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Synthesis and Structure of 4-Substituted
(1S,9aR)-1-[(1,2,3-triazol-1-yl)methyl]octahydro-1H-quinolysines of Lupinine

The article presents results on the synthesis and investigation of the structural features of a number of
1,4-disubstituted 1H-1,2,3-triazole derivatives of the alkaloid lupinine. Lupinine modification reactions have
been carried out at the hydroxymethylene group in the C-1 position of the quinolysine backbone. It has been
shown that (octahydro-2H-quinolysine-1-yImethyl)methanesulfonate in high yield (93%) is formed by the in-
teraction of lupinine with methanesulfonyl chloride in methylene chloride. Subsequent treatment of this com-
pound with sodium azide in dimethylformamide on heating leads to the formation of 1-
(azidomethyl)octahydro-2H-quinolysine in 61% yield. It has been found that the reaction of a new azide with
terminal alkynes of various nature in the presence of aqueous CuSO4 and sodium ascorbate in dimethylfor-
mamide can form the corresponding 4-substituted (1S,9aR)-1-[(1,2,3-triazol-1-yl)methyl]octahydro-1H-
quinolysines. New 1,2,3-triazole derivatives of lupinine containing various aryl substituents at the C-4 posi-
tion of the triazole ring have been obtained. The high selectivity of the reaction is explained by the action
mechanism of the Sharpless catalyst. The spatial structure of the molecules of lupinine methanesulfonate, 4-
aryltriazolylmethyl-octahydroquinolysines has been established by X-ray diffraction analysis. X-ray structur-
al analysis data of new compounds have been deposited in the form of CIF files at the Cambridge Crystallo-
graphic Data Center.

Keywords: quinolysine alkaloids, lupinine, azides, triazoles, methanesulfonyl chloride, terminal alkynes, 1,3-
dipolar cycloaddition reaction, X-ray structural analysis.

Introduction

The products of secondary plant metabolism, namely alkaloids are promising models for studying the
relationship patterns “structure-biological activity”. A wide range of biological properties of their derivatives
allows accumulating factual material for a databank of their structural derivatives and using them in the
search for new drugs. The development of methods for the chemical modification of alkaloid compounds
opens up new possibilities for the creation of original agents with specific biological activity. The alkaloid
lupinine obtained from plants of the genera Lupinus and Anabasis is one of these important compounds in
terms of the search for new bioactive substances [1-3]. The presence of a primary alcohol group makes it
possible to obtain various modifications of lupinine derivatives [4]. Also, lupinine, having a transquinoliz-
idine ring with an axial oxymethyl group, is able to change its configuration from trans- to cis-junction of the
quinolizidine ring upon the nitrogen atom protonation [5, 6]. This leads to the transition of the axial oxyme-
thyl group to the equatorial position with a change in the sign of the angle of rotation, which can lead to the
manifestation of new types of activities.

In terms of pharmacological action, lupinine has a bactericidal, sedative effect, and short-term anthel-
mintic, as well as hypotensive properties [3, 4, 6]. The presence of an active hydroxyl function in the lu-
pinine molecule makes it possible to synthesize a variety of derivatives on its basis. In [4, 5], pharmacologi-
cal studies of the compound [(4-nitrobenzylidene)-imino]lupinine and [(2,4-dihydroxybenzylidene)-
imino]lupinine were carried out, which showed high antibiotic activity against plague and cholera microbes.
A number of lupinine esters have shown a local anesthetic effect, as well as anti-tuberculosis and anticholin-
esterase activity [6]. Compound 11-[(gossypolydene)-imino]lupinine has been shown to have high anti-AIDS
activity [7]. Esters of lupinine [8], which have pronounced antiviral, antitumor and hepatoprotective activity,
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are the most studied ones among the known lupinine derivatives [9]. Therefore, the interest in lupinine and
its new derivatives continues unabated.

The synthesis and investigation of lupinine triazole derivatives is one of the poorly studied and promis-
ing directions for modifying the lupinine structure. Compounds with triazole moieties have a wide range of
applications in the production of pharmaceuticals, photoactive chemicals dyes, and agricultural chemicals
[10, 11]. Recently, the search for compounds with antiviral activity is an extremely urgent task due to the
global COVID-19 pandemic. Particular importance is attached to the search for broad-spectrum antiviral
agents capable of suppressing the replication of various viruses. Compounds with anti-HIV, anti-antiviral,
and antihistaminic activity have been identified among 1,2,3-triazole derivatives; it should be noted that they
also inhibit B3-adrenergic receptors selectively [12-14]. The creation of medicines on their basis that will be
used in the treatment of socially significant infectious diseases of viral etiology is one of paramount tasks of
modern pharmaceutical chemistry.

This work aims to synthesize 4-substituted (1S,9aR)-1-[(1,2,3-triazol-1-yl)methyl]octahydro-1H-
quinolysines of lupinine alkaloid using the “click”-reaction technology and study the structure of new syn-
thesized compounds by 'H-, *C- and two-dimensional NMR spectra, namely COSY (*H-'H) and HMQC
(*H-13C), as well as X-ray analysis.

