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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 STRUCTURE
OF HYDRAZONE DERIVATIVES OF HARMINE

Abstract. The present paper deals with chemical synthesis based on 8-acetylharmine. It was established that
interaction of 8-acetylharmine with hydrazine hydrate produces (E)-8-(1-hydrazonoethyl)-7-methoxy-1-methyl-9H-
pyrido[3,4-b]indole in a yield of 69%. It was shown, that reaction of (£)-8-(1-hydrazonoethyl)-7-methoxy-1-methyl-
9H-pyrido[3,4-b]indole with functionally substituted aromatic aldehydes (anisaldehyde, 2-fluorobenzaldehyde,
2,4- dimethoxybenzaldehyde) by boiling in methanol leads to the formation of the corresponding N-
arylidenehydrazones with 56-82% yields. The structure of the synthesized compounds was characterized on the basis
of one-dimensional 'H, 3C and DEPT NMR methods, as well as data from two-dimensional COSY, HMQC, and
HMBC spectra, elemental analysis and mass spectra. Correlation spectroscopic methods provided information for
identification of three bond protons-protons and one bond protons-carbons correlations COSY ('H -'H) and HMQC
('H-3C, 'H-'>N). Homo- and heteronuclear interactions, confirming the structures of new derivatives of harmine, are
determined. The use of modern physicochemical and spectroscopic research methods in the present work allowed
reliable and unambiguous characterization of the structure and properties of the obtained compounds.

Key words: harmine, hydrazone derivative of 8-acetylharmine, N-arylidenehydrazones, 'H-, ?*C-NMR spectra,
two-dimensional NMR spectra.

Introduction. It is well known that modification of alkaloids gives a wide opportunity to obtain
compounds whose biological activity spectrum is significantly expanded and modified in comparison with
the starting substance.

In order to search for new synthons and biologically active compounds and to find effective drugs of a
given spectrum of activity, a chemical modification of the alkaloid harmine was carried out [1]. Alkaloid
of B-carboline type harmine 1 is contained in the plant Peganum harmala L., widely distributed on the
territory of Republic of Kazakhstan.

According to the literature data, the indole alkaloid harmine 1 has a wide spectrum of
pharmacological activity. Harmine affects the central nervous system, showing neuroprotective activity in
neurological diseases. Derivatives of harmine have neurotropic activity, and its water-soluble form,
harmine hydrochloride, has antidepressant, antihypoxic (hypobaric hypoxia) and anti-Parkinson effects
[1-6].

Moreover, it should be noted that in recent years, the synthesis of hydrazones has attracted great
attention not only because of the significant biological activity of the target compounds, but also because
the possible synthesis of various heterocycles based on them, including energy-intensive materials.

In this regard, our aim was to continue research on the transformation of the available alkaloid
harmine in order to obtain new biologically active compounds.

Experimental part. Earlier, we published effective methods for the synthesis of derivatives of
B-carboline alkaloids 8-formylharmine and 8-acetylharmine. By the condensation of 8-acetylharmine 2
with aromatic aldehydes the corresponding chalcones were synthesized, the reaction of which with
hydrazine hydrate in acetic acid resulted in 3-substituted 1-acetylpyrazolines [7-11].
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In continuation of our work, new derivatives of the alkaloid harmine 1 were synthesized; on the basis
of 8-acetylharmine 2, 8-acetylhydrazone harmine 3 was synthesized and a number of
N-arylidenehydrazones harmine 4-6 were obtained with a yield of 56-82% (scheme 1).
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The structure of the synthesized compounds was characterized by the complex of physicochemical
methods: IR, UV, one-dimensional NMR 'H, "*C and DEPT and two-dimensional COSY spectroscopy
(‘H -'"H), HMQC, HMBC ('H-"C, and 'H-"°N), mass spectrometry and elemental analysis data.

Materials and research methods. The 'H and '*C NMR spectra were recorded on a JEOL JNM-
ECZR 500 MHz spectrometer (500 MHz 'H and 125 MHz "*C). The "F NMR spectrum of compound
5 was recorded on a JEOL JNM-ECZR 500 MHz spectrometer (282 MHz) in CDCl;. The "N NMR
spectra were obtained on a JEOL JNM-ECZR 500 MHz (60.84 MHz) in CD;OD using CH3NO, as
monitor sample ox 167,6 ppm.

Different types of proton-proton and carbon-proton correlation spectroscopy were used to assign
signals in the NMR spectra (COSY, DEPT, HMBC, HMQC). High-resolution mass spectra were recorded
on a DFS Thermo Scientific mass spectrometer, evaporator's temperature 150-240 °C, EI ionization
(70 eV). Melting points were determined on Opti Melt apparatus. The reaction progress was monitored by
TLC method on Silufol UV-254 plates. For the detection of alkaloids derivatives the Dragendorff's reagent
was used. The reaction products were isolated by column chromatography on Al,Os (stage II act.).

