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Based on the data obtained by molecular modeling of the non-covalent interaction of 
non-symmetric N-benzylbispidin-9-ol amides with the active site of the main protease 
3CLpro of the SARS-CoV-2 virus, a series of compounds was synthesized, and their 
inhibitory activity against 3CLpro was studied and compared with that of the known 
inhibitor ML188 (IC50 = 1.56±0.55 mol L–1). It was found that only compound 1g 
containing the 1,4-dihydroindeno[1,2-c]pyrazole fragment showed moderate activity 
(IC50 = 100±5.7 μmol L–1) and was characterized by the highest calculated binding energy 
among the studied bispidine derivatives according to molecular docking data.

Key words: bispidine, SARS-CoV-2, inhibition, main viral protease, 3CLpro, molecu-
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3,7-Diazabicyclo[3.3.1]nonane (bispidine) be-
longs to the so-called "privileged scaff olds" in me-
dicinal chemistry,1 which is explained by the wide 

range of biological activity exhibited by compounds 
based on it. The key features of the bispidine frame-
work, which allow it to be widely used in medicinal 
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chemistry and pharmacology, are the possibility of 
selective functionalization of both nitrogen atoms of 
bispidine,2—4 the controlled conformational behav-
ior of its bicyclic framework,5 and pronounced ca-
pability to complexation.6,7 In particular, bispidine 
derivatives were investigated as potential inhibitors 
of serine proteases, including thrombin and factor 
Ха,8,9 as well as inhibitors of Japanese encephali-
tis virus.10

We showed previously11 that symmetric N,N´-di-
substituted derivatives of 3,7-diazobicyclo[3.3.1]-
nonane containing a carboxyl group at position 9 of 
the bicycle exhibit high inhibitory activity against the 
main 3CLpro protease of the SARS-CoV-2 corona-
virus. The present study continues our investigations 
aimed at the search for highly effi  cient inhibitors of 
the main protease of SARS-CoV-2. Taking into ac-
count the known data on the biological activity of 
N-benzylbispidin-9-ols8 and the high inhibitory 
activity of symmetric N,N´-diamides of bispidine,11 
in this work, we synthesized a series of non-symmet-
ric N-benzylbispidin-9-ol amides with diff erent 
amide groups and studied their biological activity.

Results and Discussion

The following principles were used when N-benz-
ylbispidinol amides 1a—j were designed: 1) the 
carbonyl group at position 9 of the bicycle was re-
placed with a hydroxyl group to prevent covalent 
binding with the enzyme; 2) the N-benzyl substituent 
at one nitrogen atom was present in all compounds 
since N,N´-dibenzylbispidine was one of the most 
active compounds in the series of symmetric deriv-
atives; 11 3) substituents in the amide fragment at the 
second nitrogen atom were varied. It should be noted 
that the choice of the latter substituents was based 
both on the previous experimental data and on the 
new data of computer modelling.

Synthesis of target compounds. Formyl derivative 
1a was obtained in 64% yield by benzylation of 
5,7-dimethyl-1,3-diazaadamantan-6-one and sub-
sequent opening of the diazaadamantane cycle in the 
presence of KOH (5 equiv.), which was accompanied 
by the ketone group reduction (Scheme 1).12 

Amides 1b—h were obtained in yields from 58 to 86% 
by acylation of N-benzyl-1,5-dimethylbispidin-9-ol 
(2) with equimolar amounts of corresponding acyl 
chlorides 3 in acetonitrile in the presence of triethyl-
amine as a base at room temperature (Scheme 2).

Scheme 2

 Compound 1 Yield (%) Compound 1 Yield (%)
 b 58 f 86
 c 69 g 76
 d 66 h 80
 e 80  

Amides 1i and 1j were prepared in the 50 and 54% 
yields by acylation of N-benzyl-1,5-dimethylbispid-

R = H (a), Me (b), Ph (c),  (d),  (e), 

  (f),  (g),  (h), 

  (i),  (j)

Scheme 1

Reagents and conditions: i. BnCl, C6H6, , 6 h; ii. KOH (5 equiv.), 
H2O, ~ 20 C, 12 h.
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in-9-ol (2) with hydrochlorides of isonicotinoyl and 
nicotinoyl chlorides, respectively, in the presence of 
triethylamine (2 equiv.) in acetonitrile at room tem-
perature (Scheme 3).

