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SYNTHESIS OF LYCORINE ALKALOID ESTERS

Abstract. This study describes the synthesis of lycorine esters, an alkaloid
isolated from Ungernia victoris belonging to the family Amaryllidaceae. Based on
experimental results and data reported in the literature, the synthetic processes,
employed reagents, and reaction conditions were analyzed. By comparing the
yields and isolation efficiency of the esters synthesized under different conditions,
the optimal parameters for the synthesis were determined.
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CHUHTES3 C/IOKHBIX 9PUPOB AJIKAJION10B JIMKOPUHA

AHHomayus: B 0aHHOU HayuHoli pabome OnucaH CuHmMe3 CA0HCHbIX 3¢pupos
JAUKOpUHA — a/nkaaouod, ebloeneHHo20 u3 pacmeHuss Ungernia victoris,
omHocsiwjezocsi K cemelicmgy Amaryllidaceae. Ha o0cHoge  noayuyeHHbIX
9KCNepUMeHMAaAbHbIX OAGHHbIX U ONyOAUKOBAHHbLIX 8 JAumepamype  ObLiu
NpOaHanu3upoe8aHbl Npoyeccbl CUHMe3d, UCNO/Ab308AHHblE peda2eHmbl U YCA08US
npogedeHust peakyuil. CpasHeHUueM 8bIX0008 U 3(PpeKmuUBHOCMbIO 8blOe/neHUs
NOAYUEHHbIX C/AONMCHBIX 3(UPO8, CUHME3UPOBAHHbIX 8 pA3IUUYHbIX YCA0BUSIX,
onpede/sieHbl ONMUMA/IbHble Napamempbl CUHMe3d.

Knrouesble cnoea: AUKoOpuH, MoHo-, 1,2-0u-O-ayemuaaukopuH, MoHo-, 1,2-O-

OubeH30uNIUKOpUH U 2-O-n-HUMpo6eH30UNUKOPUH
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LIKORIN ALKALOIDINING MURAKKAB EFIRLARI SINTEZI
Annotatsiya. Mazkur ilmiy ishda Amaryllidaceae oilasiga mansub Ungernia
victoris o‘simligidan ajratib olingan alkaloid — likorinning murakkab efirlari
sintezi yoritilgan. Eksperimental natijalar va ilmiy adabiyotlarda keltirilgan
ma’lumotlar asosida sintez jarayonlari, qo‘llanilgan reagentlar hamda reaksiya
sharoitlari tahlil qgilindi. Turli sharoitlarda olingan murakkab efirlarning chiqishi
va ajratib olish samaradorligi giyosiy o‘rganilib, sintezning optimal parametrlari

belgilandi.



Kalit so‘zlar: likorin, mono-, 1,2-di-O-atsetillikorin, mono-, 1,2-O-
dibenzoyllikorin, 2-O-p-nitrobenzoyllikorin.

Introduction

The family Amaryllidaceae includes about 70-80 genera and more than
2000 species of plants, making it one of the largest in its class. This family is
distributed across all continents. The genus Ungernia (Amaryllidaceae) comprises
about 10-11 species, found in Western Asia and Central Asia. In particular, within
the flora of Uzbekistan and neighboring countries, 8 species of Ungernia occur. All
of these species contain lycorine [1].

The Amaryllidaceae alkaloids are a distinctive chemotaxonomic feature of
the Amaryllidoideae subfamily. Since the isolation of lycorine from Narcissus
pseudonarcissus in 1877 by Gerrard,>600 alkaloids had been reported for this
plant family up to the end of December 2018 [2]. The main regions of growth of

Ungernia (industrial collection) in the world are shown in Table 1. [3].

Table 1
Geographical distribution of the genus Ungernia
Species Distribution Phenology Habitat
Ungernia Turkmenistan (Badkhyz) | Blooms in July — Occurs on
badghysi Botsch. September, Fruit set gypsum screes
occurs in,september.
October
Ungernia flava Iran Blooms in August
(Boiss. et Tlaussk.)
Ungernia Central Asia, Tien Shan | Blooms in August On rocky (and
ferganica Vved. (Fergana Range). fine-soil)  slopes
Endemic. in the montane
belt
Ungernia oligostroma | Uzbekistan Samarkand | Blooms in July, Fruit | On rocky slopes
Popov & Vved. Region (Turkestan | set occurs in | in the montane
Range). September. belt
Ungernia sewerzowii | Central Asia (Western Blooms in July, Fruit | On rocky and




(Regel) B. Fedtsch.