Results of the study. We have established that the interaction of 8-acetylharmine 2 with an excessive
amount of hydrazine hydrate in ethanol leads to the formation of (£)-8-(1-hydrazonoethyl)-7-methoxy-1-
methyl-9H-pyrido[3,4-blindole 3, yield 69%, composition CisHisN4O, melting point 207-209 “C, [a]*p -
187.5 (¢ 0.16; CHCIl5).

N-arylidenehydrazones of harmine 4-6 were prepared (yield 65-83%) starting from
(E)-8-(1-hydrazonoethyl)-7-methoxy-1-methyl-9H-pyrido[3.,4-b]indole 3 which easily reacted with
functionally substituted aromatic aldehydes (anisaldehyde, 2-fluorobenzaldehyde,
2,4-dimethoxybenzaldehyde).

The IR-spectrum of compounds 3—6 contain intense stretching bands at 3327-3220 cm’, which
belong to the (-NH) group, and at 3178-2827 cm™' (C—H aromatic and methoxy groups). In the spectra of
all compounds, a set of absorption bands was observed in the region of 1617-1606, and 1569—1418 cm',
corresponding to the presence of aromatic groups in the structure (C=N) and (C=C). The bending
vibrations of the C=N-N groups correspond to bands 1293-1202 and 1113 cm".
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In the '"H NMR spectrum of (E)-8-(1-hydrazonoethyl)-7-methoxy-1-methyl-9H-pyrido[3,4-b]indole 3,
singlet signals were observed in the region of 6 2.71 and 2.12 ppm, corresponding to proton signals of the
methyl groups at C-1 and C-12. Signals of protons of the methoxy group at C-7 were observed in the
region of 6 3.86 ppm in a form of singlet. The proton signals H-3, H-4, H-5, H-6 of the B-carboline core
appear at o 8.15, 7.81, 8.12 and 7.04 ppm, with coupling of 5.8; 5.8; 8.2; 8.2 Hz, respectively. The
characteristic signal of NH, groups was observed in the low field in the region of & 8.03 and 8.05 ppm.
The proton signal of the N-H group of the pyrrole ring was observed in the low magnetic field at
6 10.51 ppm.

The *C NMR spectrum of compound 3 contained 6 singlet signals at 116.47, 123.36, 135.64, 138.67,
141.58, 156.81 ppm, characteristic for carbon atoms C-4a and C-4b, C-9a, C-8a, C- 1, C-7, as well as
5 doublet signals at & 105.00, 105.82, 129.02, 137.24 ppm related to carbon atoms C-6, C-8, C-4, C-5,
C-3, respectively. The signals of carbon atoms related to CH3CN, -CH3, -OCH3, were observed at 6 18.51,
21.94, 55.55 ppm, in the form of quartets. The carbon atom C=N appears as a singlet at d 145.95 ppm.

For assignment of all 'H and '*C NMR signals, a number of two-dimensional spectroscopic methods
were used: 'H-'"H COSY, 'H-"*C HSQC, 'H-"*C HMBC, and 'H-'°N HMBC.

The 'H and "*C NMR spectra of synthesized derivatives of harmine 4-6 contained a set of
characteristic signals of protons and carbon atoms of the p-carboline core and the corresponding
substituent. The proton CH= of side chain in the '"H NMR spectrum of compounds 4-6 resonated as a
broadened singlet in the region of 6 8.73-8.32 ppm. Signals, characteristic for the protons of the aromatic
ring H-3'-5' appeared at & 6.18-8.69 ppm, respectively. The characteristic signals of carbon atoms in the
BC NMR spectra belonging to -CH3;C=N, -CHs, (-OCH;), (-OCH;), groups occurred in the regions of
0 19.84-19.94, 20.21-20.42, 55.56-56.43 ppm, respectively, as quartets. Doublet (d) signal related to the
CH=N substituent was observed at 6 150.43-157.20 ppm. The singlet signal of the -C=N group in the C-8
substituent shifted to the low magnetic field relative to the location in the spectrum of hydrazone 3 and
were detected at 6 163.59-167.68 ppm.

The correct assignment of signals in the '"H NMR spectrum of compound 3 confirm the two-
dimensional '"H-"H COSY correlation spectra (Fig. 1).