Scheme 3

R =  (i),  (j)

All synthesized compounds were fully character-
ized by modern physicochemical methods of analy-
sis such as 1Н and 13С NMR spectroscopy and high 
resolution mass spectrometry.

Molecular modelling. Currently, a large number 
of chemical compounds have been found that can 
inhibit the activity of the main protease of SARS-
CoV-2 due to non-covalent interactions with the 
amino acids of the active center of the enzyme.13—17 
The search for non-covalent inhibitors based on the 
bispidine platform signifi cantly expands the knowl-
edge about their possible antiviral eff ect. Because the 
replacement of the carbonyl group at position 9 of 
the bicycle with a hydroxyl group was performed in 
order to prevent covalent binding to the enzyme, our 
eff orts were directed to modeling the possible non-
covalent interactions of new derivatives with the 
active site of the main protease of SARS-CoV-2. 
Both the estimated energy of interactions in the li-
gand—receptor complex and the formation of non-
covalent bonds between the atoms of the new de-
rivatives and the catalytic amino acid residue Cys145, 
as well as the amino acid residue His41 involved in 
the catalytic process were taken into account.

As a result of the evaluation of the molecular 
docking, the minimum binding energy values (E) 
shown in Fig. 1 were obtained. 

On the whole, compounds 1a—j exhibit higher 
binding energy (lower affi  nity) with the active center 
of the main protease of SARS-CoV-2 as compared 
to the ML188 inhibitor. According to the data of the 
authors of the X-ray diff raction model of the non-
covalent interactions between the ML188 inhibitor 

and the main protease of SARS-CoV-2, the inhibi-
tory activity is associated with the stabilization of the 
fl exible loop structures of the main protease active 
site in the 141—145 chain region and with the non-
covalent interactions with the amino acid residues 
Cys145 and His41, which perform the catalytic func-
tion of the enzyme.16 A branched molecular structure 
of the ML188 inhibitor readily occupies pockets of 
the active center of the main protease, realizing 
a series of non-covalent interactions with amino 
acids in the 141—145 chain region due to the accep-
tor oxygen atoms of its furan ring and due to its 
amide group, as well as due to the π-system of its 
pyridine ring. The catalytically active amino acid 
residue Cys145 binds to the π-system of the furan 
cycle of the inhibitor through non-covalent interac-
tions with the cysteine sulfur atom. The stacking 
interaction between the phenyl ring of the inhibitor 
and the His41 imidazole ring provides additional 
stabilization of the inhibitor in the active site, pre-
venting the catalytic function of the enzyme. Further 
stabilization of the ML188 conformation in the active 
center of the main protease is provided by the inter-
actions with Met49, His163, and Glu166 (Fig. 2, a).

–7

–6

–5

–4

E/kcal mol–1

ML188 1g 1h 1c 1j 1a 1e 1f 1d 1i 1b
         Compound

Fig. 1. The results of the estimated function of docking in com-
parison with the co-crystallized inhibitor ML188 (the minimum 
binding energy E is not true energy, it is considered as an estim-
ated value).
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Among the new bispidine derivatives, a group of 
compounds (1e—g) stands out. They have uniform 
arrangement in the active site of the main protease 
of SARS-CoV-2 (Fig. 2, b, c, e, f). Their bulky hydro-
phobic bispidine framework is located in the space 
occupied by the tert-butylamino group of the ML188 
inhibitor, while their unsymmetrical side substituents 

are located in the regions of the active site, where the 
ML188 pyridine ring and its tert-butylphenyl group 
are located. This arrangement of these derivatives 
makes it possible to mimic three of four pharma-
cophoric groups of ML188. Apparently, this conform-
ation of the bispidine derivatives is best suited for the 
occupation of a majority of pockets of the active site. 

a b
Clu166

His163
Leu141

Cys145

Asn142

Gly143

Glu166

Cys145

Gln189

His41
Cys44

Glu166

Cys145

Gln189

Cys44

His41

His41

Met49

Asn142

Gly143

Cys145

His41

c d

Cys145

His41

Cys44

Met165

Cln189

e f

Fig. 2. Specifi c features of the location of new bispidine derivatives and the ML188 inhibitor in the active site of the main protease of 
SARS-CoV-2 (non-covalent interactions between the compounds and the active site are shown by dashed lines): ML188 (a), super-
position of structures 1e—h (1g is yellow, 1h is green, 1e is orange, 1f  is blue) in the active site (b), 1g (c), 1h (d), 1e (e), 1f (f). 
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It is interesting to note that compound 1h (Fig. 2, d) 
having a slightly bulkier side substituent than com-
pound 1g because of the presence of the intermedi-
ate six-membered ring is unable to occupy the same 
position in the active site of the main protease, which 
results in the displacement of its bispidine framework 
towards the center of the active site. Conformations 
of compounds 1e and 1f diff er minimally, as well as 
their estimated binding energies. 

