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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 (£)-8-(1-hydrazonoethyl)-7-methoxy-1-methyl-9Ne
pyrido[3,4-b]indole in a yield of 69%. It was shown, that reaction of (£)-8-(1-hydrazonoethyl)-7-methoxy-1-methyI-
9Nepyrido[3,4-bJindole 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, 13C 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 -1H) and HMQC
(H-13C, H-15N). 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-, 13C-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 P-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
P-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 s-acetylharmine 2, s-acetylhydrazone harmine 3 was synthesized and a number of
A-arylidenehydrazones harmine 4-6 were obtained with a yield of 56-82% (scheme 1).

The structure of the synthesized compounds was characterized by the complex of physicochemical
methods: IR, UV, one-dimensional NMR :H. 13C and DEPT and two-dimensional COSY spectroscopy
('H -'"H), HMQC, HMBC ('H-13C, and 'H-1sN), mass spectrometry and elemental analysis data.

M aterials and research methods. The HH and 13C NMR spectra were recorded on a JEOL JNM-
ECZR 500 MHz spectrometer (500 MHz H and 125 MHz 13C). The 1% NMR spectrum of compound
5 was recorded on a JEOL JNM-ECZR 500 MHz spectrometer (282 MHz) in CDCb. The 13N NMR
spectra were obtained on a JEOL JNM-ECZR 500 MHz (60.84 MHz) in CD30D using CHsNO, as
monitor sample 5n 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, El 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 Dragendorffs reagent
was used. The reaction products were isolated by column chromatography on AhOs (stage Il act.).

Results of the study. We have established that the interaction of s -acetylharmine 2 with an excessive
amount of hydrazine hydrate in ethanol leads to the formation of (£)-8-(1-hydrazonoethyl)-7-methoxy-1-
methyl-9#-pyrido[3,4-6]indole 3, yield 69%, composition CisH1sN«O, melting point 207-209 °C, [a]ZD -
187.5 (c 0.16; CHCDb).

A-arylidenehydrazones of harmine 4-6 were prepared (yield 65-83%) starting from
(£)-8-(1-hydrazonoethyl)-7-methoxy-1-methyl-9#-pyrido[3,4-6]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-1 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 ofthe C=N-N groups correspond to bands 1293-1202 and 1113 cm-1.
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In the 'H NMR spectrum of (£)-8-(1-hydrazonoethyl)-7-methoxy-1-methyl-9#-pyrido[3,4-b]indole 3,
singlet signals were observed in the region of 52.71 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 5 3.86 ppm in a form of singlet. The proton signals H-3, H-4, H-5, H-s of the P-carboline core
appear at 5 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 NH2 groups was observed in the low field in the region of 5 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
5 10.51 ppm.

The 13 NMR spectrum of compound 3 contained s 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-sa, C- 1, C-7, as well as
5 doublet signals at 5 105.00, 105.82, 129.02, 137.24 ppm related to carbon atoms C-s, C-s, C-4, C-5,
C-3, respectively. The signals of carbon atoms related to CHsCN, -CHs, -OCHs, were observed at 5 18.51,
21.94, 55.55 ppm, in the form of quartets. The carbon atom C=N appears as a singlet at 5 145.95 ppm.

For assignment of all IH and 13C NMR signals, a number of two-dimensional spectroscopic methods
were used: 1H-IH COSY, :H -1 HSQC, :H-13C HMBC, and :H -15N HMBC.

The HH and 13 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 I1H NMR spectrum of compounds 4-6 resonated as a
broadened singlet in the region of 5 8.73-8.32 ppm. Signals, characteristic for the protons of the aromatic
ring H-3'-5' appeared at 5 6.18-8.69 ppm, respectively. The characteristic signals of carbon atoms in the
13 NMR spectra belonging to -CHsC=N, -CHs, (-OCHs), (-OCHs)2 groups occurred in the regions of
5 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 5 150.43-157.20 ppm. The singlet signal ofthe -C=N group in the C-s
substituent shifted to the low magnetic field relative to the location in the spectrum of hydrazone 3 and
were detected at 5 163.59-167.68 ppm.

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

For compound 3, the 1H-HH 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.s of the aromatic ring with the correlation of signals at 5 8.12, 7.04
ppm (Jcoupling of 8.2 Hz).

