in stirring time from 15 min up to 120 min in order to achieve the
higher yields of B-wollastonite.

Figs. 4, references 10.

A novel nontraditional approach to the chemical processing of dehydrated
serpentinites’ has allowed producing a silica hydrogel containing about 7 % of
amorphous silicon dioxide SiO, [1]. The silica hydrogel is synthesized by the
polycondensation of silicic acids formed from ortho- [SiOJ*, di-[Si,0:]°,

! Serpentinite is a rock largely composed of serpentine group minerals
(Mg(Fe))s[SisO10](OH)g belonging to phyllosilicate group, layer-type silicates or sheet
silicates in other words.
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[Sis010]*, [Sis0]™ and other silicate anions less polymerized and having
oligomeric dimension which have been leached from the dehydrated silicate
sheets of serpentine minerals [2].

Recent studies have shown that this silica hydrogel can not only be
successfully used as a raw material for the production of a number useful
silicate materials such as strontium and barium silicates but it also essentially
simplifies the first stage of intermediates precipitation and decreases the
temperatures of intermediates crystallization into final products on heating
thereby streamlining the whole procedure of their syntheses [3, 4].

These findings suggest that the involvement of the silica hydrogel in the
precipitation process which will be performed by stirring of the boiling aqua
solution prepared from the silica hydrogel and calcium hydroxide Ca(OH), is
likely to facilitate the technology for calcium silicates production, particularly p-
wollastonite (B-CaSiOs), which is an interesting material for various domains of
a modern engineering [5, 6].

For B-wollastonite synthesis, two routes are traditionally applied: (i) the
solid state reaction between calcium carbonate CaCO; or dolomite
CaC05;'MgCO; and silicon dioxide SiO, within the temperature range of 1100-
1350°C and (ii) the hydrothermal treartmeat. In the hydrothermal method, in the
first stage, calcium silicate hydrates are produced by an hours-long
hydrothermal treatment (2—7 hours) of an aqueous mixture of a source of CaO
and SiO,; in the second stage, these calcium silicate hydrates are transformed
into B-CaSiO; by annealing in the temperature range of 800-1150°C for hours
(2-8 hours) [7, 8]. All these methods suggest either high temperature or
autoclave treatment as well as a long process duration, and thus are great energy
consuming.

It is well known that because of some structural redistributions and
arrangements taking place between silica monomers, oligomers or particles in
silica constituting gels during aging, silica gels are considered to be unbalanced
systems [9, 10]. For this reason, balance disturbance of vulnerable gels during
aging and the relation between the state of amorphous species and the crystalline
phase depending on aging must be determined. Despite the industrial relevance
and high commercial interest there has not been much progress in this field up to
now. Hence, understanding of aging processes in the silica hydrogel on a
scientific basis is essential in preparing a wide range of silicate compounds.

The present research is aimed to study the effect of structural changes in the
aged silica hydrogel derived from serpentine minerals on the yields of calcium
silicate species synthesized by the heat treatment of intermediates which had
been previously precipitated via stirring of the boiling aqueous suspension
prepared from the silica hydrogel and Ca(OH)s.
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Experimental

A serpentinite sample located in Shorja (Armenia) was used as a precursor
for the silica hydrogel production using the method described in the work [1].

Reagent grade CaO 98% (248568 Sigma-Aldrich) previously annealed at
1000°C for 0.5 h was used as a raw material for Ca(OH), production.

For the intermediates precipitation two samples of suspension with
liquid/solid ratio of 15 were prepared from the primary mixtures of Ca(OH), and
silica hydrogel with the CaO and SiO, molar ratio of 1:1. The frist sample was
prepared from the silica hydrogel freshly synthesized (Gel Sample Nel), the
second one — from the same silica hydrogel aged for six months (Gel Sample
Ne2). When the silica hydrogel was metered, SiO, content in the silica hydrogel
that is 5.8% was taken into consideration in order to guaranty the molar ratios
CaO to SiO,. Each of the prepared samples was put into a vessel and stirred with
mechanical stirrer for a certain time which is 15, 30, 60, 90 and 120 min in air at
ambient pressure while being heated up to the temperature of 95°C (boiling
point). Then each of the suspensions produced in the mixer was filtered. A gel-
like mass remained on the filter was washed by distilled water and dried at the
temperature of 100°C for 24 h in a dryer type KBC G — 100/250 manufactured
by Premed (Warszawa, Poland). As a result, a white precipitate powder was
produced.

Each of the ten precipitates produced was annealed at 850°C for 30 min and
subjected to XRD analysis. Of the ten precipitate samples the two were selected
for DTA from room temperature up to 1000°C.

X-ray powder diffraction (XRPD) measurements were made on a Dron-3
diffractometer (Russia) equipped with nickel filter, under the following
conditions: CuKa-radiation; power supply 25 kV/10 mA; angular range
20=8°-70° at the room temperature in air. The mass of each test specimen was
250 mg. All the reflections were identified and interpreted using the ICDD-
JCPDS database of crystallographic 2004.

DTA, thermogravimetry (TG) and DTG (differential thermogravimetric)
measurements were performed by using a Derivatograph Q-1500D equipment
manufactured by the MOM company (Hungary) in air at a heating rate of 10°C
min™. The samples of equal mass were investigated in platinum crucibles.

Results and Discussion

The XRPD patterns of the heated precipitate specimens produced from the
suspension samples which were prepared from the silica hydrogel and Ca(OH),
with the SiO,: CaO molar ratio of 1:1 demonstrate that two species of calcium
silicate, namely B-wollastonite (Card Ne84-0655) and larnite Ca,SiO, (Card
Ne33-0302) are precipitated (Fig. 1 and 2). A detailed analysis of the diffraction
peaks recorded for all the samples has revealed that the portion of each phase in
the final product depends on the two factors: stirring time and gel aging. B-
CaSiO; and Ca,SiO,4 peaks of different intencities are observable depending on
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the stirring time and the aging of the silica hydrogel involved in the precipitation
stage.

Based on the fact that the diffraction line intensity is proportional to the
phase volume content, the relative concentration of each phase in the
synthesized mixtures was estimated from the diffraction peaks intensities by the
nonstandard method measuring the ratio of intensities of the different phases.
The calculations were graphically represented in Fig. 3.

The higher yields of -wollastonite are produced on heating up to 850°C in
the intermediates prepared from Gel Sample Nel that is proved by the intensive
peaks B-CaSiO; discovered in the corresponding patterns (Fig. 1). The highest
concentration of p-wollastonite is fixed in the samples produced by stirring for
15 and 120 min (Fig. 3a). The increase in stirring time up to 90 min inclusive
leads to a slight decrease of 3-wollastonite amount (Fig. 3a).

Unlike the previous samples produced from Gel Sample Nel, besides the
reflections of wollastonte and larnite the ones of calcium oxide CaO (Card No
82-1690) are traceable in the XRPD patterns of the final products produced
from Gel Sample Ne2 via stirring within the range of 15-90 min (Fig. 2). The
appearance of CaO reflections indicates that as distinct from the previous
samples Ca(OH), is partly involved in the reaction with the SiO,, which is a
constituent part of the silica hydrogel, and the fifteen-minute stirring is not
sufficient for the complete interaction between the initial reagents in the system
(Fig. 3b). Only increase in stirring time up to 120 min provides the complete
consumption of Ca(OH), and thus higher concentration of p-wollastonite
(Fig. 3b).

The DTA curves of the two precipitate samples prepared from Gel Samples
Nel and 2 by the fiftten-minute stirring were considered. They display
noticeable exothermic peaks of high intensities within the temperature range of

750-850°C with the maxima at 827 and 839°C (Fig. 4).
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Fig. 4. Differential thermal curves for the precipitate samples produced from Ca(OH), and Gel
Sample Ne1 (a) and Gel Sample Ne2 (b) by the 15-minute stirring. TG thermogravimetric or
weight loss curve, DTA differential thermal analysis curve. DTG differential thermal
thermogravimetry curve. The vertical axis label applies to the DTA curve.

These exotherms are preceded by endothermic events with the minima at
775 and 812°C which are accompanied by mass loss that is proved by the trend
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of the TG curves (Fig. 4). These endotherms are most likely produced by
dehydroxylation — hydroxyl water formation and removal from the
intermediates — and indirectly indicate chain-like calcium hydroxosilicate
species formation during precipitation because only this type of Ca-containing
silicate compounds can be easily transformed into such a calcium silicate
species as wollastonite on heating. The intermediate calcium hydro- and
hydroxosilicates can not be identified by XRD analysis because they were all
produced in an amorphous state. Naturally, the mild conditions of the treatment
(95°C, ambient pressure) can not provide the formation of any chain-like
crystalline compounds easily trasformed into wollastonite configuration on
heating up to 850°C. Crystalline compounds production such as tobermorite
(CasSigO46(OH),4H,0 or CasSis(0,0H)5:5H,0) or xonotlite (CasSisO17(OH),)
which are distinguished by chain-like structure and therefore considered the best
intermediates for wollastonite synthesis is only achieved via hydrothermal
treatment.

An endothermic event with the minimum at 491°C set on the DTA curve of
the precipitate sample produced from Gel Smaple Ne2 is caused by the process
of unreacted Ca(OH), decomposition with the formation of H,O and CaO (Fig.
4b) the reflections of which (Card Ne82—-1690) are seen in the XRPD patterns of
the same specimens produced after the heat treatment of the corresponding
precipitates (Fig. 2).

Another endotherm barely detectable over 600°C on the DTA curve of the
precipitate sample prepared from Gel Smaple Nel must have been caused by the
decomposition of calcium carbonate CaCOs resulting in the formation of CO,
and CaO (Fig. 4a). The lower intensity of this effect indicates a negligiable
amount of CaCO; formed by CO, absorption from the air. But CaO reflections
are not traceable in the XRPD patterns of the corresponding sample. It is quite
logical to suggest that on heating up to 600°C CaO released by CaCO;
decomposiotion immidiatedly reacts with the SiO, that remained in an
amorphous state inside the intermediate, producing calcium silicate species and
CO, and causing the endotherm barely detectable over 600°C on the DTA curve
of the precipitate sample. As for the exothermic event that should be seen over
600°C and evidence the calcium silicate species formation, it is most likely
overlapped by the endothermic process of CO, releasing that requires energy
input more than the heat released by the reaction of calcium silicate species
formation.

Both the intensive diffraction peaks of f-wollastonite and larnite fixed in
the diffraction patterns of the heated specimens point to the fact that the strong
exothermic peaks are originated by both B-wollastonite and larnite formation
(Fig. 4).

The knowledge of the structural particularities of the silica constituting the
silica hydrogel has allowed to gain an insight into the process occurring in the
silica hydrogel during aging.
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Recall that the structure of the silica is made up of mono- [SiO,], one-, two-
dimensional and oligomeric silicate units bound with each other by unsaturated,
i.e. comparably weak bonds that distinguishes it from all other species of
traditional silicon dioxide. In spite of the fact that the Si—O(Si) bonds arisen
between the silicate anions during the polycondensation are less saturated, i.e.
weaker, than the primary Si—O(Si) ones intrinsic in the silicate oligomers
formed in magma prior serpentinization, they must have been marginally
strengthened during the silica hydrogel aging. Naturally, more energy input is
required for the cutting of siloxane bonds slightly strengthened by aging and
thus silicate anions releasing. As a result, the stirring time must be prolonged so
as to supply this extra energy needed for the Si—O(Si) bonds weakening, thereby
insuring B-wollastonite high yields.

Conclusion

These studies have shown that a new species of silica hydrogel derived
from serpentine minerals can be successfully used in the system SiO,—CaO-H,0
as a source of silica for the development of a new route to B-wollastonite
synthesis based on the heat treatment of the intermediates precipitated via
stirring of the initial reagents without involving autoclave treatment and
additional reagents.

The information obtained by collating the data has revealed that the stirring
time and the silica hydrogel aging essentially affect the concentration of -
wollastonite in the final product. In order to guarantee the complete interaction
between the SiO, and Ca(OH), via a short-term procedure (fifteen-minute
stirring) thus providing higher yields of B-CaSiOs;, the freshly synthesized silica
hydrogel derived from serpentine minerals must be involved as a source of SiO,
in the first stage of precipitation. If the aged silica hydrogel is used as a raw
materal in the same system, higher yields of B-wollastonite are expected in the
case of stirring time prolonging (up to 120 min). The Si—O(Si) bond's strength
arisen between various silicate units in the silica during the polycondensation is
the main factor playing a major role in the complete interaction of the silica with
Ca(OH),. The cutting of the Si—O(Si) bonds partly strengthened by the silica
hydrogel aging requires more energy that is provided by more prolonged
stirring.

As can be seen from the experimenmtal data, the investigations of aging
mechanisms and their influence on the final products are quite challenging.
These studies are of great interest and practical value for the further
development of a new simplified technology for the low-temperature production
of B-wollastonite.
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BJIMSAHHUE ITPOLECCA CTAPEHUS B T'NJIPOT'EJIE KPEMEH3EMA,
BBIAEJEHHOT'O U3 MUHEPAJIA I'PYIIIIbl CEPIIEHTHHA,
HA BBIXO/JbI CHJIMKATOB KAJIbBIIUA

A. P. MCAAKSIH' H. 0. 3YJIYMSIH', A. M. TEP35IH',
C. A. MEJMKSIH! u A. A. BE[JIAPSIH™ 2

! WucTtuTyT 06meit n Heoprannyeckoid xumun HAH Pecrry6onukn Apmenns um. M. I'. Mansensina
Apwmenus, 0051, EpeBan, yi. Apryrsasa 2-oi nep., 1. 10
®axkc: (374-10) 231275 E-mail: Hayk_b@ysu.am
2 EpeBanckuii rocyjapcTBeHHbIH yHUBEPCUTET
Apwmenus, 0025, EpeBan, A. ManyksHa, 1

B cratbe n3yueHo B3auMoJeicTBHE B BOAHOI cpelie MEeX Ay THAPOresieM KpeMHe3e-
Ma, BBIICICHHOM 13 ceprieHTHHOBBIX MuHepanoB (Mg(Fe))e[SisO10](OH)g, u ruapokcu-
aom kambimsi Ca(OH),, ocyimecTBisieMoe MOCPEACTBOM MEPEMEITHBAHUS TIPH aTMOC-
¢depHOM naBneHuu. llenbio HACTOSIILIETO HCCIENOBAHMS SIBIISUIOCH U3YYHTh BIIHSHHUE
JUTUTEIEHOCTH TIepEeMEIIMBaHus U CTAPEHUs] THAPOTeNsl KpeMHe3eMa Ha BbIXOJ| [3-BOJI-
JIACTOHMTA, ITOJTy4aeMOTr0 TEPMUIECKOH 06paboTKOI MPOMEKYTOUHBIX COeMHEHNUH, KO-
TOpBIe OBUIH MIPEIBAPUTENHFHO OCAXACHBI B KHAIIAIIEH BOJHOW CyCIIEH3UH, TPUTOTOBIICH-
HOW M3 yIIOMSHYTHIX peareHToB. Ha 0CHOBE 3KCTIIEPHIMEHTOB BEISBICHO, UTO JOJIS 3-BOJI-
JIACTOHWTA B KOHEYHOM IPOTYKTE BapbUPYET M 3aBHCUT OT JIMTEIHHOCTH IIepeMeIInBa-
HUS U CTapeHHs THAPOTENS KpeMHe3eMa. 3aMeHa CBEXECHHTE3UPOBAHHOTO THAPOTEIIS
KpeMHEe3eMa TeM JKe TeJieM, HO BBIACP)KaHHOM B T€UEHHE TOIYTo/1a, IPUBOIUT K yBEIH-
YCHHUIO [UIATENILHOCTH TiepementuBanus oT 15 10 120 mun mis toro, 4to0b1 00eCeYnThH
BBICOKHE BBIXOJBI 3-BOJUIACTOHHTA.
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SYNTHESIS AND ALKYLATION OF NEW DERIVATIVES
OF CONDENSED THIENOI3,2-d]PYRIMIDINE-8,10-DITHIONES

E. G. PARONIKYAN? A. S. HARUTYUNYAN* and Sh. F. HAKOBYAN?
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26, Azatutyan Str., Yerevan, 0014, Armenia
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The Thorpe-Ziegler reaction has been carried out. Condensed 1-amino-2-substituted-
thieno[2,3-b]pyridines were obtained from cyanopyridinethiones and halogen-containing compounds.
Synthesized derivatives of 8-imino-pyrido- [3',2":4,5]thieno[3,2-d][1,3]thiazine-10-thiones with carbon
disulfide in the presence of absolute pyridine were further recyclized with Dimroth rearrangement to
obtain new derivatives of condensed thieno[3,2-d]-pyrimidine-8,10-dithiones. The thieno[3,2-
d]pyrimidine-8,10-dithiones were alkylated with various alkyl halides to afford S-alkyl derivatives.
The structures of newly synthesized compounds were confirmed by IR, 'H NMR, MS spectral data
and elemental analysis.

References 21.

Synthetic thiophenes have been reported to possess a wide range of
therapeutic properties with diverse applications in medicinal chemistry and
material science, attracting great interest in both industryand academia [1].
Pyridine and pyrimidine derivatives are known to form the basis of many
medications. Pyrimidines and fused pyrimidines, being integral parts of DNA
and RNA, play an essential role in several biological processes and also have
considerable chemical and pharmacological importance as antibiotics,
antibacterials, cardiovascular as well as agrochemical and veterinary products
[1-4]. Heterocyclic compounds play an important role in designing new classes
of structural entities of medicinal importance with potentially new mechanisms
of action. In addition, during the last few years, condensed thienopyrimidine
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derivatives have received considerable attention. Many of these derivatives were
found to possess a variety of pronounced activities such as anti-inflammatory
and analgesic [5-8], antimicrobial [9-13], anti-Avian influenza virus (H5N1)
[14], anti-herpes simplex virus type 1 (HSV-1) and hepatitis-A virus (HAV),
serotonin 5-HT6 receptor antagonist [15], antiarrhythmic [16] agent. Pyrimidine
derivatives have been previously reported as platelet aggregation inhibitors,
antagonists, anti-conceptive and anti-parkinsonism [17-20] agents. Heterocyclic
compounds have also exhibited anthelmintic, anti HIV and hypoglycemic
activities [21]. Therefore, obtaining new derivatives of these heterocycles to a
great extent is a guarantee for revealing biological activity in synthesized
compounds. In view of these observations and as continuation of our previous
works on heterocyclic chemistry, we report herein the synthesis of some new
heterocycle-containing pyridothienopyrimidine moieties and their chemical
properties.

The synthesis of condensed 1-amino-2-substituted-thieno[2,3-b]pyridines
(2) from 5-cyanopyridine-6-thiones (1) and halogen-containing compounds
having the electron-withdrawing nitrile group in the a-position was carried out
by the Thorpe-Ziegler reaction under the influence of sodium alkoxide
(Scheme 1).

Scheme 1
R! R?
CN X
) X ﬁ
R™_ _ S
R2 HalCH,CN o
X X NH CyHsONa ¥CN
3/\
R3
la-g 2a-g

1,2 a-b: X =CH,, R"=R?*=H; 1,2¢: X =NCH;, R' =R°=H;
1,2d: X=0,R'=H, R?=i-C4H;; 1,29: X=S,R' = R°= H;
1,2e,f: X = O, R = R*= CHj3, 1,2a: R® = pyrrolidil;

1,2b-e,g: R® = morpholyl; 1,2f: R® = piperidyl.

By the interaction of 1-amino-2-cyano derivatives of thieno[2,3-b]pyridines
(2) with carbon disulfide in a pyridine medium, we synthesized new derivatives
of fused thieno[3,2-d]pyrimidine-8,10-dithiones (4). Reaction proceeded with
the formation of intermediate compounds 3 (Scheme 2). Then thieno[3,2-d]-1,3-
thiazines (3), an interesting example of rearrangement with Dimroth exchange
and transformation observed under the action of alkali, were subjected to
recycling, which led to the formation of reaction products. Intermediate product
3 was isolated, the structure of which was proved by the methods of NMR- and
IR-spectroscopy and mass-spectrometry.
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Scheme 2
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2,345 a-b: X =CH,, R"=R?=H; 2,3,4 ¢: X = NCH;, R = R*=H;
2345d,5¢c:X=0,R"=H, R®=i-C4Hs; 2,3,49: X =S, R* = R*= H;
2,345ef 50: X =0, R'=R*=CHs, 2,3,4,5 a: R® = pyrrolidil;

2,3,4 b-e,g, 5 b,d,e: R®* = morpholyl; 2,3,4,5f, 5 g: R® = piperidyl;

5 a-c,e,f: R*= CHs, 5 d,g: R*= C,Hs.

The signals of two NH group protons were observed in "H NMR spectra at
ranges of 11.20 and 12.59 ppm, correspondingly, and in the IR spectra, the
absence of an absorption signal for the C=NH group proved the structures of the
synthesized compounds 4. In continuation of this work, the corresponding S-
alkyl derivatives were synthesized by the alkylation of compounds 4 by
alkyl halides.

Experimental section

All chemicals, reagents, and solvents were of commercially high purity
grade purchased from Sigma-Aldrich. Melting points (mp.) were determined on
a Boetius microtable. They are expressed in degree centigrade (°C). '"H NMR
spectra were recorded with a Varian Mercury 300V X spectrometer in DMSO-
de:CCl, (1:3) at 300 MHz (*H). Chemical shifts were reported as ppm (parts per
million) relative to TMS (tetramethylsilane) as the internal standard. IR spectra
were recorded on Nicolet Avatar 330-FTIR spectrophotometer and the reported
wave numbers are given in cm™. TLC analyses were performed on Silufol UV-
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254 plates using pyridine—ethyl acetate, 2:1, acetone-hexane, 1:1 as eluent;
spots were developed with iodine vapor.

General procedure for the synthesis of thieno[2,3-b]pyridines 2a-b. A
mixture of 0.01 mol of 5-cyanopyridinethiones 1 and 0.01 mol of
chloroacetonitrile was added to sodium ethoxide solution obtained from 0.46 g
(0.02 mol) of sodium metal and 50 ml of anhydrous ethanol. The reaction
mixture was refluxed at 60°C for 2 h. The solution was cooled, 50 ml of cold
water was added. The obtained precipitate was filtered off, washed with water,
and dried. Recrystallized from ethanol.

1-Amino-5-pyrrolidin-1-yl-6,7,8,9-tetrahydrothieno[2,3-c]isoquinoline-
2-carbonitrile (2a). Yield 2.3 g (78.3%), mp 232-236°C, R;0.48. Found, %: C
64.68; H 6.16; N 18.58; S 10.81. C;H1gN,S. Calculated, %: C 64.40; H 6.08; N
18.78; S 10.75. IR spectrum, v, cm™: 3480-3400 (NH,); 2200 (CN): 1620
(C=0); 1600-1590 (C=Ca,)."H NMR spectrum, &, ppm, MHz: 1.70-1.84 m (4H,
2CH,); 1.90-1.92 m (4- H, (CH,),); 263t (2 H,J=5.6, CH,); 3.21t (2 H, J =
6.4, CH,); 3.51-3.53 m (4 H, N(CH,),); 5.69 s (2 H, NH,).

1-Amino-7-methyl-5-morpholin-4-yl-6,7,8,9-tetrahydrothieno[2,3-c]-
2,7-naphthyridine-2-carbonitrile (2c). Yield 2.3 g (74.1%), mp 270-271°C, R¢
0.68. Found, %: C 60.59; H 6.56; N 19.45; S 8.80. C;sH,3NsOS. Calculated, %:
C 60.48; H 6.49; N 19.59; S 8.97. IR spectrum, v, cm™: 3490-3400 (NH,); 2200
(CN); 1630 (C=0); 1600-1580 (C=Cp). 'H NMR spectrum, &, ppm, MHz:
1.12's (6H, 2CHj,);2.10 s (3H, CHy); 2.31 s (2H, 9-CH,); 3.00-3.21 m (4H,
N(CH,),); 3.52 s (2 H, 6-CHy); 3.61-3.80 m (4H, O(CHy,),); 6.33 s (2H, NH,).

1-Amino-8-isopropyl-5-morpholin-4-yl-8,9-dihydro-6H-pyrano[4,3-
d]thieno-[2,3-b]pyridine-2-carbonitrile (2d). Yield 2 g (56.5%), mp 264-
265°C, R 0.54. Found, %: C 60.18; H 6.26; N 15.48; S 8.79. CigH2,N,0,S.
Calculated, %: C 60.31; H 6.19; N 15.63; S 8.95. '"H NMR spectrum,5, ppm,
MHz: 1.02d (3H,J=3.9, CH); 1.04d (3H,J=4.7,CH3); 1.80 okt (1L H, J =
6.2, CH); 3.02-3.37 m (7 H, CH,, N(CH,), and OCH); 3.66-3.82 m (4 H,
O(CH,),); 459 d (1 H, J=14.7) and 4.74 d (1 H, J = 14.3, OCH,); 5.96 s (2 H,
NH,).

1-Amino-8,8-dimethyl-5-piperidin-1-yl-8,9-dihydro-6H-pyrano[4,3-
d]thieno-[2,3-b]pyridine-2-carbonitrile (2f). Yield 2.5 g (74.9%), mp 238-
239°C, R 0.58. Found, %: C 63.38; H 6.61; N 16.48; S 9.49. CysH»,N,0S.
Calculated, %: C 63.13; H 6.47; N 16.36; S 9.36. '"H NMR spectrum, 6, ppm,
MHz: 1.30 s (6 H, 2CHjy); 1.67-1.71 m (6 H, 3CH,); 3.08 s (2 H, CH,); 3.11-
3.18 m (4 H, N(CH,),); 4.57 s (2 H, OCHy); 5.91 s (2 H, NH,).

1-Amino-8,8-dimethyl-5-morpholin-4-yl-8,9-dihydro-6H-thieno[2,3-
b]thiopy-rano[4,3-d]pyridine-2-carbonitrile (2g). Yield 2.9 g (80.0%), mp
241-242°C, R;0.67. Found, %: C 56.73; H 6.06; N 15.46; S 17.64. C;;H,0N40S,.
Calculated, %: C 56.64; H 5.59; N 15.54; S 17.79. IR spectrum, v, cm™: 3490-
3400 (NH,); 2220 (CN); 1630 (C=0), 1600-1580 (C=Ca,). ‘H NMR spectrum,
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5, ppm, MHz: 1.37 s (6 H, 2CH5); 3.04-3.38 m (6 H, 3CH,); 3.65-3.97 m (6 H,

The preparation of compound 2D, e is given in [4].

General method for the synthesis of compounds 3b, c, e, g. A mixture of
0.01 mol of compound 2, 9 ml of carbon disulfide and 15 ml of absolute pyridine
was refluxed for 10 h. After cooling, the crystals were filtered, washed with
water and dried. Recrystallized from DMF.

8-Imino-5-morpholin-4-yl-1,2,3,4,8,11-hexahydro-10H-[1,3]thiazino-
[4',5":4,5] thieno[2,3-c]isoquinoline-10-thione (3b). Yield 3.7 g (95.2%), mp
>360 °C, Rf0.62. Found, %: C 52.41; H 4.56; N 14.26; S 24.81. C;;H:gN,0Ss.
Calculated, %: C 52.28;H 4.65; N 14.35; S 24.63. IR spectrum, v, cm™: 3450,
3130 (NH); 1650 (C=N), 1580 (C=Ca), 1150 (C=S). Mass spectrum, m/z (I,
%): 390 [M™] (100), 359 (33), 345 (34), 333 (40), 305 (10).

8-Imino-2,2,3-trimethyl-5-morpholin-4-yl-1,2,3,4,8,11-hexahydro-10H-
[1,3]-thiazino[4',5":4,5]thieno[2,3-c]-2,7-naphthyridine-10-thione (3c). Yield
3.4 g (78.9%), mp 315-316°C, R;0.59. Found, %: C 52.51; H 5.47; N 16.06; S
22.30. CygHx3Ns0S;. Calculated, %: C 52.63; H 5.35; N 16.15; S 22.19. IR
spectrum, v, cm™: 3450, 3120 (NH); 1630 (C=N), 1580 (C=C,,), 1180 (C=S).'H
NMR spectrum, 8, ppm, MHz: 1.16 s (6H, 2CH,); 2.12 s (3H, CH3); 2.33 s (2H,
9-CH,); 3.10-3.28 m (4H, (CHy),); 3.52 s (2 H, 6-CH,); 3.61-3.80 m (4H,
O(CHy,),); 10.33 br (1H, NH). 13.18 br (1H, NH).

8-Imino-2,2-dimethyl-5-morpholin-4-yl-1,4,8,11-tetrahydro-2H,10H-
pyrano-[4",3":4' 5']pyrido[3',2":4,5]thieno[3,2-d][1,3]thiazine-10-thione
(3e). Yield 2.9 g (70.0%), mp >360°C, R;0.68. Found, %: C 51.29; H 4.86; N
13.43; S 23.00. CigH»oN,4O,S;. Calculated, %: C 51.40; H 4.79; N 13.32; S
22.87. IR spectrum, v, cm™: 3405, 3100 (NH); 1650 (C=N), 1590 (C=Cx,), 1150
(C=S). Mass spectrum, m/z (l,¢;, %): 423 [M™] (43), 405 (5), 389 (7), 363 (8), 344
(100), 329 (7), 313 (20). 'H NMR spectrum, &, ppm, MHz: 1.31 s (6 H, 2CH,):
3.08t (4 H,J =15, N(CH,),); 3.65 ddd (2H, J = 13.2, 4.5, 1.0) and 3.70 ddd (2
H, J =13.2, 45, 0.9, O(CH,),); 3.80 s (2 H, CH,); 5.23-5.32 m (2 H, OCHy);
10.18 br (2 H, NH, C=NH).

8-Imino-2,2-dimethyl-5-morpholin-4-yl-1,4,8,11-tetrahydro-2H,10H-
thiopyra-no[4",3"":4",5"]pyrido[3",2":4,5]thieno[3,2-d][1,3]thiazine-10-thione
(3g). Yield 3.6 g (82.7%), mp >360 °C, R;0.70. Found, %: C 49.39; H 4.71; N
12.97; S 29.25. C1gH»N40S,. Calculated, %: C 49.51; H 4.62; N 12.83; S 29.38.
IR spectrum, v, cm™: 3420, 3130 (NH); 1630 (C=N), 1570 (C=Cp), 1140 (C=S).
'H NMR spectrum, o, ppm, MHz: 1.26 s (6 H, 2CHj3); 3.35-3.38 m (6 H,
N(CH,),); 3.65-3.80 m (6 H, O(CH,),); 5.18-5.32 m (2 H, OCH,); 3.89t (2 H, J
= 2.1, SCH,); 10.18 br.s (1 H, NH); 13.55 br (1H, NH).

Preparation of compounds 4a, d, f (General method). A mixture of
0.01 mol of compound 2 and 7.6 g (0.1 mol) of carbon disulfide in 15 ml of
absolute pyridine was boiled for 10 h. The product formed after cooling was
collected, crystals were filtered off and washed with alcohol.
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5-Pyrrolidin-1-yl-1,2,3,4-tetrahydropyrimido[4',5':4,5]thieno[2,3-
clisoquino-line-8,10(9H,11H)-dithione (4a).Yield 1.8 g (47.8%), mp >360°C,
R;0.48. Found, %: C 54.72; H 4.71; N 14.77; S 25.42. C,;HgN,Ss. Calculated,
%: C 54.52; H 4.84; N 14.96; S 25.68. IR spectrum, v, cm™: 3400, 3360 (NH);
1560 (C=C,,), 1170 (C=S). 'H NMR spectrum, &, ppm, MHz: 1.72 m (2 H, 2-
CHy); 1.84 m (6 H, 3-CH,, 2CH,); 2.79 m (2 H, 4-CH,); 3.39 m (2 H, 1-CH,);
3.68t(4 H,J=3.1, N(CH,)); 11.98 br.s (1 H, NH); 12.52 s (1 H, NH).

2-1sopropyl-5-morpholin-4-yl-1,4-dihydro-2H-
pyrano[4",3":4' 5']pyrido-[3',2":4,5]thieno[3,2-d]pyrimidine-8,10(9H,11H)-
dithione (4d). Yield 3.5 g (80.7%), mp >360°C, R;0.55. Found, %: C 52.38; H
5.16; N 12.69; S 22.32. C14H2,N,0,S;. Calculated, %: C 52.51; H 5.10; N 12.89;
S 22.13. IR spectrum, v, cm™: 3330, 3410 (NH); 1580 (C=Cap), 1150 (C=S).
Mass spectrum, m/z (1., o5): 434 [M™] (5), 326 (20), 283 (5), 124 (20), 78 (15),
43 (29), 34 (56). 'H NMR spectrum, &, ppm, MHz: 1.03d (3 H, J = 6.7, CHs);
1.07d (3H,J=6.7, CHs); 1.84 ok (1L H, J = 6.7, CH); 3.12 dd (J = 7.3, 10.2)
and 3.63 ddd (2 H, J =17.3, 4.0, 1.3, CH,); 3.17-3.44 m (5 H, OCH, N(CH,),);
3.70 ddd (2 H, J = 11.4, 6.5, 3.0) and 3.81 ddd (2 H, J = 11.4, 6.3, 3.0,
O(CHy,),); 4.72 s (2 H, OCH,); 11.20 br.s (1 H, NH); 12.59 br.s (1 H, NH).

2,2-Dimethyl-5-piperidin-1-yl-1,4-dihydro-2H-

pyrano[4",3":4' 5" pyrido-[3',2":4,5]thieno[3,2-d]pyrimidine-8,10(9H,11H)-
dithione (4f). Yield 3.5 g (83.7%), mp >360°C, R;0.62. Found, %: C 54.34; H
5.16; N 13.71; S 22.72. C19H»,N,0S;. Calculated, %: C 54.52; H 5.30; N 13.38;
S 22.98. IR spectrum, v, cm™: 3580, 3410 (NH); 1570 (C=Cp/), 1180 (C=S).
Mass spectrum, m/z (1 %): 418 [M'] (5), 385 (13), 187 (20), 186 (7), 80 (25),
46 (45), 32 (15). 'H NMR spectrum, &, ppm, MHz: 1.38 s (6 H, 2CH3): 1.79 s (6
H, 3CH,); 3.21t (4 H, J = 3.6, N(CHy),); 3.38 s (2 H, CH,); 4.68 s (2 H, OCH,);
11.62 br.s (1 H, NH); 12.21 s (1 H, NH).

Preparation of compounds 4b, c, e, g (General method). A mixture of
0.01 mol of compound 2, 30 ml of a 5% potassium hydroxide solution was
heated on a boiling water bath for 1 h. After cooling, the resulting solution was
acidified with acetic acid, the precipitated crystals were filtered off, washed with
water and dried. Recrystallized from nitromethane.

5-Morpholin-4-yl-1,2,3,4-tetrahydropyrimido[4',5':4,5]thieno[2,3-
c]isoquino-line-8,10(9H,11H)-dithione (4b). Yield 76.9%, mp >360°C, R;0.59.
Found, %: C 52.12; H 4.78; N 14.47; S 24.52. C1;HgN,0S;. Calculated, %: C
54.28; H 4.65; N 14.35; S 24.63. IR spectrum, v, cm™: 3400, 3310 (NH); 1560
(C=C,), 1130 (C=S). 'H NMR spectrum, 3, ppm, MHz: 1.63-1.81 m (4H,
2CH,); 2.58-2.72 m (4H, 2CH,); 3.25-3.79 m (8H, 4CH,); 11.67 br.s (1 H, NH);
12.10 br (1H, NH).

2,2,3-Trimethyl-5-morpholin-4-yl-1,2,3,4-tetrahydropyrimi-
do[4',5":4,5]thieno-[2,3-c]-2,7-naphthyridine-8,10(9H,11H)-dithione (4c).
Yield 80.8%, mp 285-286°C, R;0.74. Found, %: C 52.79; H 5.23; N 16.32; S
22.04. CygHx3Ns0S;. Calculated, %: C 52.63; H 5.35; N 16.15; S 22.19. IR
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spectrum, v, cm™: 3380, 3290 (NH); 1590 (C=Cp,), 1120 (C=S). ‘H NMR
spectrum, 8, ppm, MHz: 1.16 s (6H, 2CH,); 2.09 s (3H, CHjy); 2.30 s (2H, 9-
CHy); 3.12-3.23 m (4H, N(CHy,),); 3.53 s (2 H, 6-CH,); 3.60-3.80 m (4H,
O(CHy,),); 11.28 br (1H, NH); 12.25 br (1H, NH).

2,2-Dimethyl-5-morpholin-4-yl-1,4-dihydro-2H-pyrano[4',3'":4',5']
pyrido-[3',2":4,5]thieno[3,2-d]pyrimidine-8,10(9H,11H)-dithione (4e). Yield
(85.7%), mp >360 °C, R;0.71. Found, %: C 51.32; H 4.86; N 13.23; S 23.01
C1gH,0N40,S;. Calculated, %: C 51.40; H 4.79; N 13.32; S 22.87. IR spectrum,
v, cm™: 3330, 3410 (NH), 1580 (C=C,,), 1150 (C=S). Mass spectrum, m/z (I
%): 420 [M*] (100), 405 (10), 389 (16), 377 (8), 363 (25), 362 (33), 350 (35). 'H
NMR spectrum, 8, ppm, MHz: 1.30 s (6 H, 2CH,); 3.08 t (4H, J = 1.5,
N(CH,),); 3.71 ddd (2 H, J = 13.2, 3.5, 0.8) and 3.80 ddd (2 H, J = 13.2, 3.5,
0.9, O(CHy,),); 3.80-3.89 m (2 H, CH,); 5.18-5.32 m (2 H, OCH,); 11.67 br.s
(1H, NH); 12.23 s (1 H, NH).

2,2-Dimethyl-5-morpholin-4-yl-1,4-dihydro-2H-thiopyrano[4',3":4",
5'1-pyrido[3',2":4,5]thieno[3,2-d]pyrimidine-8,10(9H,11H)-dithione (49).
Yield 1.8 g (74.6%), mp >360°C, R;0.69. Found, %: C 49.42; H 4.53; N 12.72;
S 29.29. CygHN40S,. Calculated, %: C 49.51; H 4.62; N 12.83; S 29.38. IR
spectrum, v, cm™ 3400, 3320 (NH), 1590 (C=C,,), 1140 (C=S). 'H NMR
spectrum, &, ppm, MHz: 1.24 s (6 H, 2CHjy); 3.21-3.38 m (4H, N(CH,),); 3.59-
3.75 m (4H, O(CH,),); 3.82-3.98 m (2 H, CH,); 5.81-5.93 m (2 H, SCH,); 11.35
br (1H, NH); 12.27 br (1H, 1NH).

General procedure for alkylation of compounds 5a-g: To a sodium
methylate solution prepared from 0.46 g (0.02 mol) of sodium and 15 ml of
methanol, 0.01 mol of pyridinethione 4 was added. Then, 2.84 g (0.02 mol) of
methyl iodide (or Etl) was added dropwise with stirring. The mixture was stirred
at 60°C for 5 h, cooled and diluted with 50 ml of water. The precipitated crystals
were filtered off, washed with water, dried, and recrystallized from methanol.

8,10-Bis(methylthio)-5-pyrrolidin-1-yl-1,2,3,4-tetrahydropyrimido-
[4',5':4,5]-thieno[2,3-c]isoquinoline (5a). Yield 3.5 g (87.0%), mp 215-217°C,
R¢0.45. Found, %: C 56.38; H 5.64; N 13.77; S 23.74. C19H»,N,S;. Calculated,
%: C 56.69; H 5.51; N 13.92; S 23.89. 'H NMR spectrum, d, ppm, MHz: 1.78 m
(2 H, 2-CH,); 1.82 m (2 H, 3-CH,); 1.98 m (4 H, 2CH,); 2.61-2.79 m (8 H, 4-
CH,, 2SCHj,); 3.48t (4 H, J = 3.0, N(CH,),); 3.78 m (2H, 1-CH,).

8,10-Bis(methylthio)-5-morpholin-4-yl-1,2,3,4-tetrahydropyrimi-
do[4',5":4,5]-thieno[2,3-c]isoquinoline (5b). Yield 3.8 g (89.5%), mp 204-
205°C, R 0.65. Found, %: C 54.60; H 5.46; N 13.45; S 23.09. CigH»,N40Ss.
Calculated, %: C 54.52; H 5.30; N 13.38; S 22.98. 'H NMR spectrum, 9, ppm,
MHz: 1.65-2.05 m (4H, 2CH,); 2.55-2.82 m (8H, 2SCHjs, CH,); 3.18-4.01 m
(10H, 5CH,).

2-1sopropyl-8,10-bis(methylthio)-5-morpholin-4-yl-1,4-dihydro-2H-
pyrano-[4",3":4" 5" pyrido[3',2":4,5]thieno[3,2-d]pyrimidine  (5¢). Yield
4.5 g (97.2%), mp 220-223°C, R;0.52. Found, %: C 54.74; H 5.82; N 12.34; S
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20.56. C»HxN,0,Ss. Calculated, %: C 54.52; H 5.66; N 12.11; S 20.79. 'H
NMR spectrum, 8, ppm, MHz: 1.03d (3 H, J=6.7, CH3); 1.06 d (3 H, J =6.0,
CHy); 1.83 ok (1 H, J = 6.7, CH); 2.60 s (3 H, SCH3); 2.74 s (3 H, SCH,); 3.12-
3.42 m (6 H, CH,, N(CH,),); 3.71-3.95 m (5 H, OCH, O(CH,),); 468 d (1 H, J
=14.7)and 4.71d (1 H, J = 14.0, OCH,).
8,10-Bis(ethylthio)-2-isopropyl-5-morpholin-4-yl-1,4-dihydro-2H-
pyrano-[4",3":4" 5"]pyrido[3',2":4,5]thieno[3,2-d]pyrimidine  (5d). Yield
3.7 g (75.2%), mp 190-192°C, R;0.46. Found, %: C 56.48; H 6.34; N 11.34; S
19.26. C,3HoN,0O,S;. Calculated, %: C 56.30; H 6.16; N 11.42; S 19.60. 'H
NMR spectrum, 6, ppm, MHz: 1.03-1.07 m (6 H, 2CHz3); 1.42-1.46 m (6 H,
2SCH,CHj3); 1.84 ok (1 H, J = 6.0, CH); 3.15-3.41 m (10 H, CH,, 2SCH,CHj,
N(CH,),); 3.69-3.86 m (5 H, OCH, O(CH,),); 469 d (1 H, J = 14.6) and 4.72 d
(1H,J=13.7, OCH,).
2,2-Dimethyl-8,10-bis(methylthio)-5-morpholin-4-yl-1,4-dihydro-2H-
pyrano-[4",3":4" 5"]pyrido[3’,2":4,5]thieno[3,2-d]pyrimidine (5e). Yield 3.6
g (94.1%), mp 256-257 °C, R 0.58. Found, %: C 53.67; H 5.30; N 12.57; S
21.35. CyoH2N40,S;. Calculated, %: C 53.54; H 5.39; N 12.49; S 21.44. IR
spectrum, v, cm™: 1570 (C=Ca,). '"H NMR spectrum, 3, ppm, MHz: 1.28 s (6 H,
2CHj3); 2.60 s (3 H, SCHj3); 2.76 s (3 H, SCH3); 3.23 m (4 H, N(CHy),); 3.22-
3.40 m (6 H, CH,, N(CHy),); 3.71-3.95 m (5 H, O(CH,),); 4.65 s (2 H, OCH,).
2,2-Dimethyl-8,10-bis(methylthio)-5-piperidin-1-yl-1,4-dihydro-2H-
pyrano-[4",3":4" 5"]pyrido[3',2":4,5]thieno[3,2-d]pyrimidine (5f). Yield 3.3 ¢
(74.7%), mp 200-203 °C, R;0.54. Found, %: C 56.38; H 5.74; N 12.69; S 21.33.
Ca1H26N4OS;. Calculated, %: C 56.47; H 5.87; N 12.54; S 21.53. 'H NMR
spectrum, 8, ppm, MHz: 1.29 s (6 H, 2CHs); 1.83-1.85 m (6 H, 3CH,); 2.61 s (3
H, SCHy); 2.78 s (3 H, SCH3); 3.20-3.23 m (4 H, N(CH,),); 3.42 s (2 H, CH,);
4.62 s (2 H, OCH,).
8,10-Bis(ethylthio)-2,2-dimethyl-5-piperidin-1-yl-1,4-dihydro-2H-
pyrano-[4",3":4" 5"]pyrido[3',2":4,5]thieno[3,2-d]pyrimidine  (5g). Yield
2.9 g (62.5%), mp 172-175°C, R;0.62. Found, %: C 58.41; H 6.54; N 11.67; S
20.35. Cy3H3N,0S;. Calculated, %: C 58.20; H 6.37; N 11.80; S 20.26. 'H
NMR spectrum, 3, ppm, MHz: 1.28 s (6 H, 2CHj3); 1.43 m (6 H, 2SCH,CH;);
1.83 m (6 H, 3CH,); 3.17-3.22 m (6 H, CH,, 2SCH,CH3); 3.42 m (4 H,
N(CH,),); 4.62 s (2 H, OCH,).

