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The pandemic caused by the SARS-Cov-2 coro-
navirus, which has been going on for more than two 
years, is an acute medical and social problem. 
Despite a massive vaccination campaign that began 
in early 2021, many new cases of the disease are 
registered every day in many countries of the world, 
and the number of deaths over the entire period of 
the pandemic has exceeded 6 million. 

The development of eff ective antiviral drugs re-
quires a deep understanding of the mechanism of 

action of the virus on host cells. To date, the Food 
and Drug Administration (FDA) has approved only 
a few drugs for the treatment of SARS-Cov-2, and 
some of them are recommended for emergency use 
only. Such drugs are represented by nucleotide ana-
logs remdesivir1 and molnupiravir,2 as well as by the 
3CLPro protease inhibitor Paxlovid.3 The most 
promising clinical candidates currently under trial 
are Favipiravir4,5 and drugs based on antibodies 
blocking IL-6 receptors.6—9 Since the clinical course 
of SARS-Cov-2 varies greatly depending on the strain 
of the virus and is characterized by a wide range of 
severe symptoms (multiple organ failure, acute 
respiratory distress syndrome, cytokine storm, bleed-
ing disorders, etc.), there is no single treatment 
protocol that is eff ective in all cases. Most protocols 
are aimed at preventing an uncontrolled reaction of 
the immune system. 
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Colchicine 1, a natural alkaloid that interacts with 
microtubules of the cytoskeleton and is a known 
immunosuppressant, was considered as a promising 
drug for the treatment of Covid-19.10—15 The ability 
of colchicine 1 and its derivatives to bind to tubulin 
and disrupt microtubule dynamics16—20 causes de-
struction of the NLRP3 infl ammasome receptor,21 
blocks cellular transport and cytokine infi ltration,22 
and inhibits neutrophil activation. Suppression of 
neutrophil transport from capillaries to the focus of 
pathology is one of the key factors for reducing the 
infl ammatory response. These properties of colchi-
cine 1 may be useful in preventing massive infi ltration 
of cytokines into lung tissue, which is often observed 
in severe cases of Covid-19.23 Along with the pro-
nounced anti-infl ammatory eff ect, colchicine 1 is 
also able to exhibit inhibitory activity against the 
replication of certain viruses, such as Zika and dengue 
viruses.24 

Another strategy for the treatment of Covid-19, 
along with the suppression of the excessive reaction 
of the immune system, is to inhibit the penetration 
of the virus into the host cells, to disrupt its replic-
ation and maturation processes. Due to the wide 
spectrum of biological activity, natural terpenoids 
and their synthetic analogs25—29 can be considered 
as potential inhibitors of viral replication. Thus, 
borneol and camphor derivatives 2—4 demonstrate 
antiviral activity against Ebola,30 Marburg,31,32 and 
infl uenza33 viruses. Non-polar scaff old structures in 
these compounds can interact with hemagglutinin 
and M2 ion channels, stabilizing the inactive con-
formation of these proteins,34 thereby preventing 
the penetration of the virus into the cell. The activ-
ity of terpenoids against SARS-Cov-2 proteins, 

in particular, to the receptor-binding domain of 
the S-protein35 and the 3CLpro protease, is being 
studied.36,37 

The strategy of combination of active pharmaco-
phore units in one molecule has been successfully 
implemented to obtain drugs against HIV,38 infl uenza 
virus,39 and Hantaan virus.40 In the present work, 
conjugates of colchicine with various monoterpe-
noids were synthesized to study the possibility of their 
use as inhibitors of the main protease of SARS-Cov-2 
(3CLPro). 

Results and Discussion 

Synthesis of target compounds. The molecular 
structure of the target conjugates is shown sche-
matically in Fig. 1. The molecules of the target 
conjugates contain two active fragments: a colchi-
cinoid that binds to the tubulin heterodimer and 
a terpenoid33,41 that is potentially capable of inter-
acting with viral proteins. Since the active parts of 
the molecules are aimed at diff erent targets, the linker 
between them must contain a biocleavable bond. 
Terpenoids and their derivatives 5—10 were chosen 
for the synthesis of target conjugates. 

To obtain target derivatives, deacetylcolchicine 
13 was used as the starting compound, which was 

Fig. 1. Combination of pharmacophore blocks in the molecules of target conjugates of colchicine with monoterpenoids. 
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synthesized from colchicine 1 in three steps (Scheme 1) 
according to modifi ed known procedures.42,43 At the 
fi rst step, a protective tert-butoxycarbonyl group was 
introduced in colchicine 1, which gave compound 
11. At the second step, the acetyl group was removed 
by the action of MeONa. At the third step, the Boc 
group in compound 12 was removed in an acid me-
dium. Deacetylcolchicine 13 was obtained in 73% 
yield for three steps. 

For conjugation with terpenoids, we synthesized 
derivatives of deacetylcolchicine 13 with glutaric 
anhydride and aminocaproic acid, compounds 14 
and 15 (Scheme 2). The carboxylate derivative 14, 
obtained in yield 45%, was used for conjugation with 
(–)-borneol 5 and (+)-camphecene 6 under the 
Yamaguchi esterification conditions, as well as 
with (+)-isobornylamine 7 and (–)-fenchone hydr-
azone 8 under the Steglich amidation conditions. As 
a result, derivatives 16—19 were synthesized in 

69—83% yields. Amino derivative 15 was reacted 
with (+)-10-camphorsulfonyl chloride 9 and (–)-bor-
neol chloroacetate 10, which gave conjugates 20 and 
21 in relatively low yields. 

Molecular docking. Currently, an active search 
for possible inhibitors of the main protease of SARS-
CoV-2 is under way. Since the conjugates synthesized 
in this work do not contain functional groups and 
unsaturated bonds capable of covalent interaction 
with the SH group of the catalytic amino acid residue 
Cys145, we focused on the search for possible non-
covalent interactions. Earlier, among compounds of 
various chemical classes, there were found molecules 
that can inhibit the main protease of SARS-CoV-2 
due to non-covalent interactions in its active site.44—48 
One of these compounds, namely ML188, was taken 
by us for comparison in calculations. 

Carrying out the evaluation function of molecu-
lar docking IFD and calculating the free energy of 

5 ((–)-Borneol) 6 ((+)-Camphecene) 7 ((+)-Isobornylamine) 8 ((–)-Fenchone hydrazone)

9 ((+)-10-Сamphorsulfonyl chloride) 10 ((–)-Borneol chloroacetate)

Scheme 1 

Reagents and conditions: i. Boc2O, DMAP, Et3N, MeCN, 100 C, 3 h; ii. MeONa, MeOH, 40 C, 2 h; iii. TFA, CH2Cl2, ~20 C, 3 h. 
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ligand—receptor complexes based on the principles 
of molecular mechanics and the generalized implicit 
Born solvation model (MM/GBSA) resulted in the 
data presented in Table 1. The method of semi-
empirical quantum mechanics (SQM) with para-
metrized models takes into account quantum me-
chanical eff ects and electronic properties in the study 
of protein—ligand interaction, which can improve 
the accuracy of the corresponding calculations.49,50 
In this regard, we optimized the ligand—receptor 
complexes obtained after performing molecular 
docking according to the IFD protocol using the 
semiempirical quantum mechanical (SQM) method 
PM6-D3H4 in combination with the COSMO im-
plicit solvent model. 

