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Effective Synthesis of Optically Pure Macrocyclic Polyesters
from Castor Oil and Dichlorides of 2,6-Pyridinedicarboxylic,
Oxalic, and Sebacic Acids
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An effective synthesis of optically pure macrocylclic polyesters is proposed, based on consecutive reactions of [1+1]-
condensation of natural triol (castor oil) with dichlorides of 2,6-pyridinedicarboxylic or oxalic acids in carbon tetra-
chloride in the presence of dimethylformamide and the catalyst N,N-dimethylaminopyridine, followed by the reaction
of the obtained macrocylclic alcohols with the dichloride of sebacic acid under similar conditions.
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Ipeonosicen s¢hhexmueHblll cunmes OnMUYECcKU YUCIMbIX MAKPOYUKIUYECKUX NOAUIPUPOS, OCHOBAHKDBLU HA NOCE)0-
samenvivlx peakyusax [1+1]-kondencayuu npupoonoco mpuoaa (Kacmoposozo macia) ¢ ouxiopareuopuoamu 2,6-
NUPUOUHOUKAPOOHOBOU UU WABENEBOU KUCTOM 8 YeMblpexXI0PpUCmom yeiepooe 8 Npucymcmeuu oumemuipopma-
muoa u kamaauzamopa N, N-OumemunamMuHonupuouna, a 3amem noJy4yeHHblX MAKPOYUKIUYECKUX CRUPMO8 ¢ OUXIL0-
Panecuopuoom cebayuro8ol KUCIOMbl 8 AHANOSUYHBIX YCTIOGUSIX.

KaroueBble cioBa: KaCTOpOBOG macio, HI/IpI/I)_'II/IH,HI/IKap6OHOBa${ KHCJI10Ta, aBCjacBas KHMCJI0Ta, C€6aIII/IHOBa$I KHUCJIO-
Ta, pCaKus KOHACHCAIUH, MAKPOIUKIINYICCKUEC HOJ'II/IB(l)I/IpLI.

acid (1), meets the requirements for compounds that can be
used as one of the components in the synthesis of
macroheterocycles. Furthermore, the presence of hydroxyl

Introduction

Macrocylclic compounds are of great interest to a

wide range of researchers.!" The synthesis of these cycles
involves reactions of dihydroxy-I" or diamino-""" substi-
tuted compounds, where these functional groups are suffi-
ciently distanced from one another, with dichlorides of
dicarboxylic acids. Castor oil, which consists of 90-95%
triglyceride of 12R-hydroxy-9Z-octadecenoic (ricinoleic)
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and carboxyl groups, double bonds, and a long-chain hy-
drocarbon skeleton in ricinoleic acid opens up broad possi-
bilities for its transformation into various materials. Despite
this vast potential, recently, the use of castor oil as a
bioresource for the production of functional materials has
been very limited.
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We previously reported efficient one-pot syntheses of
a number of macrocyles 2-6 with four ester groups in the
rings, based on [1+1]-condensation reactions of castor oil
(1) with dichlorides of malonic,[g] succinic, glutaric,
adipic,” and sebacic acids,'” respectively. We also ob-
tained conjugates of castor oil (1) with the dichloride of
sebacic acid — macrocyclic polyesters 7 and 8 with four
ester groups in the ring, containing in the side chain a resi-
due of (R)-ricinoleic acid, where the hydroxyl group is re-
placed either by a residue of sebacic acid or by a trifluoro-
acetate group.!'”

Earlier, it was established!"!) that compound 6 is toxic
in vitro to all studied cell lines — HEK293 (human embry-
onic kidney cells), HepG2 (human hepatocellular carcino-
ma), A549 (human lung adenocarcinoma), MCF-7 (human
breast duct adenocarcinoma), HCT-116 (human colorectal
carcinoma). Among these, the cell lines of human breast
adenocarcinoma and human colorectal carcinoma were
found to be the most sensitive to this compound. Com-
pound 8 exhibited in vitro cytotoxicity to the HTC-116
tumor line, while the other studied tumor lines were insen-
sitive to this compound. It should be noted that the cytotox-
icity of these compounds is lower compared to 5-
fluorouracil (control).