YN LAEELULRo B-hELN[3,2-d|NPPU B YDL-8,10-+PE-PALLELD
LvAL TLS3ULLELP UPLEEAL U ULUPLUSAFUL
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d[1,3]@ugpi-10-Fpnisbp:  dbpdpitbpn, nbwlhgpnh  dppuuypd  Eafduplbpng
Mpubpranfs ofbipusfuslpass]mpibuasss, Qusbigghigpley b Sinp rionpleusfusd hanbpmglyply Sussfusluspueg -
b [Phliin] 3,2-a]-upppdpypi-8,10-ghpniibpf  wnwugdws: UylpySaygngbisfoblpng
10-npfFfprisibipp unp hriighufms Shnbpnghlyply Sundulupgbpp wplpyugdudp opif@hg]k
bl Quudwisgunmusfuts S-ulifymduiigyubbpp :

CHUHTE3 1 AJIKHWJINPOBAHUWE HOBBIX ITPOU3BO/IHBIX
KOHAEHCUPOBAHHBIX TUEHO[3,2-d]MIUPUMUINH-8,10- TMTHOHOB

E.T. HAPOHUKSIHY, A. C. APYTIOHSIH u I1I. ®. AKOIISIH?

! Hay4Ho-TeXHOIOrHUeCK it LIEHTp OPTaHHIECKOH 1 (hapMAIIEBTHIECKON XHMHH
HAH Pecny6muxu ApmeHust
26, np. AsaryrsaH, Epesan, 0014, Apmenus
2 Jlonponckuit yHEBEpCHTET KOpoIeBsl Mapuu, Maitn Dua-Poyx, Jlomxon, E1 4NS
E-mail: harutyunyan_arpi@mail.ru

OcymiectBieHa peakuus Topma—Llurnepa. M3 nuanupuaAvHTHOHOB U TaJlOTEHCO-
JiepKaIX COSAMHEHUN MOJ JeHCTBUEM alIKOTOJIATOB IIETOYHBIX METAJUIOB IOJIyYEHBI
KOHJICHCHPOBaHHbIC |-aMUHO-2-3aMelieHHbIe THeHO[2,3-b|mupuanael. CHHTE3HPOBAHBI
npou3BoHbIE 8-uMuHO-THpHa0[3',2":4,5]treno[3,2-d][1,3]trua3un-10-THOHOB ¢ cepoyr-
JIEPOJIOM B IPUCYTCTBUH aOCOIIOTHOTO MUPUANHA, KOTOPBIE Aajee MOJABEPrHYThI PEIHK-
JU3AIMK ¢ HeperpynnupoBkoi JIuMpoTa, 4TO NPUBOAUT K 0OPa30BaHHUIO HOBBIX MPO3-
BOJIHBIX KOH/ICHCHUPOBaHHBIX THEHO[3,2-d|mupumunnn-8,10-qutronoB. Pazpaboran Ho-
BBIIf METOJI, KOTOPBIH MO3BOJIMII UCKIIIOUUTh U3 PEAKIIMOHHOMN Cpeabl MUPUAMH U yBEIH-
YUTh CKOPOCTh HUKJIM3AIMA. ANKunupoBanueM TueHo[3,2-d]-mupumuaun-8,10-gutno-
HOB Pa3JIMYHBIMHU AJKUITAIOTEHUIaMH CHHTE3UPOBAHBI S-aJIKWIITPOU3BOHBIE.
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Data on the synthesis and biological properties of derivatives of quinoline-4-carboxylic acids
over the past 10 years have been summarized. The review considers both the derivatives
substituted at different positions of the heterocyclic ring and the derivatives of the carboxyl group of
quinoline-4-carboxylic acid. Given the importance of quinoline derivatives in the search for new
promising compounds of biomedical use [3-8], the review provides information on methods for the
preparation and biological activity of the described new derivatives of substituted quinoline-4-
carboxylic acids.

References 43.

Introduction

Though after the discovery of the antigout and analgesic properties of 2-
phenylquinoline-4-carboxylic acid (Cinchophen), undesirable side effects,
associated with the use of the drug, were identified limiting its further use,
quinoline-4-carboxylic acid continues to be considered as a promising scaffold
for the creation of new multidirectional drugs [1]. Prerequisites for this are both
a wide range of biological activity of quinoline-4-carboxylic acid derivatives
and relatively well-developed methods for the synthesis of various derivatives of
this acid [2]. Moreover, quinoline-4-carboxylic acid derivatives, for example 2-
chloro, 2-hydrazine derivatives, can be used to synthesize other biologically
active compounds based on them, which confirms the relevance of further
targeted synthesis and study of new quinoline-4-carboxylic acid derivatives.
This review summarizes the data predominantly of the last 10 years on the
synthesis and biological properties of new derivatives of quinoline-4-carboxylic
acid, including those substituted at different positions of the heterocyclic ring
and derivatives of the carboxyl group of the acid.
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Synthesis of quinoline-4-carboxylic acid derivatives

Under the conditions of the Pfitzinger reaction using isatins 1 and various
substituted acetyl heterocyclic compounds 2, 2-aryl-(hetaryl)quinoline-4-
carboxylic acids 3 (R = H) and 4 (R = F, CI, Br, NO,) were synthesized in good
yields. Quinolines 3 have pronounced antitumor, antituberculosis and
antimalarial activity, and compounds 4 containing the CF; group have high
antibacterial activity (Scheme 1) [9, 10].

Scheme 1
o o o 1. 33% KOH/ EtOH/H ,0/ /A Ox-OH
@\/g:o 4 /kR‘ 2. IM HCI _ R X
N NZ R
1 H 2 3,4

3: R1 = furan-2-yl, 5-methylfuran-2-yl, 1,5-dimethylpyrrol-2-yl, 4-BrC¢H,,
CH = CHPh, CH = CH (4-CIC¢H,), 2,45 -MesC¢H,, naphthalen-2-yl, 1-
hydroxynaphthalen-2-yl, anthracene-9-yl; 4: R1 = 3,5- (CF3)2CgHa, imidazol-1-
yl, piperazin-1-yl, CH,(4-CF3;CgH,).

In a study on the search for new active antiinflammatory drugs in the series
of COX-2 enzyme inhibitors, by three-component condensation of substituted
anilines 5, 4-methylthiobenzaldehyde 6 and pyruvic acid 7, new derivatives of
quinoline-4-carboxylic acid 8 were synthesized in low yields, and the interaction
of 1-[4-(methylsulfonyl)phenyl]ethanone with unsubstituted isatin 1 (R = H)
afforded derivative 9 (Scheme 2) [11].

Scheme 2
. NH COOH
O o EtOH/A N
'R + 7 —
5 O_OH 16-27% R N
7 R

Antiinflammatory drugs, derivatives of 2-(4-chlorobenzyl)-3-hydroxy-
7,8,9,10-tetrahydrobenzo- [h]quinoline-4-carboxylic acid 10, obtained by the
methodology of convergent synthesis from the starting 3-(4-chlorophenyl)-2-
oxopropyl acetate and 1,2,3,4-tetrahydronaphthalene were patented [12]
(Scheme 3).

446



Scheme 3

The high-yield synthesis of fluorine-containing quinoline-4-carboxylic
acids by cyclo-condensation of the sodium salt of 2-amino-5-
fluorophenylglyoxylic acid 11 with benzoylacetanilides 12 when boiling in
DMF is described. Decarboxylation of 13 led to 6-fluoro-2-phenyl-3-
(substituted amino)ketoquinolines 14, and boiling - to 7-fluoro-1-(aryl)-3-
phenylpyrrolo[3,4-c]quinolin-2,9-dions 15. The compounds were effectively
studied as amylolytic agents (Scheme 4) [13].

Scheme 4
COOH

0 0
CONHR F
choom @/k/ 80°C, 1H O X NHR
+ —_— >
—
NH, )-H, 0 N
1 12 Iy H 13

SNV 5% aq K3C04 5% aq K,CO3
Dtih R - CONHR
F N o 40-60°C, 10 min m
P - N7 Ph
N7 Ph -KOH

14

15
R= @F ' Qa , @'SOZNH-(:]' @SOZNH'(:;\E

The synthesis of new 2,3-diaryl-6-acetylquinoline-4-carboxylic acids 19a-e
by three-component condensation of 4-aminoacetophenone 16, benzaldehyde 17
or furan-2-carbaldehydes and phenyl-pyruvic acid 18 by the Doebner reaction is
described. Compounds 19a-e by interaction with various aromatic aldehydes in
the basic medium were transformed to the corresponding chalcones 20a-e,
which were condensed with hydroxylamine hydrochloride in ethanol to
heterocyclic derivatives of isoxazoles 2la-e. The latter were tested for
antibacterial and antifungal activity (Scheme 5) [14].
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Scheme 5
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R™ ™H
I . Hooc O ACHO Ny Hooc
—_—
—_—
w4, O A
CHg o OH Nig R Z
16 18 19 N™ "R
NHicyV 20
Ar O Hooc EtOH
\W
9@
-
N R

By the interaction of isatin 1 with 3,4-difluoroacetophenone 22 under the
conditions of the Pfitzinger reaction, a number of quinolinecarbonylpyrrolidines
24 were synthesized, which were patented as compounds exhibiting high
selectivity for GABA benzodiazepine receptors (Scheme 6) [15].

H

HO
O.__OH \@ O§D
0
Y > S
1+ . ~ L _ .
F C T
22 23 . 24 .

The work presents the synthesis of new derivatives of 2-[2-(dialkyl(diaryl)-
phosphoryl)-2-methylpropyl]4-quinolinecarboxylic acids 26a-g containing a
phosphine oxide fragment; the synthesized derivatives were tested for
antibacterial activity (Scheme 7) [16].

Scheme 6

Scheme 7
O+ _OH
0
0]

FR N
1 + \U?< N - P o
R N /

25,26: R = AIK, Ph o5 26a-g PR

R

Two new series of 2-aryl-3-hydroxy- and 3-aryl-2-hydroxyquinoline-4-
carboxylic acids 28a-d, 33a, b and their derivatives 29-32 and 34-37 are
presented. Antioxidant activity was studied using the ABTS method (Scheme 8,
9) [17].
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Scheme 8

Ry, Ry: CH,, H (a), CH,, CH,(b), Br, H(c), Br, CH, (d).

Scheme 9

Phenylacetic acid, NaOAc R,

. = "0 o®
N~ “OH
o-phenylendiamin 33a-b
BrCH,COOC,H, ’
Q CH,CN
O

Nx _NH OH

N O " X O " \\ O
O z NT oy N7

N
35a-d
37a,b 36a,b 0

Ry, R,: CH,, CH, (a), Br, CH, (), CH,, CH,Ph (c), Br, CH,Ph(d)

A simple one-step method for the synthesis of quinoline-4-carboxylic acids
39 by the reaction of enaminones 38 and isatin using the conditions of the
Pfitzinger reaction has been described (Scheme 10) [18].

Scheme 10
0 COOH
1 + Ar//k/\NMeZ Xy COAT
~
38 N

39

The synthesis of 2-(4-methoxyphenyl)quinoline salicylic acid 42 from a-
tosyloxyaceto-phenone and isatin 1 under the conditions of the Pfitzinger

reaction has been developed. a-Tosyl-oxyacetophenone was obtained by boiling
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5 ml of 4-methoxyacetophenone 40 with Kosser’s reagent [hydroxy(tosyloxy)
iodo]benzene (HTIB) in acetonitrile (Scheme 11) [19].

Scheme 11
1.1 mmol
PhI(OH)OTs, 0 OH
2 CH,CN, 5 mL ors +1 SN
)@* P —
reflux 1.5h
OMe OMe OMe
40 M 42

The synthesis of 2,2-biquinolyl-4,4-dicarboxylic acid 45 by the Pfitzinger
reaction from isatin 1 and acetoin (2-hydroxy-butanone-3) 43 was registered in
the work (Scheme 12) [20].

Scheme 12
COOK COOK COOH COOH

2a. Synthe3|s of qumollne—4—carboxyllc acid derivatives using microwave
irradiation and catalysts

Microwave irradiation was used to quickly and efficiently synthesize
substituted quinoline-4-carboxylic acids 50a-g, 5la-d, 52a-k, and 53 by
reacting substituted isatines 1 with acyclic and cyclic ketones 46, 2-(1-
benzimidazol-2-ylthio)-1-arylethanones 47, sodium pyruvate 48 and
acetophenone 49 under the conditions of the Pfitzinger reaction ( Scheme 13)
[21-24].

Scheme 13
COOH
N/
50 Ns
COOH H
KOH/EtOH, MW S\<N
\ g 0 2)HCI ! X \
: >= >— b \
47 H Ar

51
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0 1)KOH / EtOH, MW R,

R, ¢ o COOH  mw, H,0 R
O + H 2Hel Ro [ 2 N
_
R3 N o] ONa  ~ 0 7 190-200°C Ry NG
R, H 48 H, R3 COOH Ry
R, 52
COOH

KOH H,0 N
MW, 12min, 14o°c N
53 O

The main attention is paid to the synthesis of derivatives of 2-phenyl-7-
substituted quinoline-4-carboxylic acids 58 under the influence of microwave
irradiation with an output power of 160 to 480 W, the output varies from 90% to
95% and the reaction time is shorter than with the conventional method. The
compounds are active against a wide range of microorganisms (Scheme 14)
[25].

Scheme 14
COOH
NH, COOH
CHO ©/ EtOH O SN AIKNH,, AryINH,
+ _ > Pz
@/ /lcj)\ 56 Cl cl N O MW, 160-480 W NHAIK(Aryl)
55 COOH 57 58

Ytterbium perfluorooctanoate [Yb (PFO) 3] effectively catalyzes the
Doebner reaction and is described as a new procedure for the preparation of
quinoline-4-carboxylic acid derivatives 62 using the three-component reaction
of combining pyruvic acid 59, amines 60 and aldehydes 61 in water. This
process is quick, easy and environmentally friendly, and the catalyst is
repeatedly processed with sequential activity (Scheme 15) [26].

Scheme 15
o NH, CHO
>/_/< Yb (PFO)3 , MW R
g on R@ * Rr@ o
59 60 61

A highly efficient method for the synthesis of substituted quinolones 66
from methylketones 63, arylamines 64 and o-ketoesters 65 has been developed.
This reaction uses a catalytic amount of HI-coproduct as a promoter for the
synthesis of substituted quinolones (Scheme 16) [27].
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Scheme 16

COOR, COOR,
J, (50 mol %)

R X

> 3

Rl N7 O
Ry

63 Coproduct promoted Povarov reaction 66

Rapid synthesis of quinoline-4-carboxylic acid derivatives 69 has been achieved
by the reaction of 2-methoxyacrylates or acrylamides 67 with N-arylbenzaldimines
68 in acetonitrile under InCl; catalysis and microwave irradiation. The yield of the
product was up to 57% within 3 min. The role ofindium
chloride and ytterbium triflate was specified using®C NMR data and model
theoretical studies (Scheme 17) [28].

Scheme 17
Coy

X 67
@\ MeCN , MW
=z —_—
N/\@ .
% 7 Z,
Z,=H, 6-F, 6-Cl, 6-Br, 8-F.
Z,=2'3' or 4-F,4-Br, 3',4'-OMe, NHBr, NH-CH(Ph)Et
X=0Me; Y=0Et,OMe,NHBr,NH-CH(Ph)Et
Multisubstituted Carboxamides of 4-Quinoline Carboxylic Acids

The connection between synthesis, biological assessment and SAR is
described for a series of new inhibitors of caspase-3 1,3-dioxo-2,3-dihydro-1H-
pyrrolo[3,4-c]quinoline 75. The inhibitory activity of the synthesized
compounds is highly dependent on the nature of the substituent in position 4 in
the nucleus frame structure. 4-Methyl and 4-phenyl substituted derivatives are
the most active compounds in this series; caspase-3 with an IC50 of 23 and 27
nM, respectively, was inhibited (Scheme 18) [29].
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Scheme 18
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N N
70 H 71 N 72 H
RCOCH,CO,Me
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O/\ /_/ O O 0 O/H
K/N\ p N A =~ K/N (0]
O/S =0 (6] \,S’
N7 R N R ©
75 74

a) R=Me, b) R=i-Pr

The patented work relates to a method for producing a pharmaceutical
preparation of 2-(N-Boc-3-indolyl)-4-quinolinecarboxylic acid 79 and
carboxylate 80, which inhibits the growth of bacterial microorganisms.

2-(N-Boc-3-indolyl)-4-quinolinecarboxylic acid was obtained under the
conditions indicated in Scheme 19) [30].

Scheme 19
_0
O COOH
AN COOZ (Z=H or Alky!’
N
| 78 acetlc acid.
0=S=0 + A
O O \
O ‘CO,t - Bu
H,N
76 77

A number of new derivatives of 2-phenylquinoline-4-carboxylic acid 84
were synthesized from aniline 81, 2-nitrobenzaldehyde 82, pyruvic acid 83
under the conditions of the Doebner reaction, followed by amidation 85,
reduction 86, acylation 87 and amination 88. We studied the antibacterial
activity of these compounds. Results showed that some compounds exhibited
good anti-bacterial activity against Staphylococcus aureus (Scheme 20) [31].
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Scheme 20
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The patent describes the preparation of polysubstituted quinoline-4-
carboxylates 89a-h as anti-microbial agents (Scheme 21) [32].

Scheme 21

89a-h: 5.8-Dichloro-2,3-diphenyl- (a), 5,8-dichloro-2- (4-chlorophenyl) -3-
phenyl-  (b), 5,8-dichloro-3- phenyl-2-p-tolyl- (c), 5,8-dichloro-4-
methoxyphenyl) -2-phenyl- (d), 5,8-dichloro-3- (4-methoxy phenyl) -2- p-tolyl
(e), 5,8-dichloro-2-n-pentyl-3-phenyl- (), 6-chloro-2-n-propyl-3- (3,4-
methylenedioxy) - (g) 5,8-dichloro-2-n-propyl-3-phenyl- (h).

A new series of 4,6-disubstituted-2-(4-(dimethylamino)styryl)quinolines 91,
92 were synthesized and the antitumor activity of all compounds was studied by
MTT analysis against two cancer cell lines. A discussion of the results showed
that some derivatives exhibited the highest antitumor activity against the tested
cell lines compared to control preparations (Scheme 22) [33].

Scheme 22
NH,
Nt
COOH Ny S
N 0 KOH R N NH,NHC(S)-NH,
1+, \ R N
_ P Y - >
H EtOH N~ Pock P /
20 91 h N\
R=H, CH, 92
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The authors have developed an effective method for the synthesis of a
quinoline-4-carboxylic acid derivative from a series of carboxamides with
multi-stage antimalarial activity in vivo. 6-Fluoro-2-[3-(morpholinome-
thyl)phenyl]-N-[2-(pyrrolidin-1-yl)ethyl]quinoline-4-carboxamide 98  was
obtained from a mixture of 6-fluoro-2-[3-(morpholinomethyl)phenyl]quinoline-
4-carboxylic acid 96 and 2-pyrrolidin-1-ylethanamine 97 under the conditions
indicated in Scheme 23 [34].

Scheme 23

0

NBS

F
benzoyl peroxide cat [O
_ dichlorobenzene morpholme 5 fluoroisatin
Br o :I 95

The synthetic pathway for the preparation of a number of carboxamides
with aromatic Rj substituents is presented. The synthesis of compound 101 was
achieved by treating 2-hydroxy-quinoline-4-carboxylic acid 99 with thionyl
chloride in DMF, followed by reaction with 2-pyrrolidin-1-ylethanamine in THF
which resulted in carboxamides 100 treated with a series of amines 101 (Scheme
24) [35].

Scheme 24
OH SOCI2 NH/\ o _NH
2-pyrrolidin- o ‘/\NQ
malonic acid, R 1- ylethanamln amm R X
acetlc acid
N N~ R3

R1=F,ClI

e N 9 < o (o
Ry= *NH<O ,—N\_/N-‘ \_<\N] , N_N-N '\NH’\/N\) v NI T e~ N

\NH"\/NO NH\/CO

As described in the work, the Pfitzenger reaction of 5-fluorisatin with the
corresponding methyl ketone 102 afforded acids 103 and treatment of the latter
with the corresponding amines at room temperature yielded the target amides
104a-d. Optimal conditions for the synthesis of methyl ketone have been
developed (Scheme 25) [36].
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Scheme 25

o NH NH NH
\NH/\/N\) , e \/\NQ ,\NH’\/ \q ,\NH/\/ \O

In the work, analogues of quinoline-4-carboxamides 105 were used to study
SAR. All compounds were synthesized, as indicated in the diagram, with slight
changes for each analog. The general procedure for the preparation of quinoline-
4-carboxamide analogues is given in Scheme 26 [37].

Scheme 26

O0._OH SOCl,
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S h Amines O R
1+ N > AN —> AN
N N | N NT N
O QL Oy Ty
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o =0

The patent relates to a new class of inhibitors of quinolone-4-carboxamide
Pf3D7 of the general formula 106 (107), their use in medicine and, in particular,
malaria, the methods for their preparation and the intermediate compounds used
in such processes (Scheme 27) [38].
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Scheme 27

R Hoo¢ \ COOH
106 107

Ri1, Rz, Rs, R4, Rs, Rg, R; and R8 irrespective of each other = H, Cl or F,X = -O-.

Heterylamides of substituted-4-quinolinecarboxylic acids

The synthesis of 4-quinolinecarboxylic acid heterylamide 110 was achieved
by condensation of equimolecular amounts of quinoline-4-carboxylic acid
chloride 108 and 2-amino-1,3,4-oxadiazole 109 with gentle boiling in pyridine
for 4 hours (Scheme 28) [39].

Scheme 28
0
cocl coNH—( )
N +H2N«O» C6H5N N N—N
N/ N-N 600C N/
108 109 110

In this work, we report the synthesis of a large number of 2-substituted
heterylamides - 111a-j and 6-R-2-substituted cinchoninic acids 112a-j by the
interaction of the corresponding acid chlorides with heterylamines in benzene or
dichloroethane in the presence of several drops of DMF when boiling (Scheme
29) [40].
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Scheme 29

CONH~<8/ CONH———(S/
X N N

M X
pz
N~ R N R
111a -j 112a _j Me

111a-j, 112a-j: R = 4-nitrophenyl (a), 3-nitrophenyl (b), diphenyl-4-yl (c), 5-
nitro-2-furyl (d), 2-yenyl (e), 5-nitro-2-thienyl (f), 5-nitro-2-thienyl vinyl (e), 2-
thienyl vinyl (f), 2,2-bitienyl-5-yl (g), 5-nitro-2,2 B-bitienyl-5-yl (h), 2,2-
bitienyl-5-vinyl (i),  5-nitro-2,2-bitienyl-5-yl ~ vinyl  (j) as viral
inhibitors.

The authors found that substituted 4-amino-4H-1,2,4-triazole-3-thiols 113a-
f of quinoline-4-carboxylic acids when heated with phosphoryl chloride,
cyclized to form substituted 4-([1,2,4] triazolo [3,4-b]-[1,3,4]thiadiazol-6-
yl)quinolines 114a-c with various substituents R1-R3. This reaction can be used
for the combinatorial synthesis aimed at studying them for biological activity
(Scheme 30) [41].

Scheme 30
1N,H,
1)N,H
INH, 2)CS,, KOH o
2)HCI NHNH e
1\“/ \n/ (0] Ry R N
L 0} S 1\(/ N
NeN COOH N /
R POCI N
RTQ\SH + Sm _ 8 . N
7 R3
NH, N” R, X
113 Pz
N~ R,
114a-c

114a-c: Ry = Et (), Pr (b), 2-furyl (c), Ph (d), PhCH, (e), 4-MeOCzH4ACH, (f);
I, R, = Me, Rz = H (a), CI (b), Br (c); R, = Ph, R3=H (d), Me (e), Br (f); R, =
4-MeCgH,, R3=H (g); Ill, R1 = Et: R,= Me, R3=ClI (a), Br (b); R,=Ph,Rs =H
(c), Me (d), Br (e); R1 = Pr, R, = Ph, R; = Me (f), Br (9); Ry = 2-furyl: R, = Me,
Rz =H (h); R,=Ph, Rz = H (i), Br (j); Rt = Ph: R, = Me, R;= H (k); R,=Ph,R;
= Me (I), Br (m), R, = 4-MeC6H4, R3= H (n), R = PhCHz, R, = Ph, R3: Me (0),
Br (p); Ry = 4-MeOC¢H,CH,, R, = Ph, R; = Br (r); V, R; = H (a), Me (b), CI (c),
Br (d); VI, R, = Me (a), Ph (b), 4-MeC¢H, (c).

Upon condensation of substituted quinoline-4-carboxylic acids with various
3-substituted-4-amino-5-mercapto-1,2,4-triazoles, a number of still unregistered
3-substituted  -1,2,4-triazolo[  3,4-b]-1,3,4-thiadiazol-6-yl-2-(2,4-dichloro-5-
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fluorophenyl)quinolines 115 were obtained. The new synthesized compounds
were evaluated by their antibacterial activity (Scheme 31) [42].

Scheme 31
R

’?‘Hz POCI, Me O N

110-120 °C S I
R—( 7~SH — s N=rY E

LV

cl

R 115 Cl

R =H, Br; Ry = H, CH3, CH;CH,CH,, C¢HsCH,, C¢HsNHCH,, 2-CICsH,OCH,,
4-CIC¢H,OCHjy, 2,4-Cl,CsH3;0CH,, 3,4-(CH;),C¢H3;0CH,, 4-CI-3-
CH3CsH;0CH,

Quinoline nucleosides

The studies relate to the syntheses of a series of quinoline nucleosides
substituted at position 4 with a number of amino acids and dipeptides of
carboxamides as potential chemotherapeutic agents. Quinoline nucleosides
containing a moiety of amino acid ester 117 were obtained by azide
synthesis from 116a-e esters (Scheme 32) [43].

Scheme 32
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HOBBIE TPOU3BOJHBIE XUHOJIMHKAPBOHOBBIX KUCJIOT
B CUHTE3E BUOJIOI'MYECKUN AKTUBHbBIX BEIIIECTB

A.Y.UCAXAHSH u A. A. APYTIOHSH

Hay4HO-TeXHOIOrHYeCKHil IEHTP OpraHudecKor U (hapMalleBTHIECKOI XUMUN
HAH Pecny6niku Apmennst.
Apwmenus, 0014, Epesan, mp. Azatyts, 26
E-mail: anush.isakhanyan.51@mail.ru

O0001ieHb!I TaHHbIE 3a mocieanue 10 JeT mo cMHTe3y U OMOJIOTHUECKHM CBOMCT-
BaM TPOU3BOJHBIX XHMHOJHH-4-KapOOHOBBIX KUCIIOT. B 0030pe paccMOTpeHbl mpowu3-
BOJIHBIE, 3aMEIICHHBIC M0 PA3NUYHBIM IOJOXKECHUSAM TI'eTePOLUKINYECKOr0 KOJIblia, U
MIPOU3BOJIHBIE KapOOKCHUIBHON TI'pyNIbl XHHOJIMWH-4-KapOOHOBOI kucioTel. C yueToM
B2)KHOCTH MPOM3BOJHBIX XMHOJHMHA B W3bICKAHUM HOBBIX MEPCIEKTHUBHBIX COCIUHEHHN
OMOMETUITMHCKOTO IPIMEHEHHS B 0030pe MPHUBEIEHBI CBEICHHS O CII0C00ax MOITYIECHUS]
1 OMOJIOTHUECKOW aKTUBHOCTH ONHCAHHBIX HOBBIX MPOM3BOJHBIX 3aMEIIEHHBIX XHHO-
JNH-4-KapOOHOBBIX KHCIIOT.
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OBTAINING A COMPLEX OF 1-VINYL-1,2,4-TRIAZOLE WITH
GOLD CHLORIDE AND STUDY OF ITS THERMAL
AND BIOLOGICAL PROPERTIES
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The Scientific Technological Centre of Organic
and Pharmaceutical Chemistry NAS RA
26, Azatutyan Str., Yerevan, 0014, Armenia
E-mail: ani_hasratyan@mail.ru

The complex (CVT) of 1-vinyl-1,2,4-triazole (VT) with HAuCIl, was synthesized, its
physicochemical characteristics were determined. It has been shown that the formation of the
complex occurs through the triazole nitrogen atom N4. Using the results of thermogravimetric and
elemental analyses, it has been found that regardless of the molar ratio of the starting components
(VT: HAuCl, - 1:1; 1:2; 2:1), a complex of 1:1 composition is formed. The effect of compounds VT,
HAuCl,, and CVT on postganglionic sympathetic nerve fibers and adrenergic receptors was studied.
It has been found that the tested compounds have a weak sympatholytic and adrenomimetic effect.

Figs. 3, table 1, references 13.

The coordination properties of azoles, the complexes of which are widely
used primarily as biologically active preparations for various purposes [1-7],
arouse great interest of researchers both in theoretical and applied aspects.

Analysis of the literature data [8-13] devoted to this problem shows that the
coordination compounds of triazoles with noble metals, in contrast to transition
metal complexes [8, 11, 14], have been little studied. To fill this gap, in the
present work, the interaction of 1-vinyl-1,2 4-triazole (VT) with HAuCI, was
studied for the first time.

At room temperature, mixing of the ether solution of HAuCl, with the ether
solution of VT instantly leads to complexation of the donor-acceptor type with
the participation of nitrogen N4, which has the highest electron density [15].

N N—= HAuCl,
N//\_ ) HAuCI, /- )
N

N

Et,0 N
N N
VT CVT
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The manifestation of bidentality in VT with the participation of the second
nitrogen atom, as shown in [16], is unlikely.

It has been established that regardless of the molar ratio of the starting
components (Established VT: HAuCl, - 1:1; 1:2; 2:1), a complex (CVT) of 1:1
composition is formed.

A spectral study of the obtained complex (CVT) showed that the absorption
of the unsaturated substituent (C=C) of the initial ligand (VT) in the 1653.4 cm™
region was preserved and did not undergo significant shifts in the complex
(1654.3 cm™). According to published data [17], this indicates that the vinyl
fragment of VT does not participate in coordination with HAuClI,.

Analysis of the IR spectrum of the obtained complex and comparison with
the spectrum of the free ligand (VT) shows that there are noticeable short-
wavelength shifts (10.2 cm™) of the absorption band related to valence
oscillations of the triazole ring, which are observed in the ligand (VT) at 1509,6
cm', respectively. High-frequency shifts of the oscillation band of the hetero
ring indicate the formation of a complex through the N4 atom [17].

In the *H NMR spectrum of the complex (CVT), a weak-field shift of the 3-
H and 5-H ring protons is observed (A5 0.28 and 0.24). Weak-field
displacements for protons of Ha, Hg, and Hc of the vinyl substituent as
compared with the ligand (VT) are not observed. The results also confirm the
participation of the triazole cycle in coordination [7, 17].

To assess the thermal stability and the possibility of decomposition of the
complex (CVT), a thermal study was carried out under dynamic heating
conditions using the [TG / MS NETZSCH STA 449 (TG) QSM403 (MS)]
device (Fig. 1).

TG % DSC /(uVimg)

1 exo 35

100 1 —

\ [1.1] ATT-Zngb-ss3,
—_— TG, 3.0
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90 \
“\

80

70
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50 100 150 200 250 300 350 400 450
Temperature °C

Fig. 1. Curves of thermogravimetric analysis of the complex (CVT).

It is noteworthy that the mass loss in the indicated temperature range does
not affect the linear nature of the differential scanning calorimetry curve - DSC.
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Intensive thermal decomposition (thermal destruction) begins at about 80°C and
has a pronounced exothermic character, and its maximum value is fixed at a
temperature of 90°C (DSC curve). This decay is completed at 160°C and
according to the data of chromatography-mass spectroscopy analysis (Fig. 2)
corresponds to the ligand splitting according to the Scheme:

[CVT] —=> VT + HAuC,
The mass loss in the temperature range of 80-160°C is ~25%, which

according to the calculated data (21.84) practically corresponds to the splitting
of one ligand molecule.

Hit 1 : 1H-1,2,4-Triazole, 1-vinyl-
C4H5N3; MF: 874; RMF: 915; Prob 91.6%; CAS: 2764-83-2; Lib: mainlib; ID: 74477

1004 95
__x/\\\
/ N N
A
A ,"
41 N—
68
504
27
53
0 |"'!H\"'I||!"'|'=|!"|""I|""\""|"!'|""|
20 30 40 50 60 70 80 90 100 110

(mainlib) 1H-1,2,4-Triazole, 1-vinyl-

Fig. 2. Chromatography-mass spectral analysis of 1-vinyl-1,2,4-triazole released from the
complex (CVT).

A further increase in temperature on the TG curve manifests as a slow mass
loss and, at a temperature of ~250°C, according to the data of chromatography-
mass spectral analysis (Fig. 3), the decomposition of HAuCI, begins according
to the Scheme:

(o]
HAucl, 222C-  Hel + Aucl

Hit 1 : Hydrogen chloride
CIH; MF: 626; RMF- 913; Prob 78 3%; CAS: 7647-01-0; Lib: mainlib; ID- 1879.

100 36

H—CI

501
38

35

37

0 , : | | : : : : : :
30 2 24 % 38 40 £ 44 46 48 50

(mainlib) Hydragen chloride

Fig. 3. Chromatography-mass spectral analysis of the released HCI from HAuUCl,.
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According to the TG curves after 325°C, the residue is approximately
44.67%, which practically corresponds to the percentage (45.28) of the gold
content in the complex.

Thus, the results of thermogravimetric and elemental analyses confirm that
1-vinyl-1,2,4-triazole (VT) forms a complex (CBT) with HAuUCIl, in an
equimolar ratio.

The effect of VT, HAuCl,, and CVT compounds synthesized at the
Scientific Technological Center of Organic and Pharmaceutical Chemistry of
the National Academy of Sciences of the Republic of Armenia on
postganglionic sympathetic nerve fibers and adrenoreceptors was studied.

The studies were conducted in the Laboratory of Pharmacology and
Histopathology in accordance with the rules for keeping and handling animals,
as set out in the European Community directive (86/609/EC).

In experiments on an isolated rat vas deferens, the effect of three chemical
compounds (VT, HAuCl, and CVT), on postganglionic sympathetic nerve fibers
and adrenoreceptors, was studied.

The effect of compounds on organ contractions caused by transmural
electrical stimulation (0.1 msec, 80 imp/sec, supramaximal voltage for 3 sec
every 1.5 min) and norepinephrine at a concentration of 1.10° g/ml was studied.
Compounds were tested at a final concentration of 0.05 umol/ml.

The effect of each compound was tested in experiments on two ducts and
the arithmetic mean was determined.

Studies have shown that the tested compounds have a weak sympatholytic
and adrenomimetic effect (Table).

Table

The sympatholytic and adrenomimetic effect
of HAuCl,, CT and CVT compounds

Number of | Compound Sympatholytic action: Adrenomimetic effect:
experiments reduction of the amplitude a decrease in the
of duct contractions amplitude of duct
caused by transmural contractions caused by
electrical stimulation in % 1 +10-6 g/ml in % of
of control control
10 min 60 min 10 min 60 min
2 HAuCI, 27,5 7,5 7,5 15
2 VT 15 31 17* 17
2 CVT 30 29 15 52

* increase in the amplitude of contractions (adrenomimetic effect).
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Experimental Section

The IR spectra were recorded on a spectrometer “Termo Nicoletion Nexus”
in vaseline oil. The *H and *C NMR spectra were measured on a Varian
“Mercury-300V X" spectrometer in DMSO-dg-CCl, (1:3) using TMS as internal
standard. Elemental analysis was performed on a Eurovector “EA 30007
instrument. Thermogravimetric and chromatography-mass spectral analyses
were performed on a “TG/MS NETZSCH STA 449 (TG) QSM403 (MS),
Germany” derivatograph, heating rate 5 deg/min, temperature range 20-500°C.
As starting materials, 1,2,4-triazole and HAuCl,; manufactured by “Sigma-
Aldrich” were used.

1-Vinyl-1,2,4-triazole (VT) was obtained according to the method [18]. IR
spectrum, v, cm™: 1509.6 (ring), 1653.4 (C=C). *H NMR spectrum, &, ppm, Hz:
4.99 dd (1H, =CH,, J=8.8 and 0.8), 5.76 dd (1H, =CH,, J=15.5 and 0.8), 7.28
ddd (1H, =CH, J=15.5, 8.8 and 0.7), 7.84 br.s (1H, 5-H), 8.59 s (1H, 3-H). **C
NMR spectrum, 8, ppm: 102.4 (CH,), 129.3 (CH-CH,), 142.7 (CH), 151.2 (CH),
bp 58°C/10 mm Hg, n,%° 1.5120.

Synthesis of the complex (CVT). 0.5 g (1.5 mmol) of HAuCl, was
dissolved in 50 ml of dry ether, then 0.15 g (1.6 mmol) of VT was added. The
resulting yellow crystals were filtered and dried, mp 85-125°C. The yield was
0.32 g (47%). IR spectrum, v, cm™ 1519.8 (ring), 1654.3 (C=C). '"H NMR
spectrum, 8, ppm, Hz: 5.09 dd (1H, =CH,, J = 8.8 and 0.8), 5.74 dd (1H, =CH,,
J=15.5 and 0.8), 7.37 dd (1H, =CH, J=15.5 and 8.8), 8.12 s (1H, 5-H), 8.83 s
(1H, 3-H). Found, %: C 11.25; H 1.18; N 9.85. C4H¢NsCl,Au. Calculated, %: C
11.03; H 1.37; N 9.65.

This work was supported by the State Committee of Science of the Ministry
of Education and Science in the frames of research project Nel18T-2E151.

NnUunr LLACKPNY. 1-4 P ULPL-1,2,4-SCHPUNLP GNUNLELUDP USUSOAFUL
L UL U QELUUSPL L GELUTLATLUGTL NUSUNFR-3NFLLELD
NFUOAFULUURLOFE-3OFLL

W N\ NUUrER-83uLY

Upuptiqyty & 1-dpsafy-1,2 4-umpfusgmyfy (LS) hniduybipup HAuCL=f (WLS) Lbun, npny-
by b Gipuss Bpaplynppidfudputs Sunnln Gy ditibpp: Snyg § inpfly, np rduggbpof -
grudp nbyf & nubblinud wppugnpuypl oquljnid N4 wqmnf uwnnmidfy dpfngnd: Bhpdngpu-
Jfpittanpply b bylidblun whuyfulbpf oqlindfdyudp wpmpgdly b np wlblpufs bputym [Fhpf
Jnlwlllfl <Lulllu[1b[1lulig"L[JJl1LiI[15 (‘LS' HAuCl4 - 1:1, 1:2, 2.'1) lun_lugl.uflnl_lf £ 1:1 pur-
rluul_llnl_ﬁJWLfF [lnd‘uﬂliguﬂ.' ”Lunuﬁuuuﬁ[u[bl 6 II,S, HAuCly I llll‘s Lf[lulgﬂL[JJﬂLiIiIbp[I wrg-
g fFymiip Shwguibigfinbiyfris wfulwquffly Yyupgugpl dulpwf@bbpf b wgpbinnbgbg-
snnplbiph s Qwptpbpdby 8, np spnpduplyfmd dfpugnefFynidiphs nidkis [Fragyp wpodigu-
Pryfenply e woqpliundpdlunfly wgybgn dym :
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MNOJYYEHHUE KOMIIVIEKCA 1-BUHWJI-1,2,4-TPUHA30JIA
C XUIOPUIOM 30JI0TA U U3YYEHHUE
EI'0O TEPMHUYECKHAX U BUOJOTMYECKAX CBOVCTB

A.T. ACPATSIH

Hay4HO-TeXHOIOrHYeCKHil LIEHTP OpPraHHYeCcKOl 1 (hapMarieBTHIECKOH XUMHUN
HAH Pecny6iuku Apmenust
Apwmenus, Epesan, 0014, mp. AzatyTsn, 26
E-mail: ani_hasratyan@mail.ru

Cunresuposan komrureke (KBT) 1-punmin-1,2,4-tpuazona (BT) ¢ HAUCI,, ompere-
JICHBI €r0 (PM3UKO-XUMHUYECKHE XapaKTepucTHKH. [Toka3aHo, 9TO 00pa3oBaHHE KOMII-
JIEKCa IIPOUCXOANT Yepe3 TPpHUa3odbHEIH aToM a3oTa N4. [Ipu momomwm pe3yabTaToB Tep-
MOTPaBAMETPHUIECKOTO W 3JICMECHTHOTO aHAJHM30B yCTAHOBJICHO, YTO HE3aBHCHUMO OT
MOJIBHOTO COOTHOIIEHHsT UcXoaHbIX kKommoneHToB (BT: HAuCI, — 1:1, 1:2, 2:1) o6pa-
3yercst komiuieke coctasa 1:1. Uccnenosano nevicteue coequnennii BT, HAUCl, u KBT
Ha MOCTTaHTJIHOHAPHBIE CHMIIATHYECKIIE HEPBHBIC BOJIOKHA M aIpCHOPEIEITOPEL. Y CTa-
HOBIICHO, YTO UCHBITYEMBIC COCTUHECHUS 00JIaal0T CIT1a0BIM CHMIATONUTHICCKUAM U a-
PEHOMHUMETHIECKHAM JIEHCTBHEM.
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SYNTHESIS AND SOME PROPERTIES OF 3-ETHYL-2-THIOXO-2,3-
DIHYDRO-1H-SPIRO[BENZO[h]QUINAZOLINE-5,1'-CYCLOHEPTANE]-
4(6H)-ONE

A. 1. MARKOSYAN, A. S. AYVAZYAN, S. H. GABRIELYAN and S. S. MAMYAN
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Based on 4'-amino-1'H-spiro[cycloheptane-1,2'-naphthalene]-3'-carboxylate, a synthesis
method was developed for 3-ethyl-2-thioxo-2,3-dihydro-1H-spiro[benzol[h]quinazoline-5,1'-
cycloheptane]-4(6H)-one, which was converted into 2-sulfanyl-substituted 3-ethyl-3H-spiro[benzo[h]
quinazoline-5,1'-cycloheptane]-4(6H)-ones and 3-ethyl-2-hydrazinyl-3H-spiro[benzo[h]quinazoline-
5,1'-cycloheptane]-4(6H)-one. By transformations of the latter, 3-ethyl-2-[2-(propan-2-ylidene)hyd-
razinyl]-3H-spiro[benzo[h]quinazoline-5,1'-cycloheptane]-4(6H)-one,  N'-(3-ethyl-4-oxo0-4,6-dihydro-
3H-spiro[benzo[h]quinazoline-5,1'-cycloheptane]-2-yl) benzohydrazide, N-[2-(3-ethyl-4-0x0-4,6-di-
hydro-3H-spiro[benzo[h]quinazoline-5,1'-cycloheptane]-2-yllhydrazinecarbonothioyl)benzamide,  3-
ethyl-3H-spiro[benzo[h]quinazoline-5,1'-cycloheptane]-4(6H)-one,  4-ethyl-4H-spiro[benzolh][1,2,4]
triazolo[4,3-a]quinazoline-6,1'-cycloheptane]-5(7H)-one, 4-ethyl-1-mercapto-4H-spiro[benzo[h]-
[1,2,4]triazolo[4,3-a]quinazoline-6,1'-cycloheptane]-5(7H)-one and 1-sulfanylsubstituted 4-ethyl-4H-
spiro-[benzo[h][1,2,4]triazolo[4,3-a]quinazoline-6,1'-cycloheptane]-5(7H)-ones were synthesized.

References 17.

The work carried out during the recent years in the field of
benzo[h]quinazoline series shows that the compounds of this heterocyclic series
have valuable biological properties [1-13], which indicates the topicality of such
studies. Benzo[h]quinazolines spiro-condensed in the fifth position with a
cycloheptane cycle are still poorly studied and there are only a few reports
available in the literature [14-17]. This report presents data on the synthesis of
derivatives of 3-ethyl-spiro[benzo[h]quinazoline-5,1'-cycloheptane].