The majority of the new bispidine derivatives 
(1b,c,f—j) are capable of stacking interactions with 
the aromatic system of the amino acid residue His41 
due to the π-system of one of side substituents. The 
strong non-covalent interaction with the Cys145 
amino acid residue is characteristic of compounds 
1c and 1e only; in this case, the sulfur atom of the 
SH group of Cys145 interacts with the π-systems of 
side substituents of these derivatives. Lake in the case 
of the ML188 inhibitor, additional stabilizing hydro-
gen bonds are formed by compounds 1a—c,e,g,i with 
the Glu166 amino acid residue. Possibly, compounds 
1d and 1h can interact with amino acid residues of 
the 141—145 chain region due to the correspondence 
of their molecular structures to this region, which, 
however, distances them from the amino acid residue 
Glu166. A specifi c feature of bispidine derivatives, 
which diff ers them from the ML188 inhibitor, con-
sists in their interactions with amino acid residues 
Gln189 and Cys44. 

Biological testing. In order to verify the predicted 
biological activity, all compounds 1a—j were tested 
for the ability to inhibit the main viral protease 
3CLpro using a method previously developed by us.11 
The method consists in the measure of the fl uores-
cence level of a peptide substrate interacting with 
the sensitive 3CLpro fragment. The 3CLpro activity 
was determined  using the fluorogenic substrate 
DabcylKTSAVLQ↓SGFRKME(Edans)NH2. This 
substrate contains two fl uorescent dyes selected in 
such a way as to realize the eff ect of the Förster 
resonance energy transfer (FRET). The substrate 
hydrolysis results in the disappearance of the condi-
tions required for FRET to occur, leading to an in-
crease in the fl uorescence intensity. The addition of 
potential inhibitor s into the enzyme—substrate sys-
tem makes it possible to evaluate the inhibitory activ-
ity on the basis of the change in the fl uorescence 
increase rate. The IC50 value corresponds to the test 
compound concentration that reduces the fl uores-
cence level by 50% of the value observed without an 

inhibitor. As reference compounds, we used well-
known protease inhibitors МL188 and disulfi ram,18 
the semi-inhibitory concentrations IC50 of which are 
1.56±0.55 and 6.25±1.97 mol L–1, respectively. 

All tested compounds, except for compound 1g 
containing 1,4-dihydroindeno[1,2-c]pyrazole frag-
ment, exhibited no activity. In the case of compound 
1g, the IC50 concentration was 100±5.7 mol L –1. 
It should be noted for comparison that symmetrically 
N,N´-disubstituted 1,5-dimethylbispidin-9-one con-
taining two fragments of 1,4-dihydroindeno[1,2-c]-
pyrazole, which, according to computer docking, 
covalently binds to the Cys145 amino acid residue 
of the main protease 3CLpro, has an IC50 concentr-
ation of 13.0±2.1 mol L –1.11 It is noteworthy that 
for compound 1g, which showed moderate activity 
against the main protease, the calculated binding 
energy was the highest among all considered bispidine 
derivatives. 

In modern medicinal chemistry, publications on 
inactive compounds or compounds with low activity 
are controversial and may be considered not impor-
tant,19 while the compounds themselves may be 
regarded as irrelevant. However, data on these com-
pounds are important for the development of com-
puter-aided drug design methods,20 which make it 
possible to build, optimize, and evaluate new chem-
ical objects. 

Thus, in this work, a series of non-symmetric 
amides of N-benzylbispidin-9-ol (eight of which have 
not been reported before) were synthesized, their 
molecular modelling was carried out, and their in-
hibitory activity against the main protease 3CLpro 
of the SARS-CoV-2 virus was studied. It is found 
that N-benzyl-N´-acylbispidin-9-ols exhibit no pro-
nounced inhibitory activity in contrast to symmetric 
N,N´-disubstituted bispidinones. Nonetheless, it is 
shown that compound 1g may be promising for sub-
sequent modifi cations to obtain compounds with 
high inhibitory activity. 