Tien Shan), Uzbekistan,

set occurs in august.

gravelly slopes in

Tashkent Region the montane belt
(Parkent District).
Ungernia Tajikistan Blooms in July, Fruit | On fine-soil or

tadshikorum Vved.

set occurs in august.

gravelly sparsely
vegetated  sites,
among

ephemerals or in

shrubs

Ungernia victoris

Vved. ex Artjush.

Afghanistan, Iran,
Turkmenistan

Uzbekistan

Blooms in august,
Fruit set occurs in,

september.

On clayey slopes
in the montane

belt

Ungernia sewertzowii (US) and U. victoris (UV) are medicinal plants and
sources of biologically active compounds for pharmaceutical needs. The leaves of
US contain 0.29-0.81% sum of alkaloids with a predominance of lycorine, which
is 0.04-0.46% in leaves and 0.15-0.38% in bulbs. Lycorine is used to treat acute
and chronic bronchitis. The leaves of UV contain 0.27-0.71% sum of alkaloids
with a predominance of galanthamine 0.13-1.15% [4].

Lycorine is a colorless crystalline compound with a melting point of 260—
262°C. It is insoluble in water, Me,CO, Et,O as well as in CHCI3 and alcohol. The
biological activity of lycorine is closely related to its molecular structure. For
example, its antitumor effect is directly associated with structural features, and
even minor modifications within the molecule may significantly reduce or
completely abolish its activity [5].

Background: asthma is one of the most prevalent, complex, and severe
respiratory disorders, with rising rates of occurrence and death in both children and

adults. An alkaloid derived from plants, lycorine possesses several

pharmacological effects, primarily anti-inflammatory and antioxidative properties
[6].
Liver fibrosis is a foremost medical concern worldwide. In Saudi Arabia,

numerous risk factors contribute to its high rates. Lycorine a natural alkaloid has



antioxidant, antiinflammatory, and antitumor activates. It has been reported to
inhibit STAT3 in cancer. Therefore, this study aimed at investigating the possible
antifibrotic effect of lycorine against thioacetamide (TAA)-induced liver fibrosis in
rats and at elucidating the possible mechanisms. Liver fibrosis was induced by
TAA [7].

Cancer remains a major global health challenge, neces sitating the continual
search for novel therapeutic agents. Chemical structures and anticancer
mechanisms of lycorine and lycorine hydrochloride. The two chemical structures
represent lycorine and lycorine hydrochloride, respectively. Anticancer
mechanisms of lycorine and lycorine hydrochloride include inducing cell cycle
arrest, triggering cellular senescence, regulating programmed cell death,
suppressing migration and invasion, inhibiting angiogenesis, and modulating
immune system [8].

1,2-O-Diatsetillikorin (2) were examined to determine their effects on HCV
replication. Such as 2 exhibited reduced cytotoxicity while possessing levels of
anti-HCV activity similar to that of lycorine [9].

Therefore, it was necessary to investigate the methods for obtaining acyl
derivatives and compare them with literature data.

Research Methodology.

Six lycorine derivatives were prepared, character ized, and evaluated for
their in vitro anti-Trichomonas vaginalis activity. Compounds bearing an acetyl
(2), benzoyl (4 and 5), and p nitrobenzoyl (6 and 7) groups were synthesized.
Preliminary structure—activity relationship points that unpro tected OH group at
C-1 and C-2 is not necessary to the antiparasitic activity, and none of the deriva
tive was less active than lycorine. This result is an important contribution with our
ongoing studies regarding the mechanism of action of the Amaryllidaceae
alkaloids on T. vaginalis cell death opening a new perspective to opti mize this

innovative pharmacological potential [10].
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Scheme 1: Reagents and conditions (a) Ac.O, DMAP, Py, r.t, 24h 62% [10];
(b) CH;COCl, EtsN, CeHs, reflux, 8h (2, 40%), (3, (45%); (c¢) CéHsCOCI, DMAP,
dichlorometane, Py, r.t, 24h, (4,.47%), (5.23%) [10]; (d) p-NO,CsH,COCl, DMAP,
dichlorometane, Py. (6, 0.016 mmol, 7 mg, 17%) and (7, 0.017 mmol, 8 mg, 18%)
[10]; (e) CsHsCOCI, EtsN, CeHs, reflux, 6h (4, 41%), (5, 33%).