Figure 1- Two-dimensional H-H COSY spectrum of compound 3
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Figure 2 - Two-dimensional spectrum HMBC (H-1X) of compound 3
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Figure 3 - Two-dimensional spectrum HMBC ('H-BN) of compound 3

The assignment of signals in the 13N NMR spectra was carried out according to the two-dimensional
spectrum of the inverse correlation of :H-1N 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: 1H -13C HMBC (Fig. 2) and :H -1N 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-13C HMBC showed correlation peaks of the CHs protons (C-13) with C.s and C=N atoms.
CHs 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-1N HMBC spectra showed that the CHs 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, 5 8.15 ppm), and
the CHs protons (C-10) (5 2.71 ppm), showed interaction with a nitrogen atom in position 2 of the
pyridine ring (5n 280 ppm).

All ofthese data suggest that the synthesized compound has the following structure (figure 4).

8.05, c. 8.03, c.

Figure 4 - The main correlations in the "H-13C and 'H- B\ HMBC spectra of compound 3

Experimental part. (£)-8-(1-hydrazonoethyl)-7-methoxy-1-methyl-9#-pyrido[3,4-£]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 oC. The precipitate formed was filtered and recrystallized from EtOH.
Yield 69%, yellow paurocrystalline powder, melting point 207-209 oC, [a]ZD -187.5 (c 0.16; CHCb).
UV-spectrum (EtOH), W nm (log s): 213 (2.85), 243 (2.99), 302 (2.66), 328 (2.22), 341 (2.17). IR-
spectrum (KBr, v, cm-1): 3327, 3220, (-NH), 3170, 3096, 2890, 2827 (-C-H), 2983, 2927, 2915, (-OCH;s 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, 5, ppm, J/Hz): 2.12 (3H, s, CHsCN), 2.71 (3H, s, CHs), 3.86 (3H,
s, OCHs), 7.04 (1H, d, J=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). 1 NMR spectrum (125 MHz, CDChb, 5, ppm):
s. 14158 (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 (CftC=N);
g. 55.55 (-OCHes); g. 21.94 (-CHs); s. 145.95 (C=N). Mass-spectrum, m/z (7rd, %): 277 (100), 308 (37),
237 (22), 278 (18), 236 (15). Found, m/z: 268.1319 [M]+. CisHisN+O. Calculated, m/z: 268.1298.
Elemental analysis: found, %: C 69.10; H 7.17; N 17.8. CisHsN4O. Calculated, %: C 67.16; H 7.00;
N 17.87.

7-Methoxy-8-((£)-1-((£)-(4-methoxybenzylidene)hydrazono)ethyl)-1-methyl-9#-pyrido[3,4
fijindole (4). To a solution of 0.1 g (0.37 mol) of (£)-8-(1-hydrazonoethyl)-7-methoxy-1-methyl-9#-
pyrido[3,4-b]indole 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. C2sH22N10O-, yield 56%, melting point 171-172 oC,
[a]2D +250 (c 0.16; CHCb). UV-spectrum (EtOH, W nm (log s): 215 (2.78), 238 (2.82), 305 (2.74).
IR-spectrum (KBr, v, cm-1): 3235 (-NH), 3006, 2841 (-C-H), 2964, 2927, (-OCHs 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, CDCb, 5, ppm, J/Hz): 2.72, (3H, s, CHsCN), 2.79 (3H, s, -CHs), 3.89
(3H, s, -OCHs), 4,00 (3H, s, -OCHs), 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, ¢, 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). 13C NMR spectrum
(125 MHz, CDCb, 5, 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); s.162.05 (C-7); s. 110.22 (C-8); s. 140.33 (C-8a); s. 134.86 (C-
9a); g. 19.84 (CHsCN); g. 55.56 (OCHs); g. 56.44 (OCHes); g. 20.42 (CHs); s. 167.24 (C=N); d. 157.2
(CH=N); s. 128.1 (C-19; d. 114.40 (C-3',5"; d. 130.27 (C-2',6"). Mass-spectrum, m/z (7rel, %): 355 (100),
356 (22), 386 (20), 387 (8). Found, m/z: 386.1739 [M]+. CasH22N4O.. Calculated, m/z: 386.1737.
Elemental analysis: found, %: C 71.07; H 6.13; N 14.32. C23H22N40O:. Calculated, %: C 71.45; H 5.72;
N 14.51.