Continuing this research, we planned to conduct reac-
tions of castor oil (1) with 1 and 2 equivalents of the
dichlorides of 2,6-pyridinedicarboxylic acid and oxalic acid
to produce macrocyclic polyesters. These acids were chosen
for good reason. It is known that the ester derivatives of
2,6-pyridinedicarboxylic acid, including macrocycles, pos-
sess a broad spectrum of pharmacological activities (anti-
bacterial, anti-inflammatory, anticoagulant, and antitumor)
and are widely used in complexation chemistry.!'” A num-
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Scheme 1.
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ber of complex esters of oxalic acid and substituted phenols
are used as chemosensitizers in combined antitumor therapy
with cytostatics in the treatment of leukemias and drug-
resistant leukemias.!") Therefore, incorporation of residues
of 2,6-pyridinedicarboxylic and oxalic acids into the mole-
cule of castor oil could lead to the production of potentially
useful materials for medicine and various industries.

Results and Discussion

The objective of this work was to study the interaction
of castor oil (1) with 1 and 2 equivalents of the dichloride
of 2,6-pyridinedicarboxylic acid or oxalyl chloride to obtain
macrocyclic polyesters. During our research, it was estab-
lished that during the [1+1]-condensation of castor oil (1)
with the dichloride of 2,6-pyridinedicarboxylic acid or
oxalyl chloride in dry CCl, at room temperature in the pres-
ence of DMF and the catalyst N,N-dimethylaminopyridine
(DMAP), macrocyclic tetraesters 9 and 10 are formed with
high yields, containing in the side chain a residue of unre-
acted ricinoleic acid (Scheme 1). The use of additives of the
more basic pyridine (pK 5.23)!"* (as in experiments with
malonic acid)®® and Et;N (pK 9.80) (in the case of succinic,
glutaric, adipic, and sebacic acids)[g] instead of DMF,
which, unlike amines, is a relatively weak base. In this case,
it is unacceptable, because it leads to complete tarring of
the reaction mass. This is most likely due to the fact that
2,6-pyridindicarboxylic acid (pK 2.21) and oxalic acid (pK
1.25) are stronger than malonic acid (pK 2.85), succinic
acid (pK 4.19), glutaric acid (pK 4.34), adipic acid (pK
4.43) and sebacic acid (pK 4.55) and therefore they cause
rapid polycondensation of substrates.
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Polylactones from Castor Oil

Evidence for the formation of tetraester 10 is provided
by the following facts. In the "H NMR spectrum, along with
a multiplet in the range of 3.84-3.90 ppm with an intensity
of 1H, corresponding to the fragment >CH—OH, there is a
multiplet in the range of 4.87—4.99 with an intensity of 2H,
corresponding to two fragments >CH-OCO-. In the “C
NMR spectrum, alongside signals at 127.93 and 130.03
ppm, corresponding to the carbon atoms of the double
bonds C-11" and C-12’, signals at 123.56 and 133.30 ppm
of the carbon atoms of the double bonds C-10, C-11, and C-
20, C-21 appear. Additionally, to the signals at 172.82 and
173.22 ppm of the ester groups of ricinoleic acid, a signal at
157.94 ppm of the formed ester groups is added.

Attempts to obtain the product from [1+2]-conden-
sation of castor oil (1) with both the dichloride of 2,6-
pyridinedicarboxylic acid and oxalyl chloride in the pres-
ence of pyridine, triethylamine, or DMF also resulted in
complete gelling of the reaction masses. However, the use
of the dichloride of sebacic acid in the [1+1]-condensation
reaction with macrocyclic alcohols 9 and 10 in the presence
of DMF led to the formation of the corresponding esters 11
and 12, containing in the side chain a residue of ricinoleic
acid, where the hydroxyl group is replaced by a residue of
sebacic acid (Scheme 2).
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Since sebacic acid is used in medicine for constructing
three-dimensional frames for use as wound dressings and
for obtaining biodegradable elastomeric membranes in reti-
nal transplant surgeries, and oral administration of sebacic
acid improves glycemic control in type 2 diabetes, and bio-
degradable polyanhydrides based on betulindisuccinate and
sebacic acid exhibited significant antitumor activity against
cell lines HeLa, A549, U-87MG, KB, HepG2, incorporat-
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ing it into the molecule of castor oil is also effective for
obtaining functional materials for medicine and various
industries.