By reacting the ethyl 4'-amino-1'H-spiro[cycloheptane-1,2'-naphthalene]-3'-
carboxylate (aminoester) (1) [17] with ethylisothiocyanate corresponding
thioureido derivative was obtained, which, without isolation from the reaction
medium, was subjected to cyclization, leading to the synthesis of ethyl 3-ethyl-
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2-thioxo-2,3-dihydro-1H-spiro[benzo[h]quinazoline-5,1'-cycloheptane]-4(6H)-
one (2). The latter in the presence of potassium hydroxide was reacted with
halides of various structures, as a result of which 2-sulfanyl-substituted 3-ethyl-
3H-spiro[benzo[h]quinazoline-5,1'-cycloheptane]-4(6H)-ones  (3-12)  were
obtained. By condensation of 2-thioxobenzo[h]quinazoline 2 with hydrazine
hydrate, 3-ethyl-2-hydrazinyl-3H-spiro[benzo[h]quinazoline-5,1'-cycloheptane]-
4(6H)-one (13) was synthesized according to the Scheme:
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R=CH; (3), C;Hs (4), CsH; (5), i-CsH; (6), CH,CH=CH, (7), C4H, (8),
CH,COOEt (9), CH,C¢Hs (10), 4-CIC¢H4CH,(11), 4-CH5C¢H4CH,(12)

Some transformations of 3-ethyl-2-hydrazinyl-3H-spiro[benzo[h]quinazo-
line-5,1'-cycloheptane]-4(6H)-one (13) have been studied, in particular, its
interaction with acetone, benzoyl chloride and benzoylisothiocyanate, resulting
in  3-ethyl-2-[2-(propan-2-ylidene)hydrazinyl]-3H-spiro[benzo[h]-quinazoline-
5,1'-cycloheptane]-4(6H)-one  (14), N'-(3-ethyl-4-0xo0-4,6-dihydro-3H-spiro
[benzo[h]-quinazoline-5,1'-cycloheptane]-2-yl)benzohydrazide (15) and N-[2-
(3-ethyl-4-ox0-4,6-dihydro-3H-spiro[benzo[h]quinazoline-5,1'-cycloheptane]-2-
yl)hydrazinecarbonothioyl]benzamide (16) respecti-vely. It is shown that the
specified hydrazinobenzo[h]quinazoline in the presence of a base undergoes
dehydrazination to afford 3-ethyl-3H-spiro[benzo[h]quinazoline-5,1'-cyclohep-
tane]-4(6H)-one (17).

By condensation of 2-hydrazinobenzo[h]quinazoline and ethyl ether of
orthoformic acid and carbon disulfide, 4-ethyl-4H spiro[benzo[h][1,2,4]
triazolo[4,3-a]quinazoline-6,1'-cycloheptane]-5(7H)-one (18) and 4-ethyl-1-
mercapto-4H-spiro[benzo[h][1,2,4]triazolo[4,3-a]quinazoline-6,1'-cyclohep-
tane]-5(7H)-one (19) were obtained respectively. The latter, in the presence of
KOH, was put into interaction with methyl iodide and benzylchloride, which led
to the production of the corresponding 1-sulfanylsubstituted 4-ethyl-4H-
spiro[benzo[h][1,2,4]triazolo[4,3-a]quinazoline-6,1'-cycloheptane]-5(7H)-ones
(20, 21) according to the Scheme:

470



I ! M
’ 16
! \ 15 /
S N " —
| j \\rN\NHZ rJ\N
Nj - | ! Naw 2
I Ny T (]
! )
17 . @
8
/ ‘
s
7_—-_—_!\1\ Hs7'~ 4
== N
N M \ —
| " 2f/\N
N _-— | |
) ~ |
I ) 3
o a

Experimental part

The IR spectra were recorded on a Thermo “Nicolet Nexus FTIR”
spectrometer from samples dispersed in mineral oil. The H and *C NMR
spectra were recorded on a Varian “Mercury-300VX” instrument from solutions
in DMSO-ds-CCl, (1:3); the chemical shifts were measured relative to
tetramethylsilane or hexamethyldisiloxane as internal standard. Silufol plates
were used for analytical TLC; spots were visualized by treatment with iodine
vapor.

3-Ethyl-2-thioxo-2,3-dihydro-1H-spiro[benzo[h]quinazoline-5,1'-cyclo-
heptane]-4(6H)-one (2). The reaction mixture of 29.9 g (0.1 mol) of ethyl 4'-
amino-1'H-spiro[cycloheptane-1,2'-naphthalene]-3'-carboxylate (1), 8.7 ¢
(0.1 mol) of ethyl isothiocyanate and 15 ml of ethanol was refluxed for 20 hrs,
then a solution of 11.2 g (0.2 mol) of KOH in 70 ml of H,O was added and the
mixture was boiled for additional 3 hrs. After cooling, the mixture was acidified
with a solution of 10% hydrochloric acid. The precipitated crystals were filtered,
washed with water, and recrystallized from ethanol. Yield 22.7 g (67%) of 2, mp
212-213°C, R; 0.78 (ethyl acetate-heptane, 1:1). IR spectrum, v, cm*: 1616
(C=C arom); 1676 (C=0); 3221 (NH). *H NMR spectrum (300 MHz, DMSO-
de-CCl4 1/3), 6, ppm: 1.26-1.36 (m, 2H, CH, cycloheptane), 1.29 (t, 3H, J=7.0,
N-CH,-CHs), 1.43-1.70 (m, 6H, 3xCH, cycloheptane), 1.71-1.85 (m, 2H, CH,
cycloheptane), 2.17-2.28 (m, 2H, CH, cycloheptane), 2.85 (s, 2H, C6H,), 4.42
(9, 2H, J=7.0, N-CH,-CHj), 7.18-7.39 (m, 3H, 3xCH Ar),7.88-7.93 (m, 1H, CH
Ar), 11.94 (s, 1H, NH). *C NMR spectrum (75 MHz, DMSO-de-CCl, 1/3), 8,
ppm: 11.41 (N-CH,-CH3), 23.86 (2xCH, cycloheptane), 29.50 (2xCH,
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cycloheptane), 35.33 (2xCH; cycloheptane), 39.28 (C5), 40.28 (N-CH,-CH;),
40.89 (C6H,), 119.51 (C4,), 124.58 (CH Ar), 125.35 (C Ar), 126.03 (CH Ar),
127.59 (CH Ar), 130.36 (CH Ar), 136.44 (C Ar), 142.38 (C10,), 158.70 (C4),
174.88 (C2). Found, %: C 70.38; H 7.25; N 8.08; S 9.54. C,HxN,0S.
Calculated, %: C 70.55; H 7.10; N 8.23; S 9.42.

2-Alkylthio-ethyl-3H-spiro[benzo[h]quinazoline-5,1'-cycloheptane]-
4(6H)-ones (3-12) (General method). A mixture of 1.7 g (5 mmol) of 3, 0.4 g
(7 mmol) of KOH and 30 ml of absolute ethanol was placed into a round-bottom
flask and boiled for 30 min. Then 7 mmol of halogenide was added and boiling
continued for 12 hrs. The reaction mixture was cooled and 20 ml of water was
added. The precipitate was filtered off and recrystallized from ethanol.

3-Ethyl-2-(methylthio)-3H-spiro[benzo[h]quinazoline-5,1'-
cycloheptane]-4(6H)-one (3). Yield 1.7 g (96%) of 3, mp 163-164°C, R; 0.76
(ethyl acetate-benzene, 1:10). IR spectrum, v, cm ™ 1600 (C=C arom); 1644
(C=0)."H NMR spectrum (300 MHz, DMSO-d-CCl, 1/3), 5, ppm: 1.33-1.43
(m, 2H, CH, cycloheptane), 1.34 (t, 3H, J=7.0, N-CH,-CH,), 1.46-1.70 (m, 6H,
3xCH, cycloheptane), 1.72-1.86 (m, 2H, CH, cycloheptane), 2.24-2.35 (m, 2H,
CH, cycloheptane), 2.68 (s, 3H, S-CHjy), 2.87 (s, 2H, C6H,), 4.04 (q, 2H, J=7.0,
N-CH,-CH,), 7.11-7.17 (m, 1H, CH Ar), 7.20-7.32 (m, 2H, 2xCH Ar), 8.00-
8.06 (m, 1H, CH A). ¥C NMR spectrum (75 MHz, DMSO-ds-CCl, 1/3), 6,
ppm: 12.41 (N-CH,-CH3), 14.09 (S-CHj3), 23.87 (2xCH; cycloheptane), 29.63
(2xCHj, cycloheptane), 35.67 (2xCH, cycloheptane), 38.88 (N-CH,-CHjs), 39.57
(C5), 40.10 (C6H,), 122.89 (C4,), 124.63 (CH Ar), 125.86 (CH Ar), 127.15 (CH
Ar), 129.41 (CH Ar), 132.06 (C Ar), 136.23 (C Ar), 150.56 (C10p), 157.82 (C2),
159.76 (C4). Found, %: C 70.98; H 7.25; N 7.78; S 9.21. C,HxN,0S.
Calculated, %: C 71.15; H 7.39; N 7.90; S 9.04.

3-Ethyl-2-(ethylthio)-3H-spiro[benzo[h]quinazoline-5,1'-cycloheptane]-
4(6H)-one (4). Yield 1.7 g (92%) of 4, mp 130-131°C, R; 0.73 (ethyl acetate-
benzene, 1:10). IR spectrum, v, cm*: 1605 (C=C arom); 1652 (C=0); 1742
(C=0). 'H NMR spectrum (300 MHz, DMSO-dg-CCl, 1/3), &, ppm: 1.32-1.43
(m, 2H, CH, cycloheptane), 1.33 (t, 3H, J=7.0, N-CH,-CH3;), 1.45-1.70 (m, 6H,
3xCH; cycloheptane), 1.49 (t, 3H, J=7.3, S-CH,-CH3), 1.72-1.86 (m, 2H, CH,
cycloheptane), 2.24-2.35 (m, 2H, CH, cycloheptane), 2.87 (s, 2H, C6H,), 3.30
(g, 2H, J=7.3, S-CH,-CHj3), 4.03 (q, 2H, J=7.0, N-CH,-CHj3), 7.12-7.17 (m, 1H,
CH Ar), 7.20-7.32 (m, 2H, 2xCH Ar), 7.95-8.00 (m, 1H, CH Ar). °C NMR
spectrum (75 MHz, DMSO-ds-CCl,4 1/3), 6, ppm: 12.41 (N-CH,-CH,3), 13.75 (S-
CH,-CHj;), 23.88 (2xCH, cycloheptane), 25.52 (S-CH,-CHs), 29.64 (2xCH,
cycloheptane), 35.69 (2xCH, cycloheptane), 38.82 (N-CH,-CHj3), 39.59 (C5),
40.14 (C6H,), 122.95 (C4,), 124.45 (CH Ar), 125.90 (CH Ar), 127.18 (CH Ar),
129.30 (CH Ar), 132.10 (C Ar), 136.27 (C Ar), 150.61(C10,), 157.39 (C2),
159.82 (C4). Found, %: C 71.62; H 7.78; N 7.52; S 8.84. C,HxN,0S.
Calculated, %: C 71.70; H 7.66; N 7.60; S 8.70.
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3-Ethyl-2-(propylthio)-3H-spiro[benzo[h]quinazoline-5,1'-cyclohep-
tane]-4(6H)-one (5). Yield 1.24 g (65%) of 5, mp 70-72°C, R; 0.67 (ethyl
acetate-benzene, 1:10). IR spectrum, v, cm *: 1600 (C=C arom); 1663 (C=0).
'H NMR spectrum (300 MHz, DMSO-ds-CCl, 1/3), &, ppm: 1.11
(t, 3H, J=7.3, S-CH,-CH,-CH,), 1.32-1.43 (m, 2H, CH; cycloheptane), 1.33 (t,
3H, J=7.0, N-CH,-CHj3), 1.46-1.70 (m, 6H, 3xCH, cycloheptane), 1.71-1.93 (m,
4H, CH; cycloheptane, S-CH,-CH,-CHj3), 2.23-2.35 (m, 2H, CH, cycloheptane),
2.87 (s, 2H, C6H,), 3.27 (t, 2H, J=7.1, S-CH,-CH,-CH,), 4.04 (q, 2H, J=7.0, N-
CH,-CHjy), 7.11-7.17 (m, 1H, CH Ar), 7.20-7.32 (m, 2H, 2xCH Ar), 7.94-7.99
(m, 1H, CH Ar). *C NMR spectrum (75 MHz, DMSO-dg-CCl, 1/3), 8, ppm:
12.43 (N-CH,-CH3), 12.97 (S-CHy-CHy-CHs), 21.74 (S-CH,-CH,-CHs), 23.87
(2xCH; cycloheptane), 29.63 (2xCH, cycloheptane), 33.02 (S-CH,-CH,-CHy),
35.67 (2xCH; cycloheptane), 38.84 (N-CH,-CHj3), 39.58 (C5), 40.13 (C6H,),
122.91 (C4,), 124.39 (CH Ar), 125.90 (CH Ar), 127.21 (CH Ar), 129.30 (CH
Ar), 132.08 (C Ar), 136.27 (C Ar), 150.57 (C10y), 157.49 (C2), 159.84 (C4).
Found, %: C 72.36; H 7.75; N 7.18; S 8.54. C,3HsN,OS. Calculated, %: C
72.21; H7.90; N 7.32; S 8.38.

3-Ethyl-2-(isopropylthio)-3H-spiro[benzo[h]quinazoline-5,1'-cyclohep-
tane]-4(6H)-one (6). Yield 1.19 g (62%) of 6, mp 108-110°C, R; 0.75 (ethyl
acetate-benzene, 1:10). IR spectrum, v, cm *: 1603 (C=C arom); 1659 (C=0).
'H NMR spectrum (300 MHz, DMSO-dg-CCl, 1/3), 8, ppm: 1.32 (t, 3H, J=7.0,
N-CH,-CHjs), 1.33-1.43 (m, 2H, CH, cycloheptane), 1.47-1.69 (m, 6H, 3xCH,
cycloheptane), 1.52 (d, 6H, J=6.8, S-CH-(CH3),), 1.71-1.86 (m, 2H, CH,
cycloheptane), 2.23-2.35 (m, 2H, CH, cycloheptane), 2.88 (s, 2H, C6H,), 4.00
(9, 2H, J=7.0, N-CH,-CHj3), 4.13 (sp, 1H, J=6.8, S-CH-(CHjy),), 7.12-7.17 (m,
1H, CH Ar), 7.20-7.32 (m, 2H, 2xCH Ar), 7.92-7.98 (m, 1H, CH Ar). *C NMR
spectrum (75 MHz, DMSO-dg-CCl, 1/3), 8, ppm: 12.41 (N-CH,-CHj3), 22.27 (S-
CH-(CHj3),), 23.88 (2xCH, cycloheptane), 29.65 (2xCH, cycloheptane), 35.70
(2xCH, cycloheptane), 36.83 (S-CH-(CHs),), 38.80 (N-CH,-CHj3), 39.59 (C5),
40.16 (C6Hy), 122.93 (C4,), 124.40 (CH Ar), 125.94 (CH Ar), 127.22 (CH Ar),
129.40 (CH Ar), 132.12 (C Ar), 136.29 (C Ar), 150.69 (C10y,), 157.49 (C2),
159.80 (C4). Found, %: C 72.40; H 7.84; N 7.20; S 8.48. C,3HgzN,0S.
Calculated, %: C 72.21; H 7.90; N 7.32; S 8.38.

2-(Allylthio)-3-ethyl-3H-spiro[benzo[h]quinazoline-5,1'-cycloheptane]-
4(6H)-one (7). Yield 1.8 g (94%) of 7, mp 104-106°C, R; 0.74 (ethyl acetate-
benzene, 1:10). IR spectrum, v, cm *: 1615 (C=C arom); 1661 (C=0). ‘H NMR
spectrum (300 MHz, DMSO-ds-CCl, 1/3), 6, ppm: 1.32-1.43 (m, 2H, CH,
cycloheptane), 1.34 (t, 3H, J=7.0, N-CH,-CH3), 1.46-1.70 (m, 6H, 3xCH,;
cycloheptane), 1.72-1.86 (m, 2H, CH, cycloheptane), 2.24-2.35 (m, 2H, CH,
cycloheptane), 2.87 (s, 2H, C6H,), 3.97 (dt, 2H, J=6.9, 1.2, S-CH,-CH=CH,),
4.04 (q, 2H, J=7.0, N-CH,-CH3), 5.18 (dg, 1H, J=10.1, 1.2, S-CH,-CH=CH,),
5.37 (dg, 1H, J=17.0, 1.2, S-CH,-CH=CH,), 6.02 (ddt, 1H, J=17.0, 10.1, 6.9, S-
CH,-CH=CHy,), 7.12-7.17 (m, 1H, CH Ar), 7.21-7.32 (m, 2H, 2xCH Ar), 7.96-
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8.01 (m, 1H, CH Ar). ®C NMR spectrum (75 MHz, DMSO-ds-CCl, 1/3), 8,
ppm: 12.45 (N-CH-CHj), 23.87 (2xCH, cycloheptane), 29.63 (2xCH,
cycloheptane), 33.82 (S-CH,-CH,-CHj3), 35.65 (2xCH, cycloheptane), 38.93 (N-
CH,-CH3), 39.60 (C5), 40.09 (C6Hy), 118.11 (CH,-CH=CHy,), 123.08 (C4,),
124.50 (CH Ar), 125.93 (CH Ar), 127.20 (CH Ar), 129.45 (CH Ar), 131.98 (C
Ar), 132.26 (S-CH,-CH=CH,), 136.26 (C Ar), 150.59 (C10,), 156.88 (C2),
159.76 (C4). Found, %: C 72.66; H 7.55; N 7.48; S 8.24. CyHyN,0S.
Calculated, %: C 72.59; H 7.42; N 7.36; S 8.43.

2-(Butylthio)-3-ethyl-3H-spiro[benzo[h]quinazoline-5,1'-cycloheptane]-
4(6H)-one (8). Yield 1.45 g (73%) of 8, mp 83-85°C, R; 0.75 (ethyl acetate-
benzene, 1:10). IR spectrum, v, cm *: 1604 (C=C arom); 1661 (C=0). ‘H NMR
spectrum (300 MHz, DMSO-ds-CCl,4 1/3), 8, ppm: 1.00 (t, 3H, J=7.3, S-CH,-
CH,-CH,-CHj3), 1.32-1.43 (m, 2H, CH, cycloheptane), 1.33 (t, 3H, J=7.0, N-
CH,-CH3), 1.45-1.69 (m, 8H, 3xCH, cycloheptane, S-CH,-CH,-CH,-CHy),
1.72-1.86 (m, 4H, CH, cycloheptane, S-CH,-CH,-CH,-CH3), 2.23-2.35 (m, 2H,
CH; cycloheptane), 2.87 (s, 2H, C6H,), 3.29 (t, 2H, J=7.1, S-CH,-CH,-CH,-
CHs,), 4.03 (g, 2H, J=7.0, N-CH,-CHj3), 7.11-7.17 (m, 1H, CH Ar), 7.20-7.32 (m,
2H, 2xCH Ar), 7.94-7.99 (m, 1H, CH Ar). *C NMR spectrum (75 MHz,
DMSO-dg-CCl, 1/3), 8, ppm: 12.43 (N-CH,-CH3), 13.15 (S-CH,-CH,-CH,-
CHj), 21.41 (S-CH,-CH,-CH,-CH3), 23.87 (2xCH, cycloheptane), 29.63
(2xCH, cycloheptane), 30.38 (S-CH,-CH,-CH,-CHj3), 30.81 (S-CH,-CH,-CH,-
CHg3), 35.67 (2xCH, cycloheptane), 38.82 (N-CH,-CHj;), 39.60 (C5), 40.12
(C6H,), 122.90 (C4,), 124.40 (CH Ar), 125.86 (CH Ar), 127.21 (CH Ar),
129.39 (CH Ar), 132.09 (C Ar), 136.28 (C Ar), 150.58 (C10y,), 157.50 (C2),
159.84 (C4). Found, %: C 72.54; H 8.32; N 7.16; S 7.94. CyH3N,0S.
Calculated, %: C 72.68; H 8.13; N 7.06; S 8.09.

Ethyl 2-((3-ethyl-4-oxo0-4,6-dihydro-3H-spiro[benzo[h]quinazoline-5,1'-
cycloheptane]-2-yl)thio)acetate (9). Yield 1.4 g (66%) of 9, mp 104-105°C, R¢
0.75 (ethyl acetate-benzene, 1:10). IR spectrum, v, cm = 1604 (C=C arom);
1657 (C=0): 1747 (C=0 ester). *H NMR spectrum (300 MHz, DMSO-ds-CCl,
1/3), 8, ppm: 1.26 (t, 3H, J=7.1, O-CH,-CHj), 1.32-1.43 (m, 2H, CH,
cycloheptane), 1.38 (t, 3H, J=7.0, N-CH,-CH3), 1.45-1.69 (m, 6H, 3xCH,
cycloheptane), 1.71-1.85 (m, 2H, CH, cycloheptane), 2.23-2.34 (m, 2H, CH,
cycloheptane), 2.87 (s, 2H, C6H,), 4.03 (s, 2H, S-CH,), 4.07 (q, 2H, J=7.0, N-
CH,-CH,), 4.14 (q, 2H, J=7.1, O-CH,-CHjy), 7.11-7.16 (m, 1H, CH Ar), 7.20-
7.32 (m, 2H, 2xCH Ar), 7.94-7.99 (m, 1H, CH Ar). *C NMR spectrum (75
MHz, DMSO-de-CCl,4 1/3), 8, ppm, 12.46 (N-CH,-CH,), 13.64 (O-CH,-CH,),
23.88 (2xCH; cycloheptane), 29.64 (2xCH, cycloheptane), 33.38 (S-CH,),
35.64 (2xCH, cycloheptane), 39.22 (N-CH,-CHj3), 39.61 (C5), 40.05 (C6H,),
60.68 (O-CH,-CHs3), 123.27 (C4,), 124.76 (CH Ar), 125.82 (CH Ar), 127.15
(CH Ar), 129.51 (CH Ar), 131.78 (C Ar), 36.25 (C Ar), 150.67(C10y), 156.50
(C2), 159.63 (C4), 167.08 (C(O)-O-CH,-CHj3). Found, %: C 67.69; H 6.95; N
6.48; S 7.67. Cy4H3N,O3S. Calculated, %: C 67.58; H 7.09; N 6.57; S 7.52.
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2-(Benzylthio)-3-ethyl-3H-spiro[benzo[h]quinazoline-5,1'-cyclohep-
tane]-4(6H)-one (10). Yield 1.9 g (90%) of 10, mp 123-125°C, R; 0.76 (ethyl
acetate-benzene, 1:10). IR spectrum, v, cm *: 1604 (C=C arom); 1648 (C=0).
'"H NMR spectrum (300 MHz, DMSO-ds-CCl, 1/3), 8, ppm: 1.33 (t, 3H, J=7.0,
N-CH,-CHjs), 1.35-1.44 (m, 2H, CH, cycloheptane), 1.46-1.70 (m, 6H, 3xCH,
cyclo-heptane), 1.72-1.87 (m, 2H, CH, cycloheptane), 2.24-2.36 (m, 2H, CH,
cycloheptane), 2.88 (s, 2H, CsH>), 4.03 (g, 2H, J=7.0, N-CH,-CHj3), 4.57 (s, 2H,
S-CH,-Ph), 7.13-7.18 (m, 1H, CH Ar), 7.20-7.34 (m, SH, 5xCH Ar), 7.39-7.45
(m, 2H, 2xCH Ar), 8.00-8.05 (m, 1H, CH Ar). *C NMR spectrum (75 MHz,
DMSO-ds-CCly 1/3), 8, ppm: 12.48 (N-CH,-CH3), 23.88 (2xCH, cycloheptane),
29.63 (2xCH; cycloheptane), 35.58 (S-CH,-Ph), 35.65 (2xCH; cycloheptane),
38.94 (N-CH,-CHj3), 39.64 (C5), 40.10 (C6H,), 123.20 (C4,), 124.64 (CH Avr),
125.94 (CH Ar), 126.94 (CH Ar), 127.22 (CH Ar), 128.00 (2xCH Ar), 128.56
(2xCH Ar), 129.47 (CH Ar), 131.98 (C Ar), 135.58 (C Ar), 136.27 (C Ar),
150.62 (C10y), 157.25 (C2), 159.74 (C4). Found, %: C 75.48; H 7.15; N 6.68; S
7.64. C,7H3N,OS. Calculated, %: C 75.31; H 7.02; N 6.51; S 7.45.

2-(4-Chlorobenzylthio)-3-ethyl-3H-spiro[benzo[h]quinazoline-5,1'-
cycloheptane]-4(6H)-one (11). Yield 1.93 g (83%) of 11, mp 148-149°C, R¢
0.75 (ethyl acetate-benzene, 1:10). IR spectrum, v, cm = 1600 (C=C arom);
1673 (C=0). 'H NMR spectrum (300 MHz, DMSO-ds-CCl, 1/3), 8, ppm: 1.32
(t, 3H, J=7.0, N-CH,-CH3), 1.34-1.43 (m, 2H, CH, cycloheptane), 1.46-1.70 (m,
6H, 3xCH, cycloheptane), 1.71-1.87 (m, 2H, CH, cycloheptane), 2.23-2.35 (m,
2H, CHj; cycloheptane), 2.89 (s, 2H, C6H,), 4.02 (g, 2H, J=7.0, N-CH,-CHy),
456 (s, 2H, S-CH,-Ph), 7.13-7.19 (m, 1H, CH Ar), 7.21-7.33 (m, 4H, 4xCH
Ar), 7.39-7.5 (m, 2H, 2xCH Ar), 7.97-8.02 (m, 1H, CH Ar). *C NMR spectrum
(75 MHz, DMSO-ds-CCl, 1/3), 8, ppm: 12.48 (N-CH,-CHj), 23.87 (2xCH,
cycloheptane), 29.62 (2xCH, cycloheptane), 34.57 (S-CH,-Ph), 35.62 (2xCH,
cycloheptane), 39.00 (N-CH,-CHj3), 39.65 (C5), 40.07 (C6H,), 123.30 (C4,),
124.56 (CH Ar), 125.98 (CH Ar), 127.29 (CH Ar), 128.07 (2xCH Ar), 129.54
(CH Ar), 130.09 (2xCH Ar), 131.9 (C Ar), 132.43 (C Ar), 134.83 (C Ar),
136.30 (C Ar), 150.60 (C10p), 156.92 (C2), 159.71 (C4). Found, %: C 73.88; H
6.16; N 6.17; S 6.65. C»;H,oCIN,OS. Calculated, %: C 69.73; H 6.29; N 6.02; S
6.89.

3-Ethyl-2-((4-methylbenzyl)thio)-3H-spiro[benzo[h]quinazoline-5,1'-
cycloheptane]-4(6H)-one (12). Yield 1.90 g (85%) of 12, mp 172-174°C, R¢
0.74 (ethyl acetate-benzene, 1:10). IR spectrum, v, cm = 1603 (C=C arom);
1659 (C=0). 'H NMR spectrum (300 MHz, DMSO-ds-CCl, 1/3), &, ppm: 1.32
(t, 3H, J=7.0, N-CH,-CH3), 1.34-1.43 (m, 2H, CH, cycloheptane), 1.46-1.70 (m,
6H, 3xCH, cycloheptane), 1.71-1.87 (m, 2H, CH, cycloheptane), 2.23-2.35 (m,
2H, CH, cycloheptane), 2.33 (s, 3H, CHs;-Ph), 2.89 (s, 2H, C¢H,), 4.02 (q, 2H,
J=7.0, N-CH,-CHj3), 4.52 (s, 2H, S-CH,-Ph), 7.05-7.33 (m, 7H, 7xCH Ar), 8.01-
8.06 (m, 1H, CH Ar). ®C NMR spectrum (75 MHz, DMSO-ds-CCl, 1/3), 8,
ppm: 12.48 (N-CH,-CHs), 20.55 (CHs-Ph), 23.90 (2xCH, cycloheptane), 29.65
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(2xCH, cycloheptane), 35.43 (S-CH,-Ph), 35.67 (2xCH, cycloheptane), 38.95
(N-CH,-CHj3), 39.65 (C5), 40.12 (C6Hy), 123.16 (C4,), 124.67 (CH Ar), 125.94
(CH Ar), 127.23 (CH Ar), 128.51 (2xCH Ar), 128.67 (2xCH Ar), 129.48 (CH
Ar), 132.01 (C Ar), 132.39 (C Ar), 136.24 (C Ar), 136.28 (C Ar), 50.63 (C10y),
157.38 (C2), 159.76 (C4). Found, %: C 75.49; H 7.08; N 6.48; S 7.09.
C,gH32N,0S. Calculated, %: C 75.64; H 7.25; N 6.30; S 7.21.

3-Ethyl-2-hydrazinyl-3H-spiro[benzo[h]quinazoline-5,1'-cycloheptane]-
4(6H)-one (13). The mixture of 25.0 g (0.073 mol) of 2-thioxoquinazoline 2 and
125 ml of hydrazine hydrate was boiled for 3 hrs in a reaction flask with a
backflow condenser. Then 120 ml of water was added, the precipitate was
filtered, washed with water and recrystallized from butanol. Yield 15.8 g (64%)
of 13, mp 207-209°C, R; 0.73 (methanol-benzene, 1:10). IR spectrum, v, cm
1604 (C=C arom); 1656 (C=0); 3150-3290 (NHNH,). *"H NMR spectrum (300
MHz, DMSO-ds-CCl, 1/3), o, ppm: 1.20 (t, 3H, J=7.0, N-CH,-CHj3), 1.28-1.39
(m, 2H, CH, cycloheptane), 1.43-1.69 (m, 6H, 3xCH, cycloheptane), 1.70-1.85
(m, 2H, CH, cycloheptane), 2.23-2.35 (m, 2H, CH, cycloheptane), 2.82 (s, 2H,
C6Hy), 3.93 (g, 2H, J=7.0, N-CH,-CHj3), 4.17 (s, 2H, NH,), 7.07-7.14 (m, 1H,
CH Ar), 7.17-7.27 (m, 2H, 2xCH Ar), 8.05-8.12 (m, 1H, CH Ar), 8.16 (s, 1H,
NH). **C NMR spectrum (75 MHz, DMSO-dg-CCl, 1/3), 8, ppm: 12.30 (N-CH,-
CHj3), 24.00 (2xCH, cycloheptane), 29.73 (2xCH, cycloheptane), 34.39 (N-
CH,-CHj3), 36.23 (2xCH, cycloheptane), 39.32 (C5), 40.67 (C6H,), 117.32
(C4,), 124.76 (CH Ar), 125,55 (CH Ar), 126.89 (CH Ar), 128.77 (CH Ar),
132.96 (C Ar), 136.45 (C Ar), 151.23 (C10y), 153.47 (C2), 160.42 (C4). Found,
%: C 73.17; H 8.18; N 14.66. C,3H3oN,O. Calculated, %: C 72.98; H 7.99; N
14.80.

3-Ethyl-2-(2-(propan-2-ylidene)hydrazinyl)-3H-spiro[benzo[h]quina-
zoline-5,1'-cyclo-heptane]-4(6H)-one (14). The mixture of 2.0 g (0.006 mol) of
3-ethyl-2-hydrazinyl-3H-spiro-[benzo[h]quinazoline-5,1'-cycloheptane]-4(6H)-
one (13), 3 ml of acetone and 25 ml of ethanol was boiled for 5 hrs in a reaction
flask with a backflow condenser. After the solvent distillation, the precipitate
was recrystallized from ethanol. Yield 1.3 g (57%) of 14, mp 169-171 °C, R;
0.78 (ethyl acetate-benzene, 1:1). IR spectrum, v, cm *: 1604 (C=C arom); 1642
(C=N); 1663 (C=0); 3318 (NH). ‘*H NMR spectrum (300 MHz, DMSO-ds-CCl,
1/3), &, ppm: 123 (t, 3H, J=7.0, N-CH,-CH;), 1.27-1.39 (m, 2H, CH,
cycloheptane), 1.42-1.70 (m, 6H, 3xCH, cycloheptane), 1.71-1.85 (m, 2H, CH,
cycloheptane), 2.05 (s, 6H, N=C(CHjy),), 2.21-2.33 (m, 2H, CH, cycloheptane),
2.85 (s, 2H, C6Hy), 4.00 (q, 2H, J=7.0, N-CH,-CHj3), 7.23-7.29 (m, 1H, CH Ar),
7.33-7.43 (m, 3H, 3xCH Ar), 9.37 (s, 1H, NH). *C NMR spectrum (75 MHz,
DMSO-ds-CCly 1/3), 8, ppm: 11.73 (N-CH,-CHjs), 17.38 (N=C(CH,),), 23.93
(2xCH;, cycloheptane), 24.72 (N=C(CHz),), 29.60 (2xCH; cycloheptane), 34.53
(N-CH,-CHj3), 36.18 (2xCH; cycloheptane), 38.82 (C5), 40.61 (C6Hy), 113.41
(C4,), 120.39 (CH Ar), 126.41 (C Ar), 126.46 (CH Ar), 128.23 (CH Ar), 130.13
(CH Ar), 136.80 (C Ar), 138.94 (C10p), 147.60 (N=C(CHa),), 157.69 (C2),
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160.04 (C4). Found, %: C 73.17; H 7.81; N 14.78. C3H3oN4O. Calculated, %: C
72.98; H 7.99; N 14.80.
N'-(3-ethyl-4-ox0-4,6-dihydro-3H-spiro[benzo[h]quinazoline-5,1'-
cycloheptane]-2-yl)- benzohydrazide (15). The mixture of 2.0 g (0.006 mol) of
3-ethyl-2-hydrazinyl-3H-spiro-[benzo[h]quinazoline-5,1'-cycloheptane]-4(6H)-
one (13), 1.4 g (0.01 mol) of benzoil chloride and 25 ml of benzene was boiled
for 10 hrs in a reaction flask with a backflow condenser. After the solvent
distillation, the precipitate was recrystallized from butanol. Yield 2.1 g (49%) of
15, mp 190-191°C, R; 0.55 (ethyl acetate-benzene, 1:1). IR spectrum, v, cm *:
1600 (C=C arom); 1625 (C=N); 1640 (C=0); 16773 (C=0Oamid); 3150-3250
(NH). *H NMR spectrum (300 MHz, DMSO-dg-CCl, 1/3), 8, ppm: 1.30-1.41 (m,
2H, CH; cycloheptane), 1.34 (t, 3H, J=7.0, N-CH,-CH3), 1.44-1.70 (m, 6H,
3xCH, cycloheptane), 1.71-1.86 (m, 2H, CH, cycloheptane), 2.26-2.38 (m, 2H,
CH; cycloheptane), 2.82 (s, 2H, C6H,), 4.11 (q, 2H, J=7.0, N-CH,-CH,), 7.02-
7.11 (m, 2H, 2xCH Ar), 7.15-7.22 (m, 1H, CH Ar), 7.45-7.57 (m, 3H, 3xCH
Ar), 7.78-7.83 (m, 1H, CH Ar), 7.97-8.03 (m, 2H, 2xCH Ar), 9.02 (s, 1H, NH),
10.25 (s, 1H, NH). *C NMR spectrum (75 MHz, DMSO-dg-CCl, 1/3), 8, ppm:
12.64 (N-CH,-CH3), 24.04 (2xCH; cycloheptane), 29.78 (2xCH, cycloheptane),
35.16 (N-CH,-CHj3), 36.20 (2xCH; cycloheptane), 39.48 (C5), 40.63 (C6H,),
118.58 (C4,), 124.80 (CH Ar), 125.67 (CH Ar), 126.97 (CH Ar), 127.37 (2xCH
Ar), 127.82 (2xCH Ar), 128.93 (CH Ar), 130.94 (CH Ar), 132.85 (C Ar),
133.05 (C Ar), 136.46 (C Ar), 151.58 (C10y), 152.05 (C2), 160.42 (C4), 166.44
(C(O)-NH). Found, %: C 73.41; H 6.72; N 12.48. C»;H33N40,. Calculated, %: C
73.28; H 6.83; N 12.66.
N-(2-(3-ethyl-4-oxo0-4,6-dihydro-3H-spiro[benzo[h]quinazoline-5,1'-
cycloheptane]-2-yl)-hydrazinecarbonothioyl)benzamide (16). The mixture of
3.3 g (0.01 mol) of 3-ethyl-2-hydrazinyl-3H-spiro[benzo[h]quinazoline-5,1'-
cycloheptane]-4(6H)-one (13), 1.63 g (0.01 mol) of benzoylisothiocyanate and
30 ml of ethanol was boiled for 10 hrs with a backflow condenser. Then it was
cooled and 10 ml of water was added. The precipitate was filtered, washed with
70% ethanol. Yield 3.20 g (64%) of 16, mp 215-217°C, R; 0.45 (ethyl acetate-
benzene, 1:1). IR spectrum, v, cm: 1603 (C=C arom); 1662 (C=0); 3214 (NH).
'H NMR spectrum (300 MHz, DMSO-ds-CCl, 1/3), 8, ppm: 1.30-1.86 (m, 10H,
5xCHj, cycloheptane), 1.42 (t, 3H, J=7.0, N-CH,-CH3), 2.24-2.36 (m, 2H, CH,
cycloheptane), 2.86 (s, 2H, C6H,), 4.10 (q, 2H, J=7.0, N-CH,-CHj3), 7.08-7.14
(m, 1H, CH Ar), 7.21-7.28 (m, 2H, 2xCH Ar), 7.46-7.54 (m, 2H, 2xCH Ar),
7.57-7.64 (m, 1H, CH Ar), 8.09-8.15 (m, 2H, 2xCH Ar), 8.17-8.24 (m, 1H, CH
Ar), 9.53 (s, 1H, NH), 11.56 (s, 1H, NH), 13.24 (br.s, 1H, NH). *C NMR
spectrum (75 MHz, DMSO-ds-CCl, 1/3), 8, ppm: 12.33 (N-CH,-CH3), 23.99
(2xCH;, cycloheptane), 29.75 (2xCH, cycloheptane), 35.33 (N-CH,-CHj3), 36.09
(2xCH; cycloheptane), 39.48 (C5), 40.51 (C6H,), 119.65 (C4,), 125.28 (CH
Ar), 126.01 (CH Ar), 126.86 (CH Ar), 127.72 (2xCH Ar), 128.53 (2xCH Ar),
129.19 (CH Ar), 131.65 (C Ar), 132.23 (CH Ar), 132.29 (C Ar), 136.30 (C Ar),
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148.89 (C10,), 151.20 (C2), 159.96 (C4), 167.45 (C(O)-NH), 175.60 (C=S).
Found, %: C 66.88; H 6.40; N 14.12; S 6.58. C,3H3;N50,S. Calculated, %: C
67.04; H 6.23; N 13.96; S 6.39.

3-Ethyl-3H-spiro[benzo[h]quinazoline-5,1'-cycloheptane]-4(6H)-one
(17). The mixture of 2.0 g (0.006 mol) of 3-ethyl-2-hydrazinyl-3H-
spiro[benzo[h]quinazoline-5,1'-cycloheptane]-4(6H)-one (13), 056 ¢
(0.001 mol) of KOH and 25 ml of 90 % ethanol was boiled for 10 hrs in a
reaction flask with a backflow condenser. After the solvent distillation, the
precipitate was recrystallized from ethanol. Yield 1.2 g (65%) of 17, mp 140-
142 °C, R; 0.63 (ethyl acetate-benzene, 1:1). IR spectrum, v, cm: 1599 (C=C
arom); 1625 (C-N); 1668 (C=0). 'H NMR spectrum (300 MHz, DMSO-d¢-CCl,
1/3), 8, ppm: 1.33-1.44 (m, 2H, CH, cycloheptane), 1.37 (t, 3H, J=7.0, N-CH,-
CHj), 1.46-1.72 (m, 6H, 3xCH, cycloheptane), 1.73-1.88 (m, 2H, CH,
cycloheptane), 2.26-2.38 (m, 2H, CH, cycloheptane), 2.88 (s, 2H, C6H,), 3.95
(9, 2H, J=7.0, N-CH,-CH3), 7.11-7.18 (m, 1H, CH Ar), 7.20-7.31 (m, 2H, 2xCH
Ar), 7.98-8.04 (m, 1H, CH Ar), 8.16 (s, 1H, CZH).“C NMR spectrum (75 MHz,
DMSO-ds-CCly 1/3), 8, ppm: 14.37 (N-CH,-CH3), 23.90 (2xCH, cycloheptane),
29.63 (2xCH; cycloheptane), 35.47 (2xCH, cycloheptane), 39.91 (C5), 40.03
(N-CH,-CHj3), 41.13 (C6H,), 124.91 (CH Ar), 125.90 (CH Ar), 127.04 (CH Ar),
127.81 (C4,), 129.33 (CH Ar), 132.06 (C Ar), 135.90 (C Ar), 148.40 (C2H),
152.22 (C10p), 159.22 (C4). Found, %: C 77.93; H 7.796; N 77.71. CH,4N,0.
Calculated, %: C 77.89; H 7.84;

4-Ethyl-4H-spiro[benzo[h][1,2,4]triazolo[4,3-a]quinazoline-6,1'-
cycloheptane]-5(7H)-one (18). The mixture of 2.20 g (0.0065 mol) of 3-ethyl-
2-hydrazinyl-3H-spiro[benzo[h]quinazoline-5,1'-cycloheptane]-4(6H)-one  (13)
and 15 ml of ethylorthoformate was boiled for 15 hrs with a backflow
condenser. After distillation of the excess of ethylorthoformate, the precipitate
was recrystallized from absolute ethanol. Yield 1.0 g (44%) of 18, mp 178-
179°C, R; 0.40 (ethyl acetate-benzene, 1:1). IR spectrum, v, cm *; 1590 (C=C
arom); 1617 C=N); 1669 (C=0). *H NMR spectrum (300 MHz, DMSO-dg-CCl,
1/3), 8, ppm: 1.24-1.33 (m, 2H, CH, cycloheptane), 1.40 (t, 3H, J=7.0, N-CH,-
CHj), 1.45-1.72 (m, 6H, 3xCH, cycloheptane), 1.73-1.88 (m, 2H, CH,
cycloheptane), 2.23-2.35 (m, 2H, CH, cycloheptane), 2.92 (s, 2H, C7H,), 4.25
(9, 2H, J=7.0, N-CH,-CH3), 7.32-7.50 (m, 3H, 3xCH Ar), 7.81-7.87 (m, 1H, CH
Ar), 8.98 (s, 1H, C1H). *C NMR spectrum (75 MHz, DMSO-ds-CCl, 1/3), 3,
ppm: 12.06 (N-CH,-CH3), 24.03 (2xCH, cycloheptane), 29.32 (2xCH,
cycloheptane), 34.54 (2xCH, cycloheptane), 37.44 (C7H,), 40.29 (N-CH,-CHy),
40.50 (C6), 124.29 (CH Ar), 124.33 (C5,), 125.28 (C Ar), 126.75 (CH Ar),
128.25 (CH Ar), 130.62 (CH Ar), 135.10 (C1H), 136.07 (C Ar), 136.71 (C11y),
147.86 (C3a), 157.22 (C5). Found, %: C 72.56; H 7.12; N 16.26 Cy;H,4N,O.
Calculated, %: C 72.39; H 6.94; N 16.08.