8-((£)-1-((£)-(2-fluorobenzylidene)hydrazono)ethyl)-7-methoxy-1-methyl-9#-pyrido[3,4-
fijindole (5). To a solution of 0.1 g (0.37 mol) of (£)-8-(1-hydrazonoethyl)-7-methoxy-1-methyl-9#-
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%, C22H1sN«OF, melting point
166-168 oC, [a]ZD +62.5 (¢ 0.16; chloroform). UV-spectrum (EtOH), Amaxinm (log s): 209 (3.03), 245
(3.08), 300 (2.87), 342 (2.69) nm. IR-spectrum (KBr, v, cm-1): 3274 (-NH), 3044, 2840 (-C-H), 2997, 2977
(-OCHs 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, CDCb, 5, ppm, J/Hz): 2.72, (3H, s, CHsCN), 2.81
(3H, s, CHs), 4,01 (3H, s, OCHs), 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, J=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). 13 NMR spectrum (125 MHz, CDCb, 5, 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); g. 19.94 (CHsCN); g. 20.21 (CHs); g. 56.43 (OCHs); s. 167.68 (C=N);
d. 150.43 (CH=N); s. 122.49 (C-1', Jf=9.8); s. 162.16 (C-2', Jf=5.2), d. 116.14 (C-3', Jf=2.1); d. 132.60
(C-4', J=8.5); d. 124.56 (C-5', Jr=3.8); d. 127.77 (C-6', J¥=2.5). In the 1F 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 (lrel, %): 343 (100), 374 (58),
344 (23), 237 (21), 375 (15). Found, m/z: 374.1537 [M]+. C22HisFN.O. Calculated, m/z: 374.1535.
Elemental analysis: found, %: C 69.61; H 5.61; N 14.40. C.2H1sFN«O. Calculated, %: C 70.47; H 5.11;
N 14.96.

8-((£)-1-((£)-(2,4-dimethoxybenzylidene)hydrazono)ethyl)-7-methoxy-1-methyl-9#-pyrido[3,4-
fijindole (6). To a solution of 0.15 g (0.56 mol) of (£)-8-(1-hydrazonoethyl)-7-methoxy-1-methyl-9#-
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%, C24H24N4Os,
[a]Z4D +125 (c 0.16; chloroform). UV-spectrum (EtOH, W nm (log s): 216 (2.78), 236 (3.26), 293 (2.26),
317 (2.17). IR-spectrum (KBr, v, cm-1): 3220 (-NH), 3178, 3107, 3004, 2851, 2837 (-C-H), 2970, 2926
(-OCHs of phenyl fragment), 1623, 1606 (-C=N), 1570, 1462, 1421 (-C-C), 1290, 1271, 1226 (-C=N-N),
1173 (-N-N).

HH NMR spectrum (500 MHz, CDCb, 5, ppm, J/Hz): 2.54, (3H, s, CHsCN); 2.68 (3H, s, -CHs); 3.70
(3H, s, -OCHa); 3.71 (3H, s, -OCHs); 3.95 (3H, s, OCHs); 6.18 (1H, dd, J= 8.7, H-3"), 6.32 (1H, d,
J = 8.8, H-6"), 6,94 (1H, d,J=8.7, H-6); 7.73 (1H, d, J = 5.3, H-4), 8.04 (1H, d,J = 8.7, H-5), 8.32 (1H, d,
J =5.3, H-3), 8.69 (1H, d,J = 6.8, H-57), 8.76 (1H, br. s, H-16), 10.56 (1H, br. s, NH). 13 NMR spectrum
(125 MHz, CDCls, 5, 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); s.162.34 (C-7); s.110.60 (C-8); s5.141.73 (C-8a); s.135.65 (C-9a);
g.24.33 (CHsCN); q.56.40 (OCHs); g.55.57 (OCHs); 9.56.52 (OCHs); ¢.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 (lrel, %): 385 (100), 416 (32),
386 (26), 237 (11), 417 (9). Found, m/z: 416.1843 [M]+. C2H24N4Os. Calculated, m/z: 416.1840.
Elemental analysis: found, %: C 68.99; H 6.34; N 13.03. C24H22N1QOs. 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 8-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-, 1X-, 19-, IN- NMR).