Evidence for the formation of ester 11 is provided by
the following facts. In the 'H NMR spectrum, there is only
a multiplet in the range of 5.25-5.43 ppm with an intensity
of 3H, corresponding to three fragments >CH-OCO-, while
in the >C NMR spectrum, there are only signals at 123.29
and 132.22 ppm for the carbon atoms of the double bonds
C-10, C-11, C-11°, C-12’ and C-21, C-22, and also present
is a signal at 176.95 ppm, corresponding to a free carboxyl
group.

Evidence for the formation of ester 12 can be provided
by the following facts. In the 'H NMR spectrum, only a
multiplet in the range of 4.85—4.98 ppm with an intensity of
3H appears, corresponding to three fragments >CH-OCO-,
and in the *C NMR spectrum, only signals at 123.29 and
132.22 ppm for the carbon atoms of the double bonds C-10,
C-11, C-11°, C-12° and C-20, C-21 appear, as well as a
signal at 176.95 ppm, corresponding to a free carboxyl
group.

Experimental

The equipment of the regional center for collective use
"Agidel" of the UFIC RAS was used in the work. IR spectra in
thin layers were recorded on IR Prestige-21 Shimadzu instrument.
NMR spectra were recorded in CDCl; with TMS internal standard
on a «BRUKER AM-500» spectrometer (operating frequency
500.13 MHz for 'H; 125.76 MHz for *C). TLC monitoring used
Sorbfil SiO, (Russia). Elemental analyses of all compounds were
agreed with those calculated. Mass spectra were recorded on Shi-
madzu LCMS 2010 EV instrument using under atmospheric pres-
sure chemical ionization (APCI) with electron energy 20 eV and
detection of positive and negative ions. The liquid mobile phase
was H,O and/or CH;CN at f low rate 0.02 ml/min. Refined un-
bleached castor oil of grade 1 according to State standard GOST
6757-96 (NMZHK, Nizhny Novgorod, Russia), [a]p> +2.0 (¢ 0.1,
CHCl;) was used for the work.