For compound 3, the '"H-'"H COSY spectrum shows the spin-spin correlation between the protons of
methine groups: H-3 and H-4 of the pyridine ring with a cross peak of 8.15, 7.81 ppm (doublets with
J = 5.8 Hz) and between H-5 and H-6 of the aromatic ring with the correlation of signals at & 8.12, 7.04
ppm (J coupling of 8.2 Hz).
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Figure 1 - Two-dimensional 'H-"H COSY spectrum of compound 3
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Figure 2 - Two-dimensional spectrum HMBC ('H-'3C) of compound 3
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Figure 3 - Two-dimensional spectrum HMBC ('H-'"N) of compound 3

The assignment of signals in the "N NMR spectra was carried out according to the two-dimensional
spectrum of the inverse correlation of '"H-"’N on the long-range interactions (HMBC). To assign the
chemical shifts of carbon atoms that are not related to hydrogen atoms, heteronuclear correlation methods
for long-range bonds were applied: "H-"*C HMBC (Fig. 2) and '"H-">’N HMBC (Fig. 3) [19]. With the help
of the correlation spectra for long-range bonds all carbon atoms that are not connected with hydrogen
atoms in the molecule were uniquely determined, thereby completely confirming the structure of the
obtained compounds 3-6.

The 'H-"*C HMBC showed correlation peaks of the CH; protons (C-13) with C-8 and C=N atoms.
CHj3 protons (C-10) interacted with atoms C-1 and C-3. Protons of OCHs (C-11) correlated with the
C-7 atom. This experiment confirmed the assignment of the methyl groups.

An analysis of the "H-"’N HMBC spectra showed that the CH; proton (C-13) (5 2.12 ppm), showed
correlation with the nitrogen atom of the group C=N at 310 ppm. Proton H-3 (doublet, & 8.15 ppm), and
the CH3 protons (C-10) (6 2.71 ppm), showed interaction with a nitrogen atom in position 2 of the
pyridine ring (dx 280 ppm).

All of these data suggest that the synthesized compound has the following structure (figure 4).
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Figure 4 - The main correlations in the 'H-'3C and 'H-'>N HMBC spectra of compound 3

Experimental part. (E)-8-(1-hydrazonoethyl)-7-methoxy-1-methyl-9H-pyrido[3,4-b]indole (3).
Solution of 0.5 g (1.96 mol) 8-acetylharmine 2 in 25 ml of ethanol was stirred, and meanwhile 2.94 g
(0.06 mol) of hydrazine hydrate was added dropwise in excess. The reaction mixture was stirred for
7-8 hours at a temperature of 60 °C. The precipitate formed was filtered and recrystallized from EtOH.
Yield 69%, yellow paurocrystalline powder, melting point 207-209 °C, [a]*p -187.5 (c 0.16; CHCI;).
UV-spectrum (EtOH), Amax/nm (log €): 213 (2.85), 243 (2.99), 302 (2.66), 328 (2.22), 341 (2.17). IR-
spectrum (KBr, v, cm™): 3327, 3220, (-NH), 3170, 3096, 2890, 2827 (-C-H), 2983, 2927, 2915, (-OCH3 of
phenyl fragment), 1617 (-C=N), 1569, 1446, 1418 (-C-C), 1293, 1222, 1202 (-C=N-N), 1113 (-N-N).
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'"H NMR spectrum (500 MHz, DMSO, §, ppm, J/Hz): 2.12 (3H, s, CH3CN), 2.71 (3H, s, CH3), 3.86 (3H,
s, OCH3), 7.04 (1H, d, /=8.2, H-6), 7.81 (1H, d, J=5.8, H-4), 8.03, 8.05 (2H, s, NH,), 8.12 (1H, d, J=8.2,
H-5), 8.15 (1H, d, J=5.8, H-3), 10.51 (1H, br. s, NH). *C NMR spectrum (125 MHz, CDCl;, &, ppm):
s. 141.58 (C-1); d. 137.24 (C-3); d. 112.1 (C-4); s. 116.47 (C-4a); s. 129.02 (C-4b); d. 123.31 (C-5);
d. 105.0 (C-6); s. 156.81 (C-7); s. 105.82 (C-8); s. 138.67 (C-8a); s. 135.64 (C-9a); q. 18.51 (CH3C=N);
g. 55.55 (-OCH3); q. 21.94 (-CH3); s. 145.95 (C=N). Mass-spectrum, m/z (I, %): 277 (100), 308 (37),
237 (22), 278 (18), 236 (15). Found, m/z: 268.1319 [M]". CisHi¢N4O. Calculated, m/z: 268.1298.
Elemental analysis: found, %: C 69.10; H 7.17; N 17.8. C;sHisN4O. Calculated, %: C 67.16; H 7.00;
N 17.87.