The authors thank the Science Committee ofthe Ministry o fEducation and Science o fthe Republic of
Kazakhstan for financial support of grant project No. AR05135304, as well as the Chemical Service
Centerfor Collective Use ofthe NIOC SB RASfor spectral studies.
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FAPMWH TMAOPA3OH TYbIHALINAPBLIHbLL CUMHTE3L XXOHE LYPbINbICHI

AHHOTauus. AnkanongrapgbliH MOneKynanapbiH TYPReHAIpY 6vonorusbik GeiceHAinik CrnekTpi 6actankbl
3aTneH canbICTbipraHaa aitap/bikTail KeHeleTiH api TYpi e3repeTil KOCbINbICTapabl anyra KeH MyMKLILK 6epeTLu
6enrini.

>KaHa cHTOHZap MeH 61oNormAnbIK 6enceHi KOChIbICTapap! i34eY XXIHe onapAblH HeriiHge acep ety CrnekTpi
GenrweHreH TMiMAI S3pinik K pangapAbl i34ecTipy mMakcaTbiHAA rapMyH ankaonabiHbIH XUMUANBIK TY pAeHgipinyi
XYprisingi. P-kap6onuH TunTec rapMuH ankanougpl Owycnk KasakcTaHga KeHiHeH TapanraH Kagimri agbipacnaH
(Peganum harmala L.) WuK13aTbIHbIH K¥paMblHAa Ke3fecesi.

dpebun fepekTepre C3MKeC rapMuH WHAOMLbI anKanouibl KeH (DapMakonornsanbik 6enceHALWK CrekTpiHe ve.
FapMuH HeliponornsanbIK aypynap Keslge HeliponpoTeKTOp/bIK GeNceHAiNiK TaHbITbIM, OpTaibiK Xyiike XYVeciHe
acep eTegi, A MOHOAMUHOKCUAA3aHbl Texelai. MapMuH TybIHAbTapbl MUKPOOKa Kapcbl B6eNceHfinikKe 1e, an OHbIH
cyfa epuTiH TYpi - rapMuH TUMAPOXNIOPUALLLL Aenpeccusara, runokeusra (rMnobapusiblK TUMOKCKS) HK3HE
MapKWHCOHW3Mre Kapchbl acepi 6ap.

COHrbl  Xbingapbl rMAPasOHAAP CWHTE3I  HbiCaHabl  KOCbIMbICTApAblH  aiTapnblKTak  6UonorusnbIK
6enceHginiriMeH raHa emec, onapfAblH HerisiHge spTYpAi retepouukngeps” OHbIH ILWiHAE 3HEPrUs ChblbIMAbI
maTepuanaapabl CMHTe3ney MYMKIHAITIMEH fie Ha3ap ayfapTaTbiHbIH aTan eTKEH XEH.

OcblraH 6aiinaHbICTbl 6i34iH TapanbIMbI3gaH xaua 6uonoruanbiK 6enceHdi KOcblbicTap any MakcaTblHAa
KOmKeTiMai rapMuH ankanouisiH TpaHchopMaumsanay >KeHiHaeri 3epTreynep xanracysa.