13R,19R-Dihexyl-33-(2’-oxa-3’-oxo-14 ’R-hydroxyeicos-
11°Z-en-1 '—yl)—161—aza—],]4,]8,31—tetmoxa—2,]5,]7,3()—tetraoxo—
16(2,6)-pyridinacyclotritriaconta-10Z,21Z-dienaphane (9). Dry
castor oil (1) (3.00 g, 3.2 mmol) and 0.005 g (0.04 mmol) DMAP
in dry CCl, (80 mL) and dry DMF (0.51 g, 7.0 mmol) was added
to the solution of fresh 2,6-pyridinedicarboxylic acid dichloride
(0.71 g, 3.5 mmol) in dry CCl, (20 mL) in an inert atmosphere of
argon. The reaction mixture was stirred for 48 hours at room tem-
perature (TLC control), then diluted with CH,Cl, (150 mL) and
sequentially washed with saturated solution NaHCO; and brine,
dried with Na,SO, and evaporated. Yield: 2.60 g (76%) of
macroheterocycle 9, [o]p> +13.0 (¢ 0.5, CHCI;). Found: C 72.32,
H 9.89, N 1.41. Cg4H;¢sNOy; requires C 72.21, H 9.94, N 1.32.
m/z (ESI) (%) 1064.8 (100) [M+H]", 1082.7 (70) [M+H,O0+H]".
IR (KBr) Vi, cm’: 1584 (Ar), 1638 (C=C), 1743 (C=0), 3556
(OH). '"H NMR (CDCl3) 8, ppm: 0.88 (t, 9H, J=6.6 Hz, H-20’, H-
6), 1.19-1.79 (m, 60H, H-4-H-8, H-24-H-28, H-5’-H-9’, H-
15°-H-19°, H-1"-H-5"), 2.01-2.12 (m, 12H, H-9, H-12, H-20, H-
23, H-10°, H-13"), 2.28-2.57 (m, 6H, H-3, H-29, H-4"), 3.62-3.64
(m, 1H, H-14"), 3.90 (br.s, 1H, OH), 4.01-4.55 (m, 7H, H-13, H-
19, H-32, H-33, H-1"), 5.19-5.55 (m, 6H, H-10, H-11, H-21, H-
22,H-11°, H-12"), 7.97-8.10 (m, 1H, H-16(4)), 8.23 (d, 2H, J=7.7
Hz, H-16(3), H-16(5)). *C NMR (CDCl;) 8. ppm: 13.98 (q, C-
20°, C-6”), 22.50, 24.74, 25.29, 27.31, 28.96, 29.00, 29.05, 29.09,
29.44,31.64, 31.81, 33.44, 33.92, 34.08, 35.30 (t, C-3-C-9, C-12,
C-20, C-23-C-29, C-4-C-10’, C-13', C-15-C-19’, C-1"-C-5""),
62.02 (t, C-1°, C-32), 68.82 (d, C-14"), 71.41 (d, C-33), 76.09 (d,
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C-13, C-19), 123.95 (d, C-11, C-21), 127.38 (d, C-16(3), C-16(5)),
127.83 (d, C-12°), 130.14 (d, C-11°), 133.78 (d, C-10, C-22),
137.78 (d, C-16(4)), 149.02 (d, C-16(2), C-16(6)), 163.96 (s, C-
15, C-17), 172.73 (s, C-3°, C-30), 173.14 (s, C-2).
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13R,18R-Dihexyl-32-(2-oxa-3’-oxo-14’R-hydroxyeicos-