Molecular docking, which takes into account the 
fl exibility of the side chains of amino acid residues 
of the main protease binding site, showed that the 
new colchicine monoterpene conjugates can exhibit 
signifi cantly lower estimated binding energies com-
pared to the non-covalent inhibitor ML188. In 
general, the chemical modifi cation of colchicine 1 
(–8.08 kcal  mol–1) leading to its conjugates with 
monoterpenes signifi cantly increases the potential 
affi  nity for the binding site of the main protease. 
Deacetylation of colchicine 1 leads to a signifi cant 
decrease in the potential affi  nity of deacetylcolchicine 
13 (–6.9 kcal mol–1). Molecular mechanics calcul-
ations of the free energy of ligand—receptor com-
plexes show a similar trend. The free energy calcul-

Scheme 2 

R = 

Reagents and conditions: i. glutaric anhydride, N-methylmorpholine (NMM), DMSO, 50 C, 1 h; ii. tert-butyloxycarbonyl-6-amino-
hexanoic acid, diisopropylcarbodiimide (DIC), N-hydroxysuccinimide (NHS), CHCl3, ~20 C, 20 h; iii. TFA, CH2Cl2, ~20 C, 
1.5 h; iv. EDC•HCl, DMAP, CH2Cl2, ~20 C, 16 h; v. 2,4,6-trichlorobenzoyl chloride (TCBC), Et3N, DMAP, CH2Cl2, ~20 C, 
24 h; vi. DMAP, MeCN, 0 C~20 C, 20 h; vii. Et3N, CH2Cl2, ~20 C, 16 h. 
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ated by the MM/GBSA method for all complexes of 
the new conjugates and the main protease is below 
–80 kcal mol–1, while the free energy of the com-
plexes of colchicine 1 (–65.14 kcal mol–1) and its 
deacetylated derivative 13 (–43.21 kcal mol–1) with 

the protease is signifi cantly higher than that of the 
conjugates and the non-covalent inhibitor ML188. 
The optimization of the conformations of the struc-
tures obtained by molecular docking and a more 
accurate estimate of the free energy carried out using 
a semi-empirical quantum chemical calculations 
gave smaller diff erences between the interaction 
energies of the conjugates 16, 18, 19, and 20 com-
pared to colchicine 1 and deacetylcolchicine 13. The 
energies of conjugates 17 (–68.26 kcal mol–1) and 
21 (–54.92 kcal mol–1) are comparable to the energy 
of inhibitor ML188 (–61.38 kcal mol–1), so com-
pounds 17 and 21 may be affi  nic for the main prote-
ase binding site. 

Given these calculated results, it was important 
to study the conformations and features of non-
covalent interactions of compounds in the active site 
of the main protease in comparison with the inhibi-
tor ML188 (Fig. 2). The active site of the main 
protease is formed by dynamic loop structures con-
taining two basic catalytic amino acid residues His41 

Table 1. Calculated energies of protein—ligand 
interaction (Ebond) for the synthesized com-
pounds 

Compound –Ebond/kcal mol–1

 IFD MM/GBSA SQM

1 8.08 65.14 42.28
6 4.93 41.26 18.63
13 6.90 43.21 37.98
16 9.83 83.17 36.21
17 9.08 85.88 68.26
18 9.93 89.92 44.67
19 8.66 90.50 38.29
20 11.11 88.11 34.92
21 10.25 89.03 54.92
ML188 8.43 81.77 61.38

Fig. 2. Features of the location and non-covalent interactions of new conjugates of colchicine and monoterpenes 16 (a), 17 (b), 18 
(c), 19 (d), 20 (e), and 21 (f) in the binding site of the main protease of SARS-CoV-2 in comparison with ML188 (g), colchicine 1 
(h), deacetylcolchicine 13 (i), and camphecene 6 (j). Non-covalent interactions are shown by dotted lines: hydrogen bonds are in 
green, stacking interactions are in purple, interactions with the sulfur atom are in yellow, hydrophobic interactions are not shown. 
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and Cys145.47 Stabilization of the loop structures, 
as well as interaction with His41 and Cys145 residues 
determine the activity of known inhibitors. The most 
favorable conformations of new conjugates obtained 
by molecular docking are characterized by the loca-
tion of the colchicine scaff old in the active center of 
the main protease. The exception is compound 19 
with its terpene scaff old being located in the active 
site of the enzyme. The carbonyl and methoxy groups 
in the tropolone ring of other conjugates, as well 
as the oxygen atom of the amide group, actively 
interact with amino acid residues in the 141—
145 chain region, forming hydrogen bonds. The 
hydrogen bond acceptors in the inhibitor ML188 act 
similarly (oxygen atoms in the furan and amide frag-
ments). Interestingly, the six-membered π-system 
of the colchicine scaff old of conjugates 16, 20, and 
21 acts similarly to the phenyl ring of ML188, 
participating in the stacking interactions with 
the π-system of His41. Colchicine 1 and deacetyl-
colchicine 13 may be involved in the same stacking 

interaction. The π-systems of the tropolone ring of 
conjugates 16, 17, and 18, are likely to interact with 
the sulfur atom of the catalytic amino acid residue 
Cys145. 

To determine the stability of the ligand—protein 
complexes obtained by molecular docking according 
to the IFD protocol, the possible trajectories of the 
complexes over a period of 100 ns were studied by 
molecular dynamics. The root-mean-square devia-
tion (RMSD) of the coordinates of the ligand atoms 
from the zero point of the simulation was calculated 
for each ligand during the simulation (Fig. 3). 
A signifi cant contribution to the change in the RMSD 
is made by the general movement of the molecule of 
the SARS-CoV-2 main protease in the system. This 
is consistent with the data on the high fl exibility and 
conformational mobility of proteases. Visual analy-
sis of the trajectory of ligand—protein complexes 
allows one to determine the retention time of the 
ligand in the active site of the main protease of SARS-
CoV-2 (Table 2). 
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Fig. 3. Dependencies of the root-mean-square deviation (RMSD) of atomic coordinates of new conjugates of colchicine and mono-
terpenes 16 (a), 17 (b), 18 (c), 19 (d), 20 (e), and 21 (f) in the active site of the main protease of SARS-CoV-2 on the time of the 
molecular dynamics study (t) in comparison with inhibitor ML188 (g), colchicine 1 (h), deacetylcolchicine 13 (i), and camphecene 6 (j). 
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As the most stable ligands, one should consider 
not only compounds with the maximum retention 
time, but also those compounds that are subject to 
minimal fl uctuations near the active site of the main 
protease. Deacetylcolchicine 13 demonstrates the 
most stable behavior. The change in its RMSD does 
not exceed 13 Å during the entire process of mo-
lecular dynamics simulation. In the period from 48 
to 60 ns, the molecule of deacetylcolchicine 13 ex-
perienced fl uctuations that did not lead to its exit 
from the active site. Interestingly, the inhibitor 
ML188 is subject to fairly strong fl uctuations in the 
active site of the main protease, but exhibits a stable 
behavior over the simulation interval from 34 to 52 ns. 
The total retention time of compound ML188 in the 
active site is 68 ns, which is an average value among 
the molecules under consideration. Compounds 17 
and 19 are the most stable among the new conjugates: 
they remained in the active site of the main protease 
throughout the entire simulation period and showed 
minimal fl uctuations. Thus, the RMSD of conjugate 
17 during the simulation period from 0 to 80 ns did 
not exceed 16 Å, while that of conjugate 19 did not 
exceed 11 Å during the simulation period from 0 to 
60 ns. Compound 21, although remained in the active 
site of the main protease throughout the simulation, 
experienced strong fl uctuations at the initial step of 
the simulation, from 0 to 47 ns. Compound 16 was 
unstably bound in the active site of the main protease 
and was retained there for the shortest time (41 ns) 
among all conjugates. Conjugate 18 remained fairly 
stable during the entire retention time in the active 
site. Its RMSD during the period from 0 to 72 ns did 
not exceed 15 Å. Conjugate 20 showed instability in 
the active site of the main protease and was retained 

there for only 48 ns. A small molecule of camphecene 
6 is quite stable in the active site of the main prote-
ase, but rapidly leaves it after 40 ns of molecular 
dynamics simulation. Colchicine 1 exhibits an un-
stable binding pattern in the active site of the main 
protease, leaving it after 53 ns. 