JKyMbicTa 8-aueTnnrapmMmMH MOJSIEKYNachbl HerisiHAeri CUHTE3AL, HITUXKeepi YCbiHbINraH. 8-aueTuarapMuUHHIH
rmapasuvH rmgpatbiMeH esapa apeKeTTecyi KesiHge LWbirbiMbl 69% (£)-8-(1-rnapasoHo3Tunn)-7-MeToKeu-1-mMeTmnn-9”-
nmpugo[3,4-nuHgon anbiHabl. MeTaHonga KaliHaTkaH kesge (£)-8-(1-rmapasoHo3Tun)-7-MeTokcu-1-meTna-9/-
nupngo[3,4-AlvHaonabiH - PYHKUMOHANALIK TYPOe a/MacTbipbiiraH apoMaTuKaiblK —anbAernarepmeH  (aHuc
anbgerng®  2-gpropbeHsanbgerng,  2,4-AMMETOKCMOEH3aIbAerna) peakuuacbl  WbirbiMaapbl  56-82%  Twcn
N-apunuaeHrnapasoHapabiH TybiHAAYbIHA a/lbin KeneTww KepceTingi. CUHTe3eNreH KOChIbICTapAbIH K¥PbI/bIChI
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6ip enwemgl H, 13 xsHe DEPT AMP 3plcreplmeH, coHgaii-ak COSY, HMQC, HMBC ekl enwewmal
CMEeKTP/EePLULY, 3/1EMEHTTIK Tanjay >k3He Macc-CrneKT'pnepaiH AepekTepiMeH cunatTanrad. [MpoToHAapAbH YL
6aiinaHbIC apKbibl MPOTOHAAPMEH KOPPenauMs cxemanapbl X3sHe npoTtoHgapabiH COSY (H-IH) xsHe HMQC
(H-1C, H-13N) 6ip 6aiinaHbIC apKbiibl KEMIPTEKTI aTOMAapMeH KOppensumns cxemanapbl YCbIHbITaH, FrapMUHHLL
XaHa TyblHAbINapPbIHbIH KYpPblibiMAAPbIH PacTaiTbiH FOMO XK3He eTeposaposbIK e3apa IpeKeTTecyep aHbIKTangbl.
XKymbicTa  3aMaHayn  (DU3MKa-XUMUSATBIK HK3He CMEKTPOCKOMUAMBIK  3epTTey  34iCTepiH KoMjaHy a/blHraH
KOCbINbICTapAbIH KYPbUIbICl MEH KacueTTepiH ceHimai apl 6ipmaFbiHaibl cunaTtTayra MYMKIHAIK 6epgi.

TywH ce3gep: rapMmuH, 8-aUleTUArapMUH TMAPasOHTYbIHAbICH!, N-apuauAeHrnapasoH TyblHAbLNapbl, AMP
cnekTpnep, ekl enwemai crekTpnepi.

A.AmaHxaHl M. XK. XXaHbIMxaHoBal, b. AligaHynbil,
3.3. Wynby2, AXK. Typmyxambetol, C.M. AgekeHoBl

1A0 «MexayHapoAHbI/ Hay4HO-MPOW3BOACTBEHHbIN XONAWHT «duTtoxmmusy», KaparaHga, KasaxcraH;
2LLIBOCMOBMPCKINIA MHCTUTYT opraHuyeckoi xumun um. H.H. Bopoxuosa CO PAH, LLIBocmbupck, Poceus;

CUHTE3 N CTPOEHUWE TMAPA3SOHMPON3BOAHbLIX TAPMNHA

AHHOTauus. V3BECTHO, YTO MOAU(MKaLWUA MONEKYN afkanonioB [aeT LUMPOKYH BO3MOXHOCTb MO/YyYeHWs
COEAVNHEHWUIA, CMEeKTP 6MOOrMYECKO aKTUBHOCTM KOTOPbIX 3HAYMTENbHO PaCLUMPAETCA W BUAOM3MEHSETCA Mo
CPaBHEHMIO C UCXOAHLIM BELLECTBOM.

C Uenbl MOMCKA HOBbIX CMHTOHOB W 6MONOTMYECKM AKTUBHbLIX COEAWMHEHWIA W U3bICKaHWS Ha WX OCHOBE
3(PeKTUBHbIX NIEKAPCTBEHHbIX CPEACTB 3a[aHHOr0 CMEeKTpa Ae/iCTBUA MpOBefeHa XMMWYEecKas MOoAutMKauus
ankanouga rapmuHa. Ankanoug p-kapboinHOBOrO TUMA FapMUH COAEPXXMTCA B Cbipbe FapMasibl 06bIKHOBEHHOM
(Peganum harmala L.), lwumpoko pacnpocTpaHéHHOM B KO>XHOM Ka3saxcTaHe.