Experimental

NMR spectra were recorded on a Bruker Avance 400 
spectrometer (operating frequencies are 400 MHz for 1Н 
and 101 MHz for 13С) at 298 К using SiMe4 as an internal 
standard. High resolution mass spectra (HRMS) using 
electrospray ionization (ESI) were recorded on a Bruker 
MicrOTOF II spectrometer. The course of reactions and 
the purity of the synthesized compounds were monitored 
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by TLC on the Merck TLC Silica gel 60G F254 plates. All 
used reagents and solvents (of 90.0—99.9% purity) were 
those commercially available (Sigma-Aldrich, ABCR, 
Acros Organics). If necessary, they were further purifi ed 
to analytical purity by standard procedures immediately 
before use. Parent N-benzyl-1,5-dimethylbispidin-9-ol 2 
and compound 1a were prepared by known methods.12 
Acyl chlorides RC(O)Cl 3 (R = Me, Ph, C4H3S) were 
obtained from commercial sources, hydrochlorides of 
isonicotinoyl21 and nicotinoyl22 chlorides were synthesized 
using the corresponding methods, other acyl chlorides 
were prepared by the method reported previously.11

Synthesis of compounds 1b—h (general procedure). 
Corresponding acyl chloride 3 (1.9 mmol) and triethyl-
amine (0.19 g, 0.27 mL, 1.9 mmol) were added to a sus-
pension of N-benzyl-1,5-dimethylbispidin-9-ol (2) (0.495 g, 
1.9 mmol) in dry acetonitrile (20 mL). The reaction mix-
ture was stirred at room temperature for 6 h. The course 
of the reaction was monitored by TLC (using a CHCl3—
MeOH (5 : 1) mixture as an eluent). After completion of 
the reaction, the reaction mixture was poured into ice 
water (50 mL), the formed precipitate was fi ltered off  and 
dried under reduced pressure in a vacuum desiccator over 
P2O5 to a constant sample weight.

1-(7-Benzyl-9-hydroxy-1,5-dimethyl-3,7-diaza bi-
cyclo [3.3.1]nonan-3-yl)ethan-1-one (1b). Colorless solid. 
Yield 0.333 g (58%). 1Н NMR (400 MHz, CDCl3), δ: 0.87 
(s, 3 Н, CCH3); 0.92 (s,  3 Н, CCH3); 1.98 (s, 3 H, 
NCOCH3); 2.27—2.33 (m, 2 H, H(8a)/H(6a)*, H(8e)/
H(6e)); 2.37—2.48 (m, 3 Н, H(6e)/H(8e), H(6a)/H(8a) + 
+ OH); 2.58 (d, 1 H, H(4a), J = 11.1 Hz); 2.96 (d, 1 H, 
H(2a), J = 13.4 Hz); 3.10 (d, 1 H, CH2Ph, J = 12.6 Hz); 
3.22 (s, 1 H, CHOH); 3.46—3.52 (m, 2 H, CH2Ph, H(2e)); 
4.61 (d, 1 H, H(4e), J = 13.5 Hz); 7.18—7.33 (m, 5 H, 
Ph). 13С NMR (101 MHz, CDCl3), δ: 20.84 (CCH3), 
20.91 (CCH3), 21.87 (NCOCH3), 35.71 (C(1)/C(5)), 
36.09 (C(5)/C(1)), 51.53 (C(2)/C(4)/C(6)/C(8)), 56.55 
(C(4)/C(2)/C(6)/C(8)), 56.63 (C(6)/C(2)/C(4)/C(8)), 
57.77 (C(8)/C(2)/C(4)/C(6)), 62.90 (CH2Ph), 77.77 
(CHOH), 126.64 (Ph), 127.73 (Ph), 128.88 (Ph), 138.11 
(Ph), 168.71 (C=O). HRMS: m/z 303.2067 [M + H]+. 
Calculated for C18H27N2O2