Biological studies. The cytotoxic activity of all 
compounds obtained was studied against the cell 
lines of human adenocarcinoma (Colo-357), mouse 
masto cytoma (P815), mouse colon adenocarcinoma 
(CT-26), human embryonic renal epithelium (HEK-
293), and Burkitt´s lymphoma (Raji) using a standard 
tetrazolium (MTT) test. The cells were incubated with 
test compounds for 72 h and the decrease in prolif-
eration was measured, using colchicine 1 as a control 
compound. The results are presented in Table 3. 

All compounds studied, except for colchicine 1, 
exhibit antiproliferative activity in the micro- and 
submicromolar range of concentrations. A slight 
increase in antiproliferative activity is observed 
against Raji, P815, and HEK-293 cells. A signifi cant 
decrease in the activity of conjugates 16—21 com-
pared to colchicine is probably due to the presence 
of a bulky hydrophobic terpenoid fragment, which 
does not allow the colchicine fragment to interact 
with the active site of tubulin, which is located far 
enough from the protein surface. Among the target 
conjugates, compounds 20 and 21 showed the lowest 
activity, which is apparently explained by the in-
creased hydrolytic stability of the sulfonamide and 
carbamate bonds present in these compounds. In 
general, all target conjugates possess moderate cyto-
toxicity, which allows them to be considered as 
potential antiviral agents. 

Table 2. Retention time () of the ligand 
in the active site of the main protease of 
SARS-CoV-2 

Compound /ns

1 53
6 40
13 >100
16 41
17 >100
18 84.5
19 >100
20 48.0
21 >100
ML188 68

Table 3. Antiproliferative activity of colchicine 1 and its conju-
gates with monoterpenoids 16—21 

Com- IC50*/nmol L–1

pound Colo-357 CT-26 Raji P815 HEK-293

1 4 12 0.2 21 6
16 4227 821 161 159 166
17 4197 873 129 174 158
18 3985 3867 749 884 836
19 4063 3954 846 823 890
20 5298 4872 973 879 901
21 4783 4977 938 921 946

* The results are presented as average values for fi ve experiments. 
The standard deviation does not exceed 10% and is omitted for 
the sake of clarity. 
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Further, all synthesized compounds 16—21, as 
well as colchicine 1, deacetylcolchicine 13, and 
camphecene 6 were tested for the ability to inhibit the 
main viral protease 3CLPro using a surrogate model 
we developed earlier.51 The analysis is based on 
the measurement of the level of fluorescence, 
which increases due to the proteolytic degrad-
ation of the peptide substrate, which includes 
the 3CL-sensitive region of the SARS-CoV-2 
polyprotein. The peptide fluorogenic substrate 
DabcylKTSAVLQ↓SGFRKME(Edans)NH2 con-
tains two fl uorescent dyes, selected in such a way as 
to realize the FRET eff ect (FRET is the fl uorescent 
resonance energy transfer). Degradation of the 
fl uorogenic substrate suppresses the quenching of the 
donor dye fl uorescence and promotes the appearance 
of longer wavelength fl uorescence of the acceptor 
dye. The addition of the test compounds to this sys-
tem allows one to assess the degree of enzyme inhi-
bition by changing the intensity of the increase in 
fl uorescence. The IC50 value was taken to be such 
a concentration of the studied compound that re-
duces the fl uorescence level by 50% of the maximum 
observed in the absence of the inhibitor. Unfor-
tunately, all the test compounds, except for conjugate 
20 containing a fragment of 10-camphorosulfonic 
acid, turned out to be inactive. The known52 prote-
ase inhibitors, such as ML188 and disulfi ram, whose 
half-maximal inhibitory concentration values IC50 
are equal to 1.56±0.55 and 6.25±1.97 μmol  L–1, 
respectively, were used as reference drugs. The IC50 
value of compound 20 we determined in this work 
was 100±5.7 μmol L–1. The changes in fl uorescence 
per second from the concentration of inhibitor 20 
are given in Table 4. 

Despite the low activity against the main viral 
protease, the results of molecular docking and bio-
logical studies lead to a conclusion that the colchicine 
conjugates with monoterpenoid fragments are sig-
nifi cantly less toxic against cancer cell lines than 
unmodifi ed colchicine. Obviously, molecular dock-
ing without the use of biological studies does not 
allow one to draw an unambiguous conclusion about 
the presence of the target biological activity. The 
method used in this work for the synthesis of new 
compounds containing various pharmacophore frag-
ments is of considerable interest from the point of 
view of medicinal chemistry and allows us to plan 
further synthesis of new compounds in order to search 
for effi  cient inhibitors of viral protease. 

Experimental 

1Н and 13С NMR spectra were recorded in DMSO-d6 
on an Agilent DD2 400 spectrometer at 25 С using Me4Si 
as an internal standard. Mass spectra were recorded on 
a DSQ II mass spectrometer (Thermo Electron Corpor-
ation) with a quadrupole mass analyzer. Elemental analy-
sis was performed on an Elementar instrument (Vario 
Micro Cube), all compounds were >95% pure. Column 
chromatography was performed using Merck Kieselgel 60 
silica gel (70—230 mesh). All reactions were carried out 
using commercially available reagents. Solvents were 
purifi ed according to standard procedures. Petroleum ether 
with b.p. 40—70 С was used. 

(S)-tert-Butyl[acetyl(1,2,3,10-tetramethoxy-9-oxo-
5,6,7,9-tetrahydrobenzo[a]heptalen-7-yl)]carbamate (11). 
One half of a solution of di-tert-butyl dicarbonate (Boc2O) 
(7.52 g, 34.5 mmol, 4.60 equiv.) in acetonitrile (8.00 mL) 
and triethylamine (2.10 mL) was added to a mixture of 
colchicine 1 (3.00 g, 7.51 mmol, 1.00 equiv.) and dimethyl-
aminopyridine (915.00 mg, 7.50 mmol, 1.00 equiv.) in 
anhydrous acetonitrile (30.0 mL) under an inert atmo-
sphere. The mixture was stirred for 1 h at 100 C, followed 
by the addition of the second part of the Boc2O solution. 
The mixture was stirred for 2 h at 100 C, cooled to room 
temperature, volatiles were removed under reduced pres-
sure. The target N-Boc-colchicine 11 was purifi ed by 
column chromatography (eluent ethyl acetate—acetone 
(4 : 1)), the yield was 3.29 g (88%). M.p. 105 С. 1H NMR, 
: 7.27 (s, 1 H, H(8)); 7.11 (d, 1 H, H(11), J = 10.7 Hz); 
7.02 (d, 1 H, H(12), J = 10.7 Hz); 6.77 (s, 1 H, H(4)); 
4.90 (dd, 1 H, H(7), J = 12.3 Hz, J = 5.8 Hz); 3.87 (s, 3 H, 
OCH3); 3.83 (s, 3 H, OCH3); 3.77 (s, 3 H, OCH3); 3.54 
(s, 3 H, OCH3); 2.69 (dd, 2 H, H(6), J = 13.5 Hz, J = 6.0 Hz); 
2.33—2.26 (m, 1 H, H(5)); 2.23 (s, 3 H, NC(O)CH3); 
1.96—1.85 (m, 1 H, H(5)); 1.49 (s, 9 H, NC(O)OС(CH3)3). 
13C NMR, : 178.31, 170.79, 163.95, 153.55, 153.43, 

