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Analytics

NAS RKis pleased to announce that News of NAS RK. Series of chemistry and
technologies scientific journal has been accepted for indexing in the Emerging Sources Citation
Index, a new edition of Web of Science. Content in this index is under consideration by Clarivate
Analytics to be accepted in the Science Citation Index Expanded, the Social Sciences Citation
Index, and the Arts & Humanities Citation Index. The quality and depth of content Web of
Science offers to researchers, authors, publishers, and institutions sets it apart from other
research databases. The inclusion of News of NAS RK. Series of chemistry and technologies in
the Emerging Sources Citation Index demonstrates our dedication to providing the most relevant
and influential content of chemical sciences to our community.

Kasakcmar Pecniybrniukacbl Y¥nmmbiK fbifibiM akademusicel "KP ¥FA Xabapnapbi. Xumusi xoHe
mexHorsoeusi cepusicbl” fbinbiMU XypHarnbiHbiH Web of Science-miH xaHanaHraH Hyckacsi Emerging
Sources Citation Index-me uHOekcmenyzae KabbindaHFaHbIH xabaprnaldbl. byn uHdekcmeny 6apbicbiHOa
Clarivate Analytics komnaHusicel XypHandbl odaH api the Science Citation Index Expanded, the Social
Sciences Citation Index xoHe the Arts & Humanities Citation Index-ke kKabblnday wmacesneciH
kapacmeipyOa. Webof Science 3epmmeywinep, asmopsap, bacnawbiiap MeH MeKeMmesiepee KOHMeHm
mepeHdiei MeH canacbiH ycbiHaobl. KP ¥FA Xabapnapbl. XuMusi XXoHe mexHoroausi cepusicel Emerging
Sources Citation Index-ke eHyi 6i30iH KoramOacmbIK YWiH eH 63eKmi xoHe 6edesidi XUMUSIIIbIK FblribiMOap
bolibiIHWa KoHmeHmke adarsnobifbiMbi30bl 6indipedi.

HAH PK coobwaem, ymo Hay4HbIl xypHan «h3eecmus HAH PK. Cepusi xumuu u mexHosnoaul» 6bir
npuHam Ans uHdekcuposaHusi 8 Emerging Sources Citation Index, obHosneHHol eepcuu Web of Science.
ColepxxaHue 8 amom uHOeKcuposaHuUu Haxodumcs 8 cmaduu paccMmompeHusi komnaHueli Clarivate
Analytics 0nsi danbHeliweeo npuHImMusi xypHana e the Science Citation Index Expanded, the Social
Sciences Citation Index u the Arts & Humanities Citation Index. Web of Science npednazaem kadyecmeo u
enybuHy koHmeHma 0ns uccriedosameried, asmopos, usdamerel u yupexdeHul. BknoyeHue Msgecmus
HAH PK e Emerging Sources Citation Index GemMoHcmpupyem Hawy MnpueepXxeHHocmb K Hauboree
akmyasibHOMY U 8/1USIMmesIbHOMY KOHMEeHMY o XUMUYEeCKUM Haykam Ors Hauleeo coobujecmea.
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SYNTHESIS AND STRUCTURED N-ACYL AND THIOUREA
DERIVATIVES CITIZINE AND ANABAZINE

Abstract. This work presents the results of studies on the chemical transformation of the alkaloids molecules
cytisine and anabazine to obtain their N-cinnamoyl derivatives, as well as possible ways for their further
modification. The optimal conditions for the preparation of N-cinnamoylcytisine and N-cinnamoylanabazine in the
acylation reactions of alkaloids with cinnamoyl chloride are considered. Hydrazinolysis of the resulting N-
cinnamoylcytisine and N-cinnamoylanabazine was carried out. It was shown that the interaction of acrylamide
derivatives of alkaloids with hydrazine hydrate in ethanol leads to the formation of the corresponding pyrazole
derivatives resulting from the intramolecular cyclocondensation of hydrazones of N-cinnamoyl derivatives. By the
interaction of cinnamoylisothiocyanate with the above alkaloids, new thiourea derivatives are synthesized. The
structures of the synthesized compounds were studied by 'H and *C NMR spectroscopy, as well as by the data of
two-dimensional spectra of COSY (‘H-'H) and HMQC (*H-'*C). The values of chemical shifts, multiplicity, and
integrated intensity of 'H and !*C signals in one-dimensional NMR spectra were determined. Using spectra in the
formats COSY (‘H-'H) and HMQC ('H-'3C), homo- and heteronuclear interactions were established, confirming the
structure of the studied compounds.

Key words: alkaloid, cytisine, anabazine, chemical transformation, N-acyl moiety, acid chloride.

Introduction

Interest in research on the chemical transformation of the alkaloids cytisine and anabazine is due to
the wide spectrum of biological activity of their derivatives. To date, a large number of derivatives of
alkaloids of cytisine and anabazine with various groups at the nitrogen atom have been synthesized [1-13].
The development of research on the search for new bioactive compounds has prompted us to synthesize a
number of cinnamoyl derivatives of the above alkaloids. Many cinnamoyl derivatives are recommended
for use as promising drugs for the treatment and / or prevention of arterial and/or venous thrombosis, acute
coronary syndromes, restenosis, stable angina, cardiac arrhythmias, myocardial infarction, hypertension,
heart failure, stroke [14, 15]. Lipoic acid (lipoate, vitamin N) is an important antioxidant; it plays the role
of coenzyme in oxygen metabolism, especially in the pyruvate dehydrogenase complex [16]. The work of
a number of researchers showed [14] that, when a hydrogen atom is replaced with nitrogen by acyl
radicals, toxicity decreases and interesting biological properties manifest. There is a report in the literature
of the authors of [17] who studied the reaction of the interaction of cytisine with cinnamic acid chloride in
toluene, and the final product was obtained in low yield (45%). In the literature there is no information
about obtaining a similar derivative of anabazine.
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Results and discussions

Continuing studies on the modification of the cytisine and anabazine molecules, we synthesized their
new acyl derivatives by reaction with acid chlorides of 5-[(3R)-dithiolan-3-yl]pentanoic (lipoic) and 3-
phenylacrylate (cinnamoyl chloride) acids. The acylation reactions were carried out in absolute benzene in
the presence of triethylamine under cooling. As the results of studying these reactions have shown, the
interaction reactions in benzene proceed smoothly and lead to the formation of N-acyl derivatives of
anabazine 1, 3 and cytisine 2, 4 with satisfactory yields.
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The synthesized compounds 1, 2 are oils, and 3, 4 are white crystalline substances readily soluble in
organic solvents.