+: M = 303.2067.
(7-Benzyl-9-hydroxy-1,5-dimethyl-3,7-diazabi-

cyclo [3.3.1]nonan-3-yl)(phenyl)methanone (1c). Colorless 
solid. Yield 0.478 g (69%). 1Н NMR (400 MHz, 
DMSO-d6), δ: 0.62 (s, 3 H, CCH3); 0.77 (s, 3 H , CCH3); 
2.12 (d, 1 H, H(6a)/H(8a), J = 10.7 Hz); 2.23—2.31 (m, 
2 H, H(8a)/H(6a), H(8e)/H(6e)); 2.37 (d, 1 H, H(6e)/
H(8e), J = 10.6 Hz); 2.65 (d, 1 H, H(4a), J = 13.4 Hz); 
3.03 (d, 1 H, H(2a), J = 13.4 Hz); 3.11—3.16 (m, 2 Н, 
CHOH + CH2Ph); 3.42 (d, 1 H, CH2Ph, J = 13.3 Hz); 
3.53 (d, 1 H, H(2e), J = 13.4 Hz); 4.48 (d, 1 H, H(4e), 

J = 13.4 Hz); 4.95 (s, 1 H, OH); 7.16—7.43 (m, 10 H, 
2 Ph). 13С NMR (101 MHz, DMSO-d6), δ: 21.04 (CCH3), 
21.43 (CCH3), 35.68 (C(1)/C(5)), 36.15 (C(5)/C(1)), 
51.72 (C(2)/C(4)/C(6)/C(8)), 56.83 (C(4)/C(2)/C(6)/
C(8)), 57.38 (C(6)/C(2)/C(4)/C(8)), 57.82 (C(8)/C(2)/
C(4)/C(6)), 63.02 (CH2Ph), 75.53 (CHOH), 126.62 (Ph), 
126.72 (Ph´), 128.15 (Ph´), 128.30 (Ph), 128.64 (Ph), 
128.77 (Ph´), 137.36 (Ph´), 138.39 (Ph), 168.02 (C=O). 
HRMS: m/z 365.2229 [M + H]+. Calculated for 
C23H29N2O2

+: 365.2224. 
(7-Benzyl-9-hydroxy-1,5-dimethyl-3,7-diazabi-

cyclo [3.3.1]nonan-3-yl)(thiophen-2-yl)methanone (1d). 
Colorless solid. Yield 0.465 g (66%). 1Н NMR (400 MHz, 
DMSO-d6), δ: 0.70 (s, 3 H, CCH3); 0.78 (s, 3 H, CCH3); 
2.1 5—2.24 (m, 3 Н, H(6a)/H(8a), H(8a)/H(6a), H(8e)/
H(6e)); 2.34 (d, 1 H, H(6e)/H(8e), J = 10.6 Hz); 2.67 (d, 
1 H, H(4a), J = 13.4 Hz); 3.11—3.27 (m, 3 H, CH2Ph, 
CHOH); 3.35 (d, 1 H, H(2a), J = 12.9 Hz); 3.90 (d, 1 H, 
H(2e), J = 13.2 Hz); 4.46 (d, 1 H, H(4e), J = 13.4 Hz); 
4.96 (d, 1 H, OH, J = 5.1 Hz); 7.06 (dd, 1 H, thiophene, 
J = 5.0 Hz, J = 3.6 Hz); 7.10—7.29 (m, 6 H, Ph + thio-
phene); 7.68 (d, 1 H, thiophene, J = 5.0 Hz). 13С NMR 
(101 MHz, DMSO-d6), δ: 21.10 (CCH3), 21.33 (CCH3), 
35.81 (C(1)/C(5)), 36.26 (C(5)/C(1)), 52.34 (C(2)/C(4)/
C(6)/C(8)), 57.14 (C(4)/C(2)/C(6)/C(8)), 57.47 (C(6)/
C(2)/C(4)/C(8)), 57.52 (C(8)/C(2)/C(4)/C(6)), 62.95 
(CH2Ph), 75.45 (CHOH), 126.64 (Ph), 126.79 (thio-
phene), 128.04 (thiophene), 128.30 (Ph), 128.51 (thio-
phene), 128.62 (Ph), 138.53 (Ph), 161.78 (C=O). HRMS: 
m/z 371.1798 [M + H]+. Calculated for C21H27N2O2S+: 
371.1788.