Table 4. Change in fl uorescence intensity 
(Ifl ) of compound 20 depending on its 
concentration (С) 

C/μmol L–1 Ifl /s–1

0 396.72
3.125 381.48
6.25 313.71
12.5 293.81
25 253.79
50 234.25
100 177.35
200 109.75
400 51.19
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150.91, 148.69, 141.26, 135.20, 134.96, 134.28, 132.16, 
126.03, 112.59, 108.15, 84.80, 61.27, 61.09, 60.20, 56.48, 
56.27, 32.24, 29.68, 27.72. MS (70 eV), m/z (Irel (%)): 
499 (2), 399 (40), 371 (16), 340 (18), 328 (26), 312 (82), 
311 (46), 281 (62), 280 (40), 254 (34), 239 (19), 195 (18), 
181 (15). 

(S)-tert-Butyl(1,2,3,10-tetramethoxy-9-oxo-5,6,7,9-
tetrahydrobenzo[a]heptalen-7-yl)carbamate (12). Deriv-
ative 11 (3.29 g, 6.60 mmol, 1.00 equiv.) and sodium 
methoxide (1.43 g, 26.4 mmol, 4.00 equiv.) were placed 
into a Schlenk fl ask and fi lled it with argon. Anhydrous 
methanol (34.0 mL) was added, the resulting solution was 
stirred for 2 h at 40 C, neutralized with a saturated solu-
tion of NH4Cl, and extracted with ethyl acetate (3×60 mL). 
The combined organic layer was dried with Na2SO4, the 
solvent was evaporated under reduced pressure. The result-
ing compound 12 was used in the next step without further 
purifi cation. The yield was 2.79 g (93%); light orange 
crystals. M.p. 154  С. 1H NMR, : 7.69 (d, 1 H, NH, 
J = 7.8 Hz); 7.21 (s, 1 H, H(8)); 7.10 (d, 1 H, H(11), 
J = 10.6 Hz); 7.02 (d, 1 H, H(12), J = 10.8 Hz); 6.76 (s, 1 H, 
H(4)); 4.11—4.05 (m, 1 H, H(7)); 3.87 (s, 3 H, OCH3); 
3.83 (s, 3 H, OCH3); 3.79 (s, 3 H, OCH3); 3.54 (s, 3 H, 
OCH3); 2.55 (dd, 1 H, H(6), J = 13.2 Hz, J = 5.9 Hz); 
2.17 (td, 1 H, H(6), J = 13.0 Hz, J = 6.9 Hz); 2.04—1.95 
(m, 1 H, H(5)); 1.86—1.77 (m, 1 H, H(5)); 1.32 (s, 9 H, 
NC(O)OС(CH3)3). 13C NMR, : 178.00, 163.50, 154.50, 
152.94, 151.03, 150.36, 140.69, 135.10, 134.39, 134.26, 
130.51, 125.31, 112.12, 107.65, 60.83, 60.64, 56.01, 55.84, 
54.90, 52.87, 40.78, 35.80, 28.14. MS (70 eV), m/z 
(Irel (%)): 457 (2), 401 (33), 373 (67), 339 (23), 312 (80), 
297 (96), 281 (100), 266 (57), 254 (48), 224 (35), 211 (50), 
181 (42), 153 (48), 152 (62), 141 (33). 

(S)-7-Amino-1,2,3,10-tetramethoxy-6,7-dihydro benzo-
[a] heptalen-9(5H)-one (13). Trifl uoroacetic acid (7.00 mL) 
was added to a solution of derivative 12 (2.79 g, 6.14 mmol, 
1.00 equiv.) in СН2Сl2 (30.0 mL) and the mixture was 
stirred for 3 h at room temperature, the acid was neutral-
ized with aqueous NaHCO3, and the solution was ex-
tracted with СН2Сl2 (3×50 mL). The combined organic 
layer was washed with brine and dried with Na2SO4, the 
solvent was evaporated under reduced pressure to aff ord 
deacetylcolchicine 13 (1.97 g, 90%) as yellow crystals. 
M.p. 137 С. 1H NMR, : 7.64 (s, 1 H, H(8)); 7.05 (d, 1 H, 
H(11), J = 10.6 Hz); 6.99 (d, 1 H, H(12), J = 10.8 Hz); 
6.74 (s, 1 H, H(4)); 3.86 (s, 3 H, OCH3); 3.83 (s, 3 H, 
OCH3); 3.76 (s, 3 H, OCH3); 3.55 (s, 3 H, OCH3); 3.45 
(dd, 1 H, H(6), J = 10.4 Hz, J = 5.9 Hz); 2.14 (m, 3 H, 
H(6), H(5)); 1.49 (td, 1 H, H(5), J = 10.0 Hz, J = 4.8 Hz). 
13C NMR, : 178.20, 163.26, 153.82, 152.73, 150.15, 
140.47, 135.68, 134.88, 133.76, 131.83, 125.40, 111.84, 
107.34, 60.66, 60.53, 55.90, 55.84, 53.11, 39.64, 29.87. 
MS (70 eV), m/z (Irel (%)): 357 (50), 328 (18), 312 (64), 
298 (100), 297 (64), 281 (43), 267 (30), 254 (36), 253 (18), 
239 (16), 195 (14), 181 (20), 149 (19). 

(S)-5-Oxo-5-[(1,2,3,10-tetramethoxy-9-oxo-5,6,7,9-
tetrahydrobenzo[а]heptalen-7-yl)amino]pentanoic acid 
(14). Deacetylcolchicine 13 (1.09 g, 3.00 mmol, 1.00 equiv.) 
was placed into a Schlenk fl ask, followed by the addition 
of dimethyl sulfoxide (10.9 mL), N-methylmorpholine 
(4.17 mL), and then glutaric anhydride (0.37 g, 3.51 mmol, 
1.17 equiv.) under an inert atmosphere. The resulting 
mixture was stirred for 1 h at 50  C, neutralized with 
a saturated solution of NH4Cl, diluted with distilled water 
(50 mL), and extracted with ethyl acetate. The combined 
organic layer was dried with Na2SO4, the solvent was 
evaporated under reduced pressure. The product was 
purifi ed by column chromatography (eluent CHCl3—
MeOH (10  : 1)) to aff ord product 14 (636 mg, 45%) as 
orange crystals. M.p. 129 С. 1H NMR, : 12.01 (br.s, 1 H, 
COOH(5a)); 8.53 (d, 1 H, NH, J = 8.2 Hz); 7.94 (d, 1 H, 
H(8), J = 1.6 Hz); 7.87 (dd, 1 H, H(11), J = 8.0 Hz, 
J = 1.8 Hz); 7.45 (d, 1 H, H(12), J = 8.0 Hz); 6.81 (s, 1 H, 
H(4)); 4.53 (dt, 1 H, H(7), J = 11.2 Hz, J = 7.5 Hz); 3.85 
(s, 3 H, OCH3); 3.83 (s, 3 H, OCH3); 3.77 (s, 3 H, OCH3); 
3.49 (s, 3 H, OCH3); 2.25—2.12 (m, 5 H, H(6), H(2a), 
H(4a)); 2.05—1.81 (m, 3 H, H(5), H(4a)); 1.76—1.63 (m, 
2 H, H(3a)). 13C NMR, : 177.90, 170.94, 163.43, 152.85, 
150.69, 150.68, 150.37, 140.71, 135.13, 134.23, 134.12, 
130.25, 125.40, 112.04, 107.71, 65.92, 60.75, 60.59, 55.96, 
55.82, 54.91, 51.12, 34.22, 29.16, 26.27. Found (%): 
C, 63.72; H, 6.41. C25H29NO8. Calculated (%): C, 63.68; 
H, 6.20. 