Experimental

IR spectra were recorded on a Vector-22 Fourier spectrometer in KBr pellets. *H and **C NMR spectra
were recorded on a Bruker AV-400 (400 and 101 MHz, respectively) and Bruker DRX-500 (500 and 125
MHz, respectively) spectrometers. The compounds spectra were recorded in CDCIs, the signal of which
(6c=76.9 ppm) and the residual signal of CHCls (6,=7.24 ppm) were used as an internal standard.

The structure of the obtained compounds was established by analyzing the *H and *C NMR spectra, the
signal multiplicity in the *C NMR spectra was determined from the spectra recorded in the J-modulation
mode (JMOD). The signals assignment in the spectra was carried out applying various correlation spectros-
copy *H-'H (COSY), and *H-*C (HMBC, HSQC) using literature data for the quinolysine backbone. When
describing the spectra, we used the numbering of the core atoms given in structure (1). Specific rotation val-
ues were measured on a PolAAr 3005 polarimeter. High-resolution mass spectra were recorded on a DFS
Thermo Scientific mass spectrometer (evaporator temperature 200-250 °C, El ionization, 70 eV). Melting
points were determined on a Mettler Toledo FP900 thermosystem. X-ray structural analysis of compounds
(2, 5a, 5b) was carried out on an Xcalibur, Ruby diffractometer with a CCD detector (CuKo radiation,
graphite monochromator, A 1.54184 A, w-scanning). Processing of the initial array of measured intensities
and the absorption was carried out using the CrysAlisPro software (multi-scan) [15].

The structure was solved by a direct method. The positions of non-hydrogen atoms were refined in the
anisotropic approximation using full-matrix least squares. Hydrogen atoms were placed in geometrically cal-
culated positions and their positions were refined in the isotropic approximation with fixed positional and
thermal parameters (“rider” model). The structures were determined by a direct method and refined using the
SHELXS-2014 and SHELXL-2014 software packages [16]. Spectral-analytical studies were carried out at
the Chemical Service Center for Collective Use of the Siberian Branch of the Russian Academy of Sciences.

The reaction progress was monitored by TLC on Sorbfil UV-254 plates using chloroform, chloroform —
ethanol, 10:1 systems. Detection was carried out in an iodine chamber and in UV light. The reaction products
were isolated by recrystallization or using column chromatography on Acros silicagel (0.035-0.240 mm),
eluents CHCls; CHCl; — EtOH, 100:1 — 10:1).

The reagents used in the work were sodium azide, 4-methoxyphenylacetylene (4a), m-tolylacetylene
(4b). They were purchased from Alfa Aesar. Solvents (chloroform, DMF) and EtsN were purified according
to standard methods; DMF was additionally distilled in a stream of argon immediately before carrying out
the reactions.

(Octahydro-2H-quinolysine-1-ylmethyl)methanesulfonate (2). A solution of methanesulfonyl chloride
(4.8 g, 42 mmol) in 20 ml of CH,Cl, was added dropwise to an ice bath-cooled solution of lupinine (1)
(3.54 g, 21 mmol) and triethylamine (6.36 g, 63 mmol) in CH>Cl, (200 ml). The reaction mixture was stirred
for 30 min while cooling to 0°C and for 6 h at room temperature, then washed with saturated sodium chlo-
ride solution (2x20 ml), dried over anhydrous MgSQs, the drying agent was filtered off; the solvent was dis-
tilled off in a vacuum. The residue was chromatographed on a silicagel column (chloroform, chloroform-
ethanol, 50:1). Yield was 4.84 g (93%). Cream crystals are obtained; m.p. is 57-58 °C (from ether). [0]p®
-21.6 (c 1.4, CHCI3). IR spectrum (KBr), v, ecm™*: 1184, 1336 (OS0O,), 2740, 2757, 2798 (quinolizidine).
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'H NMR spectrum (400 MHz, CDCls), &, ppm (J, Hz): 1.12-1.26 (1H, m, H-2a); 1.28-1.51 (5H, m, H-2¢, 8a,
8e, 3a, 7a); 1.54 (1H, m, H-9a); 1.59-1.77 (2H, m, H-3e, 7e); 1.84-2.02 (5H, m, H-1.44a, 6a, 9e, 9a); 2.73-2.80
(2H, m, H-4e, 6e); 2.97 (3H, s, CH3); 4.37 (1H, dd, J = 10.6, J = 9.8, H-10); 4.47 (1H, dd, J = 10.6, J = 5.3,
H-10). 3C NMR spectrum (101 MHz, CDCls), 8, ppm: 20.6 (C-3); 24.7; 25.4 C-7.8); 26.3 (C-2); 29.8 (C-9);
37.0 (CHz3); 38.0 (C-1); 56.8; 57.1 (C-4.6); 64.0 (C-9a); 69.5 (C-10). Mass spectrum, m/z (1, %): 248 (1), 247
(7), 153 (10), 152 (100), 150 (3), 98 (6). Found, m/z: 247.1238 [M]*. Ci1H2:NOsS. Calculated, m/z:
247.1237.