The structure of compounds 1-4 was confirmed by IR, '"H and 'C NMR spectroscopy, two-
dimensional spectra of COSY ('H-'H) and HMQC ('H-"*C).

In the IR spectra of compounds 1-4, the absorption bands of amide carbonyl appear in the regions of
1648 and 1643 cm™, respectively.

In the '"H NMR spectrum of compound 1 in a broadband, high-field, twelve-proton multiplet at 1.05-
1.83 ppm the alicyclic and aliphatic protons N-16, 16, 15, 15, 14, 14, 8, 8, 6, 6, 4, 4 were located. In a
four-proton multiplet at 2.35-2.43 ppm the aliphatic protons H-7, 7, 9, 9 were located. In the broadened
singlet signals, H-17ax protons, 3.58 - H-5, 3.75 - H-17eq, 5.76 - H-13 and 7.34 ppm were located at 2.82.
- H-22. The remaining protons were located in multiplet signals at 3.09-3.14 (2H, H-3, 3), 7.53-7.55 (1H,
H-23), and 8.37-8.42 ppm. (2H, H-19, 21).

In the *C NMR spectrum of compound 1, the signals of the dithiolan fragment appeared at 38.64 (C-
3), 40.02 (C-4) and 56.74 (C-5) ppm. The carbon atoms of the aliphatic chain appeared at 25.21 (C-8),
27.55 (C-7), 32.88 (C-9) and 34.76 (C-6) ppm. The carbon nuclei of the piperidine and pyridine nuclei
resonated at 26.01 (C-16), 29.03 (C-14), 42.06 (C-17), 48.96 (C-13), 124.11 (C-22), 134.95 (C-23),
135.60 (C-18), 148.11 (C-19) and 148.65 (C-21) ppm. Carbon atoms of the carbonyl group C-10 were
observed at 172.05 ppm.
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The structure of compound 1 was also confirmed by two-dimensional HMQC NMR spectroscopy
(‘H-"C), which allows one to establish spin-spin interactions of a heteronuclear nature (Fig. 1). The
observed correlations in the molecule are presented in the diagram. Heteronuclear interactions of protons
with carbon atoms through one bond were established using 'H-"*C HMQC spectroscopy for the following
pairs present in the compound: H"-C'" (1.39, 29.71), H">-C'® (1.53, 20.41), H®-C® (1.52, 25.70), H®-C®
(1.53, 35.53), H*-C* (1.83, 40.03, H’-C’ (2.44, 33.48), H'"-C"7 (2.83, 42.69), H>-C° (3.59, 57.33), H""-C"7
(3.80, 42.60), H'*-C" (5.76, 49.54), H*-C* (7.35, 124.57), H®-C* (7.55, 135.36), H'??!-C!*?! (8.43,
148.45).

Figure 1 — The correlation scheme in the spectrum Figure 2 — The correlation scheme in the spectrum
of HMQC compound 1 of HMQC compound 3

From an analysis of '"H NMR spectra of N-cinnamoylanabazine (3) and N-cinnamoylcytisine (4), one
can assume the presence of several N-CO and CO-CH = CH-CsHs isomers rotational in bonds. Since the
barriers of these rotations are not large, they can lead to both the registration of spectra from several
conformers and simply to a substantial broadening of the lines of the spectrum. In some cases, this did not
allow the unambiguous assignment of signals.

The 'H NMR spectrum of compound 3 was studied in most detail, where the piperidine cycle signals
manifested themselves as multiplets at 1.30-1.42 (1H, H''®), 1.54-1.57 (2H, H'"'*¢!%%) 2 36-2.46 (1H,
H'*™) and 3.43-3.46 ( 1H, H**) ppm and broadened singlets at 1.79 (1H, H'*), 2.87 (1H, H'**9), 4.22 (1H,
H*%) and 5.87 (1H, H”) ppm. Unsaturated aliphatic protons H15 and H16 resonated with a multiplet in the
region of 7.56—7.69 ppm. Aromatic phenyl and pyridine protons manifested themselves as multiplets at
7.30-7.34 (SH, H>'3192122) "7 567 69 (2H, H**) and 8.44-8.47 (2H, H>¢) ppm.

In the “C NMR spectrum of compound 3, the signals of the carbon atoms of the piperidine ring
appeared at 19.72 (C'"), 26.19 (C'?), 27.61 (C'?), 48.23 (C?) and 49.84 (C”) ppm. The carbon atoms of the
phenyl and pyridine fragments are observed at 124.13 (C°), 128.58 (C?), 128.80 (C), 129.23 (C"?"),
130.05 (C'®%%), 134.92 (C*), 135.68 (C'7), 148.28 (C®) and 148.65 (C?) ppm. Signals with chemical shifts
at 118.83 and 142.68 ppm. correspond to carbon atoms in the double bond of C'* and C'®, respectively. In
the field of a weak field at 166.27 ppm the carbon atoms of the C'* carbonyl group were resonated.

The structure of compound 3 was also confirmed by two-dimensional HMQC NMR spectroscopy
(‘H-"*C), which allows one to establish spin-spin interactions of a heteronuclear nature (Figure 2). The
observed correlations in the molecule are presented in the diagram. Heteronuclear interactions of protons
with carbon atoms through one bond were established using 1H-13CHMQC spectroscopy for the
following pairs present in the compound: H'"-C'' (1.56, 20.37), H'’-C' (1.60, 26.65), H'2-C'* (2.34,
28.02), H-C® (4.24, 42.78), H’-C" (5.90, 50.36), H>-C® (7.31, 124.58), H'®!192021.22_CI18.192021.22 (7 5@
129.33), H'>-C' (7.60, 119.22), H*-C*(7.55, 135.27), H'*-C'®(7.56, 143.13) u H**-C*®(8.45, 148.86).