(S)-6-Amino-N-(1,2,3,10-tetramethoxy-9-oxo-5,6,7,9- 
tetra hydrobenzo[а]heptalen-7-yl)hexanamide (15). De-
acetyl colchicine 13 (771 mg, 2.16 mmol, 1.00 equiv.), 
6-(tert-butoxycarbonylamino)hexanoic acid (549 mg, 
2.38 mmol, 1.10 equiv.), and N-hydroxysuccinimide 
(189 mg, 1.64 mmol, 0.76 equiv.) were placed into 
a Schlenk fl ask and fi lled it with argon, followed by the 
addition of anhydrous CHCl3 (20.0 mL), triethylamine 
(903 μL, 6.48 mmol, 3.00 equiv.), and diisopropylcarbo-
diimide (461 μL, 3.24 mmol, 1.50 equiv.). The mixture 
was stirred for 20 h at room temperature, diluted 
with distilled water (50 mL), and extracted with CHCl3 
(2×30 mL). The combined organic layer was dried with 
Na2SO4, the solvent was evaporated under reduced pres-
sure. The residue was dissolved in dichloromethaneе 
(30.0 mL), followed by the addition of trifl uoroacetic acid 
(7.0 mL). The resulting mixture was stirred for 1.5 h at 
room temperature, neutralized with a saturated solu-
tion of Na2CO3, and extracted with dichloromethane 
(2×30 mL). The combined organic layer was dried with 
Na2SO4, the solvent was evaporated under reduced pres-
sure. The product was purifi ed by column chromatography 
(eluent CHCl3—MeOH (12  :  1)) to aff ord product 15 
(599 mg, 59%) as an orange foam. M.p. 117 С. 1H NMR, 
: 8.53 (d, 1 H, N(7)H, J = 8.2 Hz); 7.97 (s, 1 H, H(8)); 
7.89 (d, 1 H, H(11), J = 8.0 Hz); 7.46 (d, 1 H, H(12), 
J = 8.0 Hz); 6.83 (s, 1 H, H(4)); 4.60—4.50 (m, 1 H, H(7)); 
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3.87 (s, 3 H, OCH3); 3.85 (s, 3 H, OCH3); 3.79 (s, 3 H, 
OCH3); 3.63 (dd, 2 H, H(2a), J = 13.7 Hz, J = 6.8 Hz); 
3.52 (s, 3 H, OCH3); 3.04 (dd, 4 H, H(3a), H(6a), J = 9.9 Hz, 
J = 5.8 Hz); 2.58—2.53 (m, 2 H, H(6)); 2.32—2.24 (m, 4 H, 
H(4a), H(5a)); 2.19—2.13 (br.s, 2 H, NH2); 2.05—1.92 
(m, 2 H, H(5)). 13C NMR, : 176.89, 171.51, 166.31, 
153.10, 150.35, 141.04, 140.54, 139.25, 134.94, 129.92, 
128.02, 126.80, 124.04, 123.30, 60.84, 60.56, 55.86, 52.08, 
48.09, 40.65, 38.14, 35.34, 25.91, 25.21, 23.29, 22.96. 
Found (%): C, 66.51; H, 7.19. C26H34N2O6. Calculat-
ed (%): C, 66.36; H, 7.28. 

Synthesis of derivatives 16 and 17 (general procedure). 
Compound 14 (70 mg, 0.15 mmol, 1.00 equiv.), EDC•HCl 
(45 mg, 0.29 mmol, 2.00 equiv.), DMAP (45.0 mg, 
0.37 mmol, 2.46 equiv.), and terpenoid 7 or 8 (0.15 mmol, 
1.00 equiv.) were dissolved in anhydrous dichloromethane 
(12.0 mL) under an argon atmosphere. The mixture was 
stirred for 16 h at room temperature and the solvent was 
evaporated under reduced pressure. The residue was di-
luted with distilled water (15.0 mL) and extracted with 
EtOAc (20×3 mL). The combined organic layer was dried 
with Na2SO4, the solvent was evaporated under reduced 
pressure. The product was purifi ed by column chromato-
graphy. 

N1-((S)-1,2,3,10-Tetramethoxy-9-oxo-5,6,7,9-tetra-
hydrobenzo[a]heptalen-7-yl)-N5-((1R,2R,4R)-1,7,7-tri-
methylbicyclo[2.2.1]heptan-2-yl)glutaramide (16). The 
eluent for column chromatography was petroleum ether—
EtOAc—EtOH (6  :  1  :  1). The yield was 75 mg (83%), 
a beige powder. M.p. 122 С. 1H NMR, : 8.53 (d, 1 H, 
N(1a)H, J = 8.1 Hz); 7.96 (s, 1 H, H(8)); 7.88 (dd, 1 H, 
N(7a)H, J = 8.0 Hz, J = 1.6 Hz); 7.46 (d, 1 H, H(11), 
J = 8.0 Hz); 7.12 (d, 1 H, H(12), J = 7.9 Hz); 6.83 (s, 1 H, 
H(4)); 4.55 (dt, 1 H, H(7), J = 10.5 Hz, J = 7.4 Hz); 3.86 
(s, 3 H, OCH3); 3.85 (s, 3 H, OCH3); 3.79 (s, 3 H, OCH3); 
3.71 (dd, 1 H, H(1´), J = 14.7 Hz, J = 8.0 Hz); 3.51 (s, 3 H, 
OCH3); 2.58—2.52 (m, 1 H, H(5´)endo); 2.18 (dd, 3 H, 
H(4´)exo, H(5), J = 9.3 Hz, J = 5.4 Hz); 2.09 (dd, 2 H, 
H(6), J = 13.2 Hz, J = 6.5 Hz); 2.02 (dd, 1 H, H(4´)endo, 
J = 13.2 Hz, J = 7.0 Hz); 1.93 (dd, 1 H, H(3´), J = 15.4 Hz, 
J = 8.1 Hz); 1.77—1.67 (m, 2 H, H(5a)); 1.66—1.53 (m, 
4 H, H(3a), H(4a)); 1.47 (t, 1 H, H(2´)endo, J = 9.6 Hz); 
1.08 (dt, 2 H, H(5´)endo, H(2´)exo, J = 14.0 Hz, J = 7.5 Hz); 
0.86 (s, 3 H, С(10´)Н3); 0.75 (s, 3 H, C(9´)Н3); 0.73 
(s, 3 H, C(8´)Н3). 13C NMR, : 171.53, 171.22, 166.31, 
153.09, 150.36, 141.01, 140.54, 139.24, 134.96, 129.92, 
128.06, 126.80, 124.05, 123.31, 108.24, 60.84, 60.58, 
55.88, 55.86, 52.05, 48.63, 48.14, 46.37, 44.23, 38.10, 
37.03, 35.72, 34.76, 29.85, 26.75, 21.90, 20.39, 19.93, 
19.75, 18.46. Found (%): C, 69.47; H, 7.52. C35H46N2O7. 
Calculated (%): C, 69.28; H, 7.64. 