4-Ethyl-1-mercapto-4H-spiro[benzo[h][1,2,4]triazolo[4,3-a]quinazoline-
6,1'-cycloheptane]-5(7H)-one (19). The mixture of 2.2 g (0.0065 mol) of 3-
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ethyl-2-hydrazinyl-3H-spiro[benzo[h]-quinazoline-5,1'-cycloheptane]-4(6H)-
one (13), 15 ml of carbon disulfide and 15 ml of pyridine was boiled for 20 hrs
with a backflow condenser. Then the mixture was cooled and acidified by
chlorhydric acid up to pH=3.0-3.5. The precipitate was filtered and
recrystallized from butanol. Yield 1.80 g (75%) of 19, mp 240-241°C, R; 0.60
(ethyl acetate-benzene, 1:1). IR spectrum, v, cm*: 1585 (C=C arom); 1632
(C=N); 1672 (C=0). '*H NMR spectrum (300 MHz, DMSO-ds-CCl, 1/3), 8,
ppm: 0.80-2.20 (br.m, 11H, 11xCH cycloheptane), 1.35 (t, 3H, J=7.0, N-CH,-
CH,), 2.56-3.10 (br.m, 3H, CH cycloheptane, C7H,), 4.08 (g, 2H, J=7.0, N-
CH,-CHj3), 7.14-7.22 (m, 2H, 2xCH Ar), 7.28-7.35 (m, 1H, CH Ar), 7.52-7.57
(m, 1H, CH Ar), 13.79 (s, 1H, SH). ¥C NMR spectrum (75 MHz, DMSO-ds-
CCl, 1/3), 6, ppm: 11.78 (N-CH,-CHj;), 24.01 (2xCH; cycloheptane), 28.93
(2xCH; cycloheptane), 29.23 (2xCH; cycloheptane), 36.99 (C7H,), 40.15 (N-
CH,-CHj3), 41.30 (C6), 123.64 (CH Ar), 123.99 (C5,), 126.45 (CH Ar), 129.08
(C Ar), 129.28 (CH Ar), 129.71 (CH Ar), 134.79 (C1), 138.96 (C Ar), 145.48
(C11y), 156.69 (C3a), 162.34 (C5). Found, %: C 66.12; H 6.45; N 14.78; S 8.60.
C,1H24N,4OS. Calculated, %: C 66.29; H 6.36; N 14.72; S, 8.43.
4-Ethyl-1-(methylthio)-4H-spiro[benzo[h]imidazo[1,2-a]quinazoline-
6,1'-cycloheptane]-5(7H)-one (20). In a round bottom flask with a backflow
condenser a mixture of 3.4 g (0.01 mol) of 4-ethyl-1-mercapto-4H-
spiro[benzo[h][1,2,4]triazolo[4,3-a]quinazoline-6,1'-cycloheptane]-5(7H)-one
(19), 0.56 g (0.01 mol) of KOH, 30 ml of absolute ethanol was placed and boiled
for 30 min. Then 1.41 g (0.01 mol) of methyl iodide was added and boiling
continued for another 10 hrs. The reaction mixture was cooled and 20 ml of
water was added. The precipitate was filtered and recrystallized from ethanol.
Yield 3.1 g (79%) of 20, mp 203-205°C, R; 0.54 (ethyl acetate-benzene, 1:1). IR
spectrum, v, cm : 1614 (C=C arom); 1660 (C=0). 'H NMR spectrum (300
MHz, DMSO-ds-CCl, 1/3), 6, ppm: 0.80-2.20 (br.m, 11H, 11xCH cyclohep-
tane), 1.39 (t, 3H, J=7.0, N-CH,-CHj3), 2.61 (s, 3H, S-CHs), 2.56-3.10 (br.m, 3H,
CH cycloheptane, C7H,), 4.21 (br.q, 2H, J=7.0, N-CH,-CH3), 7.28-7.46 (m, 4H,
4xCH Ar). *C NMR spectrum (75 MHz, DMSO-dg-CCl, 1/3), 8, ppm: 12.01
(N-CH-CHj3), 16.62 (S-CHj), 23.95 (2xCH, cycloheptane), 28.67 (2xCH,
cycloheptane), 29.33 (2xCHj, cycloheptane), 37.35 (C7H), 40.12 (N-CH,-CHy),
41.37 (C6), 124.92 (C5,), 125.21 (CH Ar), 125.28 (CH Ar), 126.70 (C Ar),
127.61 (CH Ar), 130.54 (CH Ar), 135.64 (C1), 136.93 (C Ar), 143.63 (C11,),
149.53 (C3a), 156.79 (C5). Found, %: C 70.02; H 6.75; N 10.85; S 8.30.
C,3H27N30S. Calculated, %: C 70.19; H 6.92; N 10.68; S 8.15.
1-(Benzylthio)-4-ethyl-4H-spiro[benzo[h][1,2,4]triazolo[4,3-a]quinazo-
line-6,1'-cycloheptane]-5(7H)-one (21). Similarly, from 3.4 g (0.01 mol) of 4-
ethyl-1-mercapto-4H-spiro[benzo[h]-[1,2,4]triazolo[4,3-a]quinazoline-6,1'-
cycloheptane]-5(7H)-one (19), 0.56 g (0.01 mol) of KOH and 1.27 g (0.01 mol)
of benzyl chloride, 3.7 g (78%) of 21 was obtained, mp 135-137 °C, R; 0.67
(ethyl acetate-benzene, 1:1). IR spectrum, v, cm*: 1616 (C=C arom); 1654
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(C=0). 'H NMR spectrum (300 MHz, DMSO-dg-CCl, 1/3), 3, ppm: 0.80-2.20
(br.m, 11H, 11xCH cycloheptane), 1.39 (t, 3H, J=7.0, N-CH,-CH;), 2.56-3.10
(br.m, 3H, CH cycloheptane, C7H,), 4.21 (br.q, 2H, J=7.0, N-CH,-CHj3), 4.24-
4.33 (br.s, 2H, CH,-Ph), 7.12-7.43 (m, 9H, 9xCH Ar). *C NMR spectrum (75
MHz, DMSO-dg-CCl, 1/3), 8, ppm: 11.97 (N-CH,-CHj), 23.96 (2xCH,
cycloheptane), 28.74 (2xCH, cycloheptane), 29.23 (2xCH, cycloheptane), 29.86
(CH,-Ph), 37.30 (C7Hy), 39.90 (N-CH,-CHj3), 41.17 (C6), 125.02 (C5,), 125.18
(CH Ar), 125.23 (CH Ar), 126.69 (C Ar), 126.95 (CH Ar), 127.59 (CH Ar),
127.82 (2xCH Ar), 128.52 (2xCH Ar), 130.50 (CH Ar), 135.50 (C1), 135.84 (C
Ar), 136.90 (C Ar), 142.29 (C11,), 149.40 (C3a), 156.72 (C5). Found, %: C
71.63; H6.35; N 11.78; S 6.94. C,3sH30N,OS. Calculated, %: C 71.46; H 6.43; N
11.90; S 6.81.

3-E@-bL-2-@-hOLUN-2,3-2PNP1-LAUNDLA [AELN[h] WP LUEQNLPTL-5,1'-
3PULONEMSUWL]-4(6H)-N'LP UPLE-GAL GBI NLNS NUSUNFE-3AFLLELL

U. b. UUrenU30L, U. U. U3UUQ3UL, U. N. QUL PEL3UL W U. U. UHU3UL

bPpy 4-undfptin="H-uuyfppn[ gplynd bupunute-1,2 -t fFuy ] -3 - fuippopufyunnfs ke §fFpy-
lanfFpngfuiinnnfs  spnfumglgnfdynipy  mnmgdws  [FhonopbpynmSeiggugh,  wnwiby
nbulghns dfunfuyphy wiuunkyne, Eufdupldly & ghlydub, [y plpk & 3-4dfy-2-
Phopun-2,3-whSfppmunpn| plign[h] fuflougnyfi-5,1"g lyn & bupnuwts]-4(6H)-nbfs g
durtaps: LbipQfiiin Spulph uliplusynefJyudp fuiigliudly § Quyngblpgblpf Sbin, npf wpgync-
prdd wngly bl 2-unyuispypnlbquiljmpfwd 3-Ljafy-3H-usfyn] plivgn| ] foplognypi-5,1"-
ghlynébupnte] ~-4(6H)-nistbip: LbpnSfroyuy 2-Fhopunphivgn[h] fuplugmfrispy wiigned § fu-
sl by S-43fy-2-S fprpprasgpy-3H-uryfopn [ plsgn| ] puptmgnyfria-5,1-ghlynd byt -
4(6H)-ntp: Lbpfptou sprfumgnbgnefyuts db) L ypofby wylnntf, pbignpyppnppof b pbign-
Pl gty Sk, np gy gt wmgby B Quogunuuudospg 3-£f-
2-[2-(wyprusgust-2~yfrrphits) &y ~poasg frisfoy ] -3H -y plog ] fufrlosg g f-5,1 " g frlyy -
Sbupnuits]-4(6H)-nts,  N'~(3-Lfopy-4-o0pun-4,6-yh pyprn-3H-uuyfspn phsgn| ] fuplousgnyfrb-
5,1 gflynS bupnuts]-2-fy) plitsgni ppugpy b N-[2-(3-4[dfy-4-o0pun-4,6-gfil fruppn-3H-uuyfr-
ol phivgn[ 1] fultusg 5,1 -gplyn S bt ]-2-fy) Spopugfilinjusppatin@fpopy ] phigudfg
Bniyy & wnpdfby, np Upwd Spupugplnpbign[h] fuflegnflp $pdph bplugefpudp G-
Prusplyfned § bl pypugptimgdut, wnwugbyng 3-4Fpy-3H-uufypn]phlgn[h] foflusgnfb-
5,1 gl hsgmaste] (6 )z Lprrgfomphign [ ] syl e opfPmilponsfa il Loy
frstispuap AL py-dH-uuyfipn pliign[h][1,2,4] mppugnn]4,3-a] foplugn pi-6,1 -gplyn-
Sbupunate]-5(7TH)-nts b 1-dbpljuginn-d-EFpy-4H-umppn]phign[h] [1,2,4]wpfugngs[4,3-
af fultignypi-6,1"ghlyndbuymuts]-5(7H) -l dbpdpipy wihgnd L Quonwpfly 1-063 -
[ln- te T-phgfyfdfom-4-Lfay- -yl i 3] [1,2,4] mp s [4,3-a] paf gy
6,1 "-gflyynbupmnts[-5(7H) - nistibipfr :
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CHHTE3 M HEKOTOPBIE CBOVMCTBA 3-3THJI-2-THOKCO-2,3-
JATUIPOCITAPO [BEH30[h]XUHA3OJIHWH-5,1'-INKJIOT ENTAH]-4(6H)-
OHA

A. 1. MAPKOCSIH, A. C. AUBA3SIH, C. I'. TABPHUEJISIH u C. C. MAMSTH

Hay4aHo-TexXHOIOTHYeCKHil IEHTP OpraHNYecKor U (hapMaIleBTHIECKOI XUMUN
HAH Pecny6muxu ApmeHus
Apwmenus, 0014, Epean, mp. A3zaryTsHa, 26
Tenedon: +374 10 288 443. E-mail: ashot@markosyan.am

Tuoypenonpon3BoaHOE, MONyYeHHOE B3auMojeiicTBueM 3t 4'-amuHo-'H-crin-
po[uuknorenrtan-1,2'-HadTannu]-3'-kapOokcunara U ITUIH30THOLMAHATA Oe3 BbIACIe-
HHS M3 PEaKIHOHHON CpeJibl, MOABEPrHYTO LUKIM3AIMHI, IPUBEAIICH K 3-9THII-2-THOK-
c0-2,3-muruapocnupo| 6enso[h|xunazonuu-5,1"-muknonentan]-4(6H)-onam. Iocnenuunii
B NIPUCYTCTBHU OCHOBAHWH KOHAEGHCHPOBAH C TaJOreHHJaMH, B PE3yJIbTaTe Yero Ioiry-
4eHbl 2-Cynbdanuizameniennbie 3-31min-3H-cnupo[6enso[h]|xunazonun-5,1'-1ukiomnes-
taH]-4(6H)-ouer. Ot BhIIEyKa3aHHOTO 2-THOKCOOEH30[h]xMHa30MMHA CoBEpIIIEH mepe-
xox K 3-atun-2-ruppasuaui-3H-cnmpo[6enso[h]xunazonuu-5,1"-iuknorentan]-4(6H)-
ony. [locnenHuii HOCTaBiIeH BO B3aMMOJICHCTBHE C AllETOHOM, OEH30MIXJIOPUAOM U OeH-
30MJIN30THOIMAHATOM, B PE3yJbTaTe Yero IMOJy4eHbl COOTBETCTBEHHO 3-3THI-2-[2-
(mpoman-2-unuaeH)ruapasuaui]-3H-cnupo[6en3o[h|xunazonun-5,1'-ukIoneHTaH |-
4(6H)-on, N'-(3-3THn-4-0KC0-4,6-nurnapo-3H-cupo[6enso[h]xunazonuu-5,1'-1ukIno-
nenTad]-2-un)oensruapasun 1 N-[2-(3-3tun-4-okco-4,6-auruapo-3H-crimpo[6em3o[h]
XHMHa30JIMH-5,1'-1uKIorenTtan|-2-mi)ruipasuHokapooHotromin|oensamun.  [lokasano,
YTO YKa3aHHBIA THAPa3HHOOCH30[N]XMHA30IMH B IPUCYTCTBUH OCHOBAHHS MOJBEPracT-
csl JIeTUAPasHHUPOBaHUIO, 00pasys 3-stun-3H-crupo[6ensoh]xunasomun-5,1"-mkmo-
rentaH|-4(6H)-on. Konnencanueii 2-rugpa3uHo0en3o[N]XuHa30IMHa U STHIOBOTO (hH-
pa OpTOMYpaBbHHOM KHCIIOTHI HJIM CEPOYIJIepoJa CHHTE3UPOBAHbI COOTBETCTBEHHO 4-
stun-4H-criupo[6enso[h][1,2,4]tpuazono[4,3-a]xunazonun-6,1'-uknorenrtan]-5(7H)-
o wu l-mepkanro-4-atun-4H-cnupo[6enso[h][1,2,4]tpuazono[4,3-a]xunazonuu-6,1'-
muknorentan|-5(7H)-on. OT mocneHero cosepineH mepexoa K 1-metuntuo- u 1-6en-
suntro-4-stun-4H-crimpo[6enso[h][1,2,4 ] tpua3zosno[4,3-a]xunazonun-6,1'-nuknoren-
tau]-5(7H)-onam.
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3-[(A1H-PYRROL-2-YL)METHYLENE]-1-METHYLINDOLIN-2-ONES
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By the interaction of isatin and its 1-substituted derivatives with 2-hydrazino-4,5-dihydro-1H-
imidazole iodohydrate, 3-(2-(1H-imidazol-2-yl)hydrazylidene)indolin-2-ones were synthesized.

The compounds obtained are the simplest analogues of biologically active 3-substituted
indolin-2-ones.

References 2.

It is known that various indolin-2-one derivatives exhibit pronounced
antitumor activity due to inhibitory properties against a variety of cellular
tyrosine  kinase receptors (RTKs) by inhibiting ligand-dependent
autophosphorylation of kinases in submicromolar doses [1]. Among well-known
drugs are 3-substituted indolin-2-one 1 (Semaxanib, SU5416), which has shown
high antikinase activity against the receptor for vascular endothelial growth
factor (VEGFR-1) and (VEGFR-2), an antitumor drug Sunitinib 2 (Sunitinib,
SU 11248), a multiple kinase inhibitor (VEGFR)-1, VEGFR-2, PDGFRb, fms-
like tyrosine kinase-3), as well as piperidin-1-ylmethyl derivative 3 (drug Z24)
angiogenesis inhibitor and 3-(dimethylamino)propyl derivative 4 (preparation
TMP-20) with pronounced antitumor activity in vivo. Since the main structural
elements responsible for the biological activity of the class of compounds under
discussion are the fragments of indolin-2-one and pyrrole linked by a linker (a),
in the present study by the interaction of isatin and its 1-substituted derivatives
5a-d with 2-hydrazino-4,5-dihydro-1H-imidazole 6, 3-(2-(1H-imidazol-2-
yl)hydrazylidene)indolin-2-ones 7a-d were synthesized, two of which were
prepared and characterized as bases. In the synthesized compounds, a fragment
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of indolin-2-one and 4,5-dihydroimidazole are linked by a hydrazine residue,
which allows to trace the influence of the nature of the five-membered nitrogen
heterocycle and the linking chain on the biological activity. The synthesis of
target compounds is presented in the Scheme:

Scheme
R3 2 H-N ’/\13X HI
R 1L \N/(N N
6
N7 Np3 o) N-N.
R H R 2. NaOH/ EtOH / DMSO ) H
O AN N
N o) \ o)
‘1 I\\I = ’\\I
R R! R!
1-4 5a-d 7a-d

1: R, RY, R% R® = H, H, H, Me; 2: H, H, Et;N(CH,),NHCO), Me; 3: H,
CH,N(CH,)s, H, H; 4: Cl, Me,N(CH,);, H, H; 5a-d, 7a-d: R = H (a), Bn (b), n-
pentyl (c), Ac (d).

Since on the basis of physicochemical data we have not yet been able to
establish the exact geometric structure of derivatives 7a-d, a preliminary choice
of the configuration of synthesized compounds was made in favor of (Z)-
isomers in which the formation of an energetically favorable intramolecular N-
H-O-hydrogen connection with the formation of a six-membered cycle took
place.

The toxicity and antitumor activity of compounds 7a and 7d were studied.
In the study of acute toxicity, it was found that LD;o of compounds was
1750 mg/kg, and MTD was 900 mg/kg.

In chemotherapeutic experiments in vivo, these compounds were
administered intraperitoneally daily for 6 days at a dose of 150 mg/kg. It was
found that imidazolines 7a and 7d exhibited weak antitumor activity against
sarcoma 180 of mice, inhibiting tumor growth by 28.4% (compound 7a) and
40.3% (compound 7d) and both compounds were inactive in the Ehrlich ascites
carcinoma model.

Experimental part

IR spectra were recorded on a “Nicolet Avatar 330" in vaseline oil. 'H and
3C NMR spectra were obtained on a Varian “Mercury-300 VX instrument
with a frequency of 300.8 MHz and 75.46 MHz, in a DMSO-ds — CCl,, 1:3
mixture, and the internal standard was TMS. TLC was performed on “Silufol
UV-254” plates in the system water - methanol - ethyl acetate, 1: 2: 10),
visualization — in UV light.

1-Substituted indolin-2-ones 7a-d. An equimolar mixture of 0.0055 mol of
1-substituted isatin 5a-d and 2-hydrazino-4,5-dihydroimidazole iodohydrate 6
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[2] in 15 ml of absolute methanol was boiled for 2hr and left overnight. The
precipitated iodine hydrate of the compound was filtered off and dried. To
obtain the bases of the synthesized compounds, the obtained salt was dissolved
in DMSO, neutralized with a 20% alcohol solution of NaOH, poured into water;
the precipitate formed was filtered off, dried and recrystallized from ethanol.
(2)-3-[2-(4,5-Dihydro-1H-imidazol-2-yl)hydrazylidene]indolin-2-one
iodohydrate (7a) was obtained by the interaction of indoline-2,3-dione with 2-
hydrazino-4,5-dihydro-1H-imidazole iodohydrate (6). The yield 63.5%, mp >
320 °C (base yield 78.6%, mp 242-244°C, R; 0.63). IR spectrum, v, cm™: 3460,
3392, 3161 (NH,", NH), 1712 (CO), 1650, 1612 (C=C-C=N). 'H NMR
spectrum, 8, ppm, Hz: 3.91 br.s (4H, 2-NCH,); 6.93 br.d (1H, J = 7.8, C¢H,);
7.05td (1H,J=7.6, 0.8 C¢H,); 7.32td (1H, J = 7.7, 1.2, C¢H,); 7.63 br.d (1H, J
= 7.4, C¢H,); 9.10 br.s (2H, 2-NH); 11.18 br.s (1H, NH); 12.78 br.s (1H, NH).
BC NMR spectrum, 8, ppm: 43.1 (2-NCH); 110.9 (CH); 119.0 (CH); 121.4
(CH); 122.1 (CH); 131.7; 138.0; 142.7; 158.2; 161.5. Found, %: C 57.47; H
5.04; N 30.27. C;;H1;N5O. Calculated, %: C 57.63; H 4.84; N, 30.55.
(2)-1-Benzyl-3-(2-(4,5-dihydro-1H-imidazol-2-yl)hydrazylidene]indo-
lin-2-one (7b) was prepared by reacting 1-benzylindoline-2,3-dione with 2-
hydrazino-4,5-dihydro-1H-imidazole iodohydrate (6). Yield 67.7%, mp 294-295
°C, R¢ 0.67. IR spectrum, v, cm™ 3448, 3200 (NH), 1704 (CO), 1614
(C=C-C=N). 'H NMR spectrum, , ppm, Hz: 3.62 br.s (4H, 2-NCHy); 4.91 br.s
(2H, CH,Ph); 6.65 br.s (1H, J = 7.7, C¢H,); 6.90 br.s (1H, J = 7.4, C¢H,); 7.04
br.s (1H, J = 7.5, C¢Hy); 7.60 br.s (1H, J = 7.3, C¢H,); 7.16-7.32 m (5H, C¢H,);
7.85 br.s (2H, 2:NH). *C NMR spectrum, &, ppm: 41.9 (CH,), 42.1 (2-NCH,),
108.2 (CH), 118.3 (CH), 121.1 (CH), 123.3, 127.10 (CH), 127.12 (2-CH), 128.5
(2.CH), 132.3, 137.2, 139.9, 156.5, 169.1. Found, %: C 67.83; H 5.15; N 21.77.
CigH17Ns0. Calculated, %: C 67.70; H 5.37; N 21.93.
(2)-1-Pentyl-3-(2-(4,5-dihydro-1H-imidazol-2-yl)hydrazylidene]indolin-
2-one (7c) was prepared by reacting 1-pentylindoline-2,3-dione with 2-
hydrazino-4,5-dihydro-1H-imidazole iodohydrate (6). Yield 75.7%, mp 130-
132°C, R; 0.64. IR spectrum, v, cm™: 3385, 3127 (NH), 1691 (CO), 1650, 1611
(C=C-C=N). 'H NMR spectrum, &, ppm, Hz: 0.91t (3H, J = 6.6, CH3), 1.29-1.43
m (4H, 2-CH,), 1.61-1.72 m (2H, CH,), 3.71t (2H, J = 7.1, NCH,), 3.87 s (4H,
2:NCH,), 6.91 br.s (1H, J = 7.8, C¢H,), 7.03 br.d (1H, J = 7.5, C¢H,), 7.27 br.d
(1H, J = 7.8, 7.4, CgH,), 7.65 br.d (1H, J = 7.4, C¢H,), 9.34 br.s (2H, 2-NH).
Found, %: C 64.41; H 7.25; N 23.44. C;sH,:N50. Calculated, %: C 64.19; H
7.07; N 23.39.
(2)-1-Acetyl-3-(2-(4,5-dihydro-1H-imidazol-2-yl)hydrazylidene]indolin-
2-one iodo-hydrate (7d) was prepared by reacting 1-acetylindoline-2,3-dione
with 2-hydrazino-4,5-dihydro-1H-imidazole iodohydrate (6). Yield 59.9%, mp
235-237°C, Rysbase 0.57. IR spectrum, v, cm™: 3240, 3120 (NH,", NH), 1729,
1710 (CO), 1647, 1610 (C=C-C=N). *H NMR spectrum, &, ppm, Hz: 2.68 s (3H,
CHjy), 3.96 s (4H, 2.N-CH,), 7.32 td (1H, J = 7.6, 0.8, C¢H,), 7.48 ddd (1H, J =
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8.1, 7.6, 1.4, CsHy), 7.88 br.s (1H, J = 7.5, C¢H,), 8.19 br.s (1H, J = 8.1, C¢H,),
9.04 br.s (2H, NH-HI), 12.78 br.s (1H, NH). Found, %: C 57.38; H 5.03; N
25.60. C16H21NsO. Calculated, %: C 57.56; H 4.83; N 25.82.

YELUULTLALEL WGShY. 3-[(1-H-MPLAL-2-PL)UGE-PLEL]-1-
UGEPLPLEHILPL-2-ALELP WU LU W LRG LGP UPLEEAL

U. W P U2-3UL, L. U. PLERSUEUTL, N, UL USEPUL3UL b U. U NULAFE-30FL3UL

iprpasgrls grg &gy dinfasgybgn Fyudp uffdtqby b 3-(2-(1H-pulfupagng-2-f1) $fo-
rasgfyfoopb) gy - 2- il Usnnusgefusd dfpssgme [y bilip Glonmpudinplss wlpuel 3-ukb-
quilyusyfusd gy fris-2-nlobipfy pupgugne g Sdublibph b

CHUHTE3 ABAAHAJIOI'OB BUOJIOI'MYECKH AKTUBHBIX
3-[(1-H-MAPPOJI-2-UJI)METHUJIEH]-1-METUWJINHAOJWH-2-OHOB

M. A. UPAJISIH?, H. C. MPAJISIH? . M. CTEIIAHSIH® u A. A. APYTIOHSIH®®

 Hay4HO-TeXHOIOTMYECKHA LIEHTP OpraHuYecKol M (hapMaleBTHIECKOH XHMUI
HAH Pecny6muku Apmenust
Apwmenns, EpeBan, 0014, np. AzatyTsH, 26
E-mail: harutyunyan.arthur@yahoo.com
b Poccuiicko-ApmstHckuil (ClaBsIHCKHI) YHUBEPCUTET

B3aumMopeiicTBueM n3aTHHA U erol-3aMeNeHHBIX TPOU3BOAHBIX C HOATHAPATOM 2-
ruapasuio-4,5- muruapo-1H-umunaszona cuntesuposansl 3-(2-(1H-umunazon-2-um)rua-
Pa3WINICH ) UHIOJUH-2-0HBI.

[TonyueHHbIE COENMHEHMs MPEACTABISIOT COOOM MpoCTeiine aHalorH OUOJIOrHU-
YEeCKH aKTUBHBIX 3-3aMEIIEHHBIX WH/IOJINH-2-0HOB.
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SYNTHESIS AND ANTIBACTERIAL ACTIVITY OF NEW
4-(2-PHENYL-4-QUINOLYLCARBAMOYL)BENZOIC ACID
DERIVATIVES
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As a result of the N-acylation reaction of some primary aromatic amines and substituted
alkylamines by 4-(2-phenyl-4-quinolylcarbamoyl)benzoic acid chloride, new benzamides - N1-
(substituted  phenyl)-4-(2-phenyl-4-quinolylcarbamoyl)-,  N1-(substituted  alkyl)-4-(2-phenyl-4-
quinolylcarbamoyl) benzamides were obtained. O-acylation yielded 2-dialkylaminoalkyl-4-(2-phenyl-
4-quinolyl-carbamoyl)benzoates and  N,N-dialkyl-2-[(4-{2-phenyl-4-quinolylbenzamido}benzoyl)
oxy]ethane-, propane-1-ammonium chlorides. The antibacterial properties of the compounds with
respect to gram-positive staphylococci and gram-negative rods were studied. It was found that the
products of N-acylation exhibited weak antimicrobial activity against all strains used (d = 10-14 mm).
When replacing the benzamide group with dialkylaminoalkyl, the activity of compounds significantly
increased (d = 16-22 mm).

References 8.

Due to the developing resistance to many antibiotics, doctors face infections
for which there is no effective therapy. Therefore, there is a high demand for
new drugs for the treatment of bacterial infections, especially caused by resistant
bacterial strains [1-5]. The aim of this work is the synthesis of new antibacterial
agents in a series of derivatives of 4-(2-phenyl-4-quinolylcarbamoyl)benzoic
acid in the N- and O-acylation reactions of various primary aromatic amines,
substituted alkylamines and aminoalkanols. The acylating reagent in the
presented syntheses is 4-(2-phenyl-4-quinolylcarbamoyl)benzoic acid chloride
1. As a result of the N-acylation reaction of some primary aromatic amines and
substituted alkylamines, new benzamides were obtained — NZ1-(substituted
phenyl)-4-(2-phenyl-4-quinolylcarbamoyl)- and NZ1-(substituted alkyl)-4-(2-
phenyl-4-quinolylcarbamoyl)benamides 2-15.
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O-acylated compounds 16, 18, 20 — 2-dialkylaminoalkyl-4-(2-phenyl-4-
quinolylcarbamoyl)benzoates were obtained by heating a mixture of the
corresponding substrates with 4-(2-phenyl-4-quinolyl-carbamoyl)benzoic acid
chloride in dry benzene. Then, by exposure to an ethereal solution of hydrogen
chloride, the corresponding N,N-dialkyl-2-[(4-{2-phenyl-4-quinolyl benzamido}
benzoyl)oxy]ethane-, propane-1-ammonium chlorides 17, 19, 21 were obtained.
The initial starting compound, which is the pharmaceutical preparation of atofan
- 2-phenyl-4-quinolinecarboxylic acid, was obtained by the well-known
Pfitzinger reaction [6] and converted to the acid chloride.

Scheme
O ) 0 NH,-(CHn-R o HOCHRCH,NMe,(Et,) o NMe, (Et),
N y I N S—— | (0]
) NH [vokcan NH Benson NH o
O 1245 NH-(CH,)n - R' 1 16,18, 20 R
Benson | AMNH2, HCI
3N Et,0

49,
(0]
N l
ates
NH-Ar
v "

2 - 11: Ar = 4-Br-CgH, (2), 3-NO,-CgHy (3), 4-NO,-CsH, (4), 2-CH3-CsHy4 (5), 3-
CH3-CsH, (6), 4-C H3-CgH,4 (7), 2-CH30-CsHy (8), 3-CH30-CgH,4 (19), 4-CH;0-
Ce¢H, (10), 6-methyl-2-pyridyl (11). 12 - 15: n = 2, R' = NMe; (12), NEt, (13);
CsHs (14), n = 3, R' = OCHj; (15); 16, 18, 20: R = H, NMe; (16), NEt, (18); R =
CHgs, NMe; (20); R = H, NMe,HCI (17), NEt,'HCI (19); R = CH3, NMe,-HCI
(22).

E)Me  Me(Et)
Ee /L

\
0 .
04"
NH
.
R

17, 19, 21

The structure of the obtained compounds was confirmed by the data of IR,
'H NMR spectroscopy, the composition — by elemental analysis. In the IR
spectra of all benzamides 2-11 and aminoamides 12-15, intense absorption
bands of amide groups were found at 3348-3208 cm™ (NH) and 1668-1597 cm™
(C = 0). In the IR spectra of compounds 16, 18, 20 strong absorption bands
were observed for the stretching vibrations of carbonyl groups of COO at 1718-
1711 cm™, of ether C-O in the region of 1100-1170 cm™.

The antibacterial activity of compounds 2-21 was studied according to the
procedure [7] with a bacterial load of 20 million microbial bodies per 1 ml of
medium. Gram-positive staphylococci (Staphylococcus aureus 209p, 1) and
gram-negative bacilli (Sh. Fleaneri 6858, E.coli 0-55) were used in the
experiments. Compounds were tested at a 1:20 dilution prepared in DMSQO. On
Petri dishes with crops of the above strains of microorganisms, solutions of the
tested substances in a volume of 0.1 ml were applied. The results were taken
into account according to the diameter (d, mm) of the zones of the absence of
microorganism growth at the place of application of the substances after daily
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cultivation of test cultures in a thermostat at 37°C. The known drug furazolidone
was used as a positive control [8].

It was found that N-acylation products 2-15 exhibited weak antimicrobial
activity against all strains used (d = 10-14 mm). When replacing a benzamide
moiety with a dialkylaminoalkyl group 16-21, the activity of the compounds
increased significantly (d = 16-22mm), however, it was slightly inferior to the
control drug furazolidone (d = 24-25mm).

Experimental part

IR spectra were recorded on a “Nicolet Avatar 330 FT-IR” spectrometer. ‘H
NMR spectra were recorded on a “Mercury 300-VX” spectrometer with a
resonant frequency of 300.08 MHz, in a DMSO + CF;COOD solution; internal
standard - TMS. The melting point of the obtained substances was determined
on a Boetius instrument. The individuality of substances was monitored by TLC
on “Silufol-254” plates in the system butanol — ethanol — acetic acid — water (8 :
2: 1: 3), and the developer was iodine pairs.

N-(2, 3, 4-Substituted phenyl)-4-(2-phenyl-4-quinolylcarbamoyl)
benzamides (2-11). (General methodology). 0.01 mol of the corresponding
amine and 1.0 g (0.01 mol) of Et;N in 20 ml of dry benzene are added to
(0.01 mol) of the acid chloride of the corresponding acid. The reaction mixture
is boiled for 3 hours, then benzene is distilled off, cooled and 25 ml of water are
added. Precipitation is observed. The contents are left overnight at room
temperature, then the precipitate is filtered off, washed with water. The obtained
crystalline products are recrystallized from ethanol — DMF (2 : 0.5).

N1-(4-Bromophenyl)-4-(2-phenyl-4-quinolylcarbamoyl)benzamide (2).
Yield 86%, mp 358-359 °C, Rf 0.64. IR spectrum, v, cm™: 3315 (NH), 1645
(NHC = O). *H NMR spectrum, d, ppm: 7.39-7.44 m (2H, CgH.); 7.45-7.64m
(4H, C¢Hy), 7.76-7.83 m (3H, CeH,); 7.94-8.05 m (4H, C¢H,); 8.13-8.18 m (1H,
Ce¢H,); 8.25 s (1H, = CH); 8.28-8.37 m (3H, C¢H,); 10.09 s (1H, NH); 10.88 s
(1H, NH). Found, %: C 66.64; H 3.18; N 8.01; Br 15.28. CyH»BrNsO.,.
Calculated, %: C 66.68; H 3.86; N 8.04; Br 15.30.

N1-(3-Nitrophenyl)-4-(2-phenyl-4-quinolylcarbamoyl)benzamide  (3).
Yield 71%, mp 241-243°C, Rf 0.63. IR spectrum, v, cm™: 3260 (NH), 1668
(NHC = 0). 'H NMR spectrum, d, ppm: 7.48-7.60 m (4H, C¢H,); 7.62-7.68 m
(1H, CeHy), 7.7 9-7.85 m (1H, C¢H,); 7.89 dd (1H, J1 8.2.,J2 2.2,J3 0.9 Hz, H
arom); 7.93-8.03 and 8.06-8.11 m (2H and 2H, C¢H,); 8.24-8.28 m (1H, CgHy);
8.30 s (1H, = CH); 8.31-8.40 m (4H, C¢H,); 8.81 t (1H, J1 2.2 Hz, C¢H,); 10.46
s (1H, NH); 10.99 s (1H, NH). Found, %: C 66.63; H 3.81; N 8.01; Br 15.28.
C,9H2N4O, Calculated, %: C 66.68; H 3.86; N 8.04; Br 15.30.

N1-(4-Nitrophenyl)-4-(2-phenyl-4-quinolylcarbamoyl)benzamide  (4).
Yield 73%, mp. 239-241°C, Rf 0.61. IR spectrum, v, cm™: 3326 (NH), 1661
(NHC = O). *H NMR spectrum, d, ppm: 7.45-7.64 m (4H, CgH,); 7.76-7.82m
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(1H, CgHy), 7.97-8.09 m (4H, C¢H,); 8.10-8.23 m (5H, C¢Hs); 8.25 s (1H, =
CH); 8.28- 8.37 m (3H, CgH,); 10.53 s (1H, NH); 10.91 s (1H, NH). Found, %:
C 66.64; H 3.82; N 8.01; Br 15.26. C»9H»0N4O4. Calculated, %: C 66.68; H 3.86;
N 8.04; Br 15.30.

N1-(2-Tolyl)-4-(2-phenyl-4-quinolylcarbamoyl)benzamide (5). Yield
75%, mp 182-183°C, Rf 0.61. IR spectrum, v, cm™: 3268 (NH), 1650 (NHC =
0). 'H NMR spectrum, d, ppm: 2.32 s (3H, CH5); 7.08-7.24 m (3H, C¢H,CH>);
7.40 m (5H, C¢H, CH3); 7.75-7.82 m (1H, H arom); 7.93-8.07 m (4H, CgsH,);
8.13 -8.18 m (1H, CgH,); 8.25 s (1H, = CH); 8.28-8.37 m (3H, C¢H,4) 9.54 s (1H,
NH); 10.84 s (1H, NH). Found, %: C 78.74; H 5.04; N 9.15. CgzHy3N;0,.
Calculated, %: C 78.76; H 5.07; N 9.18.

N1-(3-Tolyl-4-(2-phenyl-4-quinolylcarbamoyl)benzamide  (6). Yield
71%, mp 192-194°C, Rf 0.61. IR spectrum, v, cm™: 3270 (NH), 1650 (NHC =
0). 'H NMR spectrum, d, ppm: 2.38 s (3H, CH3); 6.84 br.s (1H, J 7.5, Hz,
CeH4CHs); 7.16 t (1H, J 7.8 Hz, CeH4CHy); 7.48-7.69 m (6H, H arom); 7.80-
7.86 m (1H, CgHy); 7.94-8.06 m (4H, CgH,); 8.26-8.41 m (4H, CgH,); 8.30 s
(1H, = CH); 9.86 s (1H, NH); 10.96 s (1H, NH). Found, %: C 78.73; H 5.05; N
9.16. C39H»3N30,. Calculated, %: C 78.76; H 5.07; N 9.18.

N1-(4-Tolyl)-4-(2-phenyl-4-quinolylcarbamoyl)benzamide (7). Yield
73%, mp 197-199 °C, Rf 0.61. IR spectrum, v, cm™: 3226 (NH), 1644 (NHC =
0). *H NMR, d, ppm: 2.34 s (3H, CHs); 7.06 -7.11 m (2H, C¢H.); 7.45-7.69 m
(6H, C¢Hy); 7.75-7.82 m (1H, H arom); 7.93-8.05 m (4H, C¢H,); 8.14-8.19 m
(1H, C¢H,); 8.25 s (1H, = CH); 8.29 - 8.38 m (3H, CgHy); 9.86 s (1H, NH);
10.85 s (1H, NH). Found, %: C 78.72; H 5.02; N 9.17. C3,H,3N30,. Calculated,
%: C 78.76; H 5.07; N 9.18.

N1-(2-Methoxyphenyl)-4-(2-phenyl-4-quinolylcarbamoyl)benzamide
(8). Yield 79%, mp 182-183°C, Rf 0.58. IR spectrum, v, cm™: 3280 (NH), 1650
(NHC = 0). *H NMR spectrum, d, ppm: 3.97 s (3H, OCH,); 6.92-7.10 m (3H, N
arom); 7.45-7.65 m (4H, H arom); 7.76-7.82 m (1H, H arom); 7.93-8.03 m. (4H,
CeHs); 8.14-8.19 m (1H, CgH,); 8.24 dd (1H, J1 7.8, J2 1.7 Hz, C¢H,); 8.25 s
(1H, = CH); ); 8.28 - 8.32 m (1H, C¢H,); 8.33-8.37 m (2H, CgH,); 8.85 s (1H,
NH); 10.88 s (1H, NH). Found, %: C 76.08; H 4.89; N 8.85. CgzHxN;0s.
Calculated, %: C 76.09; H 4.90; N 8.87.

N1-(3-Methoxyphenyl)-4-(2-phenyl-4-quinolylcarbamoyl)benzamide
(9). Yield 77%, mp 191-193 °C, Rf 0.57. IR spectrum, v, cm™: 3296 (NH), 1649
(NHC = 0). *H NMR spectrum, d, ppm: 3.96 s (3H, OCH,); 6.92-7.10 m (3H, N
arom); 7.45-7.64 m (4H, H arom); 7.75-7.82 m (1H, H arom); 7.93-8.03 m. (4H,
CeH,); 8.13-8.17 m (1H, CgHy); 8.21-8.25 m (1H, CgHy); 8.25 s (1H, = CH);
8.27 - 8.31 m (1H, C¢H,); 8.31-8.37 m (2H, C¢H,); 8.86 s (1H, NH); 10.88 s
(1H, NH). Found,: C 76.06; H 4.87; N 8.86. C3HxN;0;. Calculated, %: C
76.09; H 4.90; N 8.87.

N1-(4-Methoxyphenyl)-4-(2-phenyl-4-quinolylcarbamoyl)benzamide
(10). Yield 81%, mp 194-195 °C, Rf 0.58. IR spectrum, v, cm™: 3306 (NH),
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1639 (NHC = 0). 'H NMR spectrum, d, ppm: 3.79 s (3H, OCH); 6.81-6.86 m
(3H, N arom); 7.45-7.64 m (3H, H arom); 7.67-7.73 m (2H, CgHy); 7.75-7.81 m
(1H, CgHy); 7.92-8.04 m (4H, C¢H,); 8.13-8.17 m (1H, C¢H,); 8.25 s (1H, =
CH); 8.29-8.37 m (3H, CgH,); 9.82¢ (1H, NH); 10.83 s (1H, NH). Found,: C
76.06; H 4.87; N 8.86. C3,H,3N3505. Calculated: C 76.09; H 4.90; N 8.87.

N1-(6-Methyl-2-pyridyl)-4-(2-phenyl-4-quinolylcarbamoyl)benzamide
(11). Yield 74%, mp 236-237°C, Rf 0.54. IR spectrum, v, cm™: 3330 (NH),
1645 (NHC = O). *H NMR spectrum, d, ppm: 2.50 s (3H, OCHs); 6.91 d (1H, J
7.5 Hz, C¢H,); 7.45-7.67 m (5H, H arom); 7.75-7.82 m (1H, CgH,); 7.93-7.99 m
(2H, CgHy); 8.07-8.18 m (4H, Cg¢H,); 8.25 s (1H, = CH); 8.28-8.38 m (3H,
CeH4); 10.10 s (1H, NH); 10.85 s (1H, NH). Found, %: C 76.06; H 4.87; N 8.86.
Ca9H2,N40,. Calculated, %: C 75.97; H 4.84; N 12.22.

N1-(3-Diethylaminoethyl)-4-(2-phenyl-4-quinolylcarbamoyl)benzamide
(13). Yield 75%, mp 240-241°C, Rf 0. 55. IR spectrum, v, cm™: 3292 (NH),
1653, 1636 (NHC = 0). 'H NMR spectrum, d, ppm: 1.06 t [6H, J 7.2 Hz, N
(CH,CH,3)] 2; 2.56 g [4H, J 7.2 Hz, N (CH,CHy)] 2; 2.47 t (2H, J 6.7 Hz,
NCH,); 3.36 - 3.43 m (2H, NHCH,); 7.44-7.63 m (4H, C¢H,); 7.75-7.81 m (1H,
CeHy); 7.81-7.96m (5H, CsH, and NH); 8.12-8.18 m (1H, CgHy); 8.23 s (1H, =
CH); 8.26-8.30 m (1H, C¢H,); 8.32-8.36 m (2H, CgH,); 10.76 s (1H, NH).
Found, %: C 74.63; H 6.45; N 12.00. CyyH3N,O,. Calculated, %: C 74.65; H
6.48; N 12.01.

N1-Phenethyl-4-(2-phenyl-4-quinolylcarbamoyl)benzamide (14). Yield
80%, mp 275-276°C, Rf 0.56. IR spectrum, v, cm™: 3323 (NH), 1653, 1632
(NHC = 0O). 'H NMR spectrum, d, pp m: 2.88-2.94 m (2H, CH,); 3.49-3.57m
(2H, NCHy); 7.13-7.29 m (5H, C¢Hs); 7.45-7.64 m (4H, C¢H,); 7.75-7.81 m
(1H, C¢H,); 7.84-7.93 m (4H, C¢H,); 8.13-8.17 m (1H, C¢H,); 8.23 s (1H, =
CH); 8.24 t (1H, J 5.6 Hz, NHCH,); 8.28-8.32 m (1H, C¢H,); 8.33-8.37 m (2H,
CeHs); 10.79 s (1H, NH). Found,: C 78.93; H 5.31; N 8.90. Cj3;H,sN30,.
Calculated, %: C 78.96; H 5.34; N 8.91.

N1-(3-Methoxypropyl)-4-(2-phenyl-4-quinolylcarbamoyl)benzamide
(15). Yield 80%, mp 228-230°C, Rf 0.57. IR spectrum, v, cm™: 3291 (NH),
1654 (NHC = O). 'H NMR spectrum, d, ppm: 1.78-1.87 m (2H, CH2); 3.32 s
(3H, OCHB3); 3.32-3.39 m (2H, NCH,); 3.44 t (2H., J 6.2 Hz, OCHy,); 7.44-
7.63 m (4H, CgHy); 7.75-7.81 m (1H, CgH,); 7.83-7.91 m (4H, C¢H,); 8.10 t
(1H, J 5.7 Hz, NH); 8.13-8.17 m (1H, C¢H,); 8.23 s (1H, = CH); 8.27-8.31 m
(1H, C¢Hy); 8.32-8.37 m (2H, CgH,); 10.77 s (1H, NH). Found, %: C 73.76; H
5.74; N 9.53. Cy7H2sN30s. Calculated, %: C 73.79; H 5.73; N 9.56.