CornacHoO NNTepaTypHbIM  JaHHbIM, WHAOMbHLIA  lKanoug rapMuH 06MafaeT  LUMPOKMM  CMEKTPOM
(hapMaKo/IorM4ecKoil akTMBHOCTU. apMMH OKa3blBAET B/NAHME HA LEHTPAIbHYKO HEPBHYIO CUCTEMY, MPOSBAAS
HEe/pONPOTEKTOPHYH0 aKTMBHOCTb MNPW HEpONormyeckmx 3aboneBaHusX, WHrMOMPYeT MOHOAMUHOKCMAasy A
MpounssogHble rapMuHa 061aaalT aHTUMUKPOGHOW akTMBHOCTBIO, & ero BogopacTsopumas hopma -ruapoxnopug
rapMumHa  obnafaeT  aHTUAENpPecCUMBHbIM,  MPOTMBOTMMOKCMYECKUM  (rMnobapuyeckas  runokcus)  u
AHTUNaPKUHCOHNYECKUM [eliCTBMEM.

6eAqyeT OTMETWTb, 4TO B MOCMEAHWE TOfbl CWHTE3 TuApPa3soHOB MPUBMIEKAET BHUMAaHWE He TO/MbKO
3HauNTENbHON GMOMIOrMYECKO aKTUBHOCTLIO LIeNEBbIX COeAVHEHUI, HO U BOSMOXHOCTBIO CMHTE3a Ha WX OCHOBE
pa3Ho06pa3HbIX reTepoLMKIOB, B TOM YMC/E 3HEPrOEMKUX MaTepuasos.

B cBA3M C 3TUM HaMu MPOLO/IXKAIOTCA UCCMEefOBaHUA MO TpaHc(opmaLmMn SOCTYNMHOTO aikasionia rapMuHa C
LIeNbI0 NMONYYEHNUS HOBbIX 6MONOMMYECKN aKTUBHBIX COEAUHEHNIA.

B paboTe npefcTaBneHbl pe3ynbTaThl CUHTE3a HA OCHOBE MOMEKY/bl 8-aueTunrapMuHa. MNpy B3auMogeicTeum
8-aueTwnrapMmMHa C rugpasMH rugpatom  nonyyeHo (£)-8-(1-rnapasoHo3Tui)-7-MeTokeu-1-meTun-9"-nupuao
[3,4-b]lunmon ¢ BbIxogom 69%. [MokasaHO, 4TO peakums (£)-8-(1-ruapasoHo3Tun)-7-MeToKeu-1-meTnn-97-
nupnao[3,4-"mHgona ¢ PYHKUMOHAIbHO 3aMELLEHHbIMKM apOMaTMYecKUMU anbaermgamu (aHUCOBbIA abferns,
2-(bTopbeHsanbaerng, 2,4-aAMMETOKCUOeH3anbaerna) npyv KUNSYeHUMW B MeTaHoNe NPUBOAMT K 06pa3oBaHuio
cooTBeTCTBYHOWMX N-apunngeHrngpasoHoB C Bbixogamy 56-82%. OTpOEHWE CUHTE3MPOBAHHBLIX COELVHEHUI
oxapakTepu3oBaHbl MeTogamn AMP ogHomMepHoit 1H, 13C 1 DEPT, a Takke gaHHbIMK ABYMepHbIX crekTpoB COSY,
HMQC, HMBC, 3nemMeHTHOrO aHaivM3a W Macc-CmekTpoB. [peAcTaBneHbl CXeMbl KOPpensuuii NpPOTOHOB C
MPOTOHaMM Yepes TP CBA3M M CXEMbl KOPPENauuin NPOTOHOB C YI/IepoAHbIMU aTOMamMu yepe3 ofgHy csasu COSY
(H -H) n HMQC (H-1C, H-13N), ycTaHOBNEHbI FOMO- U reTeposifepHble B3aMMOLENCTBUA, NMOATBEPXKAAIOLLME
CTPYKTYpPbl HOBbIX MPOU3BOAHbLIX rapMuHa. [IprMeHeHVWe B paboTe COBPEMEHHBLIX (U3UKO-XUMUYECKMX U
CMEKTPOCKOMUYECKNX METOL0B UCCMefOBaHMA MO3BONAN HaJEXHO M OAHO3HAYHO OXapaKTepu3oBaTb CTPOEHWE U
CBOICTBA NOJTyYEHHbIX COEANHEHWIA.

KnioueBble cfioBa: rapMuH, T[UApa3oHNpoussogHoe 8-auetnnrapmuHa, N-apunugeHrngpasoHsl, AMP
CMEKTPbI, iBYMEPHbIE CMeKTPbI.
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