The chemical shifts of the cinnamoyl moieties associated with the anabazine and cytisine groups are
similar in the '"H and "*C NMR spectra. A slight predominance of the mesmeric effect of the cytisine
fragment leads to a slight shift to the weakly field region of the signals of the cinnamoyl fragments in
compound 4 as compared with derivative 3. Thus, the olefin protons of the cinnamoyl group H"” and H'®
of compound 4 appear at 6.49-6.75 and 7.16-7.64 ppm. respectively, whereas similar olefin protons of
compound 3 resonate in one region at 7.56-7.69 ppm. The same situation is observed for free-standing C"*
carbonyl atoms: in the spectrum of compound 3, they appeared at 166.27 ppm, and in the case of
compound 4, at 165.65 ppm.
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The cyclocondensation reaction of hydrazines with a, B-unsaturated ketones is an important synthetic
approach to the preparation of 1,2-azoles. Some pyrazole derivatives exhibit the properties of analgesics
and platelet aggregation inhibitors [18], have a strong antibacterial [19] and anesthetic [20] effect.

In order to further study the properties and possibilities of transformation of the obtained N-
cinnamoylanabazine (3) and N-cinnamoylcytisine (4), we studied their interaction with hydrazine hydrate.
It was found that the interaction of acrylamide derivatives 3, 4 with hydrazine hydrate in ethanol leads to
the formation of the corresponding pyrazole derivatives 5 and 6, which are formed, possibly as a result of
intramolecular cyclocondensation of the intermediate hydrazones formed.

+ NH,-NH,’H,0
EtOH, t

3,4

In the '"H NMR spectrum of compound 6 in the most strongly field region of the spectrum at 1.87-
1.99 ppm two-proton multiplet manifested cytisine protons H-18. In the broadband multiplet at 2.25-3.33
ppm the six-proton multiplet resonated with the cytisine protons H-8, H-16 and H-7 and the pyrazole
protons H-4. In the next five-proton multiplet at 3.58-4.63 ppm. the cytisine protons H-17 and H-9 and the
other pyrazole proton H-5 were located. At 6.11-6.20 ppm protons H-12 and H-14 of the pyrazole ring
resonated with a two-proton multiplet. In the seven-proton multiplet at 6.97-7.64 ppm housed the cytisine
proton H-13, the proton of the amino group H-1 and the aromatic protons H-20-24.

In the *C NMR spectrum of compound 6, the signals of carbon atoms of cytisine rings are observed
at 25.80 (C-18), 27.52 (C-8), 33.76 (C-16), 48.75 (C-9), 49.18 (C-7), 51.21 (C-17), 105.27 (C-14), 116.31
(C-12), 139.30 (C-13), 150.19 (C-15) and 170.85 (C-11) ppm. Signals with chemical shifts at 34.79,
52.82, and 162.64 ppm. correspond to carbon atoms C-4, C-5 and C-3, respectively. Carbons of the
aromatic ring appeared at 126.32 (C-22), 128.51 (C-21, 23), 129.25 (C-20, 24) and 141.62 (C-19) ppm.

The structure of compound 6 was also confirmed by two-dimensional HMQC ('H-"*C) NMR
spectroscopy, which allows one to establish spin-spin interactions of a heteronuclear nature. The observed
correlations in the molecule are shown in Figure 3. Heteronuclear interactions of protons with carbon
atoms through one bond were found for pairs: H'®-C'® (1.88, 26.44), H3-C® (2.44, 28.40), H'*-C'® (2.52,
34.62), H’-C7 (2.74, 48.79), H*-C* (3.10, 34.89), H*-C° (4.22, 53.55), H"7-C"7 (4.43, 51.92), H’-C® (4.53,
48.45), H'*-C'" (6.15, 105.77), H">-C"? (6.21, 117.00), H*'*-C2"* (7.09, 129.08), H*-C* (7.12, 126.67),
H2%24.C2924(7.32, 129.32) m H"3-C"3(7.28, 139.80).

Figure 3 — The correlation scheme in the spectrum of HMQC compound 6

— 4) ——
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NMR spectroscopic study of the obtained pyrazole derivatives 5 and 6 showed that the anabazine and
cytisine fragments mainly retain their regions of chemical shifts in the '"H and *C NMR spectra upon
transition from cinnamoyl derivatives to pyrazole.

In order to expand the possibility of functionalization of cytisine and anabazine molecules, it was
interesting to synthesize new thiourea derivatives 7, 8 by interaction with cinnamoylisothiocyanate.
Cinnamoylisothiocyanate was prepared by reacting cinnamic acid chloride with potassium thiocyanate in
acetone under heating. The obtained cinnamoylisothiocyanate reacted with anabazine and cytisine to form

the corresponding derivatives 7 and 8.
15 16 18 19
—NH—ﬁ—-HC=HC 23
+S=C=N-IC|—HC=HC@ 0 ’
0)

The resulting target products 7, 8 are well crystallized white crystalline substances with moderate
solubility in organic solvents.

The structure and individuality of the synthesized compounds 7, 8 were confirmed by IR, 'H NMR
spectroscopy and thin-layer chromatography.

In the IR spectra of the synthesized compounds 7, 8, there is an absorption band in the region of 1465
and 1550 cm™, characteristic of the C=S group, absorption bands of the amide group of C(O)NH appear in
the region of 1691 and 1689 cm™. The intense spectrum of the amide group (N-C=0) cytisine alkaloid in
the 1648 cm™ region is present in the IR spectrum of compound 8.