General procedure for the preparation of 4-(2-phenyl-4-
quinolylcarbamoyl)benzoates (16-21). In a flask with a capacity of 150 ml, a
solution of acid chloride (0.046 mol) in 35 ml of dry benzene is placed. Then,
with cooling, 0.061 mol of aminopropanol dissolved in 35 ml of dry benzene is
gradually added dropwise. Next, the mixture is boiled in a water bath for 6-
7 hours, after cooling, it is treated with a saturated solution of potassium

491



carbonate. The benzene layer is separated, and the aqueous is extracted with
benzene (3x50 ml). The combined extracts are dried over sodium sulfate.
Benzene is distilled off, the residue is an oily substance, crystallizes,
recrystallized from a mixture of absolute ethanol and DMF (15: 5).
2-Dimethylaminoethyl-4-(2-phenyl-4-quinolylbenzamido)benzoate (16).
Yield 69%, mp 173-175 °C, Rf 0.51. IR spectrum, v, cm™ 3215 (NH); 1640
(NHC = 0); 1711 (C = O). 'H NMR spectrum, ppm: 1.00 t (6H, J 7.1 Hz,
N[(CH3)2]; 2.78 t (2H,, J 6.3 Hz, NCH,); 4.31 t (2H, J 6.3 Hz, OCH,) ; 7.44-
7.61 m (4H, CgHy); 7.74-7.80m (1H, C¢H,); 7.93-8.02 m (4H, C¢H,); 8.12-8.16
m (2H, C¢Hy); 8.22 s (1H, = CH); 8.26-.8.31 m (1H, C¢H,); 8.31-8.35 m (2H,
C5H4); 10.88 s (1H, NH) Found, %: C 7393, H 595, N 12.77. C27H25N303.
Calculated, %: C 73.79; H5.73; N 9.56.
N,N-Dimethyl-2-[(4-{2-phenyl-4-quinolylbenzamido}benzoyl)oxy]
ethane-1-ammonium chloride (17). Yield 82%, mp 193-194°C, Rf 0.45. IR
spectrum, v, cm™: 1713 (C = 0), 2365 (NH +). Found, %: C 68.11; H 5.44; N
8.81. C»7H26CIN3Os. Calculated, %: C 68.13; H 5.46; N 8.83.
2-Diethylaminoethyl-4-(2-phenyl-4-quinolylbenzamido)benzoate  (18).
Yield 68%, mp 169-170°C, Rf 0.52. IR spectrum, v, cm™: 3172 (NH); 1679
(NHC = 0); 1716 (C = O). '"H NMR spectrum, ppm: 1.06 t (6H, J 7.1 Hz, N
[(CH,CH;)2]; 2.60 k (4H, J 7.1 Hz, N [(CH,CH3) 2]; 2.79 t (2H, J 6.3 Hz,
NCH,); 4.30 t (2H, J 6.3 Hz, OCH,); 7.45-7.63 m (4H, CsHy); 7.75-7.81m (1H,
CeHy); 7.94-8.01 m (4H, C¢Hy); 8.13- 8.17 m (2H, C¢H.); 8.22 s (1H, = CH);
8.26-8.30 m (1H, C¢Hy); 8.32-8.36 m (2H, C¢H,); 10.89 s (1H, NH). Found, %:
C 73.93; H5.95; N 12.77. C,0H»9N;05. Calculated, %: C 74.50; H 6.25; N 8.99.
N,N-Diethyl-2-[(4-{2-phenyl-4-quinolylbenzamido}benzoyl)oxy]ethane-
1-ammonium chloride (19). Yield 84%, mp. 197-199°C, Rf 0.55. IR spectrum,
v, cm™: 1722 (C = 0), 2345 (NH +). Found, %: C 69.87; H 7.81; N 6.78.
C,9H30CIN305. Calculated,: C 69.88; H 7.82; N 6.79.
2-Dimethylamino-1-methylethyl-4-(2-phenyl-4-quinolylbenzamido)ben-
zoate (20). Yield 71%, mp 163-165 °C, Rf 0.53. IR spectrum, v, cm™: 3172
(NH); 1682 (NHC = O); 1776 (C = O). *H NMR spectrum, ppm: 1.54 d (3H, CH
3 CH, J 6.3 Hz); 2.88-2.89 both d (3H each, N (CHs) 2, J 3.0 Hz); 3.47 dd (1H,
CH,, J1 14.0, J2 6.7, J3 2.3 Hz); 3.66 dd (1H, CH,, J1 14.0, J2 9.2, J3 3.5 Hz);
4.16 dc (1H, OCH, J1 9.7, J2 6.3, J3 2.6 Hz); 7.44-7.61 m (4H, CsHy); 7.74-7.80
m (1H, C¢Hy); 7.93-8.02 m (4H, Cg¢H,); 8.12-8.16 m (2H, CgH,); 8.22 s (1H, =
CH); 8.26-8.8.31 m (1H, Cg¢H,); 8.31-.8.35 m (2H, C¢H,); 10.87 s (1H, NH).
Found, %: C 74.11; H 6.01; N 9.21. CxH,;N3Os. Calculated, %: C 74.15; H
6.00; N 9.26.
N,N-Dimethyl-2-[(4-{2-phenyl-4-quinolylbenzamido}benzoyl)oxy]pro-
pane-1-ammonium chloride (21). Yield 87%, mp 193-194°C, Rf 0.45. IR
spectrum, v, cm™: 1723 (C = 0), 2345 (NH +). Found, %: C 68.62; H 5.71; N
8.56. C,5H»sCIN;Os. Calculated, %: C 68.64; H 5.72; N 8.58.
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4-2-d5 LPL4-LPLALPLYUCLLATUAPD)AELAN3WLTL (-~ P LAL
WoUULS3ULLELP UPLEEAL BU NUUUU T LLEUSPL WUSPUNFE-3AFLL

U N. bUURUL3UL, U U SELOFE-S3AFL3TL, U. U. SULNFR-B3AFL3T,
U Q. UNULEL3UWL, U. U. UUHUC3UL U U U. SUSHUSAFLDE

Npry sy fibs wwpnidunnply wifbbbpf b ibyguduyfwd aypyudpiibph N-ugfyog-
dwts nhulygfuyp wpggnpncd  d-(2-lisfy)-d-(pllmyfyuppodngfy) plignpulus [@f
ety plope] wfliqdly b Snp phigudfuyibp N1-(nbquluypdus $hify)-4-(2-pb-
ifpy-d-plimpylpuppu dngpy)-,  N1-(nbguluypfud  aglhfy)-4-(2-pbify-4-plimnyfyuppo-
dnypy) plitsguidfpgolip : O-Ugfyyuy dundp ufifligyly bl 2-gpusglyfoyudfisnusghfoy-2-(2-$lisfy-4-
plimfpyuppundngfy) pbignumbp L NN-yhuylpy-2-[(4-(2-Pbify-4-plrtinyfyphigudp-
i fpblognypy) opup] bFuts-, wypnupute-1-widnbipncdp pyoppyibp: eoncdbufply b dfo-
grefTymtitbph Susljududipbun e wlpnfufn fFynikpp quudypalpd; o $ppolnhbpp L
gprusdpugulputs gnoypliibph Wunndudp: Twpgyly §, np N-ugpjugdwl wpguppibpp
[Py Susljuuidusiapbuy il wlpnfufncfdyncts Bl goeguwphpmed oqunmgnpdms prynp junudibpp
Wunmbunlp (d=10-1444): bpp dpugm [Fynhbpnod phlgud qugpl famdpp dinfapfi-
ofmd b fruasylyfpyridflonsmy hfypuy il pudpnd, Quiljudwlipbuyfis wlpnf fncfdymbp gy finpbi
dhSwhncd £ (d = 16-22 fi).

CUHTE3 U AHTUBAKTEPUAJIbBHASA AKTUBHOCTDb HOBbIX
MMPOU3BO/JHBIX 4-(2-®EHWUJI-4-XUHOJINIKAPBAMOW.T)BEH30MHON
KHUCJOTbI

A.Y.UCAXAHSH, A. A. APYTIOHSH, H. C. APYTIOHSIH
A.T. APAKEJISIH, A. C. CA®APSIH n A. A. IAXATYHHU

HayuHo-TexHOJI0THYeCKHil IEHTP OpraHuYecKoi u GapManeBTHUECKOH XUMUH
HAH Pecny6muku Apmenust
Apwmenus, EpeBan, 0014, np. A3atyTtsH 26
E-mail: anush.isakhanyan.51@mail.ru

B pesynprate peakuuu N-anuaupoBaHust XJopaHruapuaom 4-(2-denun-4-xuHo-
JHITKapOaMOnIT)0EH30MHOM KHCIOThI HEKOTOPBIX MEPBUYHBIX APOMATHUYECKUX AMHHOB U
3aMEIICHHBIX aIKHJIAMHHOB MOJTYYeHBI HOBEIe OcH3amunel — N1-(3aMerieHHbIe (heHr)-
4-(2-penmn-4-xunomuakapdbamoni), N1-(3ameniennbie ankun)-4-(2-heHun-4-XxuHoMmI-
kapbamomn)oenzamuapl. O-ANMIMPOBAHUEM TONTYYEHBI 2-THATKHI aMUHOAIKUI-4-(2-
¢benmn-4-xunonunkapoamomn)oenzoarsl 1 N,N-muankun-2-[(4-{2-penun-4-xunonun
OeH3aMHI0 } OEH30MIT)OKCH |3TaH-, MPONaH-1-aMMOHHYM XJIOPHJIBL. Y CTaHOBJICHO, YTO
npoxykTel N-anmnmmpoBaHUsT HPOSBISIIOT CIa0yl0 NMPOTUBOMHUKPOOHYIO aKTHMBHOCTH B
OTHOILECHUH BCEX MCIMONB30BaHHBIX TaMMOB(0=10-14 mum). Ilpu 3ameHe OeH3aMHUIHON
TPYNIUPOBKY HA TUATKAIAMHHOAIKIIEHYIO aKTHBHOCTD COCJIMHEHHH 3HAYUTEIHHO I10-
Boiaercst (d=16-22 awm).
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SYNTHESIS OF N-TERT-BUTYLOXYCARBONYLGLYCYL-(S)-p-[4-
ALLYL-3-PROPYL-5-THIOXO-1,2,4-TRIAZOL-1-YL]-a-ALANINE
DIPEPTIDE AND STUDY OF ITS ANTIFUNGAL EFFECT
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A new undescribed in the literature N-t-butyloxycarbonylglycyl-(S)-B-[4-allyl-3-propyl-5-thioxo-
1,2,4-triazol-1-yl]-a-alanine dipeptide has been synthesized by the method of activated esters.

To obtain comparative data on antifungal effect, the synthesized dipeptide and the initial amino
acids (S)-p-[4-allyl-3-propyl-5-thioxo-1,2,4-triazol-1-yl]-a-alanine and glycine were studied in vitro. 3
Fungi strains were selected for the study: Aspergillus fumigatus MDC 8403, Aspergillus candidus
MDC 10556, Penicillium chrysogenum MDC 8281. They were provided by the Microbial Depository
Center of the Scinetific and Production Center “Armbiotechnology” of NAS RA.

The study showed that the initial protein and non-protein amino acids did not exhibit antifungal
effect, while the synthesized dipeptide suppressed the growth of the selected strains. Concentration-
dependent subsequent experiments showed that with the increase in peptide concentration the
inhibitory effect enhanced.

Figs. 3, references 6.

Despite the fact that peptides have been studied in various fields of
chemistry and medicine for decades, interest in peptides remains topical today.

Peptides are pharmacologically active compounds used in the treatment of
various diseases starting from diabetes to tumors [1-2].

It is worth mentioning that the number of peptides containing non-protein
amino acids is high among both well-known drugs and new tested compounds

[3].
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However, there are almost no data on peptide-nature drugs with antifungal
effect. Thus, taking into account the efficacy [4] of the triazole ring containing
compounds among antifungal drugs, a new undescribed in the literature N-t-
butyloxycarbonylglycyl-(S)-B-[4-allyl-3-propyl-5-thioxo-1,2,4-triazol-1-yl]-o.-
alanine dipeptide, which contains a triazole ring in its structure, has been
synthesized by us. We have also studied the antifungal effect of the synthesized
dipeptide.

The peptide synthesis was carried out by the method of activated esters in a
solution. The method is distinguished by its simplicity and possibility to obtain
final products with good yields and high purity [5]. At the first stage, N-t-
butyloxycarbonylglycine was obtained using di-tert-butyl pyrocarbonate in an
alkaline aqueous-organic medium (Scheme 1).

Scheme 1
\)L >|\ )J\ )J\ )< izopropanol
NaOH/NaHCO
Sl
OH
O)J\N + >L‘0H + Cco,
H 4 5

3 (o]

At the next stage, from N-t-butyloxycarbonylglycine (3) using dicyclo-
hexylcarbodiimide, succinimide ester (6) was obtained, which by condensation
with a non-protein amino acid in an alkaline aqueous-organic medium was
converted to the corresponding dipeptide — N-t-butyloxycarbonylglycyl-(S)-B-
[4-allyl-3-propyl-5-thioxo-1,2,4-triazol-1-yl]-a-alanine (8) (Scheme 2).

Scheme 2
g e
dioxane
>L0)J\N Hoj:} Q "~
3
\H ﬂg\ /YJ\OH dioxane 6
The next stage related to study of the effects of the initial amino acids,
including glycine, (S)-B-[4-allyl-3-propyl-5-thioxo-1,2,4-triazol-1-yl]-a-alanine
and that of the synthesized dipeptide N-t-butyloxycarbonylglycyl-(S)-B-[4-allyl-

3-propyl-5-thioxo-1,2,4-triazol-1-yl]-a-alanine.
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Fig. 1. I-control, 11-0.1 ml, 11-0.2 ml, IV-0.2 ml solution of N-t-butyloxycarbonylglycyl-(S)-p-[4-
allyl-3-propyl-5-thioxo-1,2,4-triazol-1-yl]-c-alanine. 1- Aspergillus fumigatus MDC 8403, 2-
Aspergillus candidus MDC 10558, 3- Penicillium chrysogenum MDC 8281.



The objects of the study were 3 strains of fungi from the National Culture
Collection of Microorganisms of MDC: Aspergillus fumigatus MDC 8403,
Aspergillus candidus MDC 10556, Penicillium chrysogenum MDC 8281.

The study has shown that the synthesized dipeptide suppresses the growth
of strains, whereas the initial amino acids do not affect the growth of strains.

At the next stage, different concentrations of the synthesized dipeptide were
tested, the results are shown in Fig. 1.

As follows from the Figure, when adding the studied dipeptide to the
nutrient medium, suppression of sporulation and partial growth are observed in
test fungi compared with the control, strengthening with the increase in
concentration of dipeptide.

Experimental Part

'"H NMR spectra were recorded on Varian “Mercury 300VX” with an
operating frequency of 300.08 MHz in a DMSO-D¢/CCl, 1/3 solution using the
method of double resonance. TLC was performed on “Silufol UV-254" plates in
a mixture of chloroform-ethyl acetate-methanol (4:4:1), and the developer was
chlorotoluidine. The elemental analysis was performed on an elemental CNS-O
“Euro EA3000” analyzer.

HPLC analysis of the dipeptide was carried out on a “Waters 2695
Separations Module” liquid chromatographer (USA) with a “Waters 2487~
ultraviolet detector using a stationary phase “AltimaC 187, 5 um, 250x4.6 mm;
elution was performed in an isocratic mode; as a mobile phase A: 0.15% TFA +
H20; B: 0.13% TFA + MeCN was used, the flow rate was 1 ml/min, detection
was carried out at a wavelength of 210 nm, column temperature was 25°C,
injection volume was 10 ul. Chemicals and eluents from “Sigma-Aldrich” were
used with a purity of > 99.9% (gradient grade for HPLC).

An optically pure non-protein amino acid was provided by the researchers
of the Laboratory of Asymmetric Synthesis.

Obtaining of N-t-butyloxycarbonylglycine (3) was carried out by the
method of [6]. TLC analysis was in the chloroform-ethyl acetate-methanol
system — 2:4:1. Yield of product 3 — 70%, mp — 95-96°C.

Synthesis of N-t-butyloxycarbonylglycyl-(S)-g-[4-allyl-3-propyl-5-thioxo-
1,2,4-triazol-1-yd]-a-alanine dipeptide (8). 0.48 g (2.32 mmol) of dicyclohexyl-
carbodiimide, previously dissolved in 32 ml of dioxane was added to a solution
of 0.35 g (2 mmol) of N-t-butyloxy-carbonylglycine and 0.25 g (2.2 mmol) of N-
hydroxysuccinimide in a mixture of 5.4 ml of dioxane and 2 ml of methylene
chloride at 0°C. The reaction mixture was stirred for ~2 hrs at 0°C and left in
the refrigerator overnight. TLC analysis [SiO,, CHCls/ethyl acetate/CH;OH
(2:4:1), developer chlorotoluidine]. The residue formed was filtered off, the
solvent was distilled off on a rotary evaporator, and the precipitate was
crystallized from isopropyl alcohol. Yield 0.38 g (71%). The obtained
succinimide ester was used at the next stage for the synthesis of N-t

butyloxycarbonyl tripeptide.
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In a flat-bottomed flask with a magnetic stirrer, 0.381 g (1.41 mmol) of (S)-
B-[4-allyl-3-propyl-5-thioxo-1,2,4-triazol-1-yl]-a-alanine, 2.8 ml (1.4 mmol) of
0.5M sodium hydroxide solution (NaOH) and 0.089 g (1.07 mmol) of baking
soda (NaHCO;) were mixed. At room temperature, 0.365 g (1.34 mmol) of N-t-
butyloxycarbonylglycine succinimide in 4 ml of dioxane was added, the reaction
mixture was stirred for 6 hrs and left overnight. The next day, 10 ml of ethyl
acetate and 3 ml of 10% citric acid were added to the contents of the flask. After
vigorous stirring, the organic layer was separated, and the aqueous layer was
twice extracted with ethyl acetate (6 ml each). The organic layer was dried with
anhydrous sodium sulfate, then the solvent was evaporated to dryness. The
viscous residue was dissolved by heating in a mixture of 10 ml of hexane and
3 ml of ethyl acetate and left overnight. The white precipitate was filtered off on
a nutsche filter, washed successively with 2 ml of ethyl acetate, after which the
peptide was dried at a temperature of 65°C. TLC analysis [SiO,, CHCls/ethyl
acetate/CH3;OH (2:4:1), developer — chlorotoluidine]. Product yield 0.4 g (70%).
Found, %: C 50.11; H 6.75; N 16.31. C;gH,9N506S. Calculated, %: C 50.57; H
6.84; N 16.38. "H NMR Spectrum, 3, ppm Hz: 1.00 (3H, t, J=7.4, CHs), 1.41
(9H, s, Mejy), 1.73 (2H, sx, J=7.4, CH,CH3), 2.57 (2H, t, J=7.4, CH,C,Hs), 3.54
(2H, br.d, J=5.5, CH,NH), 4.30 (1H, dd, J=13.6, 8.3, CH,CH), 4.52 (1H, dd,
J=13.6, 4.8, CH,CH), 4.62 (2H, dt, J=5.1, 1.5, CH,All), 4.72 (1H, td, J=8.3, 4.8,
CHCHy), 5.08 (1H, dtd, J=17.2, 1.5, 1.0, =CH,), 5.19 (1H, dtd, J=10.5 1.5, 1.0,
=CHy), 5.86 (1H, ddt, J=17.2 10.5, 5.1, =CH), 6.28 (1H, br.t, J=5.5, NHCH,),
7.79 (1H, br.d, J=8.3, NHCH).

The chemical purity of the synthesized dipeptide was also studied by
HPLC. The chromatograms are shown below in Figures 3, 4.

0,249
0,229
0,20
0,183
0,163
0,149

AU

0,129
0,104
0,084
0,063
0,049
0,029

0,003

T T T T T T T T T T T T T T
2,00 4,00 6,00 8,00 10,00 12,00 14,00 16,00 18,00 20,00 22,00 24,00 26,00 28,00 30,00

Name Retention Time Area % Area | Height
N-t-Boc-Gly-(S)-p-[4-allyl-3-propyl-5-
thioxo-1,2,4-triazol-1-yl]-a-Ala 5,107 4277543 87,15 202276
N-t-Boc-Gly-OSu 8,238 51141 1,04 2090
N-t-Boc-Gly 12,309 579505 11,81 7456

Fig. 2. Chromatogram of N-t-Boc-Gly-(S)-B-[4-allyl-3-propyl-5-thioxo-1,2,4-triazol-1-yl]-a-Ala
dipeptide after crystallization.
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Name Retention Time Area % Area | Height
N-t-Boc-Gly-(S)-p-[4-allyl-3-propyl-5- 715107
thioxo-1,2,4-triazol-1-yl]-a-Ala 5,106 8 100,00 315864
Fig. 3. Chromatogram of N-t-Boc-Gly-(S)-B-[4-allyl-3-propyl-5-thioxo-1,2,4-triazol-1-yl]-a-Ala
dipeptide after final crystallization.

As follows from the graphs, the dipeptide synthesized at the first stage after
crystallization contained side compounds, the peaks of which corresponded to
N-t-butyloxy-carbonylglycine and N-t-BOC-glycyl-succinimide ester peaks.
This was proved by the HPLC analysis of the mentioned compounds.
Subsequent recrystallization made it possible to purify the target peptide.

Study of antifungal effect. The objects of the study were 3 strains of fungi
from the National Culture Collection of Microorganisms of MDC: Aspergillus
fumigatus MDC 8403, Aspergillus candidus MDC 10556, Penicillium
chrysogenum MDC 8281.

For the study, an aqueous suspension of fungal spores, obtained after 14
days of growth, was used. Suspensions were added to a 40°C Chapek agar
medium and poured into Petri dishes.

0.1M solution of the dipeptide dissolved in DMSO was added per 0.1, 0.2,
0.3 ml to 20 ml Chapek agar medium cooled to 37-38°C and poured into Petri
dishes. After cooling, test fungi were inoculated with an injection. The control
was fungi inoculated on a dipeptide-free Chapek agar medium in the presence of
DMSO.

To evaluate antifungal activity, the studied compound was applied to a solid
nutrient Chapek medium with a fungi culture. Dishes were incubated at a
temperature of 28°C for 5-7 days.

The research results were expressed by visual assessment of the inhibition
of fungal growth by amino acids. The control was the growth of fungi without
adding amino acids.

This study was supported by the ISTC A-2209.
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N-SLESRANFSO-LUPGU AN LPLALPSPL-(S)-f-[4-RLPL-3-N NNDPL-5-
(-hOLUN-1,24-SCPUANL-1-PL]-¢-BLTLPLP 2P NENSPYP URLOE-BAL
GILNUGUULGU3PL UQYE3NFE-3TL N6SU2NSNFUL

S.\. UUure-usuy, 3n. UL - ULA3UYL, U. UL QUUA-UL3UL, k. W 9-30FLAFU 3T,
U. U. bUUSAF, 33U, U. W. -6ULNrAU3TL, N b. NUENR3UL,
Q. 2. Uu/MMpr3uy L W U. UB3UL

Upufligyly & N-wnplanpnnopufljusppntpyibgpy-(S)-B-[4-uypy-3-wpnuyfy-5-fFfopun-1,
2,4-u1[1[11.uzlnl—1-[ll]—(l-ulll.uil[ﬁl ilnl1, q.pl.l.lllulilnLF‘/LuiI lfbg ZilllulpuuHu{Lu&, rl_[uz[liulm[nl.‘
bpppranbyrf wilpnfufusgums Lufdbphbpf byt :

Ppuwlutigly £ ufufthgfws qpuylbympep b Qudbdumwlwl adpugibp omubogne
l.l.l[[ill[l.l.ll[lgﬂl[ blulJ[lil LUlr[lillU[J[;ﬂLillTp[l (S)'B'[4'llll[ll'3'll[ﬂﬂlli[ll'5‘/;[lolgllI1'1,2,4'"1[1[11-”1[1['
l-ﬁl]-a—wlwil[ﬂl[l I 11_1113[111[1 <ullll.l.ll.lilllul‘/[lil ulzlll_bgnL[JJulil in vitro Clnnt.utlnmnl_lf.'
”LunLLﬁuuu[l[urlufl 4Lulflul1 Eilmlnllil ku 3 ufl[lmJﬁfl zmwlﬂipﬂ‘ Aspergillus fumigatus MDC
8403, Aspergillus candidus MDC 10556, Penicillium chrysogenum MDC 8281, npnfqg
&binp bl plpdfly Suypwnwbfs dubipliubph wfwiigugpdul jiunpoify :

Qlamugmnny [Fyuds wpugynihpned pusgw Syl &, np bypy s wodfbu @ dncidipp gk gne-
guphply Swlpbiluyfil wgglgn Gy, puly ufifdhqywd gfugbopnpup Sioky b plapdws
pmundbipp wip: L inp&wplndibpp fupufms hriglbinupghogpy gy ki adby,
np ubupnfugf ynlgbnpugfogf dbSwgndp  phpned b wpgbpulfs - wqplgnedyub
Lﬂn}wglfulflﬂ.‘

CHUHTE3 N-TPETBY TUWJIOKCUKAPBOHMNJI-(S)-B-[4-AJIJINJI-3-TIPOITNJI-5-
THUOKCO-1,2,4-TPUA30JI-1-UJ1]-a-ATAHUH JUTNTENITU A
U UCCJEJJOBAHUE EI'O AHTUTPUBKOBOI'O JTENCTBUSI

T. O. CAPI'CAH, 10. M. JAHT'SIH, C. M. I’ KAMI'APSH, 3. A. TIOJIYMSH,
H. A. XAYATYPSH, C. A. TEBOPI'SIH, E. 1 AKOIISIH, 3.3. MAPJIUSIH u A. C. CAT'SIH

MeToJI0M aKTHBUPOBAaHHBIX 3()UPOB CHHTE3MPOBAH HE ONHUCAHHBIN B JIMTEpaType
aunentan  N-tper-OyTrnokcukapOoHmtrmuii-(S)-f-[4-ammmi-3-nponmn-5-tokco-1,2,
4-tpuazon-1-un]-o-amaHuHa.

OcyIIecTBICHO HCCIeJ0BaHMUE N Vitr0 aHTHTPHOKOBOTO IEHCTBHUSI CHHTE3UPOBAHO-
ro JWMENTHAA M HCXOJHBIX aMHHOKUCIOT (S)-B-[4-ammmn-3-nponmi-5-tokco-1,2,4-
TpHua3oi-1-nn]-o-anaHuHA ¥ TIIULIKHA.

OOBeKTaMK UCCIIeIOBAHMS CITYKHUIH 3 mTaMMa rpuboB 13 HalroHaapHOW KoJUIeK-
M  KymsTyp MukpoopranusmoB Apmennu; Aspergillus fumigatus MDC 8403,
Aspergillus candidus MDC 10556, Penicillium chrysogenum MDC 8281.

Pe3ynbTaThl MCCIEIOBAHUS BBISBUIIM, YTO HMCXOJHbIE aMHHOKHCIOTBHI HE HPOSB-
JISIFOT QaHTUTPUOKOBOTO JICUCTBHUS, & CHHTE3UPOBAHHBIN JAMUIENTH]I TOAABJISIET POCT BbI-
JIeNICHHBIX IITaMMOB TI0 CPAaBHEHHIO C KOHTPOJIeM. BhIIo Taxke OTMEueHO IMOAaBIeHHE
CIIOPOHOIICHNS W YaCTHYHO POCTa TPHOKOB, YCHIIMBAIOIIECECS C MOBBIIIICHUEM KOHIICHT-
pauuu JUIenTHIa B TUTATEIbHOM cpejie.
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INTERACTION OF ACETOACETIC ACID ARYLAMIDES
WITH ETHOXYMETHYLIDENEMALONONITRILE.
SYNTHESIS OF 5-ACETYL-1-ARYL-2-AMINO-6-OXO-1,6-
DIHYDROPYRIDINE-3-CARBONITRILES

M. S. SARGSYAN, K. A. AVAGYAN, A. A. SARGSYAN, A. E. BADASYAN,
A. Kh. KHACHATRYAN, S. G. KONKOVA, A. G. MANUKYAN,
G. M. MAKARYAN and S. S. HAYOTSYAN

The Scientific Technological Centre of Organic
and Pharmaceutical Chemistry NAS RA
26, Azatutyan Ave., Yerevan, 0014, Armenia
E-mail: mushegh.sargsyan@yahoo.com

It has been shown that the interaction of acetoacetic acid arylamides with ethoxymethyl-
idenemalononitrile proceeds in absolute ethanol in the presence of triethylamine at room
temperature, and according to NMR and IR spectroscopy, affords 5-acetyl-1-aryl-2-amino-1,6-
dihydropyridine-3-carbonitriles in 57-78% yields.

References 9.

The intensive development of chemistry of pyridones and their analogues
led to the creation of numerous derivatives interesting from the point of view of
synthetic organic chemistry. Among pyridine derivatives, cyano- and amino
derivatives, which possess a wide spectrum of biological activity, occupy a
special place. Thus, Milrinon, Amrinon [1] and their analogs [2-4] are
cardiotonic agents for the treatment of cardiac insufficiency. Some 2-pyridones
have been reported to have antitumor [5] and antibacterial [6] activities.

Milrinone WIN47203 Amrinone WIN 40680
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Recently, we have established that the interaction of ethoxymethylidene-
cyanoacetic ester with arylamides of acetoacetic acid proceeds in the presence of
triethylamine or sodium ethoxide. At the same time, the resulting Michael
intermediate adduct undergoes azacyclization involving mainly the cyano group,
forming ethyl 5-acetyl-1-aryl-6-hydroxy-2-imino-1,2-dihydropyridine-3-
carboxylates [7].

In this work, we studied the interaction of acetoacetic acid arylamides 1
with ethoxymethylidenemalononitrile 2 in order to detect the regioselectivity of
intramolecular cyclization of the intermediate Michael reaction adduct, that is,
to find which of the functional groups, amide- (path a) or acetyl- (path b) will
participate in cyclization as a nucleophile. It should be noted that this adduct, in
addition to cyclization, can theoretically undergo the retro-Michael reaction [8]
(path ¢, Scheme).

Scheme

OEt
JI\/U\ Et}N
N —
ArHN CH; EtO CN 2025C {a
1a- 2 \
2 \

0" \H

|
’ a
O
NHAr
=N __ CN
= * RO NHAr
o NH

(€] 2
5 6
CH; Q CH; l
o = NHAr o % | CN
Y If] CH; 0] 1|\1 NH,
Ar Ar
7 Sa-g

Ar=CgHs (a), 4-CH;CgH, (b), 4-NO,CgH, (¢), 2-CHyCgH, (d), 3-CH;CgH, (e), 4-CH;0CH, (f), 2-CH;0CH, (2).

Experiments have shown that this interaction occurs in the presence of
triethylamine at room temperature, and the resulting intermediate adduct (3),
according to NMR and IR spectroscopy, undergoes azacyclization (path a),
forming 5-acetyl-1-aryl-2-amino-6-0xo0-1,6-dihydropyridine-3-carbonitriles (5a-
g), with yields of 57-78%. It should be noted that no compounds which could be
formed via paths b and ¢ were found in the reaction products.

The antibacterial activity of the synthesized compounds 5b-f was studied by
the agar diffusion with a bacterial load of 20 million microbial cells per 1 ml of
medium on gram-positive staphylococci (Staphylococcus aureus 209p., Bacilus
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subtilis) and gram-negative bacilli (Sh. Flexnezi; 6858, E. Coli subure); 55) [9].
Studies have shown that compounds 5b-f exhibit weak activity.

Thus, we have found a new efficient method for the synthesis of previously
unknown 5-acetyl-1-aryl-2-amino-6-0xo0-1,6-dihydropyridine-3-carbonitriles by
reacting acetoacetic acid arylamides with ethoxymethylidenemalononitrile in the
presence of triethylamine at room temperature.

Experimental part

The IR spectra were recorded on a “Nicolet Avatar 330 FT-IR”
spectrophotometer in vaseline oil. The *H and **C NMR spectra were obtained
on a Varian “Mercury 300VX” instrument with operating frequencies of
300.077 and 75 MHz, solvent — DMSO-d-CCl, (1: 3), internal standard —
TMS. Melting points are determined on the “Boétius” table.

General procedure for the synthesis of 5-acetyl-1-aryl-2-amino-6-o0xo-
1,6-dihydropyridine-3-carbonitriles 5a-g. An absolute ethanol solution of
1.5 mmol of compounds 1 and 2 in the presence of a catalytic amount of
triethylamine is left for 3 days at room temperature. The precipitated crystals are
filtered off, washed with absolute ether and recrystallized from absolute ethanol.

5-Acetyl-2-amino-6-oxo-1-phenyl-1,6-dihydropyridine-3-carbonitrile
(5a). Yield 0.29 g (78%), mp 260°C. IR spectrum, v, cm™: 3449, 3196 (NH,),
2222 (CN), 1686 (CO), 1652 (CON). *H NMR spectrum, &, ppm: 2.39 (s, 3H,
CHg); 7.20-7.25 (m, 2H, orto-CgHs); 7.36 (m, 2H, NH,); 7.49-7.62 (m, 3H,
meta, para-CsHs); 8.17 (s, 1H, =CH). **C NMR spectrum, 8¢, ppm: 29.8 (CHs):
73.1 (CCN); 112.9; 116.1 (CN); 128.2 (2.CH, Ph); 129.1 (CH, Ph); 129.8 (2CH,
Ph); 134.2 (Cipso, Ph); 146.2 (CH); 157.4; 159.8, 192.0 (CO). Found, %: C
66.12; H 4.51; N 16.82. C14H1:N30,. Calculated, %: C 66.40; H 4.38; N 16.59.

5-Acetyl-2-amino-6-oxo-1-p-tolyl-1,6-dihydropyridine-3-carbonitrile
(5b). Yield 0.29 g (68%), mp 259°C. IR spectrum, v, cm™: 3308, 3187 (NH,),
2212 (C=N), 1662 (CO), 1640 (CON). ‘*H NMR spectrum, &, ppm: 2.39 (s, 3H,
COCHs); 2.47 (s, 3H, CHs); 7.07-7.12 (m, 2H, CsH,); 7.28 (m, 2H, NH,); 7.36-
7.41 (m, 2H, C¢H,); 8.16 (s,1H, =CH). **C NMR spectrum, 8¢, ppm: 20.8 (CHy);
29.9 (COCHjy); 73.1 (CCN); 113.0; 116.1 (CN); 127.9 (2CH); 130.5 (2CH);
131.5, 138.7, 146.1 (CH); 157.5, 159.9, 192.2 (CO). Found, %: C 67.05; H 4.72;
N 15.91. Cy5H13N30,. Calculated, %: C 67.40; H 4.90; N 15.72.

5-Acetyl-2-amino-1-(4-nitrophenyl)-6-oxo-1,6-dihydropyridine-3-
carbonitrile (5¢). Yield 0.29 g (66%), mp 350°C. IR spectrum, v, cm™: 3417,
3187 (NH,), 2213 (CN), 1672 (CO), 1632 (CON). 'H NMR spectrum, 8, ppm:
2.39 (s, 3H, CHy); 7.51-7.56 (m, 2H, C¢H,); 7.76 (m, 2H, NH,); 8.18 (s, 1H,
=CH); 8.37-8.42 (m, 2H, CgH,,). *C NMR spectrum, ¢, ppm: 29.8 (CHs); 73.5
(CCN); 112.5; 115.9 (CN); 125.0 (2CH); 130.3 (2CH); 140.3,146.6 (=CH);
148.1, 157.2, 159.7, 191.8 (CO). Found, %: C 56.04; H 3.52; N 18.98.
C14H1oN4O,. Calculated, %: C 56.38; H 3.38; N 18.78.
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5-Acetyl-2-amino-6-0xo0-1-o-tolyl-1,6-dihydropyridine-3-carbonitrile
(5d). Yield 0.3 g (75%), mp 170°C. IR spectrum, v, cm™: 3316, 3187 (NH,),
2218 (C=N), 1690 (CO), 1632 (CON). *H NMR spectrum, &, ppm: 2.10 (s, 3H,
CHg); 2.40 (s, 3H, COCHy); 7.09-7.15 (m, 1H, C¢H,); 7.35 (m, 2H, NH,); 7.35-
7.46 (m, 3H, CgH,); 8.18 (s,1H, =CH). ¥C NMR spectrum, d¢, ppm: 16.6 (CHs);
29.8 (COCHg); 73.0 (CCN); 112.8; 116.0 (CN); 127.4 (CH); 128.1 (CH); 129.3
(CH); 131.3 (CH); 133.2, 135.6, 146.3 (=CH); 157.0, 159.3, 192.0 (COCHy).
Found, %: C 67.11; H 4.71; N 15.98. C;5sH:3N50,. Calculated, %: C 67.40; H
4.90; N 15.72.

5-Acetyl-2-amino-6-0xo-1-m-tolyl-1,6-dihydropyridine-3-carbonitrile
(5€). Yield 0.23 g (57%), mp 230°C. IR spectrum, v, cm™: 3306, 3189 (NH,),
2225 (C=N), 1655 (CO), 1619 (CON). *H NMR spectrum, &, ppm, Hz: 2.39 (s,
3H, COCHjy); 2.45 (br.d, 3H, CHy); 6.98-7.03 (m, 2H, C¢H,), (5,6); 7.32 (m, 2H,
NH,); 7.30-7.34 (m, 1H, CsHy), (3); 7.46 (td, 1H,J=7.6, 0.6, C¢H,), (4); 8.15 (s,
1H, =CH). ®C NMR spectrum, 8¢, ppm: 20.8 (CHj); 29.8 (COCHs); 73.0
(CCN); 112.9; 116.0 (CN); 125.0 (CH); 128.6 (CH); 129.5 (CH); 129.8 (CH);
134.0, 139.5, 146.1 (=CH); 157.3, 159.8, 192.0 (COCHy). Found, %: C 67.15; H
4.61; N 16.01. C15H13N30,. Calculated, %: C 67.40; H 4.90; N 15.72.

5-Acetyl-2-amino-1-(4-methoxyphenyl)-6-oxo-1,6-dihydropyridine-3-
carbonitrile (5f). Yield 0.32 g (76%), mp 240°C. IR spectrum, v, cm™: 3440,
3136 (NH,), 2214 (C=N), 1688 (CO), 1661(CON). *H NMR spectrum, &, ppm:
2.39 (s, 3H, CHy); 3.88 (s, 3H, OCHy); 7.06-7.15 (m, 4H, C¢H,); 7.32 (m, 2H,
NH,); 8.15 (s, 1H, =CH). *C NMR spectrum, 8¢, ppm: 29.9 (CHj); 54.9
(OCHy); 73.0 (CCN); 112.9; 115.2 (2CH); 116.1 (CN); 126.4; 129.3 (2CH);
146.0 (=CH); 157.8, 159.7, 160.0, 192.2 (COCH,). Found, %: C 63.25; H 4.42;
N 15.07. C15H13N30s. Calculated, %: C 63.60; H 4.63; N 14.83.

5-Acetyl-2-amino-1-(2-methoxyphenyl)-6-oxo-1,6-dihydropyridine-3-
carbonitrile (5g). Yield 0.31 g (74%), mp 209°C. IR spectrum, v, cm™: 3454,
3176 (NH,), 2214 (C=N), 1709 (CO), 1640 (CON). 'H NMR spectrum, &, ppm,
Hz: 2.39 (s, 3H, CHz3); 3.83 (s, 3H, OCHjy); 7.08-7.14 (m, 2H, C¢H,); 7.18 (br.d,
d 1H, J=8.4, CsH,); 7.36 (m, 2H, NH,); 7.49 (ddd,1H, J=8.4, 5.5, 3.7, CsH, );
8.16 (s, 1H, =CH). *C NMR spectrum, 8¢, ppm: 29.8 (CHs); 55.4 (OCHs); 72.9
(CCN); 112.7 (CH); 116.2, 121.0 (CH); 122.2, 129.4 (CH); 130.8 (CH); 146.3
(CH); 154.6, 157.4, 159.4, 192.2. Found, %: C 63.25; H 4.49; N 15.13.
C1sH13N30s. Calculated, %: C 63.60; H 4.63; N 14.83.
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By b npufly, np wylinnpugupunf@@fh wpppudpygibpp gopogpbyndyocg Gfdopup-
dbpyfrliduyinipunppyf S pifFutinud § pugupduly Lduiingncd, iphbfdpyudfif bbp-
Guyne[Fyudp, wlygwlg i Jhpdwunpluincd: 24udwdmpy UUTE Ik PY ugblpnprulnugfugf
sndfyusibipfr, wnmQuighned B 5-uglinfy-1-wpfy-2-wdfiin-6-opun-1,6-gf1S ppnuypppefi-3-
fuppnispunpfybbp 57-78% bpm: Lbpdpubpfu wnwuynedp gnyy & mgfu, op Gufs
sprfuragpligmfFyuits - pufuigpnid qupugud  dfQuililyuy  wgmlpmf ghlyjugdub dudubil
npughu Snclybngpy Swbighu § quyfu dfylh wdfgugpl flpodnpeedp: Gplpnpy ghlyjuy-
duds phfFuigprd qujugud whpfogfif oyl wdubigguyp, nbulgpugf guyduibbpnd,
sprfunsgupbgne fFyuits dfuislyuy wgnclnf dwsbubgnudp. piftugng Uppuybyp nbopn-
nbulyghuyf wpguappbbp $bh grjuind:

Quilpusduripbuy s neancllnfipnofyncihbpp gnyg b by, np ofifPhqfmd dfugn:-
[yriiilipp gneguplpned Bl [Fncgy wlyfufm g :

B3AUMOJIEMCTBUE APUJIIAMHUIOB AITIETOYKCYCHOM KUCJOTBI
C OTOKCUMETHWJINAEHMAJIOHOHUTPUJIOM. CUHTE3 5-AIETHJI-1-
APWII-2-AMUHO-6-OKCO-1,6-JTUT'HAPOIIUPUINH-3-KAPBOHUTPUJIOB

M. C. CAPT'CSIH, K. A. ABAT'SIH, A. A. CAPI'CSIH, A. 9. BAJIACSIH,
A. X. XAYATPSH, C.T. KOHbBKOBA, A. . MAHYKSIH,
I'. M. MAKAPSIH u C. C. AMOIISIH

Hay4yHo-TeXHOJIOTHUEeCKHiT IEHTP OpraHNYecKoil u GapMaleBTHIECKOH XUMUH
HAH Pecny6muku Apmenus
Apwmenus, 0014, Epesan, np. A3zatytsaH, 26
E-mail: mushegh.sargsyan@yahoo.com

[TokazaHo, YTO B3aMMOJECHCTBHE apHJIAMUIOB alETOYKCYCHOM KHCIIOTBI C 3TOKCH-
METWINACHMAJIOHOHUTPUIOM MPOTEKAeT B aOCONOTHOM ITAHOJIE B MPUCYTCTBUH TPHUI-
TWJIaMUHA TIPH KOMHaTHOH TeMmepatype. CormacHo nanueM SIMP u UK crnekrpocko-
nuM, odpasyrorest S-aretui-1-apui-2-aMuHO-1,6-quruaponupuanH-3-KkapOOHUTPHIIBI C
BeIXOHmamu 57-78%. OOpa3oBaHue MOCIEAHUX MMOKA3bIBAET, YTO MPHU IUKJIH3AINN 00pa-
3YIOILErocsi MPOMEKYTOYHOTO aJayKTa B KauecTBe HYyKJIeo(usia BBICTYNAET TOJBKO
amuzHas rpymnna. B mporecce nukin3anuu odpasyloleecs IMUHONPOU3BOIHOE MHPHU-
JIMHA B YCJIOBHSX PeakiMy MpeBpaliaeTcs B eHaMUHHBINA TayTomep. Crenyer 100aBUTh,
YTO TPOJYKThI PETPO-peakin Muxasisi ¢ y4acTHeM MPOMEXKYTOUHOTO aJJ[yKTa B JlaH-
HBIX YCIIOBHUSX HE 00pa3yroTCs.

HccnenoBanus mokasaiy, YTO CHHTE3UPOBAaHHbBIE COSIUHEHUs TPOSIBISIOT CIa0yIo
AQHTUOAKTEPHAIbHYIO aKTUBHOCTb.
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SYNTHESIS AND STUDY OF ANTIOXIDANT ACTIVITY
OF 5,7-DIALKYLDIAZAADAMANTANES CONTAINING
CARBOXYLIC ACID FRAGMENTS

A.D. HARUTYUNYAN, K. A. GEVORKYAN, M.V. GALSTYAN,
J. M. BUNIATYAN and H. A. PANOSYAN

The Scientific and Technological Centre of Organic and Pharmaceutical Chemistry NAS RA
26, Azatutyan Str., 0014, Yerevan, Armenia
E-mail: galstyan.mariam91@mail.ru

For the first time, 9-oxo-1-methyl-5-ethyl-(5-propyl-, 5-butyl)-3,7-diazabicyclo/3.3.1/-
nonanes were synthesized. By condensation of the latter and 9-hydroxy-1,5-(dimethyl-, diethyl-,
dipropopyl-, dibutyl)-3,7-diazabicyclo/3.3.1/nonanes with pyruvic or levulinic acid, new
2-substituted diazaadamantanes containing a carboxyl group were obtained. According to the
results of biological tests, some compounds of this series have weak antioxidant activity.

References 7.

Our early works were devoted to the synthesis and study of the biological
activity of some 2-substituted diazaadamantanes containing aromatic or
aliphatic substituents at the 5th and 7th positions of the adamantane ring [1-4]. It
was of interest to synthesize diazabicyclononanes with various radicals in these
positions, such as methylethyl, methylpropyl and methylbutyl 7-9. The synthesis
was carried out according to Scheme 1.

Scheme 1

(CHp)6Ny
Bu-OH, CH;COOH

CH,COCI

CZHS-T?-CHZR

N-COCH;

N-COCH3

4-6

R =C,H;5 C3H;, C4Hy

Mannich reaction from ethylpropyl, ethylbutyl, ethylpentylketones,
urotropine in butanol in the presence of acetic acid gave diazaadamantanes 1-3,
which were further converted by diacetyl chloride to diacetyl derivatives 4-6. By
acid hydrolysis and further alkaline treatment of 4-6, 1-methyl-5-ethyl-, 1-
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methyl-5-propyl-, 1-methyl-5-butyl-9-0x0-3,7-diazabicyclo/3.3.1/- nonanes 7-9
were synthesized.