X-ray structural study of compound (2). Table 1 presents the main crystallographic data and characteris-
tics of the X-ray diffraction experiment. The XRD data in the form of a CIF file were deposited at the Cam-
bridge Crystallographic Data Center (deposit CCDC 2087144).

1-(Azidomethyl)octahydro-2H-quinolysine (3). A mixture of compound (2) (4.84 g, 20 mmol) and sodi-
um azide 3.44 g (53 mmol) in DMF (50 ml) was stirred at 70 °C for 5 h (TLC control). After the end of the
reaction, the solvent was removed from the reaction mixture, the residue was dissolved in CH,Cl,, washed
with a saturated sodium chloride solution, dried over anhydrous MgSQOa, the desiccant was filtered, the sol-
vent was distilled in vacuum, the residue was chromatographed on a column with silicagel (chloroform-
ethanol, 50:1). Yield was 2.33 g (60%). Light yellow mobile liquid was obtained. [a]p?® —29.85 (s 2.4, chlo-
roform). IR spectrum, v, cm™*: 1269, 2096 (N=N), 2744, 2762, 2804 (quinolizidine). *H NMR spectrum
(400 MHz, CDCls), 8, ppm (J, Hz): 1.12-1.26 (1H, m, H-2a); 1.30-1.57 (6H, m, H-8a, 8e, 9a, 9e, 3a, 7a);
1.58-1.76 (3H, m, H-2e, 3e, 7e); 1.80-1.99 (4H, m, H-1.4a, 63, 9a); 2.72-2.82 (2H, m, H-4e, 6e); 3.42 (1H,
dd, J = 12.6, J = 9.6, CH»-10); 3.54 (1H, dd, J = 12.6, J = 5.3, CH;-10). *C NMR spectrum (125 MHz,
CDCls), 8, ppm: 20.7 (C-3); 24.9 (C-8); 25.4 (C-7); 27.3 (C-2); 29.6 (C-9); 38.2 (C-1); 50.4 (C-10); 56.8;
57.2 (C-4.6); 64.3 (C-9a). Mass spectrum, m/z (I, %): 194 (2), 153 (10), 152 (100), 137 (7), 136 (5), 98 (12),
84 (7), 83 (9), 82 (6), 55 (10), 41 (14). Found, m/z: 194.1528 [M]*. C1oH1sN4. Calculated, m/z: 194.1526.

Synthesis of compounds (5a,b) (General method). A mixture of azide (3) (0.29 g, 1.5 mmol), substituted
acetylene (4a,b) (1.35 mmol), CuSO4sx5H,0 (0.017 g, 0.0675 mmol) and sodium ascorbate (0.013 g,
0.0675 mmol) in DMF (4 ml) was stirred at 75°C for 4-6 h (TLC control). The precipitate formed upon cool-
ing was filtered off, washed with hexane, and dried to obtain triazoles (5a,b). The solvent was distilled off in
vacuum to isolate triazoles (5a,b); the residue was chromatographed on a silicagel column (eluent chloro-
form, mixture of chloroform with ethanol, 100:1 — 10:1).

(1S,9aR)-1-{[4-(4-Methoxyphenyl)-1H-1,2,3-triazole-1-ylJmethyl}octahydro-1H-quinolysine (5a). Yield
was 0.35 g (83 %). There are obtained white crystals; m.p. was 177-178 °C (from ethyl acetate). [a]p?® —16.9
(c 0.8, chloroform). IR spectrum, v, cm™*; 829, 920, 1443, 1458, 1498, 1560, 1618, 3097 (C=C, C=N); 1008,
1132, 1246 (C-0); 2761, 2804 (quinolizidine). *H NMR spectrum (400 MHz, CDCls), 8, ppm (J, Hz): 1.17—
1.40 (3H, m, H-2a, 2e, 8a); 1.40-1.64 (5H, m, H-8e, 9a, e, 3a, 7a); 1.73-1.90 (2H, m, H-3e, 7e); 1.92-2.05
(2H, m, H-4a, 6a); 2.06-2.10 (1H, m, H-9a), 2.22-2.26 (1H, m, H-1); 2.83-2.88 (2H, m, H-4e, 6e); 3.81 (3H,
s, OCHs); 4.54 (1H, dd, J = 13.8, J = 5.5, H-10); 4.60 (1H, dd, J = 13.8, J = 12.5, H-10); 6.92 (2H, d, J = 8.6,
H-3",5"); 7.61 (1H, s, H-5"); 7.73 (2H, d, ] = 8.6, H-2", 6”). 3C NMR spectrum (101 MHz, CDCls), 5, ppm:
20.5 (C-3); 24.7; 25.4 (C-7.8); 26.1 (C-2); 29.5 (C-9); 39.1 (C-1); 48.4 (C-10); 55.2 OCHa); 56.9; 57.2
(C-4.6); 64.3 (C-9a); 114.1 (C-3", 5); 119.3 (C-5'); 123.3 (C-1"); 126.8 (C-2", 6"); 147.2 (C-4"); 159.4
(C-4"). Mass spectrum, m/z (1, %): 328 (1), 327 (12), 226 (49), 152 (42), 151 (100), 150 (66), 138 (18), 137
(14), 136 (33), 111 (18), 96 (17), 83 (25), 41 (150). Found, m/z: 326.2100 [M]*. C1oH26N4O. Calculated, m/z:
326.2101.