In the '"H NMR spectrum of compound 7, the piperidine cycle signals manifested themselves as
multiplets at 0.99-1.00 (H'*™), 1.31-1.34 (H''™), 2.52-2.55 ("'**9) and 3.00-3.05 (H**) ppm. Unsaturated
protons H'® and H' resonated with doublets at 6.87 (°J 16.0 Hz) and 7.65 (*J 15.6 Hz) ppm. Aromatic
phenyl and pyridine protons were manifested by broadened singlets at 7.39 (H>*%*%), 7.86 (H*) and 8.66
(H?) and doublets at 7.58 (H*'**, °J 6.4 Hz) and 8.47 (H®, °] 4.1 Hz ) ppm The proton of the H'® amide
bond resonated with a broadened singlet in the weakest field of the spectrum at 10.85 ppm.

In the *C NMR spectrum of compound 7, the signals of the carbon atoms of the piperidine cycle
appeared at 18.99 (C'"), 26.02 (C'%), 27.49 (C'%), 48.27 (C°) and 59.00 (C7) ppm. Carbon atoms of the
phenyl fragment are observed at 128.49 (C*'%), 129.60 (C**?*), 130.83 (C*) and 133.35 (C*°) ppm. The
carbon atoms of the pyridine ring resonated at 124.11 (C°), 134.93 (C*%), 148.52 (C?) and 148.65 (C%)
ppm. Signals with chemical shifts at 120.80 and 143.27 ppm correspond to carbon atoms in the double
bond of C'® and C', respectively. In the field of a weak field at 162.64 and 181.61 ppm. the amide and
thioamide carbon atoms of C'® and C'? resonated, respectively.

The structure of compound 7 was also confirmed by two-dimensional NMR spectroscopy HMQC
('H-"C). The proposed correlation scheme is presented in the scheme.

In the analysis of '"H NMR spectra of compounds 7, 8, characteristic proton signals for the alkaloid
part are observed. Moreover, the anabazine and cytisine fragments mainly retain their regions of chemical
shifts in the 'H and *C NMR spectra, as is the case with cinnamoyl compounds 3, 4 and pyrazole 5, 6
nature.

Thus, for the first time, we obtained new N-acyl and thiourea derivatives of anabazine and cytisine,
investigated the possibilities of their further chemical transformation into new potentially bioactive
substances.
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Experimental part

'H and ">C NMR spectra of compounds 1-8 were recorded on a INM-ECA Jeol 400 spectrometer
(frequencies 399.78 and 100.53 MHz, respectively) using a DMSO-ds solvent. Chemical shifts are
measured relative to the signals of residual protons or carbon atoms of DMSO-ds. The reaction progress
and the purity of the obtained compounds were monitored by thin layer chromatography on SilufolUV-
254 plates in isopropyl alcohol-ammonia-water 7:2:1, ethanol-chloroform 1:4 systems. The plates showed
iodine vapor. The reaction products were isolated by recrystallization or column chromatography on
alumina. All solvents used in the work were purified and absolutized by standard methods [21].

General procedure for the preparation of N-lipoylanabazine (1) and N-lipoylcytisine (2). To a
solution of 1.425 g (8.78 mmol) of anabazine or 1.67 g (8.78 mmol) of cytisine, 1.22 ml (8.78 mmol) of
triethylamine in 50 ml of benzene, a solution of 1.974 g (8.78 mmol) of lipoyl chloride [obtained from 4.5
g (21.95) was added with stirring mmol) of lipoic acid and 3.264 g (27.43 mmol) of thionyl chloride]
dissolved in 25 ml of benzene. The reaction mixture was stirred for 3 hours at room temperature until a
precipitate formed. The precipitate was filtered off, the mother liquor was evaporated, the residue was
chromatographed on silica gel (eluent: benzene-chloroform). 0.92 g (64.56%), lipoylanabazine (1) and
1.28 g (76.60%), lipoylcytisine (2) were isolated as yellowish thick oils.

N-Cinnamoylanabazine (3). To a solution of 3 g (18.49 mmol) of anabazine in 150 ml of benzene,
2.57 ml (18.49 mmol) of triethylamine and a solution of 3.08 g (18.49 mmol) of cinnamoyl chloride in 50
ml of benzene were added with stirring. The reaction mixture was stirred for 3 hours at room temperature
until a precipitate formed. The precipitated precipitate of triethylamine hydrochloride was filtered off, the
mother liquor was evaporated, and the residue was chromatographed on alumina (eluent benzene,
benzene-ethyl acetate, 100:1). Received 2.87 g (95.6%), N-cinnamoylanabazine (3) in the form of white
crystals with so m.p. 95-98°C.

N-Cinnamoylcytisine (4). To a solution of 1.14 g (6.0 mmol) of cytisine in 50 ml of benzene, 0.6 g
(6.0 mmol) of triethylamine and a solution of 1 g (6.0 mmol) of cinnamoyl chloride in 20 ml of benzene
were added with stirring. The reaction mixture was stirred for 3.3 hours at room temperature until a
precipitate formed. The precipitate of triethylamine hydrochloride was filtered off, the mother liquor was
evaporated, and the residue was treated with diethyl ether. Obtained 0.95 g (95%), N-cinnamoylcytisine
(4) in the form of a white powder with a yellowish tinge with so pl. 130-134°C. '"H NMR spectrum, 3,
ppm (J, Hz): 1.86-1.97 m (2H, H*®), 2.44 expanded singlet (1H, H’), 2.90-3.40 m (3H. H"!'"®!3%) 3 63.
3.97 m (2H, H'*109) 4. 24-4.65 m (2H, H''**139 6.14 d (2H, H**. °J 6.1), 6.49-6.75 m (1H, H"), 7.16-
7.64 m (7H, H*!>1%22) 3C NMR spectrum, 8¢, ppm: 25.95 (C%), 27.86 (C°), 35.13 (C"), 49.05 (C'?), 51.31
(C'), 53.04 (C"), 105.29 (C°), 116.40 (C%), 128.85 (C'), 129.24 (C'®1%122) 129.99 (C?°), 135.55 (C*),
139.09 (C'), 141.32 (C'), 150.47 (C%), 162.66 (C?), 165.65 (C') ppm. Cross peaks of HMQC NMR
spectra ("H-"C), ppm: H®-C® (1.96, 26.60), H*-C° (2.44, 28.48), H'-C" (3.13, 35.65), H'**-C'**(3.59,
49.56), H'**-C'%%(3.98, 49.58), H’-C° (6.14, 105.76), H>-C? (6.12, 116.82) u H'®1%212.C18192122 (7 37
129.52).