5-Oxo-N-((S)-1,2,3,10-tetramethoxy-9-oxo-5,6,7,9-
tetrahydrobenzo[а]heptalen-7-yl)-5-[2-((1R,4S)-1,3,3-
trimethylbicyclo[2.2.1]heptan-2-ylidene)hydrazinyl] pentan-
amide (17). The eluent for column chromatography was 
petroleum ether—EtOAc—EtOH (7 : 1 : 1). The yield was 

64 mg (69%), a white powder. M.p. 136 С. 1H NMR, : 
9.09 (d, 1 H, N(7a)H, J = 7.7 Hz); 8.55 (dd, 1 H, N(1a)H, 
J = 16.3 Hz, J = 7.9 Hz); 7.96 (s, 1 H, H(8)); 7.88 (d, 1 H, 
H(11), J = 8.0 Hz); 7.46 (d, 1 H, H(12), J = 8.0 Hz); 6.82 
(s, 1 H, H(4)); 4.61—4.50 (m, 1 H, H(7)); 3.85 (s, 3 H, 
OCH3); 3.85 (s, 3 H, OCH3); 3.79 (s, 3 H, OCH3); 3.50 
(s, 3 H, OCH3); 2.58—2.52 (m, 1 H, H(5´)exo); 2.27—2.14 
(m, 4 H, H(5), H(6)); 2.04—1.91 (m, 2 H, H(4´)exo, 
H(4´)endo); 1.81 (s, 1 H, H(3´)); 1.78—1.70 (m, 2 H, 
H(5a)); 1.69—1.59 (m, 2 H, H(4a)); 1.52 (d, 2 H, H(3a), 
J = 6.6 Hz); 1.33 (d, 1 H, H(5´)endo, J = 9.8 Hz); 1.24 
(s, 3 H, C(10´)Н3); 1.20 (s, 1 H, H(7´)); 1.17 (s, 3 H, 
C(8´)Н3); 1.14 (s, 1 H, H(7´)); 1.06 (s, 3 H, C(9´)Н3). 
13C NMR, : 174.05, 171.23, 166.47, 166.28, 153.10, 
150.38, 140.96, 140.56, 139.24, 134.94, 129.92, 128.07, 
126.82, 124.04, 123.32, 108.25, 60.83, 60.81, 60.58, 60.58, 
55.87, 52.03, 50.93, 49.33, 48.11, 42.28, 41.90, 38.22, 
33.90, 29.86, 24.65, 22.33, 21.49, 20.60, 17.16. Found (%): 
C, 67.59; H, 7.51. C35H45N3O7. Calculated (%): C, 67.83; 
H, 7.32. 

Synthesis of derivatives 18 and 19 (general procedure). 
Compound 14 (100 mg, 0,21 mmol, 1.00 equiv.) was 
placed into a Schlenk fl ask and fi lled it with argon, fol-
lowed by the addition of CH2Cl2 (10.0 mL), Et3N (134 μL, 
0.96 mmol, 4.6 equiv.), and 2,4,6-trichlorobenzoyl chlo-
ride (TCBC, Yamaguchi´s reagent) (59 μL, 0.38 mmol, 
1.80 equiv.) at 0 С. The mixture was stirred for 5 h with 
an increase in temperature from 0  С to 20  C, then 
a solution of DMAP (77 mg, 0.63 mmol, 3.00 equiv.) and 
terpenoid 5 or 6 (0.21 mmol, 1.00 equiv.) in CH2Cl2 
(6.00 mL) was added dropwise. The resulting mixture was 
stirred for 20 h at room temperature, the solvent was evap-
orated under reduced pressure, the product was purifi ed 
by column chromatography. 

(1S,2R,4S)-1,7,7-Trimethylbicyclo[2.2.1]heptan-2-
yl-5-oxo-5-[((S)-1,2,3,10-tetramethoxy-9-oxo-5,6,7,9-
tetrahydrobenzo[а]heptalen-7-yl)amino]pentanoate (18). 
The eluent for column chromatography was petroleum 
ether—EtOAc—EtOH (7  :  1  :  1). The yield was 89 mg 
(70%), a beige powder. M.p. 124 С. 1H NMR, : 8.54 
(d, 1 H, N(1a)H, J = 8.1 Hz); 7.94 (s, 1 H, H(8)); 7.87 
(d, 1 H, H(11), J = 8.0 Hz); 7.44 (d, 1 H, H(12), J = 8.0 Hz); 
6.81 (s, 1 H, H(4)); 4.78 (d, 1 H, H(1´), J = 9.6 Hz); 
4.59—4.48 (m, 1 H, H(7)); 3.84 (s, 3 H, OCH3); 3.83 
(s, 3 H, OCH3); 3.77 (s, 3 H, OCH3); 3.49 (s, 3 H, OCH3); 
2.56—2.51 (m, 1 H, H(5´)exo); 2.32—2.26 (m, 2 H, H(5)); 
2.25—2.13 (m, 4 H, H(6), H(4´)endo, H(4´)exo); 2.03—1.88 
(m, 2 H, H(5a)); 1.87—1.79 (m, 1 H, H(3´)); 1.76—1.69 
(m, 2 H, H(3a)); 1.69—1.60 (m, 2 H, H(4a)); 1.23—1.12 
(m, 2 H, H(2´)exo, H(2´)endo); 0.90 (d, 1 H, H(5´)endo, 
J = 3.7 Hz); 0.84 (s, 3 H, C(8´)Н3); 0.82 (s, 3 H, C(9´)Н3); 
0.74 (s, 3 H, C(10´)Н3). 13C NMR, : 172.68, 170.89, 
166.26, 153.10, 150.36, 140.93, 140.54, 139.24, 134.93, 
129.94, 128.05, 126.82, 123.98, 123.27, 108.24, 78.62, 
60.84, 60.56, 55.86, 52.04, 48.37, 48.16, 47.39, 44.21, 
38.12, 36.25, 34.30, 33.22, 29.84, 27.57, 26.67, 20.76, 
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19.50, 18.58, 13.39. Found (%): C, 69.35; H, 7.19. 
C35H45NO8. Calculated (%): C, 69.17; H, 7.46. 