7-Methoxy-8-((E)-1-((E)-(4-methoxybenzylidene)hydrazono)ethyl)-1-methyl-9H-pyrido[3,4
blindole (4). To a solution of 0.1 g (0.37 mol) of (E)-8-(1-hydrazonoethyl)-7-methoxy-1-methyl-9H-
pyrido[3,4-b]Jindole 3 in 10 ml of methanol, while stirring 0.151 g (1.12 mol) of anisaldehyde was added
dropwise in 5 ml of methanol. The reaction mixture was stirred for 4 hours at 60-65 °C. The precipitate
formed was filtered off and recrystallized from ethanol. C23H2:N4O,, yield 56%, melting point 171-172 °C,
[0]**p 4250 (¢ 0.16; CHCIl3). UV-spectrum (EtOH, Ama/nm (log €): 215 (2.78), 238 (2.82), 305 (2.74).
IR-spectrum (KBr, v, cm™): 3235 (-NH), 3006, 2841 (-C-H), 2964, 2927, (-OCH; of phenyl fragment),
1618, 1605 (-C=N), 1572, 1513, 1462, 1424 (-C-C), 1293, 1249 (-C=N-N), 1175 (-N-N).

"H NMR spectrum (500 MHz, CDCls, §, ppm, J/Hz): 2.72, (3H, s, CH;CN), 2.79 (3H, s, -CH3), 3.89
(3H, s, -OCHz3), 4,00 (3H, s, -OCH3), 6,96 (1H, d, J=8.7, H-6), 6.99 (1H, q, J=6.8, H-3"), 7.01 (1H, q,
J=6.8, H-5"), 7.73 ppm (1H, d, J=5.3, H-4), 7.84 (1H, q, J=8.8, H-2"), 7.86 (1H, q, J=8.8, H-6"), 8.07 (1H,
d, J=8.7, H-5), 8.32 (1H, d, J=5.3, H-3), 8.32 (1H, br. s, H-16), 10.51 (1H, br. s, NH). *C NMR spectrum
(125 MHz, CDCls, 9, ppm): s. 141.6 (C-1); d. 139.0 (C-3); d. 112.3 (C-4); s. 116.9 (C-4a); s. 128.14
(C-4b); d. 124.29 (C-5); d. 105.44 (C-6); 5.162.05 (C-7); s. 110.22 (C-8); s. 140.33 (C-8a); s. 134.86 (C-
9a); q. 19.84 (CH3CN); q. 55.56 (OCH3); q. 56.44 (OCH3); q. 20.42 (CHs); s. 167.24 (C=N); d. 157.2
(CH=N); s. 128.1 (C-1"); d. 114.40 (C-3',5"); d. 130.27 (C-2',6"). Mass-spectrum, m/z (I, %): 355 (100),
356 (22), 386 (20), 387 (8). Found, m/z: 386.1739 [M]". C3H:N4O,. Calculated, m/z: 386.1737.
Elemental analysis: found, %: C 71.07; H 6.13; N 14.32. Cy3H2:N4O,. Calculated, %: C 71.45; H 5.72;
N 14.51.