In recent years, pharmacologists and organic chemists have done a lot of
work in the modification and transformation of the lycorine. The modification of
lycorine mainly concentrated in the following aspects: (1) Modifications hydroxyl
at C1 and C2 positions; (2) Modification of A ring; (3) E ring opening and
aromaticity of D ring; (3) oxidation of C2 position; (4) C7 position oxidation and
reduc tion of the D ring; (5) oxidation of C7 position and the reduction of the
double bond of D ring [11].

Analysis and Results:

(1). '"H NMR (CDCls;, 300 MHz): d 6.80 (1H, s, H-7); 6.57 (1H, s, H-10);
5.40 (1H, s, H-3); 5.90 (2H, s, OCH,0); 4.37 (1H, s, H-1); 4.15 (1H, s, H-2); 4.10
(1H, d, J= 14.1 Hz, H-6); 3.30 (1H, d, J= 14.1 Hz, H-6); 3.25 (1H, m, H-12); 2.79
(1H, d, J= 10.2 Hz, H-4a); 2.65 (1H, d, J= 10.1 Hz, H-10b); 2.55 (2H, m, H-11);
2.35 (1H, m, H-12). ®C NMR (CDCls, 75 MHz): d 149.7, 148.1, 137.9, 130.6,
125.7,122.9, 108.8, 106.4, 102.8, 71.9, 70.1, 61.8, 54.2, 55.1, 38.2, 30.3. [10]



(a) Mixture lycorine (0.105 mmol) with acetic anhydride (0.53 mmol) in
pyridine (3 mL) in the presence of catalytic amount of dimethylaminopyridine
(DMAP) was stirred for 24h at room temperature. The solvent was evaporated and
extracted with chloroform and water. The organic layer was evaporated under
reduced pressure, and the residue was purified by column chromatography using
dichlorometane:methanol as eluent furnishing (2) as a white crystal in 62% yield
(25 mg, 0.065 mmol). m.p. 217-218.[10]

In 2017, Y.B. Ji Review on the Structure Modification of Lycorine. (2) Ac,0,
Py, 50°C, 12h, 93%, (3)-59% [12]. In 2020, JACS Alkaloids of the Amaryllidaceae
VL. (2) AcO (3.0 eq) DMAP, py, r.t 8h, 78%. (3), Ac.O (1.0 eq), Py, r.t,2h 40%
[13]. In 2012, NIH-PA Author Manuscript. Evdokimov et.al. (2)- Ac,O, Py, 99%
[14]. In 2014 CHEMMEDCHEM. Peng Wang, Lin-Feng L, (2)- Ac,O, Py,
50°C,12h, 93.3% [15].

(b) In our experience, a reaction between lycorine and acetyl chloride was
carried out. Initially, 0.2 g (0.6 mmol) of lycorine, 0.082 g (1 mmol) of CH,COClI,
catalytic amount of Et;N, and benzene as a solvent were used. The reaction was
conducted at reflux 8 hours. The solvent was removed in vacuo, followed by the
addition of CHCI; and water.The organic layer was washed with saturated aq
NaHCOs; and then brine and was dried over anhydrous NaSO, The resulting
reaction products were separated by column chromatography (CHCI;:CH,OH
100:0 - 100:1). The isolated compounds were analyzed via mass spectrometry and
identified as (1S,2S)-1-hydroxy-2,3al,4,5,7,12b-hexahydro-1H-[1,3]dioxolo[4,5-
jlpyrrolo[3,2,1-de] phenanthridin-2-yl (3) acetate and (1S,2S)-2,3a1,4,5,7,12b-
hexahydro-1H- [1,3] dioxolo[4,5-j]pyrrolo[3,2,1-de] phenanthridine-1,2-diyl (2)
diacetate based on their molecular masses. White crystal in (2) 40%, (3) (45%)
yield.