2-{[(1R,4R,E)-1,7,7-Trimethylbicyclo[2.2.1]heptan-
2-ylidene]amino}ethyl 5-oxo-5-{[(S)-1,2,3,10-tetra-
methoxy-9-oxo-5,6,7,9-tetrahydrobenzo[а]heptalen-7-
yl] amino}pentanoate (19). The eluent for column chrom-
atography was petroleum ether—EtOAc—EtOH (7 : 1 : 1). 
The yield was 107 mg (79%), a light brown powder. M.p. 
137 С. 1H NMR, : 8.54 (d, 1 H, N(1a)H, J = 8.1 Hz); 
7.95 (d, 1 H, H(8); J = 1.6 Hz); 7.88 (dd, 1 H, H(11), 
J = 8.0 Hz, J = 1.7 Hz); 7.46 (d, 1 H, H(12), J = 8.0 Hz); 
6.82 (s, 1 H, H(4)); 4.54 (dt, 1 H, H(7), J = 11.3 Hz, 
J = 7.5 Hz); 4.16 (td, 2 H, H(7a), J = 6.0 Hz, J = 1.3 Hz); 
3.86 (s, 3 H, OCH3); 3.85 (s, 3 H, OCH3); 3.79 (s, 3 H, 
OCH3); 3.50 (s, 3 H, OCH3); 3.39—3.35 ((m, 1 H, 
H(2´)endo); 2.58—2.52 (m, 1 H, H(5´)exo); 2.29—2.15 (m, 
6 H, H(5a), H(5), H(6)); 2.06—1.98 (m, 1 H, H(4´)endo); 
1.97—1.89 (m, 1 H, H(4´)exo); 1.86—1.77 (m, 2 H, H(4a)); 
1.76—1.67 (m, 3 H, H(3a); H(3´)); 1.60—1.53 (m, 1 H, 
H(2´)exo); 1.25—1.17 (m, 1 H, H(5´)endo); 1.17—1.06 (m, 
2 H, H(8a)); 0.84 (s, 3 H, C(8´)Н3); 0.82 (s, 3 H, C(9´)
Н3); 0.64 (s, 3 H, C(10´)Н3). 13C NMR, : 182.25, 172.49, 
170.84, 166.26, 153.09, 150.37, 140.91, 140.55, 139.23, 
134.91, 129.93, 128.05, 126.82, 123.97, 123.30, 108.23, 
64.03, 60.82, 60.57, 55.85, 53.28, 52.04, 50.14, 48.17, 
46.38, 43.17, 38.12, 35.01, 34.22, 32.80, 31.80, 29.83, 
26.91, 20.67, 19.17, 18.69, 11.46. Found (%): C, 68.37; 
H, 7.60. C37H48N2O8. Calculated (%): C, 68.50; H, 7.46. 

6-{[((1S,4R)-7,7-Dimethyl-2-oxobicyclo[2.2.1]hept-
an-1-yl)methyl]sulfonamido}-N-((S)-1,2,3,10-tetrameth-
oxy-9-oxo-5,6,7,9-tetrahydrobenzo[а]heptalen-7-yl)hexan-
amide (20). Compound 15 (150 mg, 0,32 mmol, 2.00 equiv.) 
and DMAP (4 mg, 0.03 mmol, 0.10 equiv.) were placed 
into a Schlenk fl ask and fi lled it with argon, followed by 
the addition of acetonitrile (4.00 mL). Then a solution of 
camphorsulfonyl chloride 9 (40 mg, 0.16 mmol, 1.00 equiv.) 
in MeCN (3.00 mL) was added dropwise to the resulting 
solution at 0 C over 1 h. The mixture was stirred for 20 h 
at room temperature, the solvent was evaporated under 
reduced pressure. The product was purifi ed by column 
chromatography (eluent petroleum ether—ethyl acetate—
ethanol (4  : 1  : 1)). The yield was 26 mg (24%), a light 
brown powder. M.p. 133 С. 1H NMR, : 8.52 (d, 1 H, 
N(1a)H, J = 8.1 Hz); 7.97 (d, 1 H, H(8), J = 1.6 Hz); 
7.88 (dd, 1 H, H(11), J = 8.0 Hz, J = 1.7 Hz); 7.46 (d, 1 H, 
H(12), J = 8.0 Hz); 6.96 (t, 1 H, H(8a), J = 5.9 Hz); 6.82 
(s, 1 H, H(4)); 4.60—4.50 (m, 1 H, H(7)); 3.87 (s, 3 H, 
OCH3); 3.85 (s, 3 H, OCH3); 3.79 (s, 3 H, OCH3); 3.51 
(s, 3 H, OCH3); 3.04 (dd, 2 H, H(9a), J = 10.0 Hz, 
J = 5.9 Hz); 2.95 (dt, 2 H, H(7a), J = 12.8 Hz, J = 6.8 Hz); 
2.58—2.52 (m, 1 H, H(5´)exo); 2.30—2.25 (m, 4 H, H(5), 
H(6)); 2.21—2.15 (m, 2 H, H(4´)); 1.68—1.62 (m, 4 H, 
H(3´), H(2´)endo, H(3a)); 1.53—1.47 (m, 6 H, H(4a), 
H(5), H(6a)); 1.38—1.34 (m, 1 H, H(2´)exo); 1.30—1.28 
(m, 1 H, H(5´)endo); 1.01 (s, 3 H, C(8´)H3); 0.79 (s, 3 H, 
C(9´)H3). 13C NMR, : 176.90, 171.47, 166.30, 153.09, 

150.36, 141.02, 140.54, 139.25, 134.94, 129.93, 128.03, 
126.81, 123.30, 108.24, 60.84, 60.57, 57.82, 55.86, 52.08, 
47.56, 47.40, 42.51, 42.05, 41.99, 41.43, 38.15, 36.41, 
29.98, 29.80, 29.47, 26.26, 25.79, 24.46, 22.96, 19.45, 
19.29. Found (%): C, 63.45; H, 7.23. C36H48N2O9S. 
Calculated (%): C, 63.14; H, 7.06. 

(1S,2R,4S)-1,7,7-Trimethylbicyclo[2.2.1]heptan-2-
yl-{6-oxo-6-[((S)-1,2,3,10-tetramethoxy-9-oxo-5,6,7,9-
tetrahydrobenzo[а]heptalen-7-yl)amino]hexyl}glycinate 
(21). Compound 15 (100 mg, 0.21 mmol, 1.00 equiv.) was 
placed into a Schlenk fl ask and fi lled it with argon, fol-
lowed by the addition of dichloromethane (10.0 mL), Et3N 
(88 μL, 0.63 mmol, 3.00 equiv.) and a dropwise addition 
of a solution of borneol chloroacetate 10 (91 mg, 
0,42 mmol, 2.00 equiv.) in CH2Cl2 (5.00 mL). The mix-
ture was stirred for 16 h at room temperature, the solvent 
was evaporated under reduced pressure. The product was 
purifi ed by column chromatography (eluent petroleum 
ether—ethyl acetate—ethanol (5  : 1  : 1)). The yield was 
27 mg (20%), an oily liquid. 1H NMR, : 8.49 (d, 1 H, 
N(1a)H, J = 7.6 Hz); 7.14—7.06 (m, 2 H, H(8), H(12)); 
7.01 (d, 1 H, H(11), J = 11.0 Hz); 6.76 (s, 1 H, H(4)); 
4.85—4.82 (m, 1 H, N(8a)H); 4.81 (d, 1 H, H(1´), 
J = 2.9 Hz); 4.36—4.27 (m, 1 H, H(7)); 3.86 (s, 3 H, 
OCH3); 3.83 (s, 3 H, OCH3); 3.78 (s, 3 H, OCH3); 3.52 
(s, 3 H, OCH3); 3.48 (br.s, 2 H, H(9a)); 2.60—2.56 (m, 
2 H, H(7a)); 2.31—2.19 (m, 3 H, H(5), H(5´)exo); 2.10 
(t, 2 H, H(6), J = 7.0 Hz); 2.03—1.95 (m, 1 H, H(3´)); 
1.89—1.80 (m, 3 H, H(4´), H(2´)endo); 1.65—1.62 (m, 2 H, 
H(3a)); 1.45—1.35 (m, 4 H, H(5a), H(6a)); 1.21—1.11 
(m, 4 H, H(5´)endo, H(2´)exo, H(4a)); 0.86 (s, 3 H, C(8´)H3); 
0.83 (s, 3 H, C(9´)H3); 0.76 (s, 3 H, C(10´)H3). 13C NMR, 
: 177.92, 171.38, 170.96, 163.49, 152.89, 150.76, 150.44, 
140.72, 135.16, 134.30, 134.19, 130.38, 125.46, 112.04, 
107.68, 78.99, 60.82, 60.66, 55.99, 55.82, 54.80, 53.42, 
51.12, 48.37, 47.38, 44.18, 36.22, 35.72, 35.10, 29.23, 
27.55, 27.03, 26.75, 26.17, 25.04, 19.49, 18.56, 13.38. 
Found (%): C, 68.54; H, 7.68. C38H52N2O8. Calculat ed (%): 
C, 68.65; H, 7.88. 