X-ray structural study of compound (5a). The main crystallographic data and characteristics of the
X-ray diffraction experiment are presented in Table 1. The XRD data in the form of a CIF file were deposit-
ed at the Cambridge Crystallographic Data Center (deposit CCDC 2087145).

(1S,9aR)-1-{[4-(m-Tolyl)-1H-1,2,3-triazole-1-ylJmethyl}octahydro-1H-quinolysine  (5b). Yield was
0.52 g (80 %). There were obtained white crystals; m.p. was 141-142 °C (from ethyl acetate). [o]p*® —13.8
(c 1.0, chloroform). IR spectrum, v, cm™: 694, 791, 846, 1443, 1464, 1487, 1614, 3122 (C=C, C=N); 2763,
2804 (quinolizidine). *TH NMR spectrum (500 MHz, CDCls), 8, ppm (J, Hz): 1.20-1.40 (3H, m, H-2a, e, 8a);
1.41-1.63 (5H, m, H-8 e, 9a, 9, 3a, 7a); 1.74-1.91 (2H, m, H-3e, 7¢); 1.94-2.02 (2H, m, H-4a, 6a); 2.06—
2.09 (1H, m, H-9a), 2.22-2.26 (1H, m, H-1); 2.37 (3H, s, CHs); 2.83-2.88 (2H, m, H-4e, 6¢); 4.56 (1H, dd,
J=138, J = 5.8, H-10); 4.61 (1H, dd, J = 13.8, J = 11.2, H-10); 7.11 (1H, d, J = 7.5, H-4"); 7.27 (1H, t,
J=7.5,H-5");7.58 (1H, dd, J = 7.5, = 1.6, H-6"); 7.66 (1H, s, H-5"); 7.72 (1H, d, J = 1.6, H-2"). **C NMR
spectrum (125 MHz, CDCls), 6, ppm: 20.5 (C-3); 21.3 (CH3); 24.7; 25.4 (C-7.8); 26.2 (C-2); 29.6 (C-9); 39.1
(C-1); 48.5 (C-10); 56.91; 57.2 (C-4.6); 64.3 (C-9a); 120.0 (C-5"); 122.7; 126.2; 128.5; 128.6 (C-2", 4", 5",
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6"); 130.5 (C-1"); 138.3 (C-3"); 147.5 (C-4'). Mass spectrum, m/z (I, %): 312 (1), 311 (9), 310 (42), 152
(28), 151 (100), 150 (52), 138 (15), 136 (35), 83 (20). Found, m/z: 310.2155 [M]*. Ci9H26N4. Calculated,
m/z: 310.2152.

Results and Discussion

In this work, we describe the synthesis of lupinyl azide (3) and an unknown group of quinolysine alka-
loids derivatives containing a 1,2,3-triazole substituent. The synthesis of triazoles (5a) and (5b) was carried
out by the reaction of 1,3-dipolar addition according to Huesgen in the presence of a Sharpless catalyst,
which is a sodium ascorbate — copper (1) sulfate system. This method is convenient because the addition of
acetylene to an azide leads to the formation of 1,4-substituted triazoles, while a mixture of 1,4- and 1,5-
isomers is formed during thermal cyclization [17].

When lupinine (1) interacts with methanesulfonyl chloride in the presence of triethylamine in meth-
ylene chloride, (octahydro-2H-quinolysine-1-ylmethyl)methanesulfonate (2) is formed smoothly upon cool-
ing (yield is 93 %). Treatment of compound (2) with NaNs; in DMF medium upon heating led to the for-
mation of 1-(azidomethyl)octahydro-2H-quinolysine (3), which was isolated in 61 % yield as a result of col-
umn chromatography in silicagel.

CH,;SO,Cl, EtsN,

NaNa3,

3] CH.Clp, 0-25°C N DMF, 70°C
—_— !
93% B CH; 61%

H I

20
~

A\}

OH 2 (@] o

The reaction of lupinylazide (3) with arylalkynes [4-methoxyphenylacetylene (4a), m-tolylacetylene
(4b)] proceeded smoothly in DMF in the presence of copper sulfate CuSO4x5H,0 and sodium ascorbate
(NaAsc) upon heating to 75°C (TLC control). (1S,9aR)-1-[(1,2,3-triazole-1-yl)methyl]octahydro-2H-
quinolysines (5a, b), containing aryl substituents at C-4 position of 1,2,3-triazole ring, were isolated by the
column chromatography on silicagel.