11°Z-en-1"-yl)-1,14,17,30-tetraoxa-2,15,16,29-tetraoxocyclodo-
triaconta-10Z,20Z-dien (10). Dry castor oil (1) (3.00 g, 3.2 mmol)
and 0.005 g (0.04 mmol) DMAP in dry CCly; (80 mL) and dry
DMF (0.51 g, 7.0 mmol) was added to the solution of fresh oxalic
chloride (0.45 g, 3.5 mmol) in dry CCl; (20 mL) in an inert at-
mosphere of argon. The reaction mixture was stirred for 48 hours
at room temperature (TLC control), then diluted with CH,Cl, (150
mL) and sequentially washed with saturated solution NaHCO; and
brine, dried with Na,SO, and evaporated. Yield: 2.34 g (74%) of
macroheterocycle 10, [o]p™® +167.0 (¢ 0.05, CHCI;). Found: C
72.02, H 10.39. Cs59H;(,04; requires C 71.77, H 10.41. m/z (ESI)
(%) 986.91 (25) [M]", 969.90 (100) [M-H,0]". IR (KBr) Vype cm’
1. 1650 (C=C), 1742 (C=0), 3550 (OH). 'H NMR (CDCl;) &y
ppm: 0.86 (t, 9H, J=6.6 Hz, H-20’, H-6""), 1.15-1.51 (m, 60H, H-
4-H-8, H-23-H-27, H-5-H-9’, H-15’-H-19°, H-1"-H-5"), 1.90—
2.01 (m, 12H, H-9, H-12, H-19, H-22, H-10’, H-13"), 2.37 (t, 6H,
J=17.3 Hz, H-3, H-28, H-4’), 2.85 (br.s, 1H, OH), 3.84-3.90 (m,
1H, H-14’), 4.05-4.27 (m, 4H, H-31, H-1"), 4.87-4.99 (m, 3H, H-
13, H-18, H-32), 5.20-5.51 (m, 6H, H-10, H-11, H-20, H-21, H-
11°, H-12°). *C NMR (CDCl3) 8¢ ppm: 14.06 (g, C-20°, C-6),
22.56, 24.85, 25.21, 25.65, 27.22, 27.29, 27.37, 29.03, 29.14,
29.51,29.72, 31.72, 31.95, 33.33, 33.53, 34.18, 34.26 (t, C-3-C-9,
C-12, C-19, C-22-C-28, C-4’-C-10’, C-13', C-15-C-19’, C-1""—
C-5), 62.01 (t, C-1°, C-31), 68.85 (d, C-32), 71.37 (d, C-14’),
76.81 (d, C-13, C-18), 123.56 (d, C-11, C-20), 127.93 (d, C-12°),
130.03 (d, C-117), 133.30 (d, C-10, C-21), 157.94 (s, C-15, C-16),
172.82 (s, C-3, C-29), 173.22 (s, C-2).
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13R, 19R-Dihexyl-33-(2 -oxa-3 -oxo-14'R-(1"""-oxa-2""",11"""
-dioxo-11""-hydroxyundecan-1"""-yl)-1 61-aza-1, 14,18, 3 1-tetraoxa-
2,15,17,30-tetraoxo-16(2,6)-pyridinacyc-lotritriaconta-10Z,2 1 Z-di-
enaphane (11). Fresh sebacic dichloride (0.18 g, 0.53 mmol) in dry
CCly (20 mL) was added to the solution of macrocycle 9 (0.51 g,
0.48 mmol), 0.005 g (0.04 mmol) DMAP and dry DMF (1.90 g,
26.0 mmol) in dry CCly (100 mL) in an inert atmosphere of argon.
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The reaction mixture was stirred for 48 hours at room temperature
(TLC control), then diluted with CH,Cl, (150 mL) and sequential-
ly washed with saturated solution NaHCO; and brine, dried with
Na,SO, and evaporated. Yield: 0.49 g (82%) of macroheterocycle
11, [0]p*® +59.0 (¢ 0.1, CHCI;). Found: C 71.42, H 9.61, N 1.15.
C74H121N014 requires C 7117, H 977, N 1.12. IR (KBr) Vmax €I
': 1580 (Ar), 1640 (C=C), 1700 (C=0O acid), 1744 (C=O ester),
3550 (OH). 'H NMR (CDCl;) 8y ppm: 0.76 (t, 9H, J=6.6 Hz, H-
20’, H-6""), 1.12-1.68 (m, 72H, H-4-H-8, H-24-H-28, H-5-H-9’,
H-15°-H-19°, H-1”-H-5”, H-4’>’-H-9"’), 2.01-2.13 (m, 12H, H-
9, H-12, H-20, H-23, H-10’, H-13"), 2.22 (t, 8H, J=7.3 Hz, H-3,
H-29, H-4’, H-3""), 2.32 (t, 2H, J=5.4 Hz, H-10"""), 4.04-4.55
(m, 8H, H-13, H-19, H-32, H-33, H-1’, H-14"), 5.25-5.43 (m, 6H,
H-10, H-11, H-21, H-22, H-11’, H-12’), 7.97-8.10 (m, 1H, H-
16(4)), 8.23 (d, 2H, J=7.7 Hz, H-16(3), H-16(5)). *C NMR
(CDCl3) 6c ppm: 13.96 (q, C-20’°, C-6”), 22.46, 24.74, 25.10,
25.63, 27.11, 27.27, 27.30, 28.89, 29.06, 29.28, 29.40, 29.61,
31.54,31.84, 33.47, 33.92, 34.01, 34.93, 36.67 (t, C-3—C-9, C-12,
C-20, C-23-C-29, C-4-C-10°, C-13’, C-15°-C-19’, C-1"-C-5",
C-3"-C-10"""), 62.02 (t, C-1°, C-32), 74.06 (d, C-14"), 76.91 (d,
C-13, C-18), 123.29 (d, C-11, C-21, C-12%), 132.22 (d, C-10, C-
22, C-11°), 157.97 (s, C-15, C-17), 162.97 (s, C-2*"), 173.23,
172.79 (s, C-2, C-30, C-3), 176.95 (s, C-11""").
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13R,18R-Dihexyl-32-(2’-oxa-3 -oxo-14’R-(1"""-oxa-