8-((E)-1-((E)-(2-fluorobenzylidene)hydrazono)ethyl)-7-methoxy-1-methyl-9H-pyrido[3,4-
blindole (5). To a solution of 0.1 g (0.37 mol) of (E)-8-(1-hydrazonoethyl)-7-methoxy-1-methyl-9H-
pyrido[3,4-b]indole 3 in 10 ml of methanol, while stirring 0.092 g (2 mol) of 2-fluorobenzaldehyde was
added dropwise in 5 ml of methanol. The reaction mixture was stirred for 4 hours at 60-65 °C. The
precipitate formed was filtered and recrystallized from ethanol. Yield 82%, C»Hi9N4OF, melting point
166-168 °C, [a]*'p +62.5 (c 0.16; chloroform). UV-spectrum (EtOH), Ama/nm (log €): 209 (3.03), 245
(3.08), 300 (2.87), 342 (2.69) nm. IR-spectrum (KBr, v, cm™): 3274 (-NH), 3044, 2840 (-C-H), 2997, 2977
(-OCH3 of phenyl fragment), 1622, 1604 (-C=N), 1577, 1484, 1459 (-C-C), 1295, 1283 (-C=N-N), 1236
(-C-F), 1170 (-N-N). '"H NMR spectrum (500 MHz, CDCl;, 8, ppm, J/Hz): 2.72, (3H, s, CH;CN), 2.81
(3H, s, CH3), 4,01 (3H, s, OCH3), 6,97 (1H, d, J=8.7, H-6), 7.16 (1H, ddd, J=10.3, 8.4, 0.9, H-3"), 7.27
(1H, td, /=7.6, 0.9, H-5"), 7.46 (1H, dddd, J=8.4, 7.6, 5.4, 1.6, H-4"), 7.74 (1H, d, J=5.4, H-4), 8.09 (1H, d,
J=8.7, H-5), 8.19 (1H, td, J=7.6, 1.6, H-6"), 8.34 (1H, d, J=5.4, H-3), 8.73 (1H, br.s, H-16), 10.53 (1H,
br.s, NH). *C NMR spectrum (125 MHz, CDCls, 8, ppm): s.141.6 (C-1); d. 139.0 (C-3); d. 112.3 (C-4);
s. 116.97 (C-4a); s. 128.20 (C-4b); d. 124.61 (C-5); d. 105.47 (C-6); s. 160.10 (C-7); s. 109.94 (C-8);
s. 140.40 (C-8a); s. 134.86 (C-9a); q. 19.94 (CH3CN); q. 20.21 (CH3); q. 56.43 (OCHz3); s. 167.68 (C=N);
d. 150.43 (CH=N); s. 122.49 (C-1', JF=9.8); s. 162.16 (C-2', J;=5.2), d. 116.14 (C-3', Ji=2.1); d. 132.60
(C-4', J7=8.5); d. 124.56 (C-5', J;=3.8); d. 127.77 (C-6', J;=2.5). In the '°F NMR spectrum, the only signal
of the fluorine phenyl fragment of the compound (E)-1-(2-fluorophenyl)hydrazone)ethyl)-7-methoxy-1-
methyl-9H-pyrido[3,4-b]indole-8-yl 5 was observed. Mass spectrum, m/z (I, %): 343 (100), 374 (58),
344 (23), 237 (21), 375 (15). Found, m/z: 374.1537 [M]". C»H9FN4O. Calculated, m/z: 374.1535.
Elemental analysis: found, %: C 69.61; H 5.61; N 14.40. C»H19FN4O. Calculated, %: C 70.47; H 5.11;
N 14.96.

8-((E)-1-((E)-(2,4-dimethoxybenzylidene)hydrazono)ethyl)-7-methoxy-1-methyl-9H-pyrido|[3,4-
blindole (6). To a solution of 0.15 g (0.56 mol) of (£)-8-(1-hydrazonoethyl)-7-methoxy-1-methyl-9H-
pyrido[3,4-b] indole 3 in 20 ml of methanol 0.186 g (1.12 mol) of 2,4-dimethoxybenzaldehyde was added
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dropwise with stirring in 5 ml of methanol. The reaction mixture was stirred for 4 hours at a temperature
of 60-65 °C. The precipitate formed was filtered and recrystallized from ethanol. Yield 75%, C24H24N4O3,
[0]**p +125 (c 0.16; chloroform). UV-spectrum (EtOH, Ama/nm (log €): 216 (2.78), 236 (3.26), 293 (2.26),
317 (2.17). IR-spectrum (KBr, v, cm™): 3220 (-NH), 3178, 3107, 3004, 2851, 2837 (-C-H), 2970, 2926
(-OCHj3 of phenyl fragment), 1623, 1606 (-C=N), 1570, 1462, 1421 (-C-C), 1290, 1271, 1226 (-C=N-N),
1173 (-N-N).

"H NMR spectrum (500 MHz, CDCls, 8, ppm, J/Hz): 2.54, (3H, s, CH;CN); 2.68 (3H, s, -CH3); 3.70
(3H, s, -OCHa»); 3.71 (3H, s, -OCH3); 3.95 (3H, s, OCHa3); 6.18 (1H, dd, J = 8.7, H-3"), 6.32 (1H, d,
J=28.8, H-6"), 6,94 (1H, d, J=8.7, H-6); 7.73 (1H, d, /= 5.3, H-4), 8.04 (1H, d, /= 8.7, H-5), 8.32 (1H, d,
J=15.3,H-3),8.69 (1H, d, J= 6.8, H-5"), 8.76 (1H, br. s, H-16), 10.56 (1H, br. s, NH). *C NMR spectrum
(125 MHz, CDCls, 8, ppm): s.129.1 (C-1"); d.139.28 (C-3); d.112.43 (C-4); s.115.49 (C-4a); s.117.07
(C-4b); d.123.31 (C-5); d.105.34 (C-6); 5.162.34 (C-7); 5.110.60 (C-8); s.141.73 (C-8a); 5.135.65 (C-9a);
q.24.33 (CH;CN); q.56.40 (OCHs); q.55.57 (OCH3); q.56.52 (OCH3); q.20.31 (CHs); d.98.39 (C-6');
d.28.52 (C-3',5"); d.155.01 (CH=N); s.163.59 (C=N). Mass spectrum, m/z (I, %): 385 (100), 416 (32),
386 (26), 237 (11), 417 (9). Found, m/z: 416.1843 [M]". C,sHxuN4Os. Calculated, m/z: 416.1840.
Elemental analysis: found, %: C 68.99; H 6.34; N 13.03. Cy4H24N4O;. Calculated, %: C 69.21; H 5.82;
N 13.45.