(7-Benzyl-9-hydroxy-1,5-dimethyl-3,7-diazabi-
cyclo [3.3.1]nonan-3-yl)(1-methyl-5-phenyl-1H-pyrazol-
3-yl)methanone (1е). Colorless solid. Yield 0.678 g (80%). 
1Н NMR (400 MHz, CDCl3), δ: 0.90 (s, 3 H, CCH3); 
0.98 (s, 3 H, CCH3); 2.28 (d, 1 H,  H(6a)/H(8a), J = 11.2 Hz); 
2.36—2.45 (m, 3 H, H(8a)/H(6a), H(8e)/H(6e), OH); 
2.62—2.69 (m, 2 Н, H(4a), H(6e)/H(8e)); 3.09 (d, 1 H, 
H(2a), J = 13.6 Hz); 3.22 (d, 1 H, CH2Ph, J = 13.1 Hz); 
3.29 (s, 1 H, CHOH); 3.44 (d, 1 H, CH2Ph, J = 13.0 Hz); 
3.85 (s, 3 H, NCH3); 4.65 (d, 1 H, H(2e), J = 13.6 Hz); 
4.78 (d, 1 H, H(4e), J = 13.6 Hz); 6.69 (s, 1 H, Pyr); 
7.10—7.31 (m, 5 H, Ph); 7.40—7.55 (m, 5 H, Ph). 13С NMR 
(101 MHz, CDCl3), δ: 21.04 (CCH3), 21.10 (CCH3), 
35.95 (C(1)/C(5)), 36.27 (C(5)/C(1)), 37.47 (NCH3), 
52.34 (C(2)/C(4)/C(6)/C(8)), 56.66 (C(4)/C(2)/C(6)/C(8)), 
56.78 (C(6)/C(2)/C(4)/C(8)), 57.49 (C(8)/C(2)/C(4)/C(6)), 
62.83 (CH2Ph), 78.31 (CHOH), 108.08 (Pyr), 126.30 
(Ph), 127.60 (Ph), 128.35 (Ph + Ph´), 128.67 (Ph), 129.67 
(Ph´), 138.12 (Ph), 143.54 (Pyr), 146.18 (Pyr), 162.54 
(C=O). HRMS: m/z 445.2602 [M + H]+. Calculated for 
C27H33N4O2

+: 445.2598. 
(7-Benzyl-9-hydroxy-1,5-dimethyl-3,7-diazabi cyclo-

[3.3.1] nonan-3-yl)(1-methyl-5-(thiophen-2-yl)-1H-pyr-
azol-3-yl)methanone (1f). Colorless solid. Yield 0.735 g 

* Here and below, through a slash, atoms are indicated for which 
an exact assignment is impossible.
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(86%). 1Н NMR (400 MHz, CDCl3), δ: 0.89 (s, 3 H, 
CCH3); 0.98 (s, 3 H, CCH3); 2.20—2.48 (m, 4 H, H(6a )/
H(8a), H(8a)/H(6a), H(8e)/H(6e), OH); 2.62—2.68 (m, 
2 H, H(4a), H(6e)/H(8e)); 3.08 (d, 1 H, H(2a), J = 13.7 Hz); 
3.19 (d, 1 H, CH2Ph, J = 12.9 Hz); 3.28 (s, 1 H, CHOH); 
3.45 (d, 1 H, CH2Ph, J = 12.9 Hz); 3.92 (s, 3 H, NCH3); 
4.64 (d, 1 H, H(2e), J = 13.6 Hz); 4.78 (d, 1 H, H(4e), 
J = 13.6 Hz); 6.79 (s, 1 H, Pyr); 7.11—7.26 (m, 7 Н, Ph, thio-
phene); 7.44 (d, 1 H, thiophene, J = 5.0 Hz). 13С NMR 
(101 MHz, CDCl3), δ: 21.00 (2CCH3), 35.96 (C(1)/C(5)), 
36.24 (C(5)/C(1)), 37.78 (NCH3), 52.37 (C(2)/C(4)/
C(6)/C(8)), 56.52 (C(4)/C(2)/C(6)/C(8)), 56.73 (C(6)/
C(2)/C(4)/C(8)), 57.55(C(8)/C(2)/C(4)/C(6)), 62.86 
(CH2Ph), 78.17 (CHOH), 108.91 (Pyr), 126.32 (Ph), 
126.55 (Ph), 126.88 (Ph), 127.32 (thiophene), 127.58 
(thiophene), 128.69 (thiophene), 130.17 (thiophene), 
136.67 (Pyr), 138.04 (Ph), 146.19 (Pyr), 162.18 (C=O). 
HRMS: m/z 451.2163 [M + H]+. Calculated for 
C25H31N4O2S+: 451.2162.