2711 ~dioxo-11"""-hydroxyundecan-1"""-yl)eicos-11"Z-en-1 -
yl)-1,14,17,30-tetraoxa-2,15,16,29-tetraoxocyclodotriaconta-
10Z,20Z-dien (12). Fresh sebacic dichloride (0.18 g, 0.53 mmol)
in dry CCl, (20 mL) was added to the solution macrocycle of 10
(0.50 g, 0.51 mmol), 0.005 g (0.04 mmol) DMAP and dry DMF
(1.90 g, 26.0 mmol) in dry CCl, (100 mL) in an inert atmosphere
of argon. The reaction mixture was stirred for 48 hours at room
temperature (TLC control), then diluted with CH,Cl, (150 mL)
and sequentially washed with saturated solution NaHCO; and
brine, dried with Na,SO, and evaporated. Yield: 0.41 g (72%) of
macroheterocycle 12, [a]p™® +12.0 (¢ 0.05, CHCl;). Found: C
71.32, H 9.56. CgH;130y4 requires C 70.73; H 10.15. IR (KBr)
Vinax €2 1650 (C=C), 1695 (C=0 acid), 1742 (C=0 ester), 3447
(OH). "H NMR (CDCl3) 8y ppm: 0.80 (t, 9H, J=6.5 Hz, H-20", H-
6’"), 1.13-1.60 (m, 72H, H-4-H-8, H-23-H-27, H-5’-H-9’, H-
15°-H-19°, H-1"-H-5”, H-4’"’-H-9"""), 1.90-2.16 (m, 12H, H-9,
H-12, H-19, H-22, H-10’, H-13"), 2.21 (t, 8H, J=7.3 Hz, H-3, H-
28, H-4’, H-3"""), 2.65 (t, 2H, J=5.4 Hz, H-10""’), 4.04-4.21 (m,
4H, H-31, H-1), 4.85-4.98 (m, 4H, H-13, H-18, H-32, H-14’),
5.25-5.43 (m, 6H, H-10, H-11, H-20, H-21, H-11°, H-12"). 3C
NMR (CDCl;) 8¢ ppm: 14.03 (q, C-20°, C-6”), 22.46, 24.74,
25.10, 25.63, 27.11, 27.27, 27.30, 28.89, 29.06, 29.28, 29.40,
29.61,31.54, 31.84, 33.47, 33.92, 34.01, 34.93, 36.67 (t, C-3-C-9,
C-12, C-19, C-22-C-28, C-4-C-10’, C-13°, C-15’+C-19°, C-1"’—
C-5, C-3-C-10"""), 62.02 (t, C-1°, C-31), 71.43 (d, C-32),
74.06 (d, C-14"), 76.91 (d, C-13, C-18), 123.29 (d, C-11, C-20, C-
12°), 132.22 (d, C-11°, C-10, C-21), 157.97 (s, C-15, C-16),
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162.97 (s, C-2""), 172.79 (s, C-29, C-3°), 173.23 (s, C-2), 176.95
(s, C-11"").
o 0

z)k )QI
I

O  (CHyy” “oH

11 0
NS 2 r
Me(H,C)3 (CHy),C—0—

Q. 0 (CH),C—0—2
— 1
5|8 70
(CHy)sMegr
(CH,)sMe
16 21 10}
- Il
NN Nyl
17 29 30 3

12
Conclusion

Thus, based on the available optically pure triol — cas-
tor oil — methods have been developed for the synthesis
with high yields of four macrocylclic polyesters, based on
consecutive [1+1]-condensation reactions of it with the
dichlorides of 2,6-pyridine dicarboxylic or oxalic acids,
followed by the reaction with the dichloranhydride of
sebacic acid in carbon tetrachloride in the presence of
dimethylformamide and N,N-dimethylaminopyridine.