In conclusion, new methods for the preparation of harmine derivatives substituted at position C-8
were elaborated which allow subsequent modification of §-acetylharmine to new N-arylidenehydrazones
of harmine, the molecular structure of which was established on the basis of elemental analysis and
spectral data (IR-, UV-, 'H-, °C-, F-, "'N- NMR).

The authors thank the Science Committee of the Ministry of Education and Science of the Republic of
Kazakhstan for financial support of grant project No. AR05135304, as well as the Chemical Service
Center for Collective Use of the NIOC SB RAS for spectral studies.
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T'APMUH I'MIPA30OH TYBIHABIJIAPBIHBIH CUHTE3I )KOHE KY¥PbILJIBIChI

AHHOTanMsi. AJIKQTOMITAPIBIH MOJEKYyJIalapblH TYPICHIIPY OHONOTHSIIBIK OCNCEHMINIK CHEeKTpl OacTamksl
3aTIeH CANBICTHIPFaHAa alTapibIKTall KeHEHETIH opi TYpi ©3repeTiH KOCBUIBICTApAbI aTyFa KeH MYMKIHIIK OepeTiHi
Genrimi.

Kana cMHTOHIIAp MEH OMOJIOTHSUIBIK O€JICeH i KOChUIBICTApAbI 13/1ey JKOHE OJIap.IblH HEri3iHAe acep eTy CIIEKTpi
OenrineHreH THIMAI ASPUIIK Kypangapabl 134ecTipy MakcaTbIHa TapMUH AJIKaJTOHIBIHBIH XUMHSJIBIK TYPJICHIIPLTYl
KYprizingi. B-kap6onuH THITeC rapMuH ankaouasl OHTYCTIK Ka3zakcTaHma KeHIHEH TapalFaH KOIIMIi aJblpaciiaH
(Peganum harmala L.) IUKi3aTBIHBIH KYpaMbIH/Ia KE3/IECE/I.

Onebu nepekTepre ColKec rapMHH WHIOJIBI AIKaJOUABl KeH (apMaKoJOTHsUIBIK OEICEHIUIIK CIIEKTpiHE He.
lapMuH HEHPONOTHAIIBIK aypyiap Ke3iHAe HEeHpOIPOTEKTOPIBIK OeICEHAUTIK TaHBITHII, OPTANBIK KYHKe JKyieciHe
acep erexmi, A MOHOAMHUHOKCHIA3aHbI Texkeini. [[apMuH TyBIHABUIAPEI MUKPOOKA KapChl OCICEHIUTIKKE Ue, all OHBIH
Cyla epHUTiH Typi — TapMUH THIPOXJIOPHIIHIH [CIpEecCHsra, THIIOKCHSFa (THIIOOAPHSIIBIK THIIOKCHS) JKOHE
MapKUHCOHMU3MIE KapChl acepi 6ap.

CoHFBl OKBUIZAphl THAPA3OHAAD CHHTE31 HBICAHAIBI KOCBUIBICTAPIBIH  aWTapibIKTall  OHOJOTHSIIBIK
OeJICeHIUTITIMEH FaHa €MecC, OJapIbIH HETi3iHAE OpTYpJl TeTePOIMKIAEPAi, OHBIH INIHAE DHEPTHS CHIABIMIBI
MaTepualapisl CHHTE3/ley MyMKIHJITIMEH Jie Ha3ap ay/apTaThIHbIH aTall 6TKEH JKOH.

Oceblran OaiiaHbICTBl OI31H TapanbIMbI3[aH jKaHa OHMOJIOTHSIIBIK OENCeHl KOCBhUIbBICTap ajly MakcaThIHIA
KOJDKETIM/TI TapMUH aJIKAJIOUIBIH TPAaHC(POPMAIUSIIAY KOHIHACT] 3epTTEyIIep KalFacyia.