RS CuSOy4, Na Asc

DMF, 75°C
+ Hc=—c R2 :
69 - 90%

4a, 5a: R'=R3=H, R? = OCHj;
4b, 5b: R'=CH;, R?=R*=H

The high selectivity can be explained by the mechanism of this addition. The principle of the Sharpless
catalyst operation is that the resulting monovalent copper, when reacted with acidic terminal acetylene, gives
acetylene, which selectively coordinates with azides to form 1,4-substituted triazole (“click” reaction tech-
nology) [17, 18].

The composition and structure of the synthesized compounds were confirmed by IR, *H and *C NMR
spectroscopy, mass spectrometry, and X-ray diffraction data. The presence of an azide substituent in struc-
ture (3) was confirmed by the IR spectrum data (an intense absorption band at 2096 cm™, corresponding to
the stretching vibrations of the azide group).

The H and **C NMR spectra of the synthesized quinolysine 1,2,3-triazoles contain a characteristic set
of signals from the quinolysine backbone and the corresponding substituent. In the high-field region (6 1.17—
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1.70 ppm), there are broad multiplet signals with an integrated intensity of 8H, which include protons of the
lupinine core of both axial and equatorial orientations (H-2a,e, 8a,e, 9a,e, 3a, 7a).

The multiplet signal (8 1.70—1.92 ppm) belongs to the equatorially oriented protons H-3,7. Then the ax-
ial protons 4, 6 (& 1.88-2.08 ppm), the nodal proton 9a (6 2.05-2.18 ppm), and the C-1 proton (& 2.18-
2.30 ppm) resonate. Equatorial protons 4, 6 are represented by a narrow multiplet in the range of 6 2.80—
2.88 ppm. The protons of the H-10 methylene group resonate in the form of two doublets in the range of &
4.51-4.65 ppm. The proton of 1,2,3-triazole rings in the *H NMR spectra of compounds (5a,b) corresponds
to a singlet signal located in the range of § 7.37-7.71 ppm. The carbon atoms of the triazole ring in the *C
NMR spectra correspond to signals at 119.3-122.4 (C-5) and 146.2-156.8 ppm (C-4) doublet and singlet,
respectively (recording of the spectra in the JMOD mode). These data confirm the formation of
1,4-disubstituted 1H-1,2,3-triazoles as a result of the CuAAC reaction.

The mass spectra of all compounds contain peaks of molecular ions of various intensities. In the spectra
of all synthesized quinolizidinotriazoles (5a,b), there is a peak of the fragmentary CioHi7N ion (150—
151 a.u.), corresponding to the cleavage of the molecule at the C-10 atom of the quinolizidine backbone.

The spatial structure of (octahydro-2H-quinolysine-1-ylmethyl)methanesulfonate (2) and 1-[(4-aryl-
1,2,3-triazole-1-yl)methyl]octahydro-1H-quinolysines (5a) and (5b) established by the X-ray diffraction
method is shown in Fig. 1-3, respectively.

Figure 1. Structure of (octahydro-2H-quinolysine-1-ylmethyl)methanesulfonate (2)
(thermal vibration ellipsoids are shown with a probability of 30%)

Figure 2. The structure of (1S,9aR)-1-{[4-(4-methoxyphenyl)-1H-1,2,3-triazole-1-yl]Jmethyl}octahydro-
2H-quinolysine (5a) (thermal vibration ellipsoids are shown with a probability of 30%)
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Figure 3. The structure of (1S,9aR)-1-{[4-(m-tolyl)-1H-1,2,3-triazole-1-yl]methyl}octahydro-
1H-quinolysine (5b) (thermal vibration ellipsoids are shown with a probability of 30%)

The configurations of the C5 and C6 chiral centers are correlated with the absolute one in the crystal
structure of lupinine chloride [19]. It follows from the obtained data that the bond lengths and bond angles in
compounds (2), (5a), and (5b) are close to the usual ones [20]. The conformations of the six-membered rings
NI, C1... C5 (A) and N1, C5... C9 (B) in the quinolizidine framework in compounds (2), (5a), and (5b) are
close to those in the crystal structure of lupinine [19, 20]. Data on intracyclic torsion angles and parameters
of asymmetry of cycles [19] are given in Table 1. Cycles A and B in two crystallographically independent
molecules (2-1) and (2-2) of compound (2) as well as (5a-1) and (5a-2) of compound (5a), are in a confor-
mation close to a somewhat distorted chair as in molecule (5b).