The combination of compounds of the adamantane series with acid
fragments is of great interest for the synthesis of new derivatives of various
types. The antimicrobial and antibacterial activity of these compounds is known
[5]. However, in the literature there are no data on diazadamantane acids. For
the synthesis of such compounds, 5,7-dialkyl-substituted diazabicyclononanes
7-10 (compound 10 was obtained by reducing the keto group in the
corresponding bicyclononanes with sodium borohydride) were condensed with
pyruvic or levulinic acid. As a result, compounds 12-27 containing an acid
fragment in the second position of the diazaadamantane ring were obtained
(Scheme 2).

Scheme 2
R R
X X
‘ + CH;3- ﬁ -(CHy), - COOH —— ; h
R!—/< NH R N
7-10 (CH,),-COOH
H,;C

3 12-27
X=0,R=R'=CH;,n=0(12; R=R'=CH;,n=2(13); R=R'=C,Hs, n =
0 (14); R=R'=C,Hs, n =2 (15); R= CH;, R' = C,Hs, n = 2 (16); R = CH5;, R' =
CsHy, n=2(17); R=R'=C3H;, n =0 (18); R = R'= C3Hy, n = 2 (19); R = CH;,
R' = C,Ho, n = 2 (20); R = R*= C4Hq, n = 2 (21); R = R' =is0-C3H-, n = 0 (22);
X=0H,R=R'=CH;3 n=2(23); R=R'=C,Hs, n=0(24); R=R"' = C;Hs, n
=2 (25); R=R'=C3H;, n =2 (26); R =R'= CgHs, n = 2 (27).

The structure of the synthesized compounds was confirmed by elemental
analysis, IR, *H and *C NMR spectra.

The antioxidant activity of the synthesized compounds was studied in rat
brain tissue homogenates in experiments in vitro according to the method [6,7].
Lipid peroxidation was evaluated in a non-enzymatic lipid peroxidation system
by the yield of one of the final products of malondialdehyde (MDA), which was
determined by the ratio of the density of the studied substances to the control,
expressed as a percentage. A sample with induced lipid peroxidation was used
as a control.

Studies showed that the studied compounds did not exhibit a noticeable
antioxidant effect. The highest activity was detected in compound 27 at a
concentration of 10 M. The degree of influence of the latter led to inhibition of
the lipid oxidation process in the form of a decrease in MDA by 28% (P <0.05)
compared to the control. A similar, but less pronounced effect was found in
compounds 24 and 25 by 14, 18.5%, respectively, at the same concentration.
The remaining compounds did not have a significant antioxidant effect. The data
obtained indicate that among the studied compounds, only compounds having a
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hydroxyl group in the diazaadamantane fragment exhibit a weak antioxidant
effect.

Experimental part

IR spectra were recorded on a “Nicolet Avatar 330 FT-IR” spectrometer
from samples dispersed in mineral oil. The *H and *C NMR spectra were
recorded on a Varian “Mercury-300VX” instrument at 303 K with a frequency
of 300.078 and 75.46 MHz, respectively. In the assignment of signals, the
methods of double resonance, DEPT and HMQC were used. Chemical shifts are
given in ppm relative to the internal TMS for DMSO-d¢/CCl, 1/3 solutions. The
course of the reactions and the purity of the substances were controlled using
thin-layer chromatography on “Silufol UV-254” plates using propanol-water
(7:3) as eluent, spots were visualized by treatment with iodine vapor.

General procedure for the preparation of 5-methyl-7-ethyl, 5-methyl-7-
propyl, 5-methyl-7-butyl-6-ox0-1,3-diazaadamantane (1-3). A mixture of
10 mmol of the corresponding ketone, 7.6 mmol of urotropine, 30 ml of n-
butanol and 10 ml of acetic acid is boiled for 3 h. Butanol is then distilled off,
the residue is recrystallized from hexane.

5-Methyl-7-ethyl-6-0x0-1,3-diazaadamantane (1). Yield 1.6 g (81%), R;
0.42, mp 70-71°C. IR-spectrum, v, cm™ 1710 (C = O). 'H NMR spectrum, &,
ppm, Hz: 0.78-0.88 m (6H, 2xCHa); 1.28 dd (2H, J = 5.8, 5.9 CH,CHz); 2.88 dd
(4H,J =7.0, 1.4, 2xNCH,); 3.21 dd (4H, J = 13.8, 1.2, 2xNCHy); 3.98 s (2H,
NCH,). Found, %: C 68.15; H 9.35; N 14.28. Cy;H;sN,O. Calculated, %: C
68.05; H 9.27; N 14.43.

5-Methyl-7-propyl-6-oxo-1,3-diazaadamantane (2). Yield 1.6 g (78%), R;
0.41, mp 74-75°C. IR-spectrum, v, cm™ 1710 (C=0). 'H NMR spectrum, &,
ppm, Hz: 0.76-0.87 m (6H, 2xCHj,); 1.26 dd (4H, J = 5.9, 7.1 CH,CH,CH);
2.86dd (4H,J=7.1,4.2,2xNCH,); 3.25 dd (4H, J =13.8, 1.2, 2xNCH,); 4.01 s
(2H, NCH,). Found, %: C 70.98; H 9.16; N 12.61. C1,H,N,O. Calculated, %: C
70.90; H9.09; N 12.72.

5-Methyl-7-butyl-6-oxo-1,3-diazaadamantane (3). Yield 1.6 g (80%), Rs
0.47, mp 61°C. IR-spectrum, v, cm™: 1708 (C = O). 'H NMR spectrum, 5, ppm,
Hz: 0.80-0.91 m (6H, 2xCHz); 1.32 dd (6H, J = 7.1, 2.4, 3xCH,); 2.84 dd (4H, J
= 8.1, 2.4, 2xNCH,); 3.26 dd (4H, J = 12.5, 2.4, 2xNCHy); 4.01 s (2H, NCH,).
Found, %: C 70.80; H 9.17; N 12.63. C;3H»,N,0. Calculated, %: C 70.91; H
9.10; N 12.73.

General procedure for the preparation of 1-methyl-5-ethyl (propyl,
butyl)-9-oxo0-3,7-diacetyldiazabicyclo/3.3.1/nonanes (4-6). To a solution of
9 mmol of the correspondingadamantane 1-3 in a mixture of 50 ml of benzene
and 20 ml of water with stirring, 25 mmol of acetyl chloride is added dropwise at
room temperature. The benzene layer is separated, washed with water, dried
over MgSQ, and distilled off. The residue is recrystallized from acetone.

1-Methyl-5-ethyl-9-o0xo0-3,7-diacetyldiazabicyclo/3.3.1/nonane (4). Yield
1.8 g (68%), R; 0.61, mp 161°C. IR-spectrum, v, cm™: 1637 (N-C = 0). 1715 (C
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= 0). 'H NMR spectrum, 8, ppm, Hz: 0.98 dd (6H, J = 6.9, 2.4 2xCH,); 1.52 q
(2H, CHy); 2.05 s (6H, 2xCOCHS,); 2.66 br.d (2H, J = 12.5, NCH,); 3.34 ddd
(2H, J=5.8, 2.4, 1.2, NCH,); 4.05 dd (2H, J = 5.9, 2.4, NCH,); 4.96 ddd (2H, J
=5.8, 2.4, 1.2, NCH,). *C NMR spectrum, ppm: 7.3 (2xCHs); 15.9 (CH,); 20.9
(CHy); 23.2 (CH,); 45.2 (CH,); 47.3 (CHy); 50.3 (C*); 52.3 (C*); 54.9 (C%);
56.8 (C*); 168.3 (C); 168.4 (C*); 210.7 (C*). Found, %: C 63.27; H 8.41; N
10.38. C14H2,N30;. Calculated, %: C 63.15; H 8.31; N 10.50.

1-Methyl-5-propyl-9-oxo-3,7-diacetyldiazabicyclo/3.3.1/nonane (5).
Yield 2.1 g (77.7%), R; 0.62, mp 168°C. IR-spectrum, v, cm™: 1637 (N-C = O).
1715 (C = 0). 'H NMR spectrum, &, ppm, Hz: 0.88-096 m (6H, 2xCHs); 1.54 dd
(4H,J =5.8,5.9, 2xCH,); 2.1 s (6H, 2xCOCHj3); 2.64 d (2H, J = 12.8, NCH,);
3.32 ddd (2H, J = 5.8, 2.4, 1.2, NCH,); 4.1 ddd (2H, J = 5.8, 5.9, 1.4, NCH));
4.98 ddd (2H, J = 5.8, 2.4, 1.2, 2xNCH,). Found, %: C 67.72; H 9.20; N 9.68.
C16H24N,05. Calculated, %: C 67.6; H 9.11; N 9.80.

1-Methyl-5-butyl-9-oxo0-3,7-diacetyldiazabicyclo/3.3.1/nonane (6). Yield
2.0 g (70.4%), R; 0.63, mp 168°C (acetone). IR-spectrum, v, cm™: 1637 (N-C =
0). 1715 (C = 0). 'H NMR spectrum, 8, ppm, Hz: 0.86-094 m (6H, 2xCHs):
1.58 dd (6H, J = 5.8, 5.9, 3xCH,); 2.24 s (6H, 2xCOCHS,); 2.68 br.d (2H, J =
12.9, NCHy); 3.31 ddd (2H, J = 5.8, 2.4, 1.2, NCH,); 4.2 ddd (2H, J = 5.8, 5.9,
1.4, NCHy,); 4.96 ddd (2H, J =5.8, 2.4, 1.2, NCH,). Found, %: C 65.42; H 8.96;
N 9.38. C1H,6N30s. Calculated, %: C 65.3; H 8.80; N 9.5.

General procedure for the preparation of 1-methyl-5-(ethyl, propyl,
butyl)-9-ox0-3,7-diazabicyclo/ 3.3.1 /nonane (7-9). 5 mmol of diacetyl (4-6)
and 25 ml of 4N HCL are boiled for 5 h. After cooling, the precipitated crystals
are filtered off, dissolved in a small amount of ice water, and neutralized with
NaOH to pH 9, after cooling, the precipitate is filtered, washed with a small
amount of ice water and recrystallized from ethyl acetate. 1,5-Dimethyl-
(dipropyl-, diethyl-, -diphenyl)-9-hydroxy-3,7-diazabicyclo /3.3.1/nonanes 10
were obtained according to the procedure [3].

1-Methyl-5-ethyl-9-0x0-3,7-diazabicyclo/3.3.1/nonane (7). Yield 1.2 g
(82%), R 0.32, mp 40-41°C. IR-spectrum, v, cm™: 1715 (C = 0), 3354 (NH). 'H
NMR spectrum, &, ppm, Hz: 0.78 s (3H, CHs); 0.82 t (3H, J = 7.1, CH,CHy);
1.31 g (2H, CH,CHjs, J = 8.1, NCH,); 2.78 br.d (4H, J = 12.5, 2xNCH,); 3.01
br.s (2H, NH); 3.35 ddd (2H, J = 5.8, 5.9, 1.4, 2xNCH,). Found, %: C 66.05; H
9.70; N 15.30. Cy9H15N-0. Calculated, %: C 65.93; H 9.80; N 15.38.

1-Methyl-5-propyl-9-oxo-3,7-diazabicyclo/3.3.1/nonane (8). Yield 1.5 g
(76.3%), R; 0.33, mp 71-72°C. IR-spectrum, v, cm™: 1697 (C = O), 3354 (NH).
'"H NMR spectrum, 3, ppm, Hz: 0.74 s (3H, CHs); 0.88 s (3H, CH3); 1.22 br.s
(4H, 2xCHj); 2.76 dd (4H, J = 5.9, 2.4, 2xNCH,); 2.90 br.s (2H, 2xNH); 3.28
br.d (2H, J = 12.5, NCH,). *C NMR spectrum, ppm: 14.8 (2xCHj); 16.0 (CH,);
17.0 (CHy); 33.9 (2xC*); 48.8 (CH,); 51.1 (CHy); 59.1 (CHy); 61.2 (CH,); 213.7
(C*). Found, %: C 67.50; H 10.28; N 14.35. C;;H»N,0. Calculated, %: C
67.34; H10.20; N 14.43.
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1-Methyl-5-butyl-9-ox0-3,7-diazabicyclo/3.3.1/nonane (9). Yield 1.4 g
(67.3%), R; 0.35, mp 56-58°C. IR-spectrum, v, cm™: 1696 (C = 0O), 3352 (NH).
'H NMR spectrum, &, ppm, Hz: 0.76 s (3H, CH5); 0.91 s (3H, J = 7.0, CHy);
1.11-1.36 m (6H, 3xCH,); 2.77 br.d (2H, J = 12.5, NCH,); 2.78 br.d (2H, J =
12.5, NCH,); 2.90 br.s (2H, 2xNH); 3.20 br.d (2H, J = 12.8, NCH,). 3.28 br.d
(2H, J = 12.5, NCH,). *C NMR spectrum, ppm: 13.6 (CHs); 17.0 (CH,); 23.2
(CHy); 25.0 (CHy); 31.3 (C*); 48.8 (2xCH,); 50.9 (C*); 59.1 (2xCH,); 61.3
(2xCHy); 213.8 (C*). Found, %: C 69.31; H 10.64; N 13.40. Cy4H;;N,0.
Calculated, %: C 69.23; H 10.57; N 13.46.

General production procedure (12-29). To a water-alcohol solution (1:1)
of 5 mmol of the corresponding diazabicyclo/3.3.1/nonane 7-9, a solution of
5 mmol of levulinic or pyruvic acid in 10 ml of water is added. The mixture is
stirred for 1 h and left overnight. The solution is evaporated in vacuo, the
remaining mass is triturated with ethyl acetate and recrystallized from a mixture
of isopropanol:benzene 1:1.

2-Carboxy-2,5,7-trimethyl-6-oxo-1,3-diazaadamanane (12). Yield 1.8 g
(75.8%), Ry 0.38, mp 232-233°C (isopropanol:benzene 1:1). IR-spectrum, v,
cm™: 1704 (C = 0); 1983 (C = Acid); 3490 (OH Acid). 'H NMR spectrum, &,
ppm, Hz: 0.78-1.02 m (6H, 2xCHj3); 1.32 d (2H, J = 5.9, NCH,); 1.86-2.06 m
(2H, NCH,); 2.68-2.82 m (4H, 2xNCHy,); 3.21-3.48 m (3H, CHj3); 5.62 br.s (1H,
COOH). Found, %: C 60.60; H 7.58; N 11.65. C;,H;3N,O3. Calculated, %: C
60.50; H 7.50; N 11.76.

2-Carboxyethyl-2,5,7-trimethyl-6-oxo-1,3-diazaadamanane (13). Yield
1.8 g (67.7%), R; 0.41, mp 231-232°C (ethyl acetate). IR-spectrum, v, cm™: 1708
(C = 0); 1985 (C = Acid); 2490 (OH Acid). "H NMR spectrum, 3, ppm, Hz:
0.82's (3H, CHg); 0.83 s (3H, CHy); 1.47 s (3H, CHy); 2.16-2.31 m (4H, 2xCH,);
2.63-2.71 m (4H, NCH,); 3.59-3.67 m (4H, NCH,); 11.63 br.s (1H, COOH).
Found, %: C 63.26; H, 8.39; N 10.38. C14,H»N,05. Calculated, %: C 63.15; H
8.27; N 10.52.

2-Carboxy-2-methyl-5,7-diethyl-6-0x0-1,3-diazaadamanane (14). Yield
1.9 g (71.4%), R; 0.43, mp 240-241°C (ethyl acetate). IR-spectrum, v, cm™: 1718
(C = 0); 3365 (OH acid). 'H NMR spectrum, &, ppm, Hz: 0.82-0.96 m (6H,
2xCH,3); 1.22-1.38 m (4H, 2xNCHy); 1.62 s (3H, CH,); 2.78-2.87 m (4H,
2xNCHy,); 3.42 br.d (2H, J = 12.6, NCH,); 3.58 br.s.d (2H, J = 13.3, NCHy,);
4.46 br.s (1H, COOH). Found, %: C 63.27; H 8.15; N 10.40. Cy4H2,N,0s.
Calculated, %: C 63.15; H 8.2; N 10.51.

2-Carboxyethyl-2-methyl-5,7-diethyl-6-ox0-1,3-diazaadamanane  (15).
Yield 2.1 g (71.5%), R 0.43, mp 187-188°C (isopropanol:methanol 1:1). IR-
spectrum, v, cm™: 1704 (C = O); 2490 (COOH). ‘*H NMR spectrum, 8, ppm, Hz:
0.84 d (6H, J = 7.0, 2xCHz3); 1.22-1.38 m (4H, 2xNCHy,); 1.42 s (3H, CH,); 2.20
dd (2H, J = 13.9, 2.4, CH,); 2.28 dd (2H, J = 13.3, 2.4, CH,); 2.66 dd (4H, J =
8.0, 7.1, NCH,); 3.62 d (4H, J = 5.9, 2xCH); 11.61 br.s (1H, COOH). Found,
%: C 65.43; H 8.95; N 9.40. C4sH,sN,05. Calculated, %: C 65.31; H 8.84; N
9.52.
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2-Carboxyethyl-2,5-dimethyl-7-ethyl-6-ox0-1,3-diazaadamanane  (16).
Yield 2 g (72.1%), R¢ 0.33, mp 188-189°C (ethyl acetate:methanol 1:1). IR-
spectrum, v, cm *: 1710 (C = 0); 3595 (OH). 'H NMR spectrum, 8, ppm, Hz:
0.84-0.98 m (6H, 2xCH,); 1.32 d (2H, CH,CHj3); 1.41 s (3H, CH3); 2.32 dd (4H,
J=13.9, 15.9, 2xCH,); 2.70 dd (4H, J = 13.8, 12.9, 2xNCH,); 3.62 dd (4H, J =
12.4, 12.5, 2xNCH,); 4.36 br.s (1H, COOH). ¥C NMR spectrum, ppm: 7.2
(CH3); 15.6 (CHy); 21.6 (CHs); 23.1 (C*); 28.3 (CHy); 30.7 (C*); 44.4 (CHy);
45.5 (CHy); 45.7 (CH,); 46.6 (CHy); 56.8 (CHy); 57.5 and 58.9 (CH,); 72.2 (C*);
174.2 (COOH); 209.1 (C*). Found, %: C 80.47; H 8.65; N 10.11. C;sHN,0s.
Calculated, %: C 80.35; H 8.57; N 10.0.
2-Carboxyethyl-2,5-dimethyl-6-oxo-7-propyl-1,3-diazaadamanane (17).
Yield 2 g (68%), Ry 0.38, mp 192-193°C (isopropanol:methanol 1:1). IR-
spectrum, v, cm™: 1704, 1983 (C = O); 2490 (OH). 'H NMR spectrum, 3, ppm,
Hz: 0.82 m (3H, CHj3); 0.91 s (3H, CHs); 1.36 br.s (4H, 2xCH,); 1.41 s (3H,
CHy); 2.18-2.31 m (4H, 2xCH,); 2.61-2.74 m (4H, 2xNCH,); 5.59-5.67 m (4H,
2xNCH,); 11.62 br.s (1H, COOH). **C NMR spectrum, ppm: 14.61 (CH3); 15.6
(CHy); 15.7 (CHsy); 21.5 (CH,); 21.6 (CHy); 28.3 (C*); 30.6 (C*); 43.7 (CHy);
44.4 (CH,); 45.8 (CH,); 46.7 (CH,); 57.2 (CH,); 59.7 (CH,); 72.1 (C*); 174.5
(COOH); 208.9 (C*). Found, %: C 65.46; H 8.97; N 9.41. CisHN,0s.
Calculated, %: C 65.32; H 8.84; N 9.52.
2-Carboxy-2-methyl-5,7-dipropyl-6-oxo-1,3-diazaadamanane (18).
Yield 2.1 g (68.2%), Ry 0.35, mp 202-203°C (ethyl acetate:methanol 1:1). IR-
spectrum, v, cm™: 1644, 1718 (C = O); 3365 (OH). 'H NMR spectrum, &, ppm,
Hz: 0.81-1.08 m (6H, 2xCHj); 1.1-1.42 m (9H, 3xCH,, CH3); 1.62 s (0.6H) and
1.85s (1.4H, CH,); 2.78-2.86 m (4H, 2xNCH,); 3.25-3.58 m (4H, 2xNCH,); 6.5
br.s (1H, COOH). Found, %: C 65.50; H 8.98; N 9.43. C;sH,sN,Os. Calculated,
%: C 65.35; H 8.85; N 9.52.
2-Carboxyethyl-2-methyl-6-0x0-5,7-dipropyl-1,3-diazaadamanane (19).
Yield 2.2 g (68.3%), R¢ 0.34, mp 219-220°C (ethyl acetate:methanol 1:1). IR-
spectrum, v, cm™: 1697.1980 (C = O); 3365 (OH acid). '"H NMR spectrum, &,
ppm, Hz: 0.96 s (6H, 2xCHjs); 1.18-1.38 m (8H, 4xCH,); 1.41 s (3H, CH5); 2.18
dd (2H, J = 13.9, 2.4, CH,); 2.28 dd (2H, J = 13.3, 2.4, CH,); 2.66 dd (4H, J =
5.8.5.9, 2xNCH,); 3.62 d (4H, J = 5.9, 2xNCH,); 11.62 br.s (1H, COOH). **C
NMR spectrum, ppm: 14.6 (CH,); 15.6 (CHs); 15.7 (CH3); 21.6 (CH,); 28.2
(C*); 30.6 (C*); 32.9 (CHy); 38.9 (CH,); 39.5 (CHy); 39.9 (CHy,); 40.0 (CH,);
45.9 (CH,); 46.8 (CH,); 57.2 (CH,); 57.8 (CH,); 72.3 (C*); 174.1 (COOH);
208.8 (C*). Found, %: C 67.20; H 9.42; N 8.58. C1gH3N,O3. Calculated, %: C
67.08; H9.31; N 8.69.
2-Carboxyethyl-2,7-dimethyl-5-butyl-6-0xo0-1,3-diazaadamanane  (20).
Yield 2.1 g (69.8%), R¢ 0.42, m.p. 189-190°C (ethyl acetate:methanol 1:1). IR-
spectrum, v, cm™: 1645, 1710 (C = O); 3365 (OH acid). "H NMR spectrum, 3,
ppm, Hz: 0.81 s (1.5H) and 0.82 s (1.5H, CH3); 0.92 t (3H, J = 6.8, CH3-Bu);
1.21-1.37 m (6H, 3xCH,-Bu); 1.45 s (1.5H) and 1.46 s (1.5H, CH3); 2.13-2.31
m (4H, CH,CH,); 2.61-2.72 m (4H, 2xNCH,); 3.58-3.68 m (4H, 2xNCHy,);
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11.78 br.s (1H, COOH). **C NMR spectrum, ppm: 13.6 (CHs); 15.6 (CHs); 21.5
(CHy); 23.0 (CHy); 24.4 (CH,); 24.5 (CHy); 28.2 (CHy); 28.5 (C*); 30.3 (C*);
30.6 (C*); 44.4 (2xCH,); 45.6 (CH,); 57.8 (2xCH,); 59.8 (2xCH,); 72.1 (C*);
174.1 (COOH); 208.9 (C*). Found, %: C 69.07; H 9.30; N 7.95. C;7H25N,0s.
Calculated, %: C 68.96; H 9.19; N 8.04.
2-Carboxyethyl-2-methyl-6-oxo0-5,7-dibutyl-1,3-diazaadamanane  (21).
Yield 2.4 g (69%), R¢ 0.40, mp 193-194°C (ethyl acetate:methanol 1:1). IR-
spectrum, v, cm™: 1698.1980 (C = O); 3365 (OH acid). '"H NMR spectrum, §,
ppm, Hz: 0.88 s (6H, 2xCHys); 1.18-1.38 m (12H, 6xCH,); 1.44 s (3H, CHy);
2.20 dd (2H, J = 13.3, 2.4, CH,); 2.28 dd (2H, J = 12.6, 2.4, NCH,); 2.68 dd
(4H, J = 5.8.5.9, 2xNCH,); 3.61 d (4H, J = 5.9, 2xNCH,); 11.62 br.s (1H,
COOH). *C NMR spectrum, ppm: 13.5 (CHs); 21.6 (CHs); 23.0 (CH3); 24.5
(CHy); 24.6 (CH,); 28.2 (CH,); 30.3 (C*); 30.6 (C*); 38.9 (CH,); 39.2 (CH,);
40.05 (CHy); 45.7 (CHy); 46.6 (CH,); 57.3 (CH,); 57.9 (CH,); 72.3 (CH,); 95.5
(CHy); 95.6 (CH,); 174.1 (COOH); 208.8 (C*). Found, %: C 73.60; H 7.22; N
7.02. CyHa3sN,O;. Calculated, %: C 73.47; H 7.14; N 7.14.
5,7-Diisopropyl-2-carboxy-2-methyl-6-oxo-1,3-diazaadamantane  (22).
Yield 1.2 g (82%), R; 0.31, mp > 300°C (DMF). IR-spectrum, v, cm™: 1670,
1714 (C = 0O); 2600 (OH). 'H NMR spectrum, 8, ppm, Hz: 0.84 d (6H, J = 7.0,
2xCH3-isopropyl); 0.91 d (6H, J = 7.0, 2xCHjs-isopropyl); 1.63 cc (3H, CHy);
1.85s (1H, J = 7.0, CH-isopropyl); 1.90 s (1H, J = 7.0, CH-isopropyl); 2.84 br.s
(2H, J = 13.8, NCH,); 2.90 br.d (2H, J = 13.6, NCH,); 3.51-3.70 m (4H,
2xNCH,); 4.25 br.s (1H, COOH). Found, %: C 65.50; H 9.00; N 9.36.
Ci6H26N,05. Calculated, %: C 65.35; H 8.86; N 9.52.
2-Carboxyethyl-6-hydroxy-2,5,7-trimethyl-1,3-diazaadamantane  (23).
Yield 1.7 g (75%), R¢ 0.31, mp 286-287°C (isopropanol:methanol 1:1). IR-
spectrum, v, cm™: 2600 (OH); 3246 (COOH). ‘H NMR spectrum, &, ppm, Hz:
0.64 s (6H, 2xCH3); 1.31 s (3H, CHy); 1.98-2.18 m (4H, 2xCH,); 2.51 s (2H,
NCH,); 2.82-3.02 m (6H, 3xNCH,); 3.33 t (2H, J = 12.8, CHOH); 8.76 br.s (1H,
COOH). *C NMR spectrum, ppm: 19.87 (2xCHj;); 21.57 (CHs); 29.08 (C*);
29.45 (CH,); 30.4 (C*); 31.04 (CH,); 51.09 (CHy,); 51.12 (CHy,); 57.06 (CHy);
57.67 (CH,); 79.3 (C*); 78.63 (CH); 175.20 (C*). Found, %: C 62.58; H 8.83; N
10.34. C14Hx%4N,0;. Calculated, %: C 62.69; H 8.95; N 10.44.
2-Carboxy-2-methyl-5,7-diethyl-6-hydroxy-1,3-diazaadamantane (24).
Yield 1.8 g (67.4%), R 0.31, mp 280-282°C (isopropanol:methanol 1:1). IR-
spectrum, v, cm™: 2600 (OH); 3246 (COOH). ‘H NMR spectrum, &, ppm, Hz:
0.77-0.88 m (6H, 2xCHjs); 1.08-1.22 m (4H, 2xCHy,); 1.32 s (3H, CH3); 1.96 dd
(2H, J =13.3, 2.4, NCH,); 2.21 dd (2H, J = 13.3, 2.4, NCH,); 2.78-3.02 m (4H,
2xNCH,); 3.22-3.36 m (2H, CHOH); 4.46 br.s (1H, COOH). Found, %: C
72.08; H 7.78; N 11.33. C14H24N,05. Calculated, %: C 71.96; H 7.91; N 11.44.
2-Carboxyethyl-2-methyl-5,7-diethyl-6-hydroxy-1,3-diazaadamantane
(25). Yield 2.1 g (71.4%), Rt 0.41, mp 269-270°C (ethyl acetate:methanol 1:1).
IR-spectrum, v, cm™: 2600 (OH); 3245 (COOH). *H NMR spectrum, 8, ppm,
Hz: 0.66-0.78 m (6H, 2xCHs); 0.91-1.10 m (3H, CHs); 1.13-1.28 m (4H,
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2xCHy); 2.01-2.38 m (6H, 3xCH,); 2.8-3.06 m (5H, 2xCH,, CH); 3.18-3.22 m
(2H, NCH,); 3.32 s (1H, OH); 4.8 br.s (1H, COOH). *C NMR spectrum, ppm:
5.93 (CH3) and 5.96 (CHg3); 21.71 (CHsy); 25.2 (C*); 25.3, 29.26 (CHy); 30.37
(C*); 31.08 (CH,); 50.50 (CH,); 51.13 (CH,); 51.16 (CH,); 53.93 (CH,); 53.97
(CHy); 54.59 (CH2); 72.79 (C*); 73.19 (CH); 95.4 (C*); 174.98 (COOH).
Found, %: C 64.98; H 9.59; N 10.32. C45H2sN,05. Calculated, %: C 64.85; H
9.48; N 10.43.

2-Carboxyethyl-2-methyl-5,7-dipropyl-6-hydroxy-1,3-
diazaadamantane (26). Yield 1.2 g (74%), R; 0.3, mp 240-241°C (ethyl
acetate:methanol 1:1). IR-spectrum, v, cm™: 2600 (OH); 3240 (COOH). 1H
NMR spectrum, 6, ppm, Hz: 0.81-0.98 m (6H, 2xCHj); 1.18 d (4H,
J =128, 2xCH,); 1.22-1.36 m (3H, CHj3); 1.88-2.14 m (2H, CH,); 2.21 dd (2H,
J =128, 1.4, CH,); 2.80-2.96 m (4H, 2xCHy,); 3.31 ss (8H, J = 13.9, 4xNCH,);
3.38 s (2H, CHOH); 4.42 br.s (1H, COOH). Found, %: C 66.80; H 10.00; N
8.52. C1gH3,N,0s. Calculated, %: C 66.67; H 9.87; N 8.64.

2-Carboxyethyl-2-methyl-5,7-diphenyl-6-hydroxy-1,3-diazaadaman-
tane (27). Yield 2.7 g (68.9%), R; 0.31, mp 239-240°C (ethyl acetate:methanol
1:1). IR-spectrum, v, cm™: 1603 (arom); 2600 (OH); 3245 (COOH). 'H NMR
spectrum, 8, ppm, Hz: 1.42 s (3H, CHs); 2.1-2.54 m (6H, 2xCH,, NCH,); 2.62
dd (1H, J = 5.8, 5.9, OH); 3.45-3.65 m (6H, 3xNCHy,); 4.05 dd (1H, CH); 4.46
br.s (COOH); 7.12-7.38 m (10H, H-arom). Found, %: C 73.60; H 7.22; N 7.02.
C,4H5sN,05. Calculated, %: C 73.47; H 7.14; N 7.14.

UL LUEE-EG-AFLELP HLTGUELS NULAFLEEN,
5,7-%*pULYPLHPUEQUUNRUULSUL LELP UPLEEAL GBI LLATLS
SUTUROLUMMULSUSHL SUSUNFE-3AFLLELD
NFUAFULUURLOFER-SOFLL

W 2+ NULNFE-83AFL3TTL, L. U 461N r9-3U00, U Jd. GULUS3UL,
d. U. AOFLPUEE-3UL U N, W. ULAU3TL

Unusfs wibisgusd - ubof@begfley b3 3,7-rppussguspfgflyn/3.3.1 fmbuiticbp, npeip 1- b
S-hpplipnd nlilbl wwpphp wilpy wbypoloyfsibp 1-db@fy-(5-5p-, S-ypnuypy-, 5-po-
wpy): Upusfdbauws ghuguppgplyninbwbibpp §igbiofby b §hon@@ncbph wppofugn-
Z-p qfpprd fupprinn(d[Fifuy s Gl
ll.luilmulJ[IiI lu[lm[n{nl_ﬁ.,nljl.'
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CUHTE3 U U3YYEHUE AHTUOKCUJAHTHOM AKTUBHOCTH
5,7-TUAJIKHJIINAZAAJAMAHTAHOB, COAEP KAIINUX ®PATMEHTBI
KAPBOHOBBIX KHCJIOT

A. 1. APYTIOHSH, K. A. TEBOPKSIH, M. B. TAJICTSIH,
K.M. BYHUATAH uI'. A. MIAHOCSH

Hay4Ho-TexHONOrN4eCcKui HEHTp
opranndeckoi u ¢apmarerideckoit xumu HAH PecniyOinku Apmenus
Apwmenus, 0014, Epesan, np. AzaTyTsH, 26
E-mail: galstyan.mariam91@mail.ru

Peakimeit MaHHMXa BICpBBIC CHHTE3HPOBAHBI CMEIIAHHBIC 9-0KCO-1-MeTHII-
(5-3tun-, 5-mporwmi, 5-6ytui-)-3,7-auazabuimkiio/3.3.1/monansl. KongeHcanueil noc-
neqHux U 9-ruppokcu--1,5-(aumerun-, TUATHI-, AUIpONWI-, AUOyTUI-)-3,7-1na3abu-
1HKI10/3.3.1/HOHaHOB C MUPOBUHOIPATHOM WITK JICBOJIMHOBOW KHCIIOTON CHUHTE3UPOBaHBI
16 HOBBIX 2-3aMEINCHHBIX IUA3aaJaMAHTAHOB, COIEpXKAIIuX (parMeHT KapOOHOBOI
KHCJIOTHI.

CornacHo pe3yibTaTaM OMOJIOTUYECKUX UCIBITAHUN, HEKOTOPHIC COCAMHEHHS 3TO-
r'0 psiia MPOSBISIOT CIA0YI0 aHTHOKCHIAHTHYIO aKTHBHOCTh. AKTHUBHBI T¢ COCIUHCHHS,
B CTPYKTYPE KOTOPBIX HaXOIUTCS TMIPOKCHIIbHAS TPYIIA B 6-OM MOJIOKCHUH aJlaMaH-
TaHOBOT'O KOJIbIIA.
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ALKYLATION OF IMIDAZOLE WITH DICHLOROETHANE AND
DEHYDROCHLORINATION OF THE IN-SITU OBTAINED
1-(2'-CHLOROETHYL)IMIDAZOLE TO 1-VINYLIMIDAZOLE IN
AN AQUEOUS ALKALINE MEDIUM IN THE N-METHYLMORPHOLINE
N-OXIDE SYSTEM USING PHASE TRANSFER CATALYST

A. H. HASRATYAN? A. A. SUQOYAN? G. G. DANAGULYANY2and H. S. ATTARYAN?

'Russian-Armenian (Slavonic) University
123, H. Emin Str., Yerevan, 0051, Armenia
E-mail: hovelenatt@mail.ru
2The Scientific Technological Center of Organic and
Pharmaceutical Chemistry NAS RA
26, Azatutyan Str., Yerevan, 0014, Armenia
E-mail: ani_hasratyan@mail.ru

In this article, the possibility of applying phase transfer catalysis (PTC) in the N-
methylmorpholine-N-oxide-water system for the alkylation of imidazole with dichloroethane was
considered. It has been shown that the alkylation of imidazole with dichloroethane in the
aforementioned system is accompanied by dehydrochlorination of the in situ obtained 1-(2-
chloroethyl)imidazole, which allows the synthesis of 1-vinylimidazole without the use of explosive
acetylene.

References 21.

N-vinylazoles are an important class of azole derivatives that can form
radical polymerization and copolymerization products [1-7]. Many vinylazole-
based polymeric compounds exhibit biological activity and serve as effective
drugs [8-10].

In [11-12] articles, we showed that the alkylation reaction of azoles in the
NMO/H,0O system in comparison to various phase transfer catalysts was not
inferior in reaction yields during phase transfer catalysis (PTC).

In this communication, the possibility of using phase transfer catalysis
(PTC) in the N-methylmorpholine-N-oxide-water (NMO) system was
considered.

Further, our studies on the alkylation of imidazole (1) with dichloroethane
using phase transfer catalysts (quaternary ammonium salts) in an aqueous
solution of N-methylmorpholine-N-oxide (NMO/H,0O) were carried out.
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According to published data, there are many examples of N-alkylation of
imidazole (1) under PTC conditions [13-17], but there is no alkylation of
imidazole with dichloroethane.

The need for development was dictated by the fact that 1-(2-
chloroethyl)imidazole (2) is simultaneously an intermediate product in the
synthesis of an important class of 1-vinylimidazole, on the other hand, 1-
vinylimidazole and its derivatives are still obtained under acetylene pressure at a
temperature of 130 °C and higher [18].

During the alkylation reaction of imidazole (1) with dichloroethane (*H
NMR spectroscopic control) in the PTC/NMO system, it has been found that in
the absence of a base the alkylation reaction does not proceed, and in the
presence of sodium hydroxide, alkylation is also accompanied by elimination of
dichloroethane according to Scheme 1.

Scheme 1

IR RE O
[y %C' -

H
1 > Cl/\/

It has been found that the basicity is the determining factor for the isolation
of 1-(2’-chloroethyl)imidazole (2) from the reaction medium. The basicity of
imidazole (1) upon proton addition is ,k’=6.95, while the basicity value of
pyrazole or 1,2,4-triazole is yk’=2.2-2.5 [19]. Therefore, the monoalkylation
product of imidazole (1), in comparison with pyrazole or 1,2,4-triazole [20-21],
undergoes intermolecular quaternization upon distillation with the formation of
polysalt 4 according to Scheme 2.

Scheme 2
0 s L5
\ _A
N) W kel /‘\\ cl

Cl \/%
2 4

The presence of 1-(2’-chloroethyl)imidazole (2) in the reaction medium was
proved by 'H NMR spectroscopy. With an equimolar ratio of imidazole: sodium
hydroxide and a five-fold excess of dichloroethane (DCE), the vyield of
compound 2 after three hours is 1.2 g (9.2%). The low yield of 1-(2’-
chloroethyl)imidazole (2) is due to the fact that the relatively high basicity of
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imidazole (,k* 6.95) makes it difficult to deprotonate it under the influence of
sodium hydroxide and the base is used to eliminate dichloroethane.

When a second portion of sodium hydroxide is added, the alkylation
continues, at the same time the alkylated product is in-situ dehydrochlorinated to
1-vinylpyrazole (3), the elimination of dichloroethane continues parallel,
therefore, both dichloroethane and sodium hydroxide must be taken in excess.

It has been experimentally found that the molar ratio of reagents —
imidazole:NaOH:DCE is equal to 0.1:1.2:1.5, which within 7-8 hours provides
50-55% yield of 1-vinylimidazole (3) in the PTC/NMO/H,0 system.

Alkylation of imidazole (1) with dichloroethane and the
dehydrochlorination of the in-situ obtained 1-(2’-chloroethyl)imidazole in an
aqueous alkaline medium in the presence of NMO and PTC has also been
studied (Scheme 3).

Scheme 3
PTC*/NMO/H,0 55% N
Jo\ 30%
PTC* °
N 2HCI N
N 25% k
1 NMO/H,0 ~
3

*TEBAC (PhCH,NCI)Et,

Thus, it has been shown that PTC can be successfully used compatible with
an aqueous solution of NMO during alkylation reactions.

The study was carried out at the Russian-Armenian University at the
expense of the funds allocated under the subsidy of the Ministry of Education
and Science of Russia to finance research activities of the RAU. The research
was carried out with the financial support of the State Committee for Science of
the Ministry of Education and Science of the Republic of Armenia within the
framework of the scientific project Ne18T-2E151.

Experimental Section

IR spectra are recorded on a “Termo Nicoletion Nexus” spectrometer in
vaseline oil. NMR spectra of *H and **C of the synthesized compounds were
recorded on a Varian "Mercury-300 VX" spectrometer (300 and 75 MHz,
respectively) at a temperature of 300 K in a solution of DMSO-d6-CCl, 1:3
(internal standard-TMS). Elemental analysis is performed on a “Eurovector EA-
30007 device.

1-(2'-Chlorethyl)imidazole (2). A mixture of 6.8 g (0.1 mol) of imidazole
(1), 50 g (0.5 mol) of dichloroethane, 4 g (0.1 mol) of sodium hydroxide, 1 g
(TEBAC) in 50 ml of 50% aqueous NMO solution at 70-80°C was stirred
vigorously for 3 hours. After cooling, it was extracted with chloroform. After
removal of chloroform, 1.2 g (9.2%) of 1-(2'-chloroethyl)imidazole (2) was
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obtained, which was proved by *H NMR spectroscopy. NMR *H &, ppm, J (Hz):
3.851t(2H, CH, J =6.2), 439 t (2H, CH,, J =6.2), 7.12 br. s (1H, 4-H), 7.39 t
(1H, 5-H, J = 1.5), 7.78 br. s (1H, 2-H). Upon distillation, compound (2) was
quaternized to polysalt (4) with a m.p. 144-149 °C, [1]=0.02 dl/g. IR spectrum,
v, cm™: 1510 (ring), 2000 (salt effect).

1-Vinylimidazole (3). A mixture of 6.8 g (0.1 mol) of imidazole (1), 156 g
(1.6 mol) of dichloroethane, 8 g (0.2 mol) of sodium hydroxide, 1 g (TEBAC) in
50 ml of 50% aqueous NMO solution at 70-80°C was stirred vigorously for 3
hours. Then, a solution of 40 g (1.0 mol) of sodium hydroxide in 100 ml of
water is added dropwise over 2 hours and stirring is continued for 5 hours. After
cooling, 100 ml of water was added to the mixture and extracted with
chloroform, the organic layer was dried over calcium chloride. After removal of
chloroform, the residue was distilled off under reduced pressure. The yield of 1-
vinylimidazole (3) 5.2 g (55%), b.p. 71°C / 2 mm Hg, np*® 1.5300, d,* 1.039. IR
spectrum, v, cm™: 1510 (ring), 1650 (C=C). NMR *H &, ppm, J (Hz): 5.06 dd
(1H, =CH, J =8.9 u 1.7), 5.50 dd (1H, =CH,, J =15.8), 7.12 dd (1H, =CH J =
15.8 u 8.9), 7.12 br. s (1H), 7.48 br. s (1H) u 7.91 br. s (1H, protons of the
cycle). °C: 101.8 (=CHy,), 116.1 (C=H), 127.8 (N-CH), 128.7 (N=CH), 136.3
(NCHN). Found, %: C 63.78; H 6.04; N 30.13. CsHgN,. Calculated, %: C,
51.79; H, 6.47; N, 30.21.

Synthesis of 1-vinylimidazole (3) under PTC conditions. A mixture of
6.8 g (0.1 mol) of imidazole (1), 156 g (1.6 mol) of dichloroethane, 8 g (0.2 mol)
of sodium hydroxide, 1 g (TEBAC) at 70-80°C was stirred vigorously for 2
hours. Then, a solution of 40 g (1.0 mol) of sodium hydroxide in 100 ml of
water was added dropwise over 2 hours and stirring is continued for 5 hours.
After cooling, 100 ml of water was added to the mixture and extracted with
chloroform. After removal of chloroform, the residue was distilled off under
reduced pressure. Yield of 1-vinylimidazole (3) 2.8 g (30%), b.p. 68 °C / 1 mm
Hg, np® 1.5300.

Synthesis of 1-vinylimidazole (3) in the NMO/H,0 system. A mixture of
6.8 g (0.1 mol) of imidazole (1), 156 g (1.6 mol) of dichloroethane, 8 g (0.2 mol)
of sodium hydroxide in 50 ml of 50% aqueous NMO solution at 70-80°C was
stirred vigorously for 2 hours. Then, a solution of 40 g (1.0 mol) of sodium
hydroxide in 100 ml of water is added dropwise over 2 hours and stirring is
continued for 5 hours. After cooling, 100 ml of water was added to the mixture
and extracted with chloroform. After removal of chloroform, the residue was
distilled off under reduced pressure. The yield of 1-vinylimidazole (3) 2.3 g
(25%), b.p. 71°C / 3 mm Hg, np® 1.5300.
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AJIKNJIMPOBAHUME UMHUJA30JIA JTUXJIOPOTAHOM
N AETUAPOXJTOPUPOBAHMUE IN-SITU HOJYYEHHOI'O
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N-METHJIMOP®OJINH N-OKCHUJA C UCITIOJIb30OBAHUEM
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A.T. ACPATSIH?, A. A. CYKOSIHZ I. T. JAHATYJISIH* u O. C. ATTAPSIH?