Compound 2: '"H NMR (CDCls, 300 MHz): § 6.73 (1H, s, H-7); 6.56 (1H,
s, H-10); 5.90 (2H, s, OCH,0); 5.72 (1H, s, H-1); 5.52 (1H, s, H-3); 5.24 (1H, s,
H-2); 4.17 (1H, d, J = 12.4 Hz, H-6); 3.53 (1H, d, J = 12.4 Hz, H-6); 3.36 (1H, m,
H-12); 2.87 (1H, d, J = 10.3 Hz, H-10b); 2.79 (1H, d, J=10.3 Hz, H 4a); 2.64 (2H,



m, H-11); 2.41 (1H, m, H-12), 2.07 (3H, s, OCOCH5); 1.94 (3H, s, OCOCHs). "*C
NMR (CDCls, 75 MHz): 6 170.1, 169.9, 146.6, 146.5, 146.1, 129.4, 126.7, 114.0,
107.5, 105.2, 101.1, 71.0, 69.4, 61.3, 56.9, 53.7, 40.5, 28.8, 21.3, 21.0[10].

(c) 1,2-O-Dibenzoyllycorine (4) and 2- O -benzoyllycorine (5) were
obtained by reaction of lycorine (0.105 mmol) with benzoyl chloride (0.21 mmol)
in pyridine (2 mL) and in the presence of catalytic amount of DMAP. The reaction
mixture was stirred for 2 days at room temperature. The solvent was evaporated
under reduced pres sure followed by extraction with chloroform and saturated
aqueous solution of sodium bicarbonate. The organic layer was concentrated, and
the  residue was  purified by column  chromatography  using
dichlorometane :methanol as eluent yielding compounds (4) (0.046 mmol, 23 mg,
47%) and (5) (0.023 mmol, 9 mg, 23%) [10].

(d) 2-O-p-Nitrobenzoyllycorine (6) and 1- O-p -nitrobenzoyllycorine (7)
were obtained by reaction of lycorine (0.105 mmol) with p-nitro benzoyl chloride
(0.30 mmol) in pyridine (2 mL) and in the presence of catalytic amount of DMAP.
The reaction mixture was stirred for 4 days at room temperature. The solvent was
evaporated under reduced pressure followed by extraction with chloroform and
saturated aqueous solution of sodium bicarbonate. The organic layer was
concentrated, and the residue was purified by column chromatography using
dichlorometane:methanol as eluent yielding compounds (6, 0.016 mmol, 7 mg,
17%) and (7, 0.017 mmol, 8 mg, 18%) [10].

(e) In our experience, a reaction between lycorine and benzoylchloride was
carried out. Initially, 0.2 g (0.6 mmol) of lycorine, 0.096 ml (0.8 mmol) of
Ce¢HsCOCI, catalytic amount of Et;N, and benzene as a solvent were used. The
reaction was conducted at reflux for 6 hours. 0 The solvent was removed in vacuo,
followed by the addition of CHCI; and water.The organic layer was washed with
saturated aq NaHCO; and then brine and was dried over anhydrous NaSO,4 The
resulting reaction products were separated by column chromatography
(CHCI;:CH,;0H 100:0 - 100:1). The isolated compounds (4, m.p 90-93°C, 71%).

were analyzed via mass spectrometry.



In our experience, a reaction between lycorine and m-nitro benzoyl chloride
was carried out. Initially, 0.2 g (0.6 mmol) of lycorine, 0.129 g (0.8 mmol) of
m-nitro benzoyl chloride, catalytic amount of Et;N, and benzene as a solvent were
used. The reaction was conducted at reflux for 22 hours. In the reaction between
lycorine and meta-nitrobenzoyl chloride, the expected result was not achieved.

Conclusion

In conclusion, it can be stated that considering the high biological and
pharmacological activities of lycorine, an alkaloid from Ungernia victoris, the
synthesis of its derivatives is considered a targeted and purposeful approach. The
synthesis methods provided in the above-mentioned literature serve as practical
guidance for the development of new lycorine-based compounds. Conditions for
the simultaneous production of mono- and di-acetyl (1:1) lycorine and dibenzoyl
lycorine derivatives with high yields were found.

The work was supported by the Budgetary Basic Scientific Research

Program of the Academy of Sciences of the Republic of Uzbekistan.
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