Acknowledgment. The work was carried out on the topic
of the state task "Development of strategies and methods
for the targeted synthesis of practically important sub-
stances based on fundamental studies of the properties of
natural compounds and products of organic synthesis" (No.
125020601627-6).

References
1. Ishmuratov G.Yu., Yakovleva M.P., Mingaleeva G.R.,

Tolstikov A.G. Macroheterocycles 2011, 4, 270-310. doi:
10.6060/mhc2011.4.06.

138

10.

11.

12.

13.

14.

Ishmuratov  G.Yu., Yakovleva M.P., Vydrina V.A.,
Shakhanova O.0., Ishmuratova N.M., Tolstikov A.G.
Macroheterocycles 2012, 5, 212-245. doi: 10.6060/

mhc2012.120361i.

Ishmuratov G.Yu., Yakovleva M.P., Vydrina V.A., Shutova
M. A., Ishmuratova N.M., Tolstikov A.G. Macro-
heterocycles 2017, 10, 345-379. doi: 10.6060/mhc161066i.
Yakovleva M.P., Denisova K.S., Vydrina V.A., Tolstikov
A.G., Ishmuratov G.Yu. Russ. J. Org. Chem. 2021, 57, 679—
729. doi: 10.1134/S1070428021050018.

Sultanova R.M., Sakhabutdinova G.N., Raskil’dina G.Z.,
Zlotsky S.S., Khusnutdinova N.S., Meshcheryakova S.A.
ChemChemTech 2022, 65(4), 6-12. doi: 10.6060/ivkkt.2022
6504.6516.

Kataev V.E., Khaybullin R.N., Sharipova R.R., Strobykina
LYu. Rev. J Chem. 2011, 1, 93-160. doi 10.1134/
S2079978011010043.

Gataullin R.R., Skladchikov D.A. Russ. J. Gen. Chem. 2024,
94, 68-79. doi 10.31857/S0044460X24010057.

Mingaleeva G.R., Yakovleva M.P., Denisova K.S.,
Ishmuratov G.Yu. Macroheterocycles 2020, 13, 79-82. doi
10.6060/mhc19066 1 m.

Ishmuratov G.Y., Yakovleva M.P., Vydrina V.A., Denisova
K.S., Sayakhov R.R., Vil'danova R.R., Vyrypaev E.M.,
Tolstikov A.G. Chem. Nat. Compd. 2017, 53, 620-622. doi
10.1007/s10600-017-2073-5.

Ishmuratov G.Yu., Medvedeva N.I., Saitov K.M., Yakovleva
M.P., Nazarov LS., Tolstikov A.G. Doklady Chemistry 2023,
513, 315-320. doi 10.1134/S0012500823601031.

Yakovleva M.P., Saitov K.M., Nazarov I.S., Kravchenko
A.A., Kovalenko A.A., Ishmetova D.V., Vakhitov V.A.,
Ishmuratov G.Y. Chem. Nat. Compd. 2025, 61, 134-137. doi
10.1007/s10600-025-04590-w.

Yakovleva M.P., Denisova K.S., Mingaleeva G.R., Vydrina
V.A., Ishmuratov G.Yu. Macroheterocycles 2020, 13, 74-78.
doi 10.6060/mhc190660y.

In: Chemical Encyclopedia, Vol. 5 (Zefirov N.S., Ed.),
Moscow, 1998, 783 p. [B kH.: Xumuueckas snyuxioneous,
Tom 5 (3edpupo H.C., pen.), M.: bonbmas Poccuiickas
sHiukioneaus, 1998. 783 c.

Lurie Yu.Yu. Handbook of Analytical Chemistry. Moscow,
1967. 390 p. [JIypee 10.10. Cnpasounux no ananumuueckou
xumuu, M.: Xumus, 1967. 390 c.].

Received 23.04.2025
Accepted 01.09.2025

Maxpoeemepoyurnvt / Macroheterocycles 2025 18(3) 134-138