*Poccniicko-ApmsHckuii (CTaBIHCKHI) YHHBEPCUTET
Apwmenus, 0051, EpeBan, yn. OBcena Omuna 123
E-mail: hovelenatt@mail.ru
ZHay‘{HO-TeXHOHOFquCKHﬁ IIEHTp OpraHuyeckoii u GpapmanesTudyeckoit xumun HAH PA
Apwmenus, Epesan, 0014, mp. A3atytsas, 26
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B nHacrosmeit pabote paccMarpuBaeTcsi BO3MOXKHOCTh IPUMEHEHHS MeK(a3HOTro
katanu3a B cucreme N-meTniMopdoinH-N-oKCHI-Bo/Ia PH aKWIUPOBAHMH UMHU/1a30-
na guxnopataHoM. IToka3aHo, 4TO aIKUIMPOBAaHUE UMHA30JIa AUXIOPITAHOM B BBIILCY-
Ka3aHHON CHCTEME CONMPOBOXKAACTCS ACTHAPOXIOpUpOBaHHEM in Situ moaydyeHHoro 1-
(2'-xopaTHI) IMHUIA30J1a, YTO MO3BOJISIET MPOBECTH CHHTE3 |-BUHMIIMMHIa301a 6e3 wc-
I0JIb30BaHHUS B3PBIBOOIIACHOTO alleTHIICHA.
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By acylation of a-aminonitriles with phenylacetyl chloride and subsequent intramolecular
cyclization in the presence of caustic potassium, the synthesis of 4-amino-1,3,5-triaryl-1H-pyrrol-
2(5H)-ones was carried out. The antibacterial activity of synthesized compounds was studied,
among which 4-amino-5-(4-isopropoxyphenyl)-3-phenyl-1-o-tolyl-1H-pyrrol-2(5H)-one is the most
active, inhibiting the growth of gram-positive microorganisms in the zone with diameter d = 17-18
mm. Other derivatives are inactive or completely devoid of antibacterial activity.

Table 1, references 13.

Pyrrolones are well known compounds due to their presence in natural
products. They have various biological properties and are potential compounds
in the development of new drugs [1].

Several approaches to the synthesis of pyrrolones are known in the
literature, particularly, the reaction of o,f-diketones with various acetamides
possessing a strong electron-withdrawing group in the a-position, the
cycloisomerization reaction of alkylidenecarbene derivative of amides, the
condensation reaction of benzoylformanilide with acetophenones to yield aldol-
type products and the subsequent treatment with HCI, the ruthenium-catalyzed
reaction of a,f-unsaturated imines with carbon monoxide and ethylene [2-5].

4-Aminosubstituted pyrrolones are little known compounds, and there are
few reports about their synthesis in the literature. These include reactions of
pyrrolidine-2,4-diones with primary amines and reactions of secondary amines
with phenylacetyl chloride and further cyclization of amides in the presence of
caustic potassium [1,6].

We have previously developed an effective method for the synthesis of
substituted f- and yp-lactams based on acylation reactions of corresponding a-
aminonitriles (obtained by the Strecker reaction) with monochloroacetyl or 3-
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chloropropionyl chlorides and subsequent intramolecular cyclization under
phase transfer catalysis condition.

In continuation of research in this direction, by acylation of a-aminonitriles
1-11 with phenylacetyl chloride and subsequent intramolecular cyclization in
the presence of caustic potassium, 4-amino-1,3,5-triaryl-1H-pyrrol-2(5H)-ones
12-22 were synthesized.

R

C¢HsCH,C(0)Cl KOH
—_—
EtOH H

CN

CN
B —

1-11

R=R'=H(1,12);: R=H, R' = 4-CH; (2,13); R=H, R' = 2-CH; (3,14); R = H,
R' = 3,5-(CH3), (4,15); R = H, R* = 4-CH;0 (5,16); R = H, R' = 2-CH0 (6,17);
R = 4-is0-C;H;0, R = H (7,18); R = 4-is0-C3H-0, R' = 4-CH; (8,19); R = 4-
is0-CsH,0, R* = 2-CH; (9,20); R = 4-is0-C3H;0, R' = 3,5-(CHs), (10,21); R =
4-i50-C5H-0, R! = 2-CH50 (11,22).

12-22

The structure of the synthesized compounds was confirmed by elemental
analysis, IR, *H and **C NMR spectra.

The antibacterial activity of synthesized compounds 12-22 was studied
using the “diffusion in agar” method [7], with a bacterial load of 20 min
microbial cells per 1 ml of medium. Gram-positive staphylococci (St. aureus
209p, Bac. subtilis) and gram-negative rods (Sh. flexneri 6858, E. coli 055) were
used in experiments. Solutions of tested compounds and the control preparation
were prepared in DMSO at a dilution of 1:20. On Petri dishes with crops of the
above strains, solutions of compounds were applied in a volume of 0.1 ml. The
results were recorded by the diameter (d, mm) of the zone of no microbial
growth at the site of application of the compounds after daily growth of the test
cultures in a thermostat at 37°C. Furazolidone was used as a positive control [8].

Among synthesized compounds, 4-amino-5-(4-isopropoxyphenyl)-3-
phenyl-1-o-tolyl-1H-pyrrol-2(5H)-one (20) was found to be the most active,
inhibiting the growth of gram-positive microorganisms in the zone with
diameter d = 17-18 mm, the remaining derivatives were inactive or completely
devoid of antibacterial activity (Table).
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Table
Antibacterial activity of 4-amino-1,3,5-triaryl-1H-pyrrol-2(5H)-ones

The diameter of the zone of absence of microbial growth
Comp. Ne (d, mm)
St. aureus 209p | Bac. subtilis | Sh. flexneri E. coli 055
6858
12 0 0 0 0
13 0 0 0 0
14 0 0 0 0
15 13 12 12 12
16 12 11 15 15
17 13 13 12 10
18 10 10 12 10
19 0 0 0 0
20 17 17 13 13
21 0 0 0 0
22 0 0 0 0
Furazolidone 25 24 24 24

Experimental part

IR spectra were recorded on a “Nicolet Avatar 330” spectrometer from
samples dispersed in mineral oil. The *H and **C NMR spectra were recorded on
a Varian “Mercury-300VX” instrument at 303 K with a frequency of 300.078
and 75.46 MHz, respectively. In the assignment of signals, the methods of
double resonance, DEPT and HMQC were used. Chemical shifts are given in
ppm relative to the internal TMS for DMSO-dg/CCl, 1/3 solutions. The course
of the reactions and the purity of the substances were controlled using thin-layer
chromatography on Silufol UV-254 plates, in eluent systems: acetone—nonane,
2:1 (a), acetone-nonane, 3:2 (b) and acetone—nonane, 1:1 (c), spots were
visualized by treatment with iodine vapor.

Syntheses of a-aminonitriles 1-3, 5-11 are described in [9-13].

2-(3,5-Dimethylphenylamino)-2-phenylacetonitrile (4). To a solution of
1.06 g (10 mmol) of benzaldehyde in 20 ml of EtOH with stirring at room
temperature, a solution of 0.5 g (10 mmol) of NaCN in 10 ml of water is added,
stirred for 10 min, then 0.6 g (10 mmol) of AcOH is added, stirred for another 10
min and a solution of 1.2 g (10 mmol) of 3,5-dimethylaniline in 10 ml of EtOH
is added. Stirring is continued for 2 h, 10 ml of cold water is added and left
overnight. The precipitate formed is filtered, washed with water, dried and
recrystallized from EtOH. Yield 2.0 g (85%) of compound 4, mp 103-104°C, Rs
0.60 (a). "H NMR spectrum, &, ppm, Hz: 2.24 (s, 6H, 2xCHs); 5.65 (d, 1H, J =
9.4, CH); 6.18 (d, 1H, J = 9.4, NH); 6.36 (br., 1H, 4-H CgHs); 6.39 (br., 2H,
2,2'-H CgHs); 7.34-7.46 (m, 3H, m,p-C¢Hs); 7.57-7.62 (m, 2H, o- CgHs). *C
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NMR spectrum 8., ppm: 21.0 (2xCHjs); 48.4 (CH); 111.6 (2,2'-CH C¢Hs); 118.4
(CN); 120.1 (4-H CgHs); 126.8 (2xCH CgHs); 128.0 (p- C¢Hs); 128.2 (2xCH
CeHs); 135.0; 137.4 (3,3'-CH CgHy); 145.4 (1-C Cg¢Hs3). Found, %: C 81.17; H
6.91; N 12.03. Ci6H4sN,. Calculated, %: C 81.32; H 6.82; N 11.85.

General procedure for the preparation of 4-amino-1,3,5-triaryl-1H-
pyrrol-2(5H)-ones (12-22). To a mixture of 10 mmol of the corresponding 2-
arylacetonitrile 1-11 in 20 ml of 1,2-dichloroethane and 1.4 g (10 mmol) of dry
K,COs, 1.6 g (10 mmol) of phenylacetyl chloride is added dropwise at 10-15°C,
the reaction mixture is stirred at room temperature for 30 min and then 2 h at 40-
45°C. Upon completion, the whole is cooled, 20 ml of 1,2-dichloroethane is
added, washed several times with water and dried with CaCl,. The solvent is
removed, the residue is dissolved in 30 ml of EtOH, 2.8 g (50 mmol) of KOH in
10 ml of water is added, and stirred at 6065 °C for 1 h. After cooling, 20 ml of
water is added, the precipitate formed is filtered and recrystallized from EtOH.

4-Amino-1,3,5-triphenyl-1H-pyrrol-2(5H)-one (12). Yield 78%, mp 246-
248°C, R; 0.60 (b). IR spectrum, v, em™: 1632 (C=0), 3306 (NH,). '"H NMR
spectrum, 8, ppm: 5.58 (s, 1H, CH); 6.08 (br., 2H, NH,); 6.80-6.83 (m, 1H, p-
CeHs); 7.11-7.19 (m, 3H, Ar); 7.21-7.38 (m, 5H, Ar); 7.42-7.46 (m, 2H, o-
CeHs); 7.51-7.56 (m, 2H, o- CgHs); 7.58-7.63 (m, 2H, 0-CsHs). °C NMR
spectrum &, ppm: 62.4 (CH); 98.5; 119.3 (2xCH); 121.5 (CH); 124.8 (CH);
126.9 (2xCH); 127.4 (2<xCH); 127.5 (CH); 127.66 (2xCH); 127.71 (2xCH);
128.2 (2xCH); 132.5; 137.5; 138.5; 159.0; 169.0. Found, %: C 80.78; H 5.45; N
8.64. C,,H1gN,O. Calculated, %: C 80.96; H 5.56; N 8.58.

4-Amino-3,5-diphenyl-1-p-tolyl-1H-pyrrol-2(5H)-one (13) is described in
[1].

4-Amino-3,5-diphenyl-1-o-tolyl-1H-pyrrol-2(5H)-one (14). Yield 65%,
mp 213-215°C, R; 0.57 (c). IR spectrum, v, cm*: 1638 (C=0), 3297 (NH,). 'H
NMR spectrum, 8, ppm: 2.11 (s, 3H, CHs); 5.36 (s, 1H, CH); 5.95 (br., 2H,
NH,); 6.97-7.12 (m, 4H, Ar); 7.13-7.19 (m, 1H, p- CgHs); 7.25-7.32 (m, 5H,
Ar); 7.33-7.39 (m, 2H, m-C¢Hs); 7.65-7.69 (m, 2H, 0-CsHs). *C NMR spectrum
de, ppm: 18.2 (CH3); 64.8 (CH); 98.9; 124.6 (CH); 125.3 (CH); 125.9 (CH);
127.4 (2xCH); 127.4 (CH); 127.5 (2xCH); 127.7 (CH); 127.8 (2xCH); 128.0
(2xCH); 130.0 (CH). Found, %: C 81.30; H 5.78; N 8.32. CyHxN,0.
Calculated, %: C 81.15; H5.92; N 8.23.

4-Amino-1-(3,5-dimethylphenyl)-3,5-diphenyl-1H-pyrrol-2(5H)-one
(15). Yield 82%, mp 205-206 °C, R; 0.46 (a). IR spectrum, v, cm*: 1638 (C=0),
3333 (NHy). 'H NMR spectrum, 5, ppm: 2.21 (s, 6H, 2xCHz); 5.53 (s, 1H, CH);
6.03 (br., 2H, NH,); 6.51 (m, 1H, 4H Cg¢Hy); 7.12 (br., 2H, 2,2'-H Cg¢Hs); 7.13-
7.18 (m, 1H, 4-CH CgHs); 7.21-7.27 (m, 1H, 4-CH CgHs); 7.28-7.37 (m, 4H, 2
m- CgHs); 7.39-7.43 (m, 2H, 0-C¢Hs); 7.58-7.62 (m, 2H, 0-C¢Hs). *C NMR
spectrum 3¢, ppm: 21.0 (2xCHsz); 62.6 (CH); 98.5; 117.7 (2xCH); 123.6 (CH);
124.7 (CH); 127.0 (2xCH); 127.4 (2xCH); 127.5 (CH); 127.6 (2xCH); 128.1
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(2xCH); 132.6; 136.5 (2 C CHg); 137.6; 138.2; 158.8. Found, %: C 81.30; H
5.78; N 8.32. C,4H»N,0. Calculated, %: C 81.33; H 6.26; N 7.90.
4-Amino-1-(4-methoxyphenyl)-3,5-diphenyl-1H-pyrrol-2(5H)-one (16).
Yield 73%, mp 225-226°C, R; 0.40 (a). IR spectrum, v, cm*: 1634 (C=0), 3302
(NH,). 'H NMR spectrum, &, ppm: 3.70 (s, 3H, OCHa); 5.52 (s, 1H, CH); 6.00
(br., 2H, NH,); 6.68-6.73 (m, 2H, C¢H,); 7.13-7.19 (m, 1H, p-C¢Hs); 7.21-7.43
(m, 9H, Ar); 7.60-7.64 (m, 2H, Ar). ¥C NMR spectrum &, ppm: 54.4 (OCHy);
63.0 (CH); 98.6; 113.1 (2xCH CgHy); 121.8 (2xCH C¢H,); 124.7 (CH); 127.2
(CH Ph); 127.5 (2xCH Ph); 127.5 (CH Ph); 127.6 (2xCH Ph); 128.1 (2xCH
Ph); 131.5; 132.7; 137.5; 154.6; 158.6; 169.6. Found, %: C 77.63; H 5.41; N
7.60. C,3H»N,0,. Calculated, %: C 77.51; H 5.66; N 7.86.
4-Amino-1-(2-methoxyphenyl)-3,5-diphenyl-1H-pyrrol-2(5H)-one (17).
Yield 71%, mp 154-156°C, R; 0.42 (a). IR spectrum, v, em*: 1627 (C=0), 3297
(NH,). 'H NMR spectrum, &, ppm, Hz: 3.86 (s, 3H, OCHs); 5.60 (s, 1H, CH):
5.95 (br., 2H, NH,); 6.78 (td, 1H, J = 7.6, J = 1.4, C¢H,); 6.89 (dd, 1H,J =8.2,J
= 1.3, CgHy); 7.05-7.12 (m, 2H, Ar); 7.13-7.19 (m, 1H, Ar); 7.21-7.31 (m, 5H,
Ar); 7.33-7.39 (m, 2H, Ar); 7.64-7.68 (m, 2H, Ar). *C NMR spectrum &, ppm:
55.0 (OCHjy); 63.7 (CH); 99.6; 111.3 (CH); 119.6 (CH); 124.5 (CH); 126.0;
126.3 (CH); 127.4 (2xCH); 127.4 (CH); 127.5 (2xCH); 127.7 (2xCH); 127.8
(2xCH); 129.6 (CH); 133.0; 137.2; 154.4; 159.0; 170.0. Found, %: C 77.33; H
5.52; N 7.71. Cy3HyN,0,. Calculated, %: C 77.51; H 5.66; N 7.86.
4-Amino-5-(4-isopropoxyphenyl)-1,3-diphenyl-1H-pyrrol-2(5H)-one
(18). Yield 68%, mp 207-209°C, R; 0.46 (a). IR spectrum, v, em*: 1610 (C=0),
3307 (NH,). '"H NMR spectrum, &, ppm, Hz: 1.30 (d, 6H, J = 6.0, 2xCH); 4.52
(sp, 1H, J = 6.0, OCH); 5.51 (s, 1H, CH); 6.03 (br., 2H, NH,); 6.76-6.81 (m, 2H,
Ce¢H,); 6.85-6.90 (m, 1H, p- CgHs); 7.13-7.20 (m, 3H, m-CgHs); 7.29-7.38 (m,
4H, Ar); 7.52-7.56 (m, 2H, 0-C¢Hs); 7.53-7.63 (m, 2H, 0-CsHs). *C NMR
spectrum &, ppm: 21.61 (CHy); 21.65 (CHy); 61.9 (NCH); 68.7 (OCH); 98.4;
115.2 (2xCH CgHy); 119.5 (2xCH CgHy); 121.5 (CH); 124.7 (CH); 127.5 (2xCH
Ph); 127.65 (2xCH Ph); 127.7 (2xCH Ph); 128.1 (2xCH Ph); 128.7; 132.6;
138.5; 157.1; 159.2; 169.7. Found, %: C 78.22; H 6.41; N 7.04. CysHN,0,.
Calculated, %: C 78.10; H 6.29; N 7.29.
4-Amino-5-(4-isopropoxyphenyl)-3-phenyl-1-p-tolyl-1H-pyrrol-2(5H)-
one (19). Yield 72%, mp 194-196°C, R; 0.46 (a). IR spectrum, v, cm*: 1627
(C=0), 3321 (NH,). 'H NMR spectrum, o, ppm, Hz: 1.29 (d, 6H, J = 6.0,
2xCHz); 2.23 (s, 3H, CHs-Ar); 4.51 (sp, 1H, J = 6.0, OCH); 5.46 (s, 1H, CH);
5.96 (br., 2H, NH,); 6.74-6.79 (m, 2H, C¢H,OC;3H-); 6.93-6.98 (m, 2H, p-
CeHs); 7.11-7.17 (m, 1H, p-C¢Hs); 7.25-7.30 (m, 2H, C¢H,OC;H;); 7.31-7.40
(m, 4H, C¢H,CH; 1 m-CgHs); 7.58-7.62 (m, 2H, 0-CsHs). °° NMR spectrum &,
ppm: 20.2 (CH,); 21.6 and 21.6 (2xCHz); 62.0 (NCH); 68.6 (OCH); 98.4; 115.1
(2xCH); 119.8 (2xCH); 124.6 (CH); 127.4 (2xCH); 127.6 (2xCH); 128.1
(2xCH); 128.3 (2xCH). Found, %: C 78.51; H 6.39; N 7.19. CyHsN,O..
Calculated, %: C 78.36; H 6.58; N 7.03.
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4-Amino-5-(4-isopropoxyphenyl)-3-phenyl-1-o-tolyl-1H-pyrrol-2(5H)-
one (20). Yield 68%, mp 198-200°C, R; 0.45 (a). IR spectrum, v, em™: 1632
(C=0), 3297 (NH,). 'H NMR spectrum, &, ppm, Hz: 1.30 (d, 6H, J = 6.0,
2xCHz); 2.13 (s, 3H, CHs-Ar); 4.53 (sp, 1H, J = 6.0, OCH); 5.29 (s, 1H, CH);
5.90 (br., 2H, NH,); 6.73-6.78 (m, 2H, CsH,OC;3H;); 6.97-7.20 (m, 7H, Ar);
7.33-7.39 (m, 2H, Ar); 7.65-7.70 (m, 2H, Ar). **C NMR spectrum &, ppm: 18.2
(CHy); 21.6 (2<CH3); 64.4 (NCH); 68.7 (OCH); 98.9; 114.9 (2xCH); 124.6
(CH); 125.3 (CH); 125.9 (CH); 127.4 (2<xCH); 127.5 (2xCH); 128.3; 129.2
(2xCH); 130.0 (CH); 133.0; 136.6; 136.7; 157.3; 158.8; 169.4. Found, %: C
78.18; H 6.46; N 6.82. C,5H26N-,0,. Calculated, %: C 78.36; H 6.58; N 7.03.

4-Amino-1-(3,5-dimethylphenyl)-5-(4-isopropoxyphenyl)-3-phenyl-1H-
pyrrol-2(5H)--one (21). Yield 87%, mp 198-200°C, R; 0.64 (a). IR spectrum, v,
em ™ 1639 (C=0), 3302 (NH,). 'H NMR spectrum, 8, ppm, Hz: 1.29 (d, 6H, J =
6.0, 2xCHjy); 2.21 (t, 6H, J = 0.5, CH3-Ar); 4.51 (sp, 1H, J = 6.0, OCH); 5.45 (s,
1H, CH); 5.96 (br., 2H, NH,); 6.51 (m, 1H, 4-H C¢H3(CH,),); 6.75-6.80 (m, 2H,
CeHa); 7.11 (br., 2H, 2,2"-H CsH3(CHa),); 7.12-7.17 (m, 1H, 4-H CgH,); 7.25-
7.30 (m, 2H, CgHy); 7.30-7.37 (m, 2H, m- Cg¢Hs); 7.57-7.62 (m, 2H, o- CgHs).
BC NMR spectrum &, ppm: 21.1 (2xCHj); 21.66 (CH3); 21.71 (CHs); 62.1
(NCH); 68.7 (OCH); 98.5; 115.2 (2xCH); 117.9 (2xCH); 123.6; 124.7; 127.5
(2xCH); 127.7 (2xCH); 128.2 (2xCH); 128.8; 132.8; 136.6; 138.2; 157.2;
159.1; 169.7. Found, %: C 78.44; H 6.93; N 6.70. C,7;H,3N,0,. Calculated, %: C
78.61; H 6.84; N 6.79.

4-amino-5-(4-isopropoxyphenyl)-1-(2-methoxyphenyl)-3-phenyl-1H-
pyrrol-2(5H)- -one (22). Yield 64%, mp 210-212°C, R 0.64 (b). IR spectrum, v,
em: 1640 (C=0), 3268 (NH,). ‘H NMR spectrum, &, ppm, Hz: 1.28 (d, 3H, J =
6.0, CHs); 1.29 (d, 3H, J = 6.0, CHy); 3.86 (s, 3H, OCHj); 4.50 (sp, 1H, J = 6.0,
OCH); 5.52 (s, 1H, CH); 5.87 (br., 2H, NH,); 6.71-6.76 (m, 2H, C¢H,OC;3Hy);
6.80 (ddd, 1H, J = 7.9, J = 7.2, J = 1.3, C¢H,OCHy); 6.88-6.92 (m, 1H,
CsH4OCHj3); 7.06-7.18 (m, 5H, Ar); 7.32-7.38 (m, 2H, m- C¢Hs); 7.63-7.67 (m,
2H, 0-CgHs). **C NMR spectrum &, ppm: 21.59 (CHs); 21.62 (2xCHs); 55.0
(OCHsy); 63.2 (NCH); 68.6 (OCH); 98.5; 111.3; 114.8 (2xCH); 119.6; 124.5;
126.1; 126.3; 127.4 (2xCH); 128.5; 128.8; 129.6; 133.1; 154.5; 157.1; 159.1;
169.9. Found, %: C 75.21; H 6.13; N 6.58. C,sH»sN,05. Calculated, %: C 75.34;
H 6.32; N 6.76.

4-4UPLN-1,3,5-SCPULPL-TH-NPLLAL-2(SH)-OL'LELP UPLEGAL
L LATLS NUGUU U LLEESPL WaSPINFE-3AFLL

U. €. ULGLUUL3U, Q. 4. SULAFR-3NFL3WL, U. M. QUUNUL3TL,
<. UL USEOUL3UYL U - 6. UNFLPUL3TEL

Dlifypugupunfdfdff pynputilpypfipn O-udfunbfunppyibph wgppdudp b ugfnodf
byl b 4-wdfiun-1,3,5-mpfuuppy-1H-wpppng-2(5H)-niubpp ofiifdfhg b {bmmgnufly By
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CHUHTE3 U AHTUBAKTEPUAJILHASI AKTUBHOCTh
4-AMMHO-1,3,5-TPUAPUI-1H-TIUPPO.I-2(5H)-OHOB

M. B. AJIEKCAHSH, I'. K. APYTIOHSIH, C. I1. TACIIAPSIH,
I'. M. CTEHNAHAH u P. E. MYPAJISIH

Hay4no-TexHOTOTHYECKHi IEHTP OpraHUYecKOr 1 (hapMarieBTHUECKOH XUMUU
HAH Pecny6imku ApmeHust
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ALMINPOBAHUEM (-aMUHOHUTPHIIOB XJIOPAHTHAPHAOM (PEHUITYKCYCHON KHCIIOTHI U
nocneayromeld BHyTPUMOJICKYIIAPHON [IMKJIN3AlUel B IPUCYTCTBUHU €IKOTO Kallks 0Cy-
LIECTBIICH cuHTE3 4-amuno-1,3,5-tpuapun-1H-nuppon-2(5H)-onos. U3yuena antnbak-
TepHalbHas aKTUBHOCTh CHHTE3MPOBAHHBIX COCIHMHEHUM, Cpell KOTOPBIX Hanboee ak-
TUBHBIM  sIBIIsieTcsl  4-aMuHO--5-(4-uzonponokcudenun)-3-pennn-1-o-romun-1H-nup-
pon-2(5H)-0H, MOaBIAIOMMA POCT TPaMIIOJIOXKHUTEIBHBIX MHKPOOPIaHW3MOB B 30HE
auameTpoM d = 17-18 mm. OcranbHble MPOU3BOJHBIC MATOAKTHBHBI HJIH BOBCE JIUILCHBI
aHTHOAKTEpHAIbHOH aKTUBHOCTH.
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PRELIMINARY EVALUATION OF THE BIOLOGICAL ACTIVITY
OF BENZO[4',5'|IMIDAZO[2’, 1": 6,1]PYRIDO[2,3-d]PYRIMIDINE
DERIVATIVES BY THE METHODS OF MOLECULAR MODELING

It is known that the molecular modeling method is one of the modern
methods for identifying and preliminary assessing the bioactivity of chemical
compounds, which allows for the rational search for new drugs. In this study,
we, based on the above method, summarized preliminary results on the
assessment of the possible pharmacological activity of three tetracyclic fused
pyrimidines.

During in silico studies, pharmacokinetic parameters were obtained,
biophysical and conformational interaction parameters were calculated for the
following  compounds:  4-methyl-2-phenyl-5,6-dihydrobenzo[4',5']imidazo
[1',2":1,6]pyrido[2,3-d]pyrimidine (1), 4-methyl-2-phenyl-benzo[4',5limidazo
[1',2":1,6]pyrido[2,3-d]pyrimidine (2) and 4-methyl-5,6-dihydrobenzo-[4',5]-
imidazo[1',2":1,6]pyrido[2,3-d]pyrimidine-2-ol (3) [1] (Fig. 1).

Uy 3::3@ Uy | 5{‘@‘9 Uy J:}Q,\.O
AN AP AL 1) C L
@/H 5 Mf @AN 5 ;‘:If\'i\d.o . )N'\N - #\)\f

Experimental part

The pharmacokinetic properties and target screening for the studied
compounds were determined using EXPASYy online portal [2]; molecular models
of compounds for docking analysis were obtained using Cambridge Soft
Corporation Chem software package 3D 5.0. The studied targets were taken
from the UniProt database [3]. Docking and conformational analyses were
carried out using AutoDock Vina, AutoDock Tools [4].

530



The statistical reliability of the research results was achieved through the
integrated application of standard statistical methods, including the calculation
of standard deviations, average values, and standard average errors.

Pharmacokinetic property (ADME) obtained in silico indicates that all test
compounds have acceptable ADME compliance values; wherein the 2-hydroxy
derivative 3 meets the criteria of a lead compound [5]. In silico screening was
performed on 3000 initial targets, based on 2D and 3D similarities. The top 15
targets with high affinity for the compounds under study were selected. A
docking analysis of the top targets with the studied compounds revealed that for
compound 1 interactions were observed with 10 targets, for compound 2 - with
11 and for compound 3 - with 10 (results not shown). The obtained spatial-
energy parameters of interaction revealed targets with high binding energies
during complex formation. Binding constants (K,) were also calculated for all
the studied interactions (Table).

Table

The calculated parameters of ADME, in silico screening and docking
analysis for the studied compounds

Drug- Medical Insilico
Pharmacokinetics likeness | chemistry screening Docking-analysis
(quantities)
c ~
S S .
3| 8 |3 S| g3 2 1|5 = $ =
2] &8 |° | =] 8| = o | &8 ] ~ =
E| S |8/ Y| 8|25 |%a| 5|85 £ = g
S| Elsalo| |3 |2 |37 |82 S = g
S [Sm| © 2| B |5 |leal 58 = @ S
3 |5 |13 8|87 E|sg|° @ 5 50
E |8 z | 3| = |E|&§ 2, o =
S |F =S S | *|&|8| & S 2
3 @ 2 oz = 2 2
0] [}
1. [ High [ Yes |-5.29[ Yes |0.55] No | 3.14 [3000[15]10] Q9P1W9 [-11,33+0,56 | 1,8X10°
2. | High | Yes |-5.08| Yes |0.55| No | 2.40 [3000|15[11| P24941 | -9.85+0.49 1.50X107
3. | High | Yes |-6.12| Yes |0.55| Yes | 2.84 [3000|15|10| P08913 | -9.06+0.45 4.00X10°

The results of complexation have shown that compound 1 has the highest
Ky, with serine-threonine protein kinase 2 (PIM 2) (UniProt ID: Q9P1W9) with a
value of 1.8x10% and in compound 2 with cyclin-dependent kinase 2 (CDK?2)
(UniProt ID: P24941) with a value of 1.50x10 and for compound 3, the highest
Ky is found at a,-A adrenergic receptor (ADRA2A) (UniProt ID: P08913) with
a value of 4.00x10° (Table).

As a result of conformational analysis, amino acid residues involved in the
complexation process were identified and types of interactions were determined.

The complexation of compound 1 with PIM-2 occurs due to hydrophobic
interactions in the ATP pocket of the N-terminal of the protein kinase domain
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with the amino acid residues Alal22, Val46, Leull6, Leul70, 1le181, which
play an important role in ATP phosphorylation. A similar type of interaction is
inherent in compounds - PIM 2 kinase inhibitors, and therefore, compound 1
may exhibit an antitumor activity against hematological forms of malignant
neoplasms and prostate cancer [6]. The interaction of compound 2 with CDK2 is
also hydrophobic in the ATP binding pocket of the active center of the protein
with the involvement of Leu83, Asp86, Phe80, Lys89, Aspl45 amino acid
residues; however, the interaction with the amino acid Phe80, which regulates
the entry of ATP into the active center of the protein, can lead to blocking the
passage of the native ligand. Since in the cell cycle CDK2 is involved in the
growth of tumors in different types of cancer, selective inhibition of CDK2 can
be used in anti-cancer therapy strategies for specific tumors [7].

Our results indicate that compound 3 interacts with ADRA2A due to
hydrogen bonds with the amino acid residue Leu26 with a binding length of
2.82 A and Lys27, the binding length of which does not exceed 2.98 A, and also
due to hydrophobic interactions with amino acid residues Arg28, Glu23, Tyr24
and Asn25, which may suggest that compound 3 has a sedative effect [8].

Thus, according to the results of in silico studies in a series of poorly
studied class of tetracyclic condensed pyrimidines, several types of biological
activity can be expected.

UNLGUNFL3UL UNMGLELACT UL BAWLWEN
AELAN[4,5'|LELYNPUBUEAULN [2',17:6,1] NP LPYN[2,3-d] NP LEU R LD
UoULS3ULLELh U LUULTLUYTL WUShILNFR-3TL
LURLUYUEL @ LUSUSARUE

L U.SOFLUL3UL, U. S. UTUh23UL, €. U. LUUUC3UL,
W U SUCLNFRBOFL3UYL LS. N. AW LUANFL3UL

Ybtpuitssljuds silpnpofnc Gyl wulblpnpp Jubposnbodud ool Fhppp S
qupd whpfiphaf byuluhn] ppolubogdly § bnwrig g ws wfppdpgfiog i (@F-
pufulibph insilico {bmwgnnncfdyncip b fuyfgugfood : '}-[nuil# 197 4—Jbﬁ[ll-2-l¥)bfllll-5,5-
thébprplign- (4.5 pdprpugn-[1'.2':1,6]wpppyn] 2,3-awhppdfofip, 4-dbfy-2-phify-
plugn[4,5 [ pilfpusgn[ 12" 1,6 wfppon] 2,3-d] whppdppip b 4-dbfFpy-5,6-gfpSfoppnpli-
qn-[ 45| pubprpusgn[ 1',2':1,6] wyppfoopn[2,3-d] wppfpiifpfrs-2-myp ;- nigy & wpifby, op o bpp
byfms dfpngnifFyniibibpp gneguphpned b fuydad pupdp Sesmunndiihp mwpphp
phpdbinntibipfy S, Qudungquunumfuubnpup ubpfiunpnlifb-wpnnbpbfhagugh, ghl b
fpsparfmd i fFusddp gyl b vy pos 28-sipliibpgfly nbgkupnnpp Sk :
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MPE/JIBAPUTEJILHASI OLIEHKA BUOJIOTMYECKON AKTUBHOCTH
IMPOM3BOIHBIX BEH30[4",5 |UMHUIA30[2’,1':6,1]TAPAIO
[2,3-d]IIIPUMUIAHA METOJAMM MOJIEKYJISIPHOT O
MOJEJTAPOBAHUS

JI. C. YHAHSIHY, A. T. MAKHYSIHY, B. C. KAMAPSIH?,
A. A. APYTIOHAH u I. T. JAHATYJISIH*?

! Pocemiicko- Apmstackuit (CaBsHCKHIT) YHHBEPCHTET
Apwmenus, Epesan, 0051, yn. Ocenia DmuHa, 123
2 Hay4yHO-TeXHOIOrn4eCcKuil IEHTP OpraHNYecKoil U GapMaleBTHUECKON XUMHUH
HAH Pecny6imku ApmeHust
Apwmenus, Epesan, 0014, mp. AzatyTss, 26
“E-mail: harutyunyan.arthur@yahoo.com

C 1enpi0 MPOTHO3UPOBAHUS CIIEKTPa OHOIOTHYECKOM AKTHBHOCTH HA OCHOBE METO-
JIOJIOTHH OOPAaTHOrO CKPUHHMHTA MUIIEHH MPOBEICHO MPeIBAPUTEIBHOE HUCCIIEI0BAHNE
in silico n BanmMma-1Ms MUIIEHEH TPEX KOHAECHCHPOBAHHBIX MHUPUMHUANHOB: 4-METHI-2-
¢bennn-5,6-muruapobenso-[4',5 Tumuaazo-[1',2":1,6 luupuno[2,3-dmupumuauna,  4-me-
Tun-2-penmnbdenso[4',5 Tumunazo-[1',2":1,6]-mupumo[2,3-djnupumunnna u 4-metnn-5,6-
auruapobenso[4',5' Tumuaazo[1',2":1,6]-nupuo[2,3-dnupumuans-2-ona .

YCTaHOBIIEHO, YTO BBINICYKA3aHHBIC COCAMHCHHUS TOKA3ad BBHICOKHE KOHCTAHTHI
CBSI3bIBA-HUS C PA3IMYHBIMU (DEPMEHTAMU, COOTBETCTBEHHO C CEPUHTPEOHUH-TIPOTECUH-
KUHA30M, [UKIHH3aBUCHMOW KUHA30# U ¢ anb(a 2a-aJpeHePrHYeCKUM PELEITOPOM.
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CORRIGENDUM TO “VOLUMETRIC PROPERTIES OF BINARY
MIXTURES OF ACRYLONITRILE WITH DIMETHYLSULFOXIDE (OR
DIETHYLSULFOXIDE) AT TEMPERATURES FROM 298.15 TO 323.15K”
[CHEMICAL JOURNAL OF ARMENIA 70 (2017) 462-476]

H. H. GHAZOYAN

Yerevan State University
1, A. Manoukyan Str., Yerevan, 0025, Armenia
E-mail: shmarkar@ysu.am

This is corrigendum to our paper [1] in which the study of volumetric
properties of binary mixtures of acrylonitrile (AN) with dimethylsulfoxide
(DMSO) (or diethylsulfoxide (DESQO)) over the full range of compositions at
several temperatures was carried out. In our paper [1] errors in thermodynamic
parameters calculation are noted especially for calculation of partial excess
molar volumes,\7iE, for the individual mixture components. Although, we
mentioned in the text that the partial molar volumes are mainly smaller than
molar volumes of pure components for both AN-DMSO and AN-DESO systems
at each temperature which thermodynamically consistent, however, there was
technical error. Instead of as usually procedure [2, 3], to obtain the partial excess
molar volumes by subtracting the pure component molar volumes from the

partial molar volumes of components (\7iE =V, -V,") we did opposite. The

authors would like to apologize for any inconvenience caused. Now, the
corrections are incorporated and final versions of calculated values of partial
excess molar volumes are presented in Tables 1 and 2.
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Table 1

Partial excess molar volumes, Vi x10°(m®mol*), for AN and DMSO
in binary AN(1)-DMSO(2) solutions at T= (298.15 to 323.15)K

X; Vi Vo Vi Vo Vi Vs
T=298.15K T=303.15K T=308.15K
0.1056 -0.120 -1.283 -0.057 -1.354 -0.012 -1.442
0.2079 -0.166 -0.587 -0.086 -0.639 -0.024 -0.676
0.2988 -0.261 -0.400 -0.171 -0.386 -0.110 -0.395
0.3968 -0.295 -0.120 -0.223 -0.090 -0.166 -0.060
0.5016 -0.353 0.058 -0.291 0.129 -0.257 0.175
0.5999 -0.391 0.196 -0.351 0.287 -0.336 0.352
0.6986 -0.453 0.279 -0.466 0.370 -0.491 0.439
0.7976 -0.625 0.280 -0.712 0.360 -0.802 0.422
0.8979 -0.955 0.195 -1.030 0.262 -1.087 0.318
T=313.15K T=318.15K T=323.15K
0.1056 -0.012 -1.552 0.008 -1.657 0.002 -1.781
0.2079 -0.024 -0.748 0.003 -0.812 -0.003 -0.899
0.2988 -0.114 -0.451 -0.093 -0.495 -0.103 -0.574
0.3968 -0.159 -0.073 -0.136 -0.076 -0.146 -0.135
0.5016 -0.274 0.152 -0.274 0.155 -0.284 0.111
0.5999 -0.361 0.340 -0.374 0.361 -0.396 0.318
0.6986 -0.562 0.419 -0.615 0.440 -0.618 0.414
0.7976 -0.820 0.429 -0.893 0.457 -0.903 0.433
0.8979 -1.141 0.320 -1.219 0.345 -1.309 0.319
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Table 2

Partial excess molar volumes, Vi x10°(m®mol ), for AN and DESO
in binary AN(1)-DESO(2) solutions at T=(298.15 to 323.15)K

X, Vi Vs Vi Vs Vi Vs
T=298.15K T=303.15K T=308.15K
0.1014 -0.554 -2.205 -0.543 -2.279 -0.554 -2.387
0.1992 -0.852 -1.896 -0.844 -1.967 -0.860 -2.044
0.3033 -0.967 -1.475 -0.957 -1.506 -0.976 -1.557
0.4002 -1.127 -1.393 -1.106 -1.384 -1.127 -1.419
0.4927 -1.247 -1.266 -1.243 -1.264 -1.268 -1.290
0.6003 -1.383 -1.119 -1.369 -1.095 -1.396 -1.110
0.6914 -1.265 -0.885 -1.249 -0.854 -1.280 -0.864
0793 | -1318 | -0718 | -1.309 | -0.690 | -1.348 | -0.696
09003 | -1.617 | -0.481 | -1.702 | -0.472 | -1.757 | -0.476
T=313.15K T=318.15K T=323.15K
0.1014 -0.564 -2.489 -0.573 -2.608 -0.578 -2.733
0.1992 -0.877 -2.123 -0.892 -2.207 -0.899 -2.292
0.3033 -0.994 -1.605 -1.011 -1.660 -1.019 -1.708
0.4002 -1.148 -1.455 -1.168 -1.491 -1.180 -1.522
0.4927 -1.292 -1.315 -1.316 -1.340 -1.332 -1.357
0.6003 -1.419 -1.123 -1.445 -1.136 -1.464 -1.140
0.6914 -1.307 -0.873 -1.337 -0.880 -1.363 -0.879
0.7963 -1.382 -0.703 -1.425 -0.707 -1.461 -0.703
0.9003 -1.814 -0.481 -1.875 -0.484 -1.927 -0.480

The figures (Fig. 4 in [1]) in which presented partial excess molar volumes
versus molar fractions of DMSO (or DESO) at T=(298.15 and 318.15)K are
corrected in this corrigendum as well (Fig.).
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Axonan E.U., cMm. Capecan T.O. Ne4, c. 495.

Axonan E.J. CunTe3 HOBBIX IHUIIENITUAOB C HCHoib3oBaHuEM 4,5,6,7-teTpa-
ruapobeHsoTrHodeHcomepKamx — aHaioroB  (S)-o-amanuHa. Nel-2,
c. 150.

Axonsn JI.K., cMm. Obosin HI'. Ne3, ¢. 292.

Axonan P.M., cMm. Acpamsn A.T. Ne3, c. 300.

Axonan LII.@., cm. [laponukan E.I'. Ne4, c. 435.

Anexcanan M.B., Apymionan I'K., I'acnapsan C.II., Cmenansan I'M., Mypa-
0sn P.E. CuHTe3 W aHTMOaKTepHWalbHas aKTUBHOCTh 4-amuHO-1,3,5-
tpuapui-1H-nuppon-2(5H)-oHos. Ne4, c. 523.

Anosin C.A., Ocanucan A.M., Bapoanemsan C.M., Mxpmusn I'.®. O0pa3oBaHue
accoluMaroB XJopoduiuia B pacTBOpax amerona u ataHona. Nel-2, c. 25.
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Apaxenan A.I., cMm. Hcaxanan A.Y. Ne4, c. 487.

Apcenmues C./[., cM. Manykan 3.0. Ne3, c. 233.

Apcensn @.I., cm. Mapkocsn A.M. Nel-2, c. 123.

Apyemaman  JK.C., Maprapsn P.O., Aeexan A.A., Mypaoan P.E.,
Mxpmusn I'.C., Munacan H.C. CuHTe3 1 U3y4eHHE aHTHAPUTMHYECKON
AKTHBHOCTH Psila aMUI0B, AMUHOAMHJIOB M JUAMHUJIOB Ha OCHOBE 4-(3,
4-numetokcudenmn)rerparuapo-2H-nupan-4-kapOOHOBOIT  KHUCIOTHI.
Ne3, ¢. 330.

Apymionsan A.A., cM. Upaodsn M.A. Ne3, c. 260; Ne4, c. 483.

HUcaxanuan A.Y. Ned, c. 445, 487.
Vuansan JI.C. Ne4, c. 530.

Apymiwonan A.A., Iyvkacan I'.T., T'esopran KA., Apymionan A.JI., Hauaey-
aan I'T. Cuures  2-[(E)-2-apwn-1-stennn]-6-ion-3-penmmTui-3,4-
JUTUIPO-4-XMHA30JHHOHOB. Ne3, ¢. 256.

Apymionsn A J1., cm. Apymionsin A.A. Ne3, c. 256.

Tesopran KA. Nel-2, c. 115; Ne3, c. 340.

Apymionan AJI., I'esopxan K.A., I'ancman M.B., Bynuamsan K.M., Ilano-
can I'"A. CuHTe3 W W3y4YeHWE AHTHUOKCHJAHTHOM AaKTUBHOCTH 3,7-
JTUAIKAJIIMa3aaJaMaHTaHOB  COAEpKAIUX (PparMeHThl KapOOHOBBIX
kucaot. Ne4, c. 508.

Apymionsin A.C., cm. Iaponuxsan E.T". Ned c. 435.

Apymionan b.A., cM. Munacan 3.B. Ne3, c. 243.

Apymiousn I' K., cm. Anexcanan M.B. Ned, c. 523.

Apymionan JIL.A., cM. Manyxan 3.0. Nel-2, c. 10.

Apymionan H.C., cM. Hcaxansan A.Y. Ned, c. 487.

Apymionan C.A., cM. Bapmanan C.O. Nel-2, c. 134.

Acpaman A.I'. AnkunupoBaHue (eHONMa TaloreHalKaHaAMH B YCIIOBHSX MEX-
¢azHoro xaranuza u B cucteMe N-metunmopgoiun N-okcuna/Bona. Ne3,
c. 321.

Acpaman A.I'. Tlomyuenue komriuiekca 1-BuHMI-1,2,4-Tpuazona ¢ XJIOPHIOM
30J10Ta U U3YYEHHUE €Tr0 TEPMUUYECKHX U OMOIOTHYECKUX CBOUCTB. Ned,
c. 463.

Acpamsan A.I'., Konvkosa C.I., C Auoysn.C., 3axapsn I'.B., Mapxocau A./[c.,
Axonan P.M., Ammapsan O.C. N3yueHue peaknuu ruapoiusa 1,3-aux-
nopOyT-2-eHa B cructeme N-metmnmopdommua N-okcua — Boja B MpH-
cyrctBuu runpokcuna Hatpust. Ne3, c. 300.