1-(5-Phenyl-4,5-dihydro-1H-pyrazol-3-yl)anabazine (5). 233 g (7.97 mmol) of N-
cinnamoylanabazine (3) was dissolved in 100 ml of ethanol and 1.9 ml was added dropwise. 39.85 mmol)
hydrazine hydrate. The reaction mixture was stirred for 1 hour at 25°C and an additional (7) hours at 70-
75°C, cooled and evaporated. The resulting mass was dissolved in CHCI; (300 ml), washed with water
(3x60 ml) and dried over MgSO,. The desiccant was filtered off, the solvent was evaporated under
reduced pressure, the residue was chromatographed on an alumina column (eluent: benzene, benzene-
chloroform, 100: 1). 2.028 g (87.03%) of product 5 was isolated as a yellow-green thick oil. '"H NMR
spectrum, 3, ppm. (J, Hz): 1.31-1.52 m (1H. H*®), 1.53-1.61 m (3H, H**!%%%9) "1 70-1.88 m (1H, H®9),
2.18-2.40 m (1H, H'*9), 2.76-2.84 m (2H, H**"™), 2.96-2.98 m (1H, H'*), 3.58-3.65 m (2H, H*!h),
4.58 widened singlet (1H, H'), 5.12-5.21 m (1H, H’), 7.18-7.22 m (3H, H'*'5'%), 7.25-7.37 m (4H,
H'3172223) " 8 40-8.50 (2H, H'*?"). Cross peaks of COSY NMR spectra (‘H-"H), ppm: H**-H* (2.76, 5.16
and 5.16, 2.75), H*!'7-H'*1¢(7.34, 7.16 and 7.16, 7.34), H*'**-H>*(8.39, 7.34 and 7.34, 8.39). Cross peaks
of HMQC NMR spectra ("H-"*C), ppm: H**-C* (2.75, 42.19), H*%-C* (3.64, 42.19), H>-C? (5.20, 70.38),
H¥.C? (1.53, 25.86), H*9-C® (1.73, 25.86), H**-C° (1.37, 19.54), H**%-C° (1.61, 19.54), H'*4-C'° (2.25,
26.85), H''-C'' (3.58, 42.12), H*-C* (7.34, 134.83).

— 4) ——
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1-(5-Phenyl-4,5-dihydro-1H-pyrazol-3-yl)cytisine (6). 0.33 g (1.03 mmol) of N-cinnamoylcytisine
(2) was dissolved in a minimum amount of ethanol (~ 15 ml) and 0.50 ml was added dropwise (10.28
mmol) hydrazine hydrate. The reaction mixture was stirred for 2 hours at 25°C and an additional 6 hours
at 70-75°C, cooled and evaporated. The resulting mass was dissolved in CHCI3 (100 ml), washed with
water (3%20 ml) and dried over MgSO4. The drying agent was filtered off, the solvent was evaporated
under reduced pressure, the residue was chromatographed on an alumina column (eluent: petroleum ether,
petroleum ether-benzene, 100:1). 0.283 g (85.75%) of product 6 was isolated in the form of yellow needle
crystals with a melting point of 122-125°C. '"H NMR spectrum, &, ppm. (J, Hz): 1.87-1.99 m (2H, H'®'®),
2.25-3.33 m (6H. H**7781¢) 358463 m (SH, H***'7), 6.11-6.20 m (2H, H'*'), 6.97-7.64 m (7H,
H!1320-2%) 3C NMR spectrum, dc, ppm: 25.80 (C'®), 27.52 (C?), 33.76 (C'®), 34.79 (C*), 48.75 (C°), 49.18
(C7), 51.21 (C'"7), 52.82 (C°), 105.27 (C'), 116.31 (C'?), 126.32 (C*), 128.51 (C*""#), 129.25 (C**%),
139.30 (C"), 141.62 (C"), 150.19 (C"), 162.64 (C?), 170.85 (C'). Cross peaks of HMQC NMR spectra
('H-C), ppm: H'*-C'® (1.88, 26.44), H*-C® (2.44, 28.40), H'°-C'%(2.52, 34.62), H’-C" (2.74, 48.79), H*-C*
(3.10, 34.89), H5-C° (4.22, 53.55), H'"-C'7 (4.43, 51.92), H’-C’® (4.53, 48.45), H"*-C'* (6.15, 105.77), H'%-
C'2(6.21, 117.00), H*"#-C*'* (7.09, 129.08), H*-C** (7.12, 126.67), H**?-C?°*(7.32, 129.32), H"-C"
(7.28, 139.80).