Molecular docking. Molecular docking was carried out 
in the Schrodinger Maestro environment using applic-
ations from the Schrodinger Small Molecule Drug 
Discovery Suite 2017-1.53 Three-dimensional structures 
of compounds were obtained empirically in the LigPrep 
application using the OPLS3 force fi eld.54 All possible 
tautomeric forms of compounds were taken into account, 
as well as all ionized forms of compounds in the pH range 
of 7.0±2.0. The X-ray diff raction model of the main pro-
tease of SARS-CoV-2 virus co-crystallized with the non-
covalent inhibitor ML188 (PDB ID 7L0D,54 resolution 
2.39 Å) was used for calculations. To model the possible 
mechanism of binding to the selected target, molecular 
docking of compounds in the ML188 binding site of the 
main protease of SARS-CoV-2 in the Glide application 
was performed.55 The search area for the calculated dock-
ing function was automatically selected based on the size 
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and physicochemical properties of ML188. The algorithm 
of increased docking accuracy XP (extra precision) was 
used. The IFD (Induced Fit Docking) molecular model-
ing protocol was used, which takes into account the fl ex-
ibility of the side chains of amino acid residues of the 
active site of the target during docking.56 Docking was per-
formed in comparison with the IFD results obtained for the 
best conformation of the inhibitor ML188 closest to the 
X-ray diff raction data. The free energy (dG) of non-covalent 
complexes formed during the IFD protocol was calcul ated 
by the MM/GBSA method57 using Prime.58 Non-covalent 
interactions of compounds at the binding site were visual-
ized using the Biovia Discovery Studio Visualizer.59 

Free energy calculations by the SQM method were 
performed in the MOPAC 2016 program60 using the PM6-
D3H4/COSMO system.61,62 The dielectric constant (EPS) 
was set at 78.4. The operators MOZYME and LARGE 
were used. To improve the accuracy of the COSMO 
model calculations, the number of geometric segments 
per atom (NSPA) was set to 92. To avoid local energy 
minima associated with protein conformations, as well as 
to reduce computational costs, we performed SQM opti-
mization for the ligand—protein system within the active 
site of the main protease at a distance of up to 8 Å from 
the ligand. This distance was chosen on the basis of minor 
diff erences in the coordinates of the atoms of amino acid 
residues located farther in all complexes obtained as a result 
of the IFD protocol. 

Molecular dynamics modeling was performed using 
NAMD 2.13.63 The ligand—protein complexes with the 
lowest estimated binding energies from IFD results were 
selected to initiate molecular dynamics. Ligand parameters 
were analyzed on the SwissParam online server64 using 
the CHARMM force fi eld22.65 Complex preparation, 
solvation, and neutralization were performed in the VMD 
program.66 Ligand—protein complexes were placed in 
a water cube (solvent model TIP3P) with a minimum 
buff er zone of 5 Å from protein surface. The system was 
neutralized by adding sodium and chlorine ions to obtain 
a 0.15 M aqueous solution of sodium chloride. Energy 
minimization was carried out over 2000 iterations using 
the steepest descent method.67 The complexes were 
heated to 310 K and equilibrated in the NVT ensemble for 
1 ns at 310 K. Molecular dynamics simulations were per-
formed for 100 ns in the NVT ensemble under periodic 
boundary conditions. The trajectory of each complex was 
analyzed using the VEGA ZZ software package.68 

Biological studies. MTT analysis. Cytotoxic activity of 
colchicine 1 and compounds 16—21 was evaluated using 
a standard test with 3-(4,5-dimethyl-2-thiazolyl)-2,5-
diphenyl-2H-tetrazolium bromide (МТТ, Sigma). The 
stock solution of test compounds in DMSO with a con-
centration of 20 mmol L–1 was stored at –20 С until use. 
Solutions of the test compounds (100 μL) in various con-
centrations were placed in the wells, the range of dilutions 
ranged from 20 μmol L–1 to 0.001 nmol L–1. Cells were 

added in an amount of 5—10•103 per well. Untreated cells 
served as a control group. Cells were incubated for 72 h. 
In the last 4 h, 10 μL of a MTT solution with a concentr-
ation of 5 mg mL–1 was added in each well. After incub-
ation, the growth medium was removed and 100 μL of 
DMSO was added to each well. The plates were incu-
bated on a shaker for 15 min to dissolve the formed 
formazan. The optical density was determined on a Titertek 
spectrophotometer (UK) at 540 nm. The results were 
analyzed using the Excel program (Microsoft). The cytotoxic 
concentration leading in 50% of the maximum toxic eff ect 
(IC50) was calculated from the titration curves. Proliferation 
inhibition (inhibition index, II) was calculated as 

II = [1 – (Dexp/Dcontrol)], 

where Dexp and Dcontrol are the optical densities in ex-
perimental and control samples, respectively. 

Inhibitory activity against viral protease. The activity 
of the 3CL viral protease was measured using a fl uoro-
genic substrate DabcylKTSAVLQ↓SGFRKME(Edans)
NH2 on a CLARIOstar Plus instrument (BMG Labtech, 
Germany) at wavelengths of 355 and 460 nm for excit ation/
emission, respectively. Reaction mixtures were prepared 
in 384-well plate, incubated for 30 min, and measurements 
were carried out at 30 С. Each well contained one reac-
tion mixture: buff er TrisHCl (pH 7.3, 20 mМ of Tris, 
100 mМ of NaCl, 1 mМ of EDTA, 1 mМ of DTT), 10 μМ 
of substrate, 400 μМ of inhibitor, and 300 nM of Mpro. 
The instrument was calibrated according to a solution of 
the peptide subjected to complete hydrolysis. The fl uores-
cence value of this mixture was taken as 80%. The mea-
surement was carried out in the kinetic scanning mode 
(50 cycles of 10 s). All experiments were performed in 
triplicate (n = 3). The preinstalled MARS Data Analysis 
software (BMG LABTECH, Germany) was used for 
calcul ations. The IC50 value was taken as the concentra-
tion of the test compound at which the fl uorescence level 
decreased by 50% of the maximum observed without the 
addition of the inhibitor. 

Synthesis of all compounds and biological studies 
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