Acpamsn A.I., Cykoan A.A., Hanaeynau I'.T., Ammapan O.C. AnkunupoBaHue
UMHJI30J1a AUXJIOPITAHOM M ACTHAPOXJIOpUpOBaHUe iN-Situ momydeH-
Horo 1-(2'-xyopatwin)uMuaasona 10 |-BHHUIMMHKIA30j1a B BOJHO-IIE-
noyHol cpene B cucteme N-metunamopdonua N-okcuma ¢ ucnoap3oBa-
HHUEM KaTam3aropa MexxdasHoro mepernoca. Ned, ¢. 517.

Ammapsan O.C., cM. Acpamsan A.1. Ne3, c. 300; Ned, c. 517.

babaxanan A.B., cM. Manyxkan M.O. Nel-2, c. 66.

baoacan A.3., cMm. Capecsn A.A., N3, c. 282, 362.

Capecsn M.C. Ne3, c. 304; Ne4, c. 502.

banexaes A.I'., cMm. I pucopsn C.I". Nel-2, c. 190.

bansan A.A., cm. Capecan M.C. Ne3, c. 304.
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bapceaan K.C., cm. Manyksan M.O. Nel-2, c. 66.

Beznapsin A.A., cM. Hcaaxan A.P. Ned, c. 427.

becnapsn A.A., Menukan C.A., 3ynyman H.O., Tepzan A.M., Hcaaxau A.P.
Uccnenoanne oOpa3oBaHusl OPTOCUIMKATa CTPOHLIMS HA OCHOBE THJ-
POCHIIMKAres, BEIISIICHHOTO U3 ceprieHTHHOB. Nel-2, c. 34.

bynuamsan JK.M., cm. Apymionsin A.J]. Ne4, c. 508.

Bapoanemsn B.B., cM. Maemyou A.A. Ne4, c. 409.

Bapoanemsn C.M., cM. Anosn C.A. Nel-2, c. 25.

Bapoepecan A.3., cMm. Tonoan A.0. Nel-2, c. 176.

Bapmansan C.O., cMm. Aecexan A.A. Nel-2, c. 51.

Bapmanan C.O., Asaxan A.C., Capecan A.b., Aeexan A.A., Apymwonan C.A.,
Tacnapsn I''B. CuHTe3 M aHTUTUTIOKCUYECKUE CBOWCTBA HOBBIX MIPOU3-
BOJIHBIX KHCIIOPOJICOACPKAIINX TeTepriasikuiaMuHoB. Nel-2, c. 134,

Tabpuensan C.A., cM. Mapxocan A.M. Nel-2, c. 123.

Tabpuensn C.I'., cM. Maprocsn A.1. Ne4, c. 469.

Tancman JI.X., eM. Tonyszan B.O. Nel-2, ¢. 159; Ne3, ¢. 313.

Tancmsan M.B., cm. Apymionsan A.J]. Ned, c. 504.

Tesopksin KA. Nel-2, ¢. 115; Ne3, ¢. 340.
Obocan H.I'., Ne3, ¢. 292.

Tapubsan O.A., cMm. Mxpmusan JI.A. Ne3, c. 356.

Tacnapsn I'.B., em. Bapmanan C.O. Nel-2, c. 134.

Tacnapsan CII., cM. Anexcamsan M.B. Ned, c. 523.

Tesopisin K.A. Nel-2, c. 115; Ne3, c. 340.

T'esopesan C.A., cMm. Capecan T.O. Ned, c. 495.

T'esopran K.A., cM. Apymionan A.A. Ne3, c. 256.

Tesopran K.A., cM. Apymronsan A.J]. Ned, c. 508.

T'esopxsan K. A., Apymionusin A.J[., ['ancman M.B., Asaxumsn /ic.A., Cmenansn
I'M., Mypaosn P.E., I'acnapan C.II. CuHTe3 1 M3yueHHE aHTHOAaKTe-
PHAIBHOM aKTHUBHOCTH HEKOTOPBIX CIHUPONPOM3BOJHBIX-1,3-n1nazaana-
MaHTaHOB, CONIEPKAIINX N3aTHHOBEIN (hparmeHT. Ne3, c. 340.

Tesopran K.A., Apymionan AJI., [arcman M.B., Hazapan U.M., Axonsn AT,
Haponuxan P.I., Tacnapan C.II. CHHTE3 U IPOTUBOCYIOPOXKHAS aK-
THBHOCTh a30MeTHHOB-1,3-muasa- u 1,3,5-TpuasaajiaMaHTaHOB, COMEp-
KalUX 3aMEIIEeHHbIH XMHOIMHOBBIN (hparmeHT. Nel-2, c. 115.

Tocunan B.F., cMm. Kananmapan H K. Ne3, c. 249.

Tpueopsn C.I., Tkauenxo J1.3., Asmanounsn C.C., Banexaes A.I'. Tlony4yeHnue
KOMIIO3UIIMOHHBIX COPOSHTOB TMOJIMMEpH3aIueld CHHTE3UPOBAHHBIX MO-
HOMEPHBIX H OJIMTOMEPHBIX OWC-aKpPHIAMUAOB Ha HEOPTraHHIECKOM
noainoxkke. Nel-2, ¢. 190.

I'ykacan I''T., cm. Apymionan A.A. Ne3, c. 256.

T'yxkacan I1.C. Biausaue mapuuanbHOTO TAaBICHHS KHCIOPOAa Ha ra3odasHoe
OKHCJIEHHE I[IUKJIOTEKCaHa B 001aCTH XOIOAHEIX m1aMeH. Nel-2, ¢. 18.

Tonyman 3.4., em. Capecan T.O. Ne4, c. 495.

Tonvnasapsan A.X., eMm. Manyrsn M.O. Nel-2, c. 66.

Tonvnazapan A.X., Caaxan T.A., Mypaosn I'M., Atisazan A.I'., Tamazan P.A.,
Hanocsn I''A. Obpazosanue 6pomuna (E)-1-(2,3-audpomarmmin)-1-(2,3-
JUTHAPOKCHUITPOIINIT) THIICPUINHIS IPH OpOMHPOBAHUN AMMOHHEBOM CO-
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M, COoNeprKallei IPONapruiibHy0 U 1,3-1MO0KCOTaHOBYIO TPYIIITUPOBKY.
Nel-2, c. 142.

Hasemsan A.I'., cm. Manykan 3.0. Ne3, c. 233.

Jasemsan /[.A., cM. Aeosan A.M. Ne4, c. 419.

Laemsan /].C., cMm. Tonosin A.O. Nel-2, c. 176.

Hasmsan C.I1., cMm. Tonosin A.O. Nel-2, c. 176.

Haoasn A.C., em. Kananwmapsn H.K. Ne3, c. 249.

Hanaeynan I'T., cM. Apymionsan A.A. Ne3, c. 256.

Acpamsan A.I'. Ned, c. 517.
Vuanan JI.C. Ne4, c. 530.

Hanean FO.M., cm. Capecan T.0. Ned, c. 495.

IDicameapan C.M., cm. Capecan T.0. N4, c. 495.

3axapsn I'.B., cMm. Acpamsin A.T". Ne3, c. 300.

3axapan M.K. Marauii-kapOoTepMUYeCcKOe BOCCTAaHOBJICHHE BoJb(pamara
cepeOpa B peskuMe ropenns u cuate3 ncesaociuiaBa W-Ag. Ned, c. 401.

3axapan M.K., Huazan O.M., Aiounau C.B., Xapamsn C.JI. OTA/TT
uccienoBanue Mmexanusma peakuun B cucteme WO3-NiO-Mg-C. Ne3, c.
223.

3aneunsan A.A. CtexinooOpa3oBaHue W U3MEHEHHE HEKOTOPBIX CBOMCTB CTEKOJ
cucteMsl LiPO3-B,03-NAF ot cocrasa. Nel-2, ¢. 43.

3ynyman H.O., M. beerapsin A.A. Nel-2, c. 34.

HUcaaxsn A.P. Ne4, c. 427.

Upaoan M.A., Hpaoan H.C., Apymwonusan A.A. llaTudneHHble TeTepOLUKIbI -
muppod, THodeH, PypaH, B COBPEMEHHOW XUMHOTEpAIMH 3JI0Ka4ecT-
BEHHBIX HOBOOOpa3oBaHuii (MMHU-0030p). Ne3, c. 260.

Upaosn M A. Upaosan, H.C., Cmenanan I"M., Apymionsn A.A. Cunte3 azaana-
JIOrOB  OWoONorHyeckd akTuBHBIX 3-[(1-H-muppon-2-un)mernnen]-1-
METHUIINHIOINH-2-0HOB. Ne4, c. 483.

Upaosan H.C., cMm. Upaosan M.A. Ne3, c. 260; Ned, c. 483.

Hcaaxan A.P., cMm. beenapsan A.A. Nel-2, c. 34.

Hcaaxan A.P., 3yayman H.O., Tepsan A.M., Menuxan C.A., bBecnapsn A.A.
BnusHue mpoiiecca cTapeHHs B THApPOTreNe KpeMEH3eMa, BBIJCIEHHOTO
W3 MHUHepalla TPYMIbl CEPIeHTHHA, Ha BBIXOJbl CHIMKATOB KaJbIIUS.
Ned, c. 427.

HUcaxausn A.Y., Apymionan A.A. HoBble Ipon3BOIHBIC XUHOIHHKAPOOHOBBIX
KHUCJIOT B CHHTE3€ OMOJIOrMYECKH aKTUBHBIX BemiecTB. Ned, ¢. 445,
Ucaxansn A.Y., Apymionan A.A., Apymiousn H.C., Apaxensn A.I., Cagha-
pan A.C., laxamynu A.A. CuHTe3 U aHTHOAKTepUAIbHAS aKTHBHOCTH
HOBBIX IPOU3BOJHBIX  4-(2-(eHus-4-XuHOMIIKapOAMOMIT)OEH30HHOM

KkucIoThL. Ned, c. 487.

Kaszosan BM., cm. Tony3siH B.O. Nel-2, c. 159; Ne3, c. 313.

Ka3zosn B.M. CuHTe3 1 HCClieIOBaHHE aHTUXOIHUHICTEPA3HBIX CBOMCTB Ouc-(4-
apuuaeH-2-apun-1H-umunazon-5(4H)-onog). Nel-2, c. 86.

Kanaumapsn HK., cM. Munacsa O.B. Ne3, c. 243.
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Kanaumapsan H.K., Cmenanan JLA., Haoasu A.C., Munacsn 3.B., I'ocu-
Hsan B.b. CpaBHUTENbHAS XapaKTEPUCTHUKA 3€JICHBIX MUKPOBOJIOPOCIEH
Parachlorella kessleri u Chlorella vulgaris B kadectBe OeIKOBBIX
no0aBok. Ne3, c. 249,

Kamapsan B.C., cMm. Yuanan J1.C. Ne4, c. 530.

Kemsan A.I'., cm. Tonosan A.O. Nel-2, c. 176.

Kounvkosa C.I'., cM. Acpaman A.I". Ne3, c. 300.

Capecsn A.A., Ne3, c. 282, 362.
Capecan M.C. Ne3, c. 304; Ne4, c. 502.

Kouuxsan T.B., Cameenan M.A., Jlucosckas C.A. CuHTE3 1 HEKOTOPHIE MIPEBpa-
nieHus 3-tuonponuHmi-1,2,4-tpuasonos. Nel-2, c. 106.

Kypmuxsan T.C., cm. Ozanecan A.A. Ne4, c. 393.

Jlucosckas C.A., cM. Kouuksan T.B. Nel-2, c. 106.

Maemyou A.A., Bapoanemsn B.B., Abossan JI1.C., Xapamsn C.JI. T'opeHue B
cucreme orxoabl okcuma memu (1)-NiO-NH4;NO; u cunres cruiaBos
Cu-Ni. Ne4, c. 400.

Maxapsanu I'M., cm. Mxpmusn J].A. Ne3, c. 356.

Oobocsin HI'. Ne3, c¢. 292.
Capecsn M.C. Ne4, c. 502.
Maxuuan A.T., cMm. Tonyszan B.O. Nel-2, c. 159.
Vuansan JI1.C. Ne4, c. 530.

Mamsan C.C., cMm. Mapxocan A.1. Nel-2, ¢.123; Ned, c. 469.

Manykan A.I'., cm. Capecan M.C. Ned, c. 502.

Manyxan 3.0., Apymionan JI.A., Tasaoan JI.A. VccriienoBanue METOA0M KBaJ-
PaTHO-BOJIHOBOM BOJILTAMIIEPOMETPUN aHTUPATUKAIBHBIX CBOMCTB TET-
paruapodonueBoii kucmotsl. Nel-2, c. 10.

Manyxan 3.0., [Jasman A.I'., Apcenmves C /1., Tasaoan JI.A. AHTUpaTUKAIIb-
HbIC pEaKIMOHHBIC HEHTPHI (POJIMEBOH KHUCIOTHL. KBaHTOBO-XHMHUUE-
ckuit pacuet. Ne3, c. 233.

Manyxan M.O., Bapceean K.C., babaxanan A.B., I[laponuxau P.B., Cmenansan
I'M., Hlaxamynu A.A., I'orenazapan A.X. CuHTe3 U U3yUeHUE OHOIIO-
THYECKOW aKTMBHOCTH HOBBIX aMMOHHEBBIX COJICH, cojepxamux 4-
(npon-2-un-1-mnokcu)oyT-2-eHnnbHy0 rpymnmy. Nel-2, c. 66.

Mapousn 3.3., eM. Capecan T.0. Ne4, c. 495.

Mapxapan P.3., cM. Apycmaman 2K.C. Ne3, c. 330.

Mapxkocan A.[Joc., cm. Acpamsan A.I". Ne3, c. 300.

Mapkocan A.U., Aiisazan A.C., Tabpuenasn C.I., Maman C.C. Cunte3 u
HEKOTOPBIE CBOWCTBA 3-3THJI-2-THOKCO-2,3 muruapocupol6enzo[h]xu-
HazonuH-5,1'-nuknorentan|-4(6H)-ona. Ne4, c. 469.

Mapxocan A.U., Avpanemsan K.K., Iabpuersn C.A., Mamau C.C., Apce-
usan @I, Hupunsn B.3., Asaxumsan [Joc.A., Mypaoau P.E. Cunte3 n
OMOJIOTMYECKHE CBOMCTBA MPOM3BOIHBIX OeH30[h]|xuHa3o0aMH-2-Kap6o-
HOBO# KucnoTel. Nel-2, ¢. 123.

Mapmupocsan I'.T., cM. Ozanecan A.A. Ned, c. 393.

Menuxsan C.A., cm. Beenapsin A.A. Nel-2, c. 34.

Hcaaksn A.P. Ne4, c. 427.

Munacsn A.A., cMm. Tonoan A.O. Nel-2, c. 176.
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Munacsan H.C., cm. Apycmamsan 2K.C. Ne3, c. 330.

Munacsan 3.B., cMm. Karanmapsan H. K. Ne3, c. 249,

Munacsan 3.B., Lamypau A.O., Kananmapsn H.K., Apymiousn B.A. Ompe-
JICTICHHUE 5-aMHHOJICBYJIMHOBOW KHCIOTHI B KYJIBTYPaTbHBIX XKHIKOCTIX
HECEPHBIX (POTOCHHTE3UPYIOIMUX OaKTEPUl METOJOM BBICOKOA(DPEK-
THBHOM )UIKOCTHOH Xpomarorpadun. Ne3, c. 243.

Mrpmusn I'.C., cm. Apycmamsan XK.C. Ne3, c. 330.

Mrxpmusan I'.@., cm. Anoan C.A. Nel-2, c. 25.

Mxpmusin J].A., Maxapan I'M., F'apubsn O.A., Asuzsn M.I., Hepcucan P.C.,
Capecan A.F. HoBbiit nyts mnomydenus (Z)-okr-4-enmnarerara—Cg-
KOMIIOHEHTa B CHHTe3¢ (Z)-I01el-8-eHumarerara — mojoBoro hepomo-
Ha BocTouHO# onoxkopku (Grapholita molesta). Ne3, c. 356.

Mnuayaxansn P.A., cM. Acosin A.M. Ned, ¢. 419.

Mypaoau I'M., cm. l'onvuazapsan A.X. Nel-2, c. 142.

Mypaosau P.E., cM. Aeexan A.A. Nel-5, c. 51.

Anexcansin M.B. Ne4, c. 523.
Apycmaman JK.C. Ne3, c. 330.
Tesoprsin K.A. Ne3, c. 340.
Mapxocan A.M. Nel-2, c. 123.

Hazapan U.M., cm. T'esopran K.A. Nel1-2, c. 115.

Hepcucan P.C., cM. Mxpmusn /[.A. Ne3, c. 356.

Huazan O.M., cm. 3axapsn M.K. Ne3, c. 223.

Obocan H.I'. CuHTe3 3aMEelIeHHbIX HOAaTKUHOB B IPUCYTCTBUM alleTaTa Kaj-
must (I1). Ne3, c. 366.

Obocan HI., I'apuban O.A., Maxapsn I'M., Axonan JI.K., Capecan A.b. O
HEKOTOPBIX OCOOEHHOCTSIX PEAKIMH 3aMEeIIeHUs M 3TepuUKaluu O-
THAPOKCUKUCIIOT U UX NIPOM3BOAHBIX. Ne3, ¢. 292.

Ocanecan A.A., cMm. Tonyzan B.O. Nel-2, ¢. 159; Ne3, c. 313.

Ocanecan A.A., Mapmupocan I'I., Ozanecan I'Ill., Kypmuxan T.C. Cnekt-
pasibHOE HCCIE0BAaHNUE B3aUMOJCHCTBHS TpUMETHI(POCPHUHA C HUTPO-
komimiekcoMm Co-meso-Terpadenmmmnopdupura. Ned, c. 393.

Oczanecsn I'Ill., cm. Ozcanecsn A.A. Ne4, c. 393.

Ocanucsan A.M., cM. Anosin C.A. Nel-2, c. 25.

IHanocan I''A., cm. Apymionan A.J]. Ne4, c. 508.

Tonvuazapan A.X. Nel-2, c. 142.
Capecsin A.A. N3, c. 282, 362.

IHaponuxan E.I., Apymwouan A.C., Axonsn II.@. CUHTE3 U AIKUINPOBAHUE
HOBBIX TPOU3BOJHBIX KOHJCHCHPOBAHHBIX THEHO[3,2-d|nupumMuanH-
8,10-mutronos. Ned, c. 435.

Ilaponuksn P.B., cM. Aeexsan A.A. Nel-2, c. 51.

Manyxsan M.O. Nel-2, c. 66.

Iaponuxan P.I'., cM. I'eeopran K.A. Nel-2, ¢.115.

Tococsn M.B., cm. Tlococsin C.A., Ne3, c¢. 350.

Hococan C.A., Illococan M.B. CuHTE3 HOBBIX CHHUpO[UHAOIWH-3,4'-TiHpa-
HO[3.2-h]xunomunos]. Ne3, c. 350.

Caaxsn T.A., em. Tonvnazapsn A.X. Nel-2, c. 142.

Caean A.C., cM. Capecsan T.0. Ned, c. 495.
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Camsenan M.A., cMm. Kouuxsan T.B. Nel-2, c. 106.

Capecsan A.A., eMm. Capecsan M.C. Ne3, c. 304; Ned, c. 502.

Capecan A.A. Cuntes 3-anetni-4-ruapokcu-4-meTui-6-okco-2, N-auapummk-
norexcankapooxcamuoB. Nel-2, c. 96.

Capecan A.A., Atioysan C.C., Xauampsn A.X., Baoacan A.D., Asaesn K.A., Ila-
nocan I'A., Konvrkosa C.I, Capecan M.C. beckaTanusHas peakius
Muxasisi ¢ y4acTHEeM apHIMETHIAACHIIMAHYKCYCHOTO d(Hpa U apuia-
MHJIOB alleTOYKCYCHOM KUCIOTHI. Ne3, c. 362.

Capecan A.A., Avioyan C.C., Xauampan A.X., baodacan A.J., Ilanocan I'A.,
Asacan K.A., Konvkosea C.I., Capecan M.C. OCOOEHHOCTH peaxiuit
OKCUMHPOBaHHUs ()yHKIIHOHAILHO 3aMEICHHBIX IMKIOTeKCAaHOHOB. Ne3,
c. 282.

Capecan A.B., cMm. Aeexan A.A. Nel-2, c. 51.

Bapmansan C.0. Nel-2, c. 134.
Mrxpmusan J[.A. Ne3, c. 356.
Obocsan HI'. Ne3, c. 292.

Capecan M.C., cMm. Capecan A.A. Ne3, ¢. 282, 362.
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Buumanuio asmopoe!

Iloopobuyro ungopmayuro o «Xumuueckom dxicypuane Apmenuuy», cooepiicanue
HOMepO8 JCYPHANA 8 2paghuueckoli popme u aHHOMayuu cmamei, 20008bie A6MOPCKUE
VKA3amenu, a maxjice pazeeprymie npasuia Ois Aemopos MONCHO NOAYHUMb & Cemiu
Hnmepnem no aopecy: http://chemjournal.sci.am « www.flib.sci.am

IIPABUJIA J1JIS1 ABTOPOB

Ofmue mo10KeHUus

K my6nukanmu B «Xumuueckom sucypuane Apmenuuy IPUHUMAIOTCS MaTepHaIb, COJIEpKa-
mye pe3yabTaThl OPUTMHAIBHBIX HCCIEN0BaHUM, 0popMIIeHHbBIE B BUIE MOJHBIX cTaTel, KpaT-
KHX COOOLICHUIT U NHCEM B PeAAKLHIO.

KypHan my6mukyer paboTHI 1O BceM HANPABJIEHHSIM XUMUY€CKOi HAYKH, B TOM YHCIIE 110
o01wel 1 HeOPraHNYECKO XUMHH, (PH3UIECKOI XUMHN U XUMUYECKOH (DH3HKe, OPraHNIeCcKOH Xu-
MHH, METaJUIOOPTaHUYECKOH M KOOPIMHALMOHHOW XMMHH, XUMHHU MOJUMEPOB, XHUMHH MPUPOJI-
HBIX COCJJUHEHUH, OHOOPTaHUYIECKOH XUMHUU ¥ XUMUH MaTePHAIIOB.

CraTbH, mpeiaraeMble K MyONIMKauy B pazfene OHOOPraHMYeCKOH XMMUH, JOJDKHBI OBITh
MOCBSIIIEHB! OJyYEHHIO HOBBIX ITOTEHIHATBHO OMOJIOTMYECKH aKTHBHBIX COEAMHEHHH, B TOM
YHCIIC U BBIICNICHHBIX U3 IPUPOIHBIX 005eKTOB. IIpH onMcaHny HOBBIX BelllecTB, 00.1aJa0LUX
3HAYUTEJILHOIi (B CPABHEHHH ¢ MPUMEHsSeMbIMHM B MeIHIIUHE JeKapCTBAMH) 0HOJIOrHYeCKOi
AKTHBHOCTBIO, CTaThsl MOXKET COAEPKATh PE3yJIbTAaThl OMOJIOIMIECKUX UCCIEAOBAHMM, BKIIFOYA0-
IIMe CCBUIKM HAa UCIIOIb30BaHHBIE METOIB! N3yUYeHHsT OHOJIOTMYECKOI aKTHBHOCTH, HH()OPMALHIO
0 THIIE HUCIIOJIH30BaHHBIX ONO0OBEKTOB, AKTUBHOCTH U TOKCHYHOCTH CHHTE3MPOBAHHBIX IIpenapa-
TOB B COIIOCTABJICHHHU C COOTBETCTBYIOIIMMH [TOKA3aTEJISIMU IPUMEHIEMBIX B MEIUIINHE JICKAPCTB.

B 3akmodeHnn ciegyeT MPUBECTH KPaTKHH apTyMEHTHPOBAHHBIM BBIBOJ O CBSI3H MEXIY
CTPYKTYpOH M OHMOJOTHYECKOH aKTHBHOCTBIO HCCIEJOBAHHBIX coeanHeHHH. OmyOIMKoBaHHbBIE
MaTepHaibl, a TAKKe MaTepHabl, PecTaBIeHHbIE U IMyOIMKaluy B IPyTUX KypHANax, K pac-
CMOTPEHHIO HE TIPHHAMAFOTCSL.

ABTOpPCKHE 0030pbI JOIDKHBI MPEACTaBISATh cO00 0000IIeHNe 1 aHaIIN3 Pe3y/IbTaTOB IIUK-
J1a paboT OZHOTO MIJIM HECKOJIBKHX aBTOPOB I10 €IUHOW TeMaTHKe.

IMoxnbIe cTaThl NpUHUMaIOTCS 00beMOM 10 12 cTpaHull, 00beM KPaTKOro cOOOIIeHns —
He OoJyiee 5 cTpaHMI] MaIIMHOIMCHOTO TekcTa. IlnchbMa B peAaKIuIo JOIKHBI COJIEpPIKaTh H3JI0-
XKEHHBIE B KPaTKO# (hopMe HaydHBIE pe3yIbTaThl MIPUHINIHAIBHO BaKHOTO Xapakrepa, TpeOyro-
mye CpouHoil myOmuKarmy. Pegakiys ocTaBiseT 3a co0oif MpaBo COKpAIaTh CTaThH HE3aBHCHMO
0T uX o0BeMa.

Jnst my0aMKanuu cTaThbH ABTOPaM He00X0AMMO NMPeACTABUThL B PeJaKIHUI0 cleayloe
MaTepuaJbl ¥ JOKYMEHTBI:

1) HampaBjIeHUe OT opraHu3anuu (B 1 9k3.);

2) skcnepTHOE 3akimoueHue (s rpaxaan PA) (B 1 3k3.);

3) noanucaHHBIl BceMH aBTOpaMU TEKCT CTAaTbU, BKIIOYask aHHOTALUIO, TAOIMLIbI, PUCYHKH U
MTOJINIHCH K HUM (BCE B 2-X 3K3.);

4) rpadugeckuii pedepar (B 2-X 3K3.);

Cratbs IOJDKHA OBITH HAITHCAHA CXKATO, aKKYpaTHO O(OPMIIEHA M TIIATEIEHO OTPEIAKTHPO-
BaHa. He momyckaercst myOnmpoBaHKe OJHHX M TeX )K€ JaHHBIX B TaOIHMIAX, B CXeMax M PHCYH-
Kax.

ABTOp HECET IOJHYI OTBETCTBECHHOCTH 3a NOCTOBEPHOCTH JKCIIEPUMEHTAJIBHBIX HJaHHBIX,
IMPUBOJUMBIX B CTAThHE.

Bce CTaTbH, HAIIPABJIAEMBIE B PEAAKIUIO, MTOABEPTAOTCA PELUCH3UPOBAHUIO U HAYYHOMY pe-
JAKTHPOBAHUIO.

Crartbs, HalpaBJIeHHAs aBTOPaM Ha JOpabOTKy, HOJDKHA OBITH BO3BpAIleHa B HCIIPABICHHOM
BHJIe BMeCTe C ee MePBOHAYAIbHBIM BAPHAHTOM B MaKCHMaJbHO KOpOTKHe cpoku. K mepepabo-
TAHHOH PYKOITHCH HEOOXOIUMO MPIIIOKHUT MUCBMO OT aBTOPOB, COJIEpIKalee OTBETH! Ha BCE 3a-
MeuaHUsl 1 KOMMEHTapuH 1 MOsICHSIONIEee Bce BHECCHHBIE n3MeHeHNs. CTaThi, 3aep:KaHHAs HA
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HcnpaBJieHHN §oJiee IBYX MecsilieB WM TPeOyIolasi IOBTOPHOIi NMepepadoTKH, paccMaTpu-
BaeTcsl KAaK BHOBb MOCTYMHBLIAS.

Penakiys nmocsuiaeT aBTopy nepen HabopoM Ul IPOBEPKH OTPEIAaKTHPOBAHHBII SK3EMILIAP
CTaTbH ¥ KOPPEKTYPY.

Crpykrypa nyoaukanui

[Ty6nukarnyst 0630poB, MOJHBIX cTaTeld M KPATKHX COOOIIEHMIl HauMHACTCS C MHAEKCA
VJIK, 3atem cleyroT 3arjiaBue CTaThbH, MHUIMAIB X (PaMHIMH aBTOPOB, Pa3BEpPHYTHIC Ha3BaHHS
HAYYHBIX YYPEXJICHUH, MOIHbIE TOYTOBBIE agpeca ¢ MHAEKCAMH IOYTOBBIX OTHACICHUH, HOMepa
(akcoB U amgpeca 3IEKTPOHHOM mouThl. [lanmee mpuBOIUTCSA KpaTkas aHHOTanus (He Goiee 20
CTPOK) C yKa3aHHEM KOHKPETHBIX Pe3yIbTaTOB PAOOTHI U BHITEKAIONIUX U3 HUX BBIBOJIOB.

B crathsx TeopeTrnyeckoro 1 GU3MKO-XMMHYECKOr0 XapaKkTepa IPUBOJSITCS CXKAaTOE BBE-
JieHHEe B IPOOJIeMy U MOCTAHOBKA 3a/1a4d MCCIIEJOBAHUS, SKCIIEpUMEHTaIbHAS UM METOUYEcKas
9acTb, 0OCY)XJEHHE IIOJydeHHBIX Pe3yJIbTaTOB C 3aKJIIOUYEHHEM, a B CTATHIX, MOCBSIIEHHBIX
CHHTe3y, — 00I1as 4acTh (BBEJCHHE U 3a/1ada UCCIIEAOBaHMs), 00CYXKICHUE TOTyYSHHBIX Pe3yiIb-
TaTOB C 3aKJI0YeHHeM U SKCIIepUMEHTAIbHasl 9acTh. PUCYHKH ¢ IOAPHCYHOYHBIMU ITOJIIHUCSIMU H
TaONUIBI MOTYT OBITH BBEJICHBI B TEKCT. B mMHChbMax B pelakiMio aHHOTAIMS HA PYCCKOM SI3BIKE
HE TMPHUBOAUTCS U pa3OMBKa Ha pa3zeisl He Tpedyercs; matoTca uHaekc YK, Ha3BaHHWe CTaThH,
MHHIMANGEL 1 (aMIJINU aBTOPOB, Ha3BaHHE HAyYHBIX YUPEXKACHUH U MX aJpeca, pe3toMe Ha ap-
MSHCKOM M aHTJIMHCKOM SI3BIKaX.

I'paduueckuii pedepar npmiaraercst Ha OTAENbHON cTpanuie (120X55 MM) U mpeacTaBiIsieT
c000if MHGOPMATHBHYI0 WJLTIOCTPANMIO (KIIOYEBYIO CXEMY, CTPYKTYPY COCIMHEHUs, ypaBHe-
HHE peaKIyy, rpauK U T.IL.), OTPAXKAIOIIYIO CYTh CTaThH B rpadmyeckom Buzae. Tekcr B rpadu-
4yeckoM pedepare J0IMyCcKaeTCs TOIbKO B Cllydae KpaliHell HeOOXOXHMMOCTH, IIPU 3TOM CJIelyeT H3-
Oeratb nyOIMpPOBaHKS HA3BaHUS CTaThU M TEKCTA aHHOTAIIHH.

IIpu HecoO/I0lcHUH YKAa3aHHBIX BbIlIe MPABHJI CTAThbs He MPHHUMAeTCA K My0/aHKa-
IHH.

Ipumep odopmiIeHHst 3arJaBUsI CTATHH, CIIUCKA ABTOPOB,
AIPecoB yUpeKAeHMIl, AHHOTAIMM.

ACHUMMETPAYECKHUI CUHTE3 -TETEPOLMKJINYECKU
3AMEIIEHHBIX L-a-AMUHOKHUCJIOT

A. C. Carnsin,” 10. H. Beroxonn® u K. ®umep *

* EpeBaHCKHI rOCYIAPCTBEHHBIA YHUBEPCHTET
Apwmenns, 0025, Epesan, yn. A. ManyksHa, 1

daxc: (374-10)559355 E-mail:sagysu@netsys.am

S MHCTUTYT 37IeMEHTOOPraHMYECKHX COeIHHEHHUIT

uM. A. H. HecmesiHoBa Poccuiickoit akagemMuu Hayk
Poccuiickas @enepauus, 119991, Mocksa, yi. BaBunosa, 28
Daxc: (495) 135 6549. E-mail: yubel@ineos.ac.ru
® Uucruryt oprannueckoro karanusa IFOK Yuausepcurera r. Poctok
I'epmanus, Poctok, [I-180055, byx6unnep mrpacce, 5-6
daxc: E-mail:

PaspaboTtaH HOBbIi 3hEKTUBHBIN METO4 aCMMMETPUYECKOrO CUHTE3a [B-reTepoumKIINYecKu
3aMelLLeHHbIX L-a-aMUMHOKMCINOT nocpeacTBOM NpucoeavHenns 3-amuHo-1,2,4-tnaguasona u 5-mep-
KanTo-1,2,4-Tpna3onos, coaepxallumx pasnuyHblie 3amecTuteny B nonoxerusix 3 u 4, k C=C cBsan
Ni(Il) komnnekca ¢ ocHoBaHueM LLndpda germgpoananvHa u (S)-2-N-(N’-6eH3unnponun)ammHobeH-
30¢peHoHa.

551


mailto:yubel@ineos.ac.ru

IIpumepsl opopmiienns rpadpuyeckux pedeparos

O B3aumopeiicTBuu N-aJKHJIMMHHOB € alleTOYKCYCHBIM 3()HpOM

1
M. C. Capresun ! o o] R (0] !
C. C. Avonsu ! “ R !
A. X. XavatpsiH : R/\N/ + OEt 20°C EtO OEt !
A.D. bapacsu I aTaHon !
| HO NHR' |
C. T'. KonskoBa ! 0 !

Xum. oc. Apmenuu, 2011, m. 64, Ne4, c. 511

Kunernka BBICOKOTEMIICPATYPHOI'0 a30TUPOBAHUSA TAHTAJIA B U30TCPMHUYECKHUX yCJI0-

BUSIX
II. A. Agamsu

E. H. Crenausu

A. A. Yatunsau

C. JI. XaparsH

Xum. oc. Apmenuu,
2011, m. 64, Ne3, c. 316

Odopmienne crateil B «XHMHYeCKOM KypHaJie ApMeHUN»

Tekcr cTathu neuaTaeTcs vepe3 1.5 unTepBana (6e3 MOMapoK U BCTaBOK) Ha Oenoil Oymare
cTa"gapTHOTO pa3Mepa (popmar A4) ¢ mOISIMU 3 CM ¢ JIEBOH CTOPOHEIL, 1.5 ¢M ¢ IpaBOH CTOPOHEL,
2.5 cM cBepxy, 2.5 cM cHE3Y, pa3mep mpudTa — 12.

Bce cTpaHMIBI PYKOIHCH, BKIIOYAs CIIMCOK JUTEpaTyphl W rpaduueckuil pedepar, Hyme-
pyroTcs.

VYpaBHeHHs1, CXeMBbI, TaONUIIBI, PUCYHKH U CCBUIKM Ha JIMTEPaTypy HYMEpYIOTCS B TMOPSIAKe
HX YIIOMHHAHHUSI B TEKCTe.

Cnucok mUTHPYeMoO# JUTEPATYPhbl JJODKEH BKIIOYATh CCHUIKM Ha HanboJiee CyIeCTBEH-
HBIE PabOTHI 10 TEME CTaThH. B TeKcTe CTaThbM NOKHBI OBITH YIOMSHYTHI BCe CCHIJIKH, IPHBeE-
JICHHBIE B CITHCKE JUTEPATyphl. B TEKCTE CCHUIKM Ha JUTEPATypy JAlOTCs B KBaJPATHBIX CKOOKax
U HYMEPYIOTCSI CTPOro B MOPsiIKe UX ynoMuHaHus. CIIMCOK JIMTepaTyphl Nle4aTaeTcs Ha OTIeb-
HO#1 CTpaHuIe ¢ yKa3aHHeM HHHUILHAIOB U (aMHIIMil BCceX aBTOPOB.

Cnucok JuTepaTyphl T0JDKeH OBITh 0hOPMIIEH CIIeTyIOmnM 00pa3oM:

Knueu: Byuauenxo A.JI., Baccepman A.M. Ctabunbhble paaukaibl. M., Xumus, 1973, 58 c.

Cmambu ¢ cooprnukax: Ona /Joc., @apyx O., Ilpaxaw [orc. K.C. B KH: AKTUBaLlUs U KaTaJIu-
THYeCKue peakiny ankanoB / nox pen. K.M.Xwmuia. M., Hayka, 1992, c. 39.

ITpn nMTHPOBaHNH MePEeBOIHBIX U3AHMI MOCIIE BHIXOAHBIX JaHHBIX PYCCKOS3BIYHOM Bep-
CHU B KBaJPaTHHIX CKOOKax HEOOXOAMMO yKa3aTh BBIXOJIHBIC JaHHBIC OPUTHHAJIBHOTO M3JAHHS.
Hamnpumep: Buympennee spawenue monexyn./ nox pex. B.J1.Opsrumn-Tomaca. M., Mup, 1974, 374
c. [Internal Rotation in Molecules, Ed. W. J. Orville-Thomas, Wiley, New York, 1974, 329 pp.].

Kypnanwt: Gal'pern E.G., Stankevich 1V., Chistyakov A.L., Chernozatonskii L.A. // Chem.
Phys. Lett., 1997, v.269, p.85.

IIpy NUTHPOBAHHM PYCCKOSI3BIYHOTO KYPHAJIa, MIepPeBOIUMOro 3a pyb6eskoM, He0OX0au-
MO TPHBOJHUTH CCBUIKY M Ha aHIIos3buHyr0 Bepcuto. Hanmpumep: Jlaiikos [I. H., Ycreiaiox IO.
A.// H36. AH, Cep. xum., 2005, ¢.804 [Russ. Chem. Bull., Int. Ed., 2005, 54, 820].
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ITamenmur: A.c. 9854 CCCP // .M., 1978, 61. wnu: US Pat. 55973 // Chem. Abstrs., 1982,
97, 150732.

JMuccepmayuu: Koane b.I'. ABToped. auce. «....» JOKTOpa XUM. HayK. [ opon, HHCTHUTYT,
rox, cIp.

Hpozpammur: Sheldrick G. M., SHELXL93, Program for the Refinement of Crystal
Structure, Gottingen University, Gottingen (Germany), 1993.

FBanxu oannwix: Cambridge Structural Database System, Version 5.17, 1999.

CchIIIKH HA HeOMyOJIHKOBAHHBIE Pe3yJbTAThI H YACTHBIE COOOIIEHHSI TAl0TCsl UCKIFOUH-
TENBHO B BUJE CHOCOK, @ B CIIMCKE JIMTEPATyphl HE MIPUBOIATCA U He HyMmepytoTcs. [Ipu mutupo-
BaHUH HEOMYOJIMKOBAaHHBIX PA0OT M YaCTHBIX COOOIIEHHH HEOOXOIUMO MPEACTABUTD pa3pelIcHue
OT JIMIIA, HA YbU JJAHHBIC IPUBOAUTCS CCHUIKA.

MMamsaTka s aBTOpPOB

JIst MaKCUMAJIBHOTO COKPAIIEHHsI CPOKOB MYyOJHKAINMH PElAKIMs IPOCUT aBTOPOB o0pa-
TUTH 0c000€ BHUMaHHE HA 0)OpMJIeHHe CTATHH.

Obuiue nonosceHus

Marepuansl, IpeACTaBIAEMbIE B PEIAKIIHIO:

[ hamMunust, UM, OTYECTBO M KOOPAMHATHI JINIA, C KOTOPBIM PeAaKIMs A0JDKHA BECTH Iepe-
MUCKY (TIOYTOBBIN ajpec, HoMep TenedoHa, HoMep (akca, apec NEKTPOHHOM MouThl). DaMums
aBTOpa, OTBETCTBEHHOT'O 32 TIEPEMNHUCKY, JOJDKHA OBITh OTMEUCHA 3BE3OUKOM.

[] HanpaBJIeHHE OT OPraHU3aLUU

[] sxcnepTHOE 3aKiIodYeHue (11 rpaxaal PA)

[J TeKCT cTaTbu, aHHOTALUM Ha PYCCKOM, aHIVIMMCKOM U apMSHCKOM sI3bIKaX Ha OTAENbHBIX
cTpaHunax (JImbo B TEKCTE), PUCYHKH U TabnuIbl (Bce B 2 9K3.)

[J rpaduyeckuii pedepar

[] moc/1e10BaTeJIbHOCTh PACIOJIOKeH s YacTell cTaTbH (KpOMe IHCEM B PEJaKIHUIO):

[J magexc YK

L] Ha3BaHME CTATbU

[] aBTOp(BI)

[] pa3BepHyTOE Ha3BaHHUE HayYHOUH OpraHU3aluu

[] moYTOBBIH azpec ¢ UHAEKCOM

[ daxc

[ agpec 3MeKTPOHHON MOYTHI

[l aHHOTaNMA

[J cOOCTBEHHO TEKCT CTATBH

L] BBEIEHUE

[] mocraHoOBKa 3a7a4n

J1s cTaTeil GU3NKO-XMMHYeCKOH TeMATHKHU:

[] sKCIIepUMEHTaNbHasl YacTh

[] o0CyXJIeHHE TTOJIyYeHHBIX PE3YIbTaTOB C 3aKII0OUEHUEM

A5 cTaTeil, MOCBAIEHHBIX CHHTe3Y:

[] o6cyx/IeHne TOTyYeHHbBIX Pe3yIbTAaTOB C 3aKIIOUYCHUEM

[} sKCIeprMeHTaIbHAs JacTh

[J brmaromapHOCTH

[] cnMcok JuTepaTypsl
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Tpebosanusa Kk ogpopmaenuio u no0zomoeKe pykonucu

[1B 3KCNepMMEeHTAJIBbHONH YACTH JOJDKHBI OBITh IPEACTABIICHBI JOKA3ATe/ILCTBA CTPOCHUS
U YHCTOTHI BCEX HOBBIX COCJMHEHMIA, HICTOYHUKHU UCIIOIb30BAHHBIX HETPUBHAILHBIX PeareHToB
WM MeTOAMKH MX NMOJIy4eHHsI, a TakKe YCJIOBHUS JOMOJHHTEJIbHON MOATOTOBKH PEareHTOB H
pacTBopurene.

[ Ins BceX CHHTE3MPOBAHHBIX COCIWHEHHWH ClIeAyeT JaTh HA3BAHHSI MO HOMEHKJaType
IUPAC. MerauioopraHideckie KOMIUIEKCHI MOTYT ObITh Has3BaHbl mo cucteme Chemical
Abstracts.

[1Bce Tad1Mubl, cCXeMbl, PUCYHKH, COeIHHEHHUS M CCHIJIKH HA JINTEPATYPY JODKHBI HyMe-
POBATHCS CTPOTO B MOPSAAKE YIOMUHAHHUS B TEKCTE.

[1Ha ocsix rpad)MKOB JOJDKHBI OBITH YKa3aHbl HAMMEHOBAHUS 1 eIMHUIIbI H3MEePEeHUsl COOT-
BETCTBYIOIUX BEJIMYMH.

[/PucyHKN CHEKTPOB HE JOJDKHBI OBITH BHITTOIHEHHI OT PYKH.

[/Bce ncrons3yeMble a00peBHATYPBI X COKPALEHHsT JOJDKHBI COOTBETCTBOBATh NIPUBEICH-
HoMy B [IpaBmiax U1 aBTOPOB CIMCKY MM paclIi(pOBEIBATHCS P [IEPBOM YIIOMHHAHUH.

[1laHHBIE PEHTIEHOCTPYKTYPHOT'O HCCIEIOBAHUS CIEAYeT INPEACTAaBIATh B BUJC PHCYH-
Ka(KOB) MOJIEKYJIBI (C IPOHYMEPOBAaHHBIMH aTOMaMH) HJIH KPUCTAIIIMYECKON YIIaKOBKU U TaOIHIL,
coziepKalnX HeoOX0AUMbIe TCOMETPHUCCKUE XapaKTEPUCTUKU MOJIEKYJT (OCHOBHBIE JUTHHBI CBS-
3eif, BaJICHTHBIC 1 TOPCHOHHBIE YIJIBI).

[] JIyist OCHOBHOTO TEKCTA CTAThH 00sI3aTeNBHO UCToNb30BaHue mpudra Unicode, skenarens-
Ho Times New Roman, miist rpedeckux 6ykB — mpudt Symbol.

[1CuMBOJIBI TIEPEMEHHBIX (M3WYECKUX BEJUYUH (HaIpHMep, Temieparypa — 1), CJUHHIBI
nx mmepenns (K), crepeoxumuueckue neckpuntopsl (yuc, Z, R), noxantsl (N-metmin), OykBeH-
HBIE (HO He HU(POBBIC) CUMBOJIBI IPH 0003HAYECHHUH TPYIII CHMMETPUH JOJDKHBI OBITH Hareyara-
ubl kypcusom (C2v, Ho He C2V).

(1B cnucKe JIMTEPATYpbl JODKHBI HCIIOJIB30BaThCs TOJBKO CTaHNAPTHBIE COKPAILCHHS Ha-
3BaHMM KYpHAJIOB.
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