In crystal (2), molecules (2-1) and (2-2) have different orientations of the sulfonyl group, namely the
C5-C6-C10-01 torsion angles are 177 and 76°, respectively. In two independent crystal molecules (5a) and
in crystal (5b), the orientation of the 1,2,3-triazole ring is the same, namely the C6-C10-N2-N3 torsion an-
gles are 53, 63, and 58°, respectively. The 1,2,3-triazole and phenyl rings in the molecules of compounds
(5a) and (5b) are planar with an accuracy of no more than + 0.013 A. The angles between the planes of the
triazole and aryl substituents are 23 and 21° in crystal (5a) and 27° in crystal (5b).

Table 1
Intracyclic torsion angles (t, deg.) in compounds (2), (5a) and (5b)
Compound (2-1) | (2-2) | Gal) | (a2 | (5b) | Lupinine
Angle T
Cycle N1-C1-C2-C3-C4-C5 (A)
N1-C1-C2-C3 -58(2) -59(2) -57(1) -58(1) -58(2) -56.2
C1-C2-C3-C4 55(2) 58(2) 56(1) 55(1) 56(2) 52.9
C2-C3-C4-C5 -55(2) -57(2) -57(1) -57(1) -57(2) -54.3
C3-C4-C5-N1 56(2) 54(1) 59(1) 60(1) 58(2) 56.7
C4-C5-N1-C1 —54(2) —52(1) —58(1) —60(1) —59(1) —57.8
C5-N1-C1-C2 57(2) 55(2) 58(1) 60(1) 60(1) 58.9
?;émgztrry ACS'=10 ACs=17 ACS'=1.0 ACS'=16 ACs=08 ACS=11
(Acmin, deg) ACo+4=1.5 AC*°=1.6 AC4°=0.7 AC4°=0.7 AC2>*=1.6 AC*°=2.1
Cycle N1-C5-C6-C7-C8-C9 (B)

C9-N1-C5-C6 55(2) 58(1) 57(1) 60(1) 59(1) 56.5
N1-C5-C6-C7 —54(2) —59(1) —55(1) —56(1) —57(1) —54.5
C5-C6-C7-C8 54(2) 57(2) 54(1) 55(1) 54(2) 53.6
C6-C7-C8-C9 —55(2) —53(2) —57(1) —57(1) —53(2) —54.9
C7-C8-C9-N1 58(2) 55(2) 59(1) 61(1) 56(2) 58.1
C5-N1-C9-C8 -58(2) -59(2) —60(1) —62(1) -59(2) -58.9
Asymmetry ACs8=0.0 ACs>=1.7 ACs8=0.8 ACs8=1.9 ACs’=0.8 ACs=1.2

parameter (ACmin)| AC,>6=2.2 AC,"8=1.4 AC57=2.0 AC%7=1.0 AC,"8=2.0 AC%7=1.2
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Table 2 presents the main crystallographic data and characteristics of the X-ray diffraction experiment
of compounds (2), (5a) and (5b) . The X-ray structural analysis data were deposited in the form of a CIF file
at the Cambridge Crystallographic Data Center (deposit CCDC 2087146).

Table 2

Crystallographic data and characteristics of an X-ray diffraction experiment for compounds (2), (5a) and (5b)

Compound (2) (5a) (5b)
Molecular formula C11H21NO3S C3sHs2NgO2 C19H26N4
M 247.35 652.87 309.43
Syngonia Triclinic Monoclinic Monoclinic
T, K 293 293 293
a, A 5.435(3) 5.5545(5) 19.692(4)
b, A 8.766(3) 17.804(2) 5.6186(9)
c,A 14.395(5) 17.840(2) 16.185(3)
a, degrees 97.90(3) 90 90
B, degrees 98.95(4) 98.95(4) 104.80(2)
vy, degrees 103.60(4) 90 90
V, A3 Z 647.6(5); 2 1762.6(3); 2 1731.4(6); 4
Space group P1 P21 12
Dealc,, g/cm® 1.268 1.230 1.191
u, mm? 2.180 0.618 0.558
Number of measured reflections 3594 7368 7134
Number of independent reflections . 2746 . 5281 . 3358

R(int) = 0.0826) (R(int) = 0.0939) (R(int) = 0.0203)
Reflections observed (1>25(1)) 1493 3088 1225
Number of refined parameters 292 436 210
Tmin, Tmax (Multiscan) 0.38568, 1.00000 0.92224, 1.00000 0.37817, 1.00000
F(000) 268 704 284
Area 0, degrees 5.279 <60 <76.035 3.509 <6<76.092 2.916 <6<27.934
R1, wR2 (I > 20(1) 0.0826, 0.1956 0.0935, 0.2264 0.1080, 0.2861
R1, wR2 (whole array) 0.1269, 0.2444 0.1333, 0.2786 0.1968, 0.3817
GooF 0.963 1.057 0.983
Apmax, Apmin, e/ A3 0.298, -0.624 0.411, -0.209 0.261, -0.226
Conclusions

In this work, the optimal conditions for the modification of the structure of the alkaloid lupinine at the
hydroxymethylene group C-1 of the quinolizidine backbone have been proposed and developed. As a result
of these studies, potentially bioactive 1,2,3-triazole derivatives of lupinine have been obtained for the first
time in high yields. The application of the “click”-reaction technique allowed the synthesis of lupinine azide
and its 1,3-dipolar [3+2]-cycloaddition to various alkynes.