3-Phenyl-N-(anabazinocarbonothioyl)acrylamide (7). 1.62 g (0.01 mol) of anabazine was
dissolved in 5 ml of acetone, then a solution (0.011 mol) of cinnamoylisothiocyanate in 10 ml of acetone
was added dropwise with vigorous stirring. The mixture was stirred for 1 h at a temperature of 30°C. The
completion of the reaction was monitored by TLC. The solution was cooled, the precipitated fine
precipitate was filtered off, washed with a small amount of diethyl ether. After recrystallization from 2-
propanol, 2.82 g (80.4%) of a white powder of 5 s melted was obtained. 150-151°C. The data of elemental
analysis of compound 7 answered calculated. C20H2:N;0S. '"H NMR spectrum, §, ppm (J, Hz): 0.99-1.00
m (1H, H'*), 1.31-1.34 m (1H, H"'®), 1.44-1.65 m (2H, H!%%!'*9) 1.88-2.00 m (1H, H'**), 2.52-2.55 m
(1H, H'?*9), 3.00-3.05 m (1H, H*®), 3.73-3.87 m (1H, H**9), 6.72 widened singlet (1H, H"), 6.87 d (1H,
H' 3] 16.0), 7.39 widened singlet (4H, H>**2%), 7.58 d (2H, H*"*, °] 6.4), 7.65 d (1H, H", ] 15.6),
7.86 widened singlet (1H, H*), and 8.47 d (1H, HS, °J 4.1), widened singlet 8.66 (1H, H?), 10.85 widened
singlet (1H, H'®). 3C NMR spectrum, ¢, ppm: 18.99 (C'"), 26.02 (C'"), 27.49 (C'?), 48.27 (C°), 59.00
(C7), 120.80 (C'®), 124.11 (C°), 128.49 (C*'"¥), 129.60 (C**?*), 130.83 (C*), 133.35 (C*), 134.89 (CH),
134.93 (C%), 143.27 (C"), 148.52 (C?), 148.65 (C°), 162.64 (C'%), 181.61 (C'). Cross peaks of HMQC
NMR spectra ('H-"*C), ppm: H'®*-C'°(1.00, 26.67), H''*-C'! (1.28, 19.67), H''*9-C'' (1.55, 19.70), H'%*-
C' (1.55, 26.80), H'**-C'? (1.90, 28.20), H'*-C'? (2.57, 28.11), H**-C° (3.03, 48.86), H**-C® (3.91,
48.87), H’-C7 (6.74, 59.48), H'®-C'® (6.90, 121.09), H>-C° (7.39, 124.50), H**#24.C?22324 (7.40, 130.11),
H?!25.C?125(7.58, 128.91), H*-C*(7.87, 135.37), H"-C'? (7.68, 143.50), H®-C®(8.47, 148.93), H>-C?(8.54,
148.93).

N-Citisino-3-carbonothioylphenylacrylamide (8). 1.9 g (0.01 mol) of cytisine was dissolved in 20
ml of acetone, then a solution (0.011 mol) of cinnamoylisothiocyanate in 10 ml of acetone was added
dropwise with vigorous stirring. The reaction mixture, transparent with a yellow tint, was stirred for 2
hours at a temperature of 30°C. The completion of the reaction was monitored by TLC. The solution was
cooled, the precipitated white crystalline precipitate was filtered off, washed with a small amount of
diethyl ether. After recrystallization from benzene, 2.32 g (61.3%) of white matter were obtained, 6 s. Mp.
177-178°C. The data of elemental analysis of compound 8 answered calculated. C2;H21N30,S. '"H NMR
spectrum, &, ppm (J, Hz): 1.84-1.87 m (1H, H?), 2.47 widened singlet (1H, H"*®), 2.65 widened singlet
(1H, H'*),3.12 widened singlet (1H, H'"), 3.28 widened singlet (1H, H**), 3.36-3.38 m (1H, H**), 3.57-
3.61 m (1H, H'*), 3.79-3.88 m (1H, H**), 3.98-4.01 m (1H, H'**7), 4.22-4.25 m (1H, H*9), 6.08-6.10 m
(1H, H%), 6.18-6.20 m (1H, H"), 6.68-6.79 m (1H, H*®), 7.32-7.53 m (7H, H**"%2%) 10.53 widened
singlet (1H, H'"). *C NMR spectrum, 3¢, ppm: 25.31 (C?), 28.90 (C"), 35.47 (C'"), 48.41 (C*), 55.45 (C?),
58.68 (C'%), 105.08 (C%), 116.95 (C7), 120.86 (C*), 128.43 (C***7), 128.85 (C***%), 129.57 (C*), 130.79
(C*), 139.36 (C%), 142.85 (C?"), 149.42 (C'%), 161.97 (C®), 162.70 (C'®), 180.65 (C'*). Cross peaks of
HMQC NMR spectra ('H-"*C), ppm: H*-C? (1.87, 25.98), H"**-C"* (2.47, 29.50), H"**9-C" (2.66, 29.50),
H'"-C" (3.12, 36.12), H?-C? (3.36, 56.72), H'**-C'? (3.53, 59.30), H**-C*(3.84, 49.34), H'>*%-C'* (3.98,
57/98), H*9-C* (4.24, 49.34), H’-C° (6.09, 105.49), H’-C” (6.20, 117.26), H*-C* (6.74, 121.45), H*-C?
(7.26, 139.76), H¥27-C*-7(7.32, 129.27), H*'-C?' (7.52, 142.80).

This work was financially supported by the Committee of Science of the Ministry of Education and
Science of the Republic of Kazakhstan (PTF No. BR05236438-0OT-18).
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C.J. ®a3pios', B.M. Manamesa*, A.P. Kacbimoexona*, A.C. Cepik6oaon?

'KP OpraHukasiblk CHHTE3 KoHE KOMIp XUMUACH MHCTUTYTHL, Kaparans! ., Kazakcran;
2KaparaHapl MEIUIMHA yHUBEPCHTETI, Kazakcran;
SMI. YonuxaHoB aThiHAarbl KekieTay MEMIIEKETTIK yHHBEpCcUTETI, KazakcTaH;
“Kaparan/pl MEMJIEKETTIK TEXHUKAJIBIK YHUBEpCHTETI, Kazakcran