KympicTa §-aneTHITapMUH MOJIEKYJAchl HETi31HJETi CHHTE3/IIH HOTHXKeJepl YChIHBUIFaH. §-alleTHIIrapMUHHIH
THIpa3uH I'HPaThIMEH 63apa SpeKeTTecyi Ke3iHe WbIFbIMbI 69% (E)-8-(1-ruapa3onosTui)-7-MeTokcu- 1 -metnn-9H-
nmupuno[3,4-bluanon aneHIe.. MeTaHonna KaHaTKaH kesne (£)-8-(1-rmmpa3oHOITHIN)-7-MeTOKCH-1-MeTmin-9H-
mupuno[3,4-bluHnonaplH  QYHKIMOHANABIK TYypAe aJIMAacTHIPBUIFAH apOMATHKANBIK —ajbICTHATCPMEH (aHUC
anpreruni, 2-¢TopOeH3ampaeruna, 2,4-ITAMETOKCHOCH3ANBIETH) pPEAKIUSICHl IIBFBIMAAPBL  56-82%  THicTi
N-apunnneHruapa3oHIapAbIH TYBIHAAYBIHA bl KeseTiHl kepceTinai. CHHTe3eNTeH KOCBUIBICTAPIBIH KYPBUIBICHI
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6ip emmemai 'H, '*C sxome DEPT SIMP onicrepimen, conpaii-ax COSY, HMQC, HMBC eki emnmemai
CIIEKTPJICPiHIH, 2JIEMEHTTIK TanJay >KoHe Macc-CIIeKTpJIepIiH IepeKTepiMeH cumarTaiaFad. IIpoToHmapibIH yII
Gaiinanpic apKBUIBI MPOTOHAAPMEH KOPpEIsMs cxemanaphbl xone nporongapasy COSY (‘H-'H) sxome HMQC
('H-3C, 'H-'>N) 6ip GaiinaHbic apKbLIbl KOMIPTEKTI aTOMJApMEH KOPPENSIHUS CXEMallapbl YChIHBUIFAH, FApMHUHHIH
’KaHa TYbIHABUIAPBIHBIH KYPBUIBIMIAPBIH PACTAUTBIH TOMO JKOHE TETEPOSIPOJIBIK ©3apa PEKETTECYJIep aHBIKTAJJIbI.
Kympicta 3amaHayn (QU3HMKa-XUMUSUIBIK JKOHE CHEKTPOCKONMSIBIK 3€pPTTEY OMICTEpiH KOJNJaHy albIHFaH
KOCBUIBICTAP/IbIH KYPBIIBICH MEH KaCHETTEPiH CeHIMII 9pi OipMarbIHAJIbI CUITaTTayFa MYMKIHAIK Oepi.

Ty#in cesmep: rapMuH, 8-alleTWIITAPMHUH TUAPA3OHTYBIHJBICHL, N-apWIMACHIHIPA30H TybIHIbLIapsl, SIMP
CHEKTpIIep, €Ki OIIIeM/Ii CIIeKTpIIepi.

A. Amamxkan!, IL2K. JKansimxanosa', B. Aiinanyasr’,
2.9. Wyasu?, A.JK. Typmyxamberos' , C.M. Anexenos'

' AO «MeXIyHapOaHBIM HayIHO-TIPON3BOACTBEHHBIN XommuHr «Duroxumusy», Kaparanma, Kazaxcran;
2 HoBocuOUpCKuii MHCTUTYT opranndeckoi xumuu uM. H.H. Boposxiosa CO PAH, Hoocubupck, Poccus;

CHUHTE3 U CTPOEHME I'MJIPASOHITPOU3BO/JIHBIX TAPMHUHA

AunnoTtanusi. VI3BeCTHO, 4TO MOAM(HKALUS MOJIEKYJ aJKAJIOWAOB JaeT IIHPOKYI BO3MOXXHOCTH IOJIyYEHHUS
COEIMHEHUH, CHEeKTp OMOJIOTHYECKOH aKTUBHOCTM KOTOPBIX 3HAYUTENBHO PACIIUPSETCS W BHIOU3MEHSETCS II0
CPaBHEHUIO C MCXO/IHBIM BEIIECTBOM.

C menpl0 MOMCKA HOBBIX CHHTOHOB M OWMOJIOTHYECKH AKTHBHBIX COCIWHEHHWN M W3BICKAHUS Ha MX OCHOBE
3 QEeKTUBHBIX JIEKAPCTBEHHBIX CPEICTB 3aJIaHHOTO CIIEKTpa JEHCTBHS MNpPOBEJCHA XHMHYECKas MoAudUKaIus
ajKanouga rapMuHa. ANKanoua [-kapOOJMHOBOTO THIIA TAPMHH COIEPKUTCS B CHIPhE TapMasibl OOBIKHOBEHHOM
(Peganum harmala L.), mmpoxo pacnpoctpanénHoM B FOxxaoMm Kazaxcrane.