The reactions were carried out in the presence of an aqueous solution of CuSO. and sodium ascorbate in
DMF. The developed conditions allowed the corresponding 4-substituted (1S,9aR)-1-[(1,2,3-triazol-
1-yl)methyl]octahydro-2H-quinolysines to be synthesized in good yields. New synthesized lupinine deriva-
tives with a 1,2,3-triazole fragment can provide additional ligand-receptor interactions of a biologically ac-
tive substrate and thereby change the selectivity of the substrate biological action. The complex use of mod-
ern physicochemical methods, namely one-dimensional *H-, *C- NMR spectra and two-dimensional COSY
(*H-'H) and HMQC (*H-3C) spectra, as well as XRD analysis made it possible to unambiguously establish
the structure of the new 4-substituted (1S,9aR )-1-[(1,2,3-triazol-1-yl)methyl]octahydro-1H-quinolysines of
lupinine. X-ray structural analysis data for synthesized compounds were deposited as CIF files at the Cam-
bridge Crystallographic Data Center (CCDC deposit for 2 is 2087144, for 5a is 2087145, for 5b is 2087146).
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.M. Typnsi6ekos, I'.K. Mykepimiea, E.B. Munaesa, I'. Xabxonaa

Jlynuaunnin 4-opbiadaceurran (1S,9aR)-1-[(1,2,3-Tpua3o-1-wm)merui]-
OKTaruapo-1H-XuHOJIM3UHAEePiHiH CHHTE3] )KOHe KYPbLIbICHI

Makanaga JyOWHHH ankalouablHblH |,4-anMmacteippurran 1 H-1,2,3-Tpra3on TybIHABUIAPBl KaTapbIHBIH
CHHTE3]Iey JKOHE PEHTTCHIIK KYPHUIBIMIBIK EpEeKIIeTIKTepiH 3epTTey HOTIbKenepl KenTipinreH. JlynmuHuH
QIKAJION/IBIHBIH XUMUSUTBIK MOIUGHKAIMACH XUHOJM3UH KaHKAacHIHBIH C-1 OpHajackaH THIPOKCHMETHICH
TOOBI OOHMBIHINA JKy3ere aceppUIAbl. Peakmusimap OipHeme KeseHie Okyprisinmi. JlynuHWHHIK
MEeTaHCYIb(OXIOPUIIIEH XJIOPIIBI METIIICH e TPHATHIAMHH KAaTHICYBIMEH 03apa dpeKeTTecyi Ke31Hae KOFaphl
IIBIFBIMABUIBIFBL  6ap (93 %) (okTarunpo-2H-xuHoMM3UH-1-UIMeTHI)MeTaHCYIb(pOHAT OHAW Ty3iIeTiHi
kepceTiared. Ockl KOCBUIBICTBI AUMETHA(GOPMaMHJ epiTiHAICIHIe HATpUl a3uAiMeH apbl Kapall KbI3ABIPHIIT
enziey HoTikecinze 61% mbiFbIMMeH 1-(asumomeTp)okTaruapo-2H-XxuHOMM3MHHIKE Ty3iyi xypeai. XKaxa
asuarig cynsl CuSOs jkoHe HaTpuil ackopOaThl KaThICYbIMEH TUMETHI(OpPMaMUA EpiTIHIAICIHAE OpTYpii
CHIIATTaFBl TEPMUHAIABIK aJTKHHACPMEH 03apa opeKeTTecyi Kesinme coiikec 4-anmmactsipsurran (15,9aR)-1-
[(1,2,3-tpuazon-1-um)Mermin]okraruapo-1H-XHHOIM3UHACDP TY31LTyl MYMKiH €KEHIIri aHbIKTaiabl. Tpuason
mukiaiHig C-4 KkargalielHIa opTYpNi apwil alMacTBIPFBITApsl Oap JIyNMWHWHHIH JkaHa 1,2,3-Tpmazon
TYBIHABUIAPEl AJNBIHABL. PeakumsHbIH korapsl cenekTuBTUIri Illaprurec kaTanm3aTOpBIHBIH ocep €Ty
MEXaHU3MIMEH TyciHxipiieni. PeHTTeHKYpBUIBIMABIK Tajgay oAiCIMEH JIyNMMHWH METaHCYJIb(OHATHI,
4-apunTpHa3zoIMIMETIII-OKTarHAPOXUHOIM3UHIIEP MOJIEKYJIaNapbIHBIH KEHICTIKTIK KYPBUIBIMBI aHBIKTAJbI.
CIF c¢aitnmapsl TypiHZeri »aHa KOCBUIBICTApABI PEHTTEHKYPBUIBIMABIK Tajjaay aepekrepi KemOpummxmeri
KPUCTAIUIKYPBUIBIMABIK I€PEKTEp OPTaIbIFBIH/IA CAKTAIIFaH.