OUTHU3UH ’KOHE AHABASUHHIH KAHA N-AIIWJIbJAI ’KOHE THOMOYEBUH/I
TYBIHABIJIAPBIHBIH CHUHTE3I MEH KYPBLJIBICBI

AnHoTauus. ¥CHIHBUIFAH XYMBICTA ITUTH3MH JKOHE aHA0A3WH allKaJOMATAPHl MOIEKYJANaphIHBIH XUMHSIBIK
TpaHcdopmanuscel OOWBIHIIA 3€PTTEYNIEP/IH HOTHXKENepi, onap/blH N-IMHHAMOWIIBAI TYBIHABLIAPHI, COHAaN-aK
onmapasl OmaH opi Kapald MoAW(UKAIMUIAYIBIH BIKTHMAal >KOJNgapel KenTipinreH. lLlutm3wH MmeH aHaba3uH
ANKAJIOMATAPBIHBIH AIMIIICHICH TYBIHABUIAPEI KaTapblHAH jKaHa OMOJIOTHSIIBIK OeNICeHIi KOCBUIBICTApIBI 13AECTipy
MakcaThlH/Ia [IMHHAMOWIXJIOPUANEH OPEKETTECY PeaKIMAChl IKYPri3iiil, HOTHKECIHAEC OJaH opi e3repy
MYMKiHJIKTepiHe We OosiaTblH N-IUHHAMOWJILMTH3MH >KoHe N-IIMHHaMOWJIaHa0a3WH TYBIHABLUIAPBI CHHTE3ZEI.
EpiTkimTiH TaburaThiHa JKOHE OPTaHBIH CHUNAThIHA OAWIaHBICTHI 3EPTTENETIH peaKkUUsUIapibl JKY3ere achlpyIblH
OHTAMJIBI MAPTTaphl KAPACTHIPBUIFAH. 3CPTTEICTIH aIKATOWITAPABIH ANWIICHY pPEaKIUsACHl TPUITHIAMUAHHIH
KAaTBICYBIMCH OCH30JIIa XKAKCHI JKYPE/i, COHBIMEH KaTap colkeciHIe 75 sxoHe 95% MIBIFRIMIapbl KYPaWThIH THICTI
agaba3WH MeH [UTH3WH aJKANOMATaphl TYBIHABUIAPBIHBIH TMaifa OOJyBIHA OKENI COKTHIpambl. N-
IUHHAMOWIIIINTAZWH >KoHe N-IMHHaMOWIaHA0a3WH TYBIHABUIAPBIH TY3€TiH THAPA3HHONN3 pPEaKIUAICH JKy3ere
ACBIPBUIABL. AJKATOMITAPIBIH aKPIIIAMUATI TYBIHIBUTAPBIHBIH 3TAHOJIAAFEl THAPA3UHTHAPATIICH ©3apa opeKeTTecyi
THICTI MHPA30JABl TYBIHABUIAPABIH Maiga OONybIHA aJbIl KelleAl JKOHE oJiap THAPa30HAApAbIH N-IIMHHAMOWIBII
TYBIH/JBUIAPBIHBIH ~ MOJIEKYJIAJbIK IIMKJIOKOHCHCALMICHIHBIH HOTIKeCT Oonbin  TaObuiaabl. LIUTH3MH MeH
aHa0a3WHHEH aJblHFaH N-IWHHAMOWIBII TYBIHIBUIIAPHI THAPA3UHTHUAPATIICH €3apa OpeKeTTeCcy peakusIapblHAa
OJlaH opi 3epTTeNiHeAl. DTAHOIIbI OPTaAa XKYPri3iIreH PeaKIUsIHBIH HOTH)KECIHAC OJIap/IbIH THICTI MHPA30J TYbIH-
JIbLIAPhI ATBIHIBL. PeaklusulbK OpTafaH OeJliHreH MUPa30Jiibl KOCBUIBICTAP apajblK OHIM TY3CTiH THAPA30HIAPIBIH
IIIKI MOJIEKYJIAJIBIK [IMKJIOKOH/ICHCALMSCBIHBIH HOTHXKeC 00ybl MyMKIH. [[MHHAMOMIN30THOMAHATTHIH YKOFaphlIa
KOPCETUITCH alIKAIOUITapMEH ©3apa dPEKEeTTeCyi XKaHa THOMOYCBHUHAIBI TYBIHABUIAPIBIH CHHTE31H KY3€re achIpIbl.
Hutn3nH xoHe aHa0A3WH aTKATOUATAPBIHBIH UHHAMOMIN30THOIIMOHATIICH ©3apa dPEeKeTTeCyl HOTHXKECIHAe olap-
JIBIH JKaHa aIliuIbAl TYBIHIBUIAPHI albIHABL. [[MHHAMOMIM30THONMAHAT KOPUY KBIIKBUIBIHBIH KallUi POXaHUAIMEH
aleToH/a KBI3OBIPY AapKBUIBI ©3apa opeKerTecyi OappichiHma cuHTe3xeniHmi. CHHTE3IeNTeH KOCHUTBICTapAbIH
kypsusickl SIMP 'H - xome *C-ciekrpockonus omictepimen, congaii-ak COSY ('H-'H) xome HMQC ('H-'3C) exi
OJIIEMI CIIEKTPIEPiHiH AepeKTepiMen 3eprrenmi. bip emmemni SIMP cnexrpnepinge 'H sxome '3C curmammapasig
MHTETPAIIBIK KAPKBIHABUIBIFEL, MYJIBTUILIETTINN KOHE XHMUSIBIK BIFBICY MoHmepi ambikrammel. COSY (‘H-'H)
xone HMQC ('H-'3C) ¢opmaTrapbiHga cHekTpiep KOMETIMEH 3epTTENeTiH KOCHUILICTAPABIH  KYPBUIBIMBIH
pacTaiTBIH TOMO - )KOHE TEeTEPOSAPOIIBIK 63apa OpEeKeTTeCyIep OPHATHUIIBI.

Tyiiin ce3mep: amkamouarap, UUTU3WH, aHa0a3WH, XUMMSUIBIK TpaHcopmanus, N-aluibal (parMeHr,
IUHHAMOWJI XJIOPaHTHAPHUIL

0.A. Hypkenos'*, )K.C. Hypmaraun6eros'?, T.M. Ceitnxanos?,
C.J1. ®a3pL108!, B.M. Manamesa*, A.P. Kaceimoexona*, A.C. Cepux6o.aon?

"MucruTyT opranndeckoro cuntesa u yrnexumun PK, r. Kaparanna, Kazaxcran;
MenuIMHCKAH yHuBepcuretr Kaparanael, Kazaxcran;
SKokImeTayckuii rocyIapcTBeHHbIH yHuBepeuTeT M. 111, Yanuxanosa, Kasaxcran;
“KaparaHIUHCKHUI roCyIapCTBEHHBII TEXHMIECKUH yHUBEPCHTET, KazaxcTam.