CormnacHo JIATEPATYPHBIM  TaHHBIM, HH}IOHbeIﬂ AJIKaJIouJ TrapMUuH 06J1az[aeT IIUPOKHUM  CIICKTPOM
(hapMaKoIOrnuecKol aKTHUBHOCTH. ['apMHMH OKa3bIBaeT BIMSHHE HA LIEHTPAJIbHYIO HEPBHYIO CHCTEMY, IPOSBIISS
HEUPOIPOTEKTOPHYIO aKTHBHOCTh IPH HEWUPOJOrMYECKUX 3a00JIeBAaHMSIX, WHTHOMPYEeT MOHOAMHMHOKCHIA3y A.
[TpousBosHBIE TapMUHA 00JIaIAI0T AaHTUMUKPOOHOH aKTHBHOCTBIO, @ €r0 BOJOPAacTBOpUMasl (hopMa —THIPOXJIOPHT
rapMuHa  Oo0JajaeT  aHTUJICNPECCHUBHBIM,  IPOTHUBOIMIOKCHYECKMM  (THroOapuyeckas  THIOKCHS) U
AQHTUIIAPKUHCOHUYECKHUM JICHCTBUEM.

Crnemyer OTMETHTh, YTO B TIOCIEOHHE TONBI CHHTE3 THIPA30HOB TIIPHUBIEKAET BHHUMAaHHE HE TOJIBKO
3HAYUTEIHHON OMOIIOTHYECKON aKTHBHOCTBIO IENIEBBIX COCTUHEHHI, HO M BO3MOXXKHOCTBIO CHHTE3a HAa MX OCHOBE
pa3Ho00Opa3HBIX TETEPOIUKIIOB, B TOM YHCIIE YJHEPTOEMKHX MaTEPHAIIOB.

B cBsi3u € 3TUM HaMM MPOJIODKAFOTCS MCCIIEAOBAHUS 110 TPAHC(HOPMAIIMU JOCTYITHOTO aJKaJoWa TrapMUHA C
LEJTBI0 TTOJYYCHUSI HOBBIX OMOJIOTHYECKH aKTUBHBIX COSTMHECHUH.

B pabote npencrasieHbl pe3ysibTaThl CHHTE3a HA OCHOBE MOJIEKYI bl 8-anetuiarapmuna. [Ipu B3aumoaenicTBun
8-ameTwiarapmMuHa ¢ TUApasdH rHApatoM nonyudeHo (E)-8-(1-rumpazoHo3THII)-7-MeTOKCH-1-MeTnin-9H-nupuno
[3,4-blurnon ¢ BeixogoM 69%. Ilokazano, uto peakuus (E)-8-(1-ruapa3ono3tui)-7-mertokcu-1-metuia-9H-
nupuno[3,4-bJurnona ¢ (QYHKIMOHATHHO 3aMEIIEHHBIMU apOMATHYCCKAMHU albJCTHAaMU (aHHUCOBBIM allbICTHI,
2-¢ropOenzanpaeruy, 2,4-IMMETOKCHOCH3aIbICTHI) IPH KUIITYCHUH B METaHOJIE NPUBOJAWT K OOpa3oBaHHUIO
COOTBETCTBYIOMINX N-apuWiIHIEHIHIpa3oHOB ¢ BbIxogaMu 56-82%. CTpoeHue CHHTE3UPOBAHHBIX COEAMHEHUU
oxapakTepu30BaHbl MeTogamu SIMP oxromepnoii 'H, 3C u DEPT, a Taxke JaHHBIMA IBYMepHBIX criekTpoB COSY,
HMQC, HMBC, »srmeMeHTHOro aHaiM3a W Macc-CIIeKTpoB. [IpeicTaBieHBI CXEMBI KOPPEISNUN IMPOTOHOB C
MPOTOHAMH Yepe3 TPU CBSA3U U CXEMBI KOPPEISIHUHA MPOTOHOB C YIIIEPOAHBIMH aToMaMH depe3 oaHy cBs3u COSY
(‘H -'H) » HMQC ('H-'3C, 'H-'>N), yCTaHOBIEHBI TOMO- U TE€TEPOSIEPHBIE B3aMMOICHCTBHS, MOATBEPIKIAFOIINE
CTPYKTYpbl HOBBIX MpPOM3BOJHBIX TapMuHa. [IpumeHeHune B paboTe COBPEMEHHBIX (UIUKO-XUMUYECKUX U
CHEKTPOCKOITMYECKUX METOJIOB MCCIIEIOBAHMS MTO3BOJMIN HAJCKHO W OJHO3HAYHO OXapaKTEPH30BaTh CTPOCHUE U
CBOMCTBA MOJYYEHHBIX COSAMHEHUN.

KiroueBble cjoBa: TrapMuH, THIPa30HIPOM3BOAHOE 8-ameTwirapMuHa, N-apuiuieHruapa3onsi, SAMP
CIIEKTPBI, ABYMEPHBIE CIIEKTPBI.
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