Kinm ce30ep: XWHONMM3WHII aJKaJOWATAp, JYNUHUH, a3uATep, TPUA30jdap, METaHCYIbGOOHWI XJIOPHII,
TePMHUHAJIBI aJTKUHAEP, 1,3-AUITONSpIIbl HUKIOKOCHUTY peakuusicel, PKA.

XK.C. Hypmarau6eros, C./l. ®a3sios, K.M. Typuasidexos, O.A. HypkeHos,
J.M. Typasi6exos, I'.K. MykymeBa, E.B. Munaesa, I'. Xabnonna

Cunre3 u cTpoenue 4-3amemennsbix (1S,9aR)-1-[(1,2,3-Tpua3oa-
1-nam)mernialokraruapo-1H-XMHOIU3UHOB JTYNIHHUHA

B crarbe mpuBeneHs! pe3yIbTaThl HCCIISIOBAHUIT 10 CHHTE3Y U PEHTI€HOCTPYKTYPHOMY HCCIIEIOBAaHHIO 0CO-
6eHHOCTEl cTpoeHus psna 1,4-nu3amemieHHbIX 1/H-1,2,3-TpHa3oa0BbIX MPOU3BOJHBIX AJIKaJIOW/a JIYITHHUHA.
Xumpnueckas MOAM(UKaLUS ajJKaJou/a JTyTMHUHA OCYIIECTBISIIACH M0 THAPOKCHMETHIICHOBOW TPYIIIe B MO-
noxxeHny C-1 XWHOJM3MHOBOTO OCTOBA. Peakiuy MpoBOAMIIKCH B HECKOJIBKO cTanuil. [TokasaHo, 4To mpu
B3aMMOJICHCTBHH JIYIIMHUHA C METAHCYJIb()OXJIOPUIOM B MPUCYTCTBUH TPUSTWIIAMHHA B XJIOPHUCTOM METH-
JIeHe TIIaAKo obpasyercs (OKTaruapo-2H-XuHONMM3WH-1-niMeTmT)MeTaHCyIb(OHAT C BBICOKHM BBIXOJIOM
(93 %). TTocnemyromias 06pabOTKa TaHHOTO COSIUHEHHUS ACHCTBHEM a3uaa HATPHs B cpele auMeTmihopma-
MHUJIa TIPH HarpeBaHUH MPOBOAHUT K 0Opa3oBaHUIO 1-(a3MIOMETHI)OKTaruapo-2H-XHHOIH3HHA ¢ BBIXOIOM
61 %. YcTaHOBIEHO, YTO TP B3aNMOJICHCTBUH HOBOTO a3Mfa C TSPMHHAJIBHBIMH QIKHHAMHU PA3INYHOI Mpu-
poxsl B pucytcTBuM BogHoro CuSO4 n ackopbarta HaTpus B AUMETHI(HOPMaMHIE MOTYT ObITh 00pa30BaHbI
coorBercTBytome  4-3ameniennsie  (1S,9aR)-1-[(1,2,3-tpuazon-1-un)merrn]okraruapo-1H-XunHOIU3HHBIL.
IMonyyens! HOBBIE 1,2,3-TpHa30yiOBBIE MPOM3BOAHBIX JIyNIMHHUHA, COJEpPIKAIINE Pa3IMYHbIC apHiIbHBIC 3aMe-
crureny B nonoxkeHnn C-4 TprasoibHOTO [HMKNIA. BbICOKast CENEKTUBHOCTh PEAKIUH 00bICHEHA MEXaHU3MOM
neiictBust karanuzaropa Illaprieca. MeTOZOM PEHTICHOCTPYKTYPHOTO aHajin3a YCTAHOBJICHO IIPOCTPaH-
CTBEHHOE CTpocHHE MOJIEKYJT MeTaHcyIb(oHaTa NyTUHUHA, 4-apuTPUA30IMIMETHII-
OKTarupOXHUHOIN3NHOB. [laHHBIE PEHTIEHOCTPYKTYPHOTO aHaii3a HOBBIX coenuHeHuid B Bune CIF daiinos
JIeTIOHNPOBaHb! B KeMOPHHKCKOM LEHTpe KPUCTAIOCTPYKTYPHBIX JaHHBIX.

Kniouesvle crosa: XMHOMM3UHOBBIC AKATOUIBI, JTYTIMHUH, 83U, TPHA30JIbl, METAHCYJILGOHWIT XJIOPHI, TEP-
MUHAJIbHBIC ANKUHBI, peakius 1,3-aunossipHoro nuknonpucoenutenus, PCA.
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