CHUHTE3 U CTPOEHHME HOBBIX N-AIIMJIBHBIX
N TUHOMOYEBHUHHBIX TPOU3BOJIHBIX AJIKAJTONJIOB IUTU3NH U AHABA3UH

AnHotanusi. B npencrasiienHoi paboTe NMpUBENEHBI Pe3yJIbTaThl UCCIEAOBAHUI 110 XMMHUYECKOH TpaHcdop-
Ml MOJICKYJI aJTKAJIOHWIOB IIUTU3WH W aHa0a3WH C MOJy4YeHHEeM UX N-IIMHHAMOWIBHBIX MPOU3BOJHBIX, & TAKKE
BO3MOXKHBIE IIYTH WX JaibHelmeil moandukamuu. C LEeNbl0 MOUCKAa HOBBIX OMOAKTUBHBIX COCAMHEHUH B ALy
AIMITIPOBAaHHBIX IPOW3BOAHBIX AaNKAJOHIOB IIUTH3WHA W aHa0a3sMHa HAMH HWCCIIEOBAaHBI pPEaKIUuH C
IUHHAMOWIIXJIOPHIOM M BO3MOKHOCTH JAFHEHIINX IpeBparieHuil oOpa3yronixcs N-IIMHHAMOWIIUTH3NHA U N-
IUHHAMOMIaHa0a3uHa. PacCMOTpEeHBI ONTUMAIIbHBIC YCIOBUS OCYIISCTBICHUS M3YYaeMBIX PEAKIHN B 3aBHCHMOCTH
OT TIPHPOIBI PACTBOPUTENS M XapaKTepa Cpenbl. YCTAaHOBICHO, YTO AlMUIMPOBAHHE H3YYaeMBIX AalIKaJIOHIOB
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YCIEIIHO TIPOTEKaeT INIaAKo B OC€H30Jie B MPUCYTCTBUM TPHUATWIAMHHA M HPUBOAIAT K 0Opa30OBaHHIO
COOTBETCTBYIOIINX NMPOM3BOAHBIX aHaOa3WHa W LUTH3MHA C BBIXoZaMu 75 u 95% coorBercTBeHHO. OCyIIecTBICH
THpa3uHONIN3 00pa3yroimuxcs N-IIMHHaMOWIIUTH3MHA U N-IIMHHaMonnaHabasuHa. [TokazaHo, uTo B3auMojeiicTBre
aKpPWIAMHIIHBIX TPOM3BOJHBIX aJKAJOWAOB C THIPAa3WHTHIPATOM B OJTaHOIE IPUBOAUT K OOpa3oBaHHUIO
COOTBETCTBYIOIIUX MHMPA30JOBbIX NPOU3BOAHBIX, KOTOPBHIE, BO3MOXKHO, SBIISIOTCS PE3YJIbTaTOM BHYTPUMOJEKY-
JSIPHOM IMKJIOKOHJIGHCALIMM THUIPa30HOB N-IIMHHAMOWJIBHBIX TNPOW3BOAHBIX. I[lomydeHHble N-IIMHHaAMOWJIbHBIC
NIPOM3BOJIHBIE LIMTH3MHA M aHaba3WHA IIOABEPrHYTHI JalbHEHIIEMy HM3YYEHHIO B PEaKLUsIX B3aHMMOJCHCTBHS C
THIPa3uHrUIpaToM. B pesynprare npoBeeHHBIX peakuuii B cpejie 3TaHoja ObUTH MOTyYeHbI COOTBETCTBYIOIINE UX
MHpa30JbHbIe MPONU3BOAHBIE. ClIENIaHO NPEANOI0KEHHE, YTO BBIICJICHHBIE W3 PEAKIMOHHOW Cpelbl IMHpa30IbHbIC
COCAMHEHUS,, BO3MOJKHO, SBJIAIOTCS PE3yJIbTaTaMHd BHYTPHMOJEKYISIPHOW NMKIOKOHACHCALMHM IPOMEXYTOUHO
o0pasyrommxcs THIPa30HOB. B3amMonelcTBHEeM IUHHAMOWIM30THOLMAHATA C BBIICYKAa3aHHBIMU AJIKAIOHIaMU
OCYILIECTBJIEH CHHTE3 HOBBIX THOMOYEBHHHBIX MPOM3BOJAHBIX. B3amMonelcTBHeM LMTH3MHA W aHaba3uHa C
LIMHHAMOMJIM30THOIIMOHATOM IOJIY4€Hbl HOBBIC ALlMIIBHBIE TPOU3BOAHBIE. [[MHHAMOMIN30THONMAHAT OB MOIYYeH
B3aUMOJICHICTBUEM XJIOPAHTUAPHUAA KOPHUYHOH KHCJIOTBI C POJAHUCTBIM KalMeM B aleTOHE IPH HarpeBaHWU.
HccreoBaHbl CTPOEHUs CHUHTE3MPOBAHHBIX coenuHenuil merogamu SIMP 'H- m '3C-cnexrpockomuu, a Taxke
naHHbIMA  IByMepHBIX criekTpo COSY ('H-'H) 1 HMQC ('H-'3C). Onpenenenbl 3HaueHns XUMHYECKUX C/IBUTOB,
MyJIbTHILIETHOCTh M MHTErPaibHas HHTEHCUBHOCTHL curHatoB 'H u ’C B ogHOMepHBIX criektpax SIMP. C nomolpsro
cniektpoB B Qpopmarax COSY ('H-'H) 1 HMQC ('H-'3C) ycraHOBJIEHBI TOMO- U TETEPOSIEPHBIE B3aMMOIEHCTBYS,
HMOJTBEPAKAAIOLINE CTPYKTYPY UCCIEAYEMBIX COETIUHEHUI.

Ki1roueBble ci10Ba: aiKaloWIbl, IIUTH3HMH, aHa0a3WH, XuMudeckas TpaHcdopmanusi, N-alnibHbIN (parMexT,
XJIOPaHTHIPHU IHHHAMOWIIA.
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