(7-Benzyl-9-hydroxy-1,5-dimethyl-3,7-diaza bi cyclo-
[3.3.1] nonan-3-yl)(1-methyl-1,4-dihydroindeno [1,2-c]-
pyrazol-3-yl)methanone (1g). Colorless solid. Yield 0.659 g 
(76%). 1Н NMR (400 MHz, CDCl3), δ: 0.91 (s, 3 H, 
CCH3); 0.99 (s, 3 H, CCH3); 2.21—2.48 (m, 4H, H(6a)/
H(8a),  H(8a)/H(6a), H(8e)/H(6e), OH), 2.62—2.69 (m, 
2 Н, H(4a), H(6e)/H(8e)), 3.11 (d, 1 H, H(2a), J = 13.7 
Hz); 3.19 (d, 1 H, CH2Ph, J = 13.0 Hz); 3.30 (s, 1 H, 
CHOH); 3.43 (d, 1 H, CH2Ph, J = 13.1 Hz); 3.79 (d, 2 H, 
CH2, J = 5.0 Hz); 4.09 (s, 3 H, NCH3); 4.82 (d, 1 H, 
H(2e), J = 13.5 Hz); 5.03 (d, 1 H, H(4e), J = 13.6 Hz); 
7.00—7.10 (m, 3 H, Ph); 7.18 (d, 2 H, Ph, J = 7.2 Hz); 
7.26—7.30 (dd, 1 Н, Ph, J = 7.4 Hz, J = 7.5 Hz); 7.37 
(dd, 1 Н, Ph, J = 7.4 Hz, J = 7.5 Hz); 7.52—7.56 (m, 2 Н, 
Ph). 13С NMR (101 MHz, CDCl3), δ: 21.06 (2CCH3), 
29.79 (CH2), 36.01 (C(1)/C(5)), 36.28 (C(5)/C(1)), 37.71 
(NCH3), 52.39 (C(2)/C(4)/C(6)/C(8)), 56.40 (C(4)/C(2)/
C(6)/C(8)), 56.61 (C(6)/C(2)/C(4)/C(8)), 57.44 (C(8)/
C(2)/C(4)/C(6)), 62.76 (CH2Ph), 78.25 (CHOH), 117.87 
(Pyr), 125.91 (Ph´), 126.09 (Ph´), 126.21 (Ph´), 126.30 
(Ph), 127.42 (Ph), 128.45 (Ph), 129.33 (Ph´), 131.27 
(Ph´), 138.13 (Ph), 140.62 (Pyr), 148.71 (Ph´), 148.97 
(Pyr), 162.04 (C=O). HRMS: m/z 457.2596 [M + H]+. 
Calculated for C28H33N4O2

+: 457.2598.
(7-Benzyl-9-hydroxy-1,5-dimethyl-3,7-diazabicyclo-

[3.3.1] nonan-3-yl)(1-methyl-4,5-dihydro-1H-benzo [g]-
indazol-3-yl)methanone (1h). Colorless solid. Yield 0.715 g 
(80%). 1Н NMR (400 MHz, CDCl3), δ: 0.90 (s, 3 H, 
CCH3); 0.98 (s, 3 H, CCH3); 2.31 (d, 1 H, H(6a)/H(8a), 
J = 11.3 Hz); 2.35 (d, 2 H, H(8e)/H(6e), OH, J = 11.5 Hz); 
2.43 (d, 1 H, H(8a)/H(6a), J = 11.2 Hz); 2.58—2.67 (m, 
2 Н, H(4a), H(6e)/H(8e)); 2.82—3.15 (m, 5 H, H(2a), 
2 CH2); 3.26 (s, 1 H, CHOH); 3.30 (d, 1 H, CH2Ph, 
J = 13.2 Hz); 3.38 (d, 1 H, CH2Ph, J = 13.1 Hz); 4.12 
(s, 3 H, CH3); 4.60 (d, 1 H, H(2e), J = 13.5 Hz); 4.76 (d, 
1 H, H(4e), J = 13.5 Hz); 7.09—7.40 (m, 8 H, Ph); 7.58 

(d 1 H, Ph, J = 7.7 Hz). 13С NMR (101 MHz, CDCl3), 
δ: 19.61 (CH2), 21.19 (CCH3), 21.29 (CCH3), 30.25 
(CH2´), 35.91 (C(1)/C(5)), 36.29 (C(5)/C(1)), 39.42 
(NCH3), 52.16 (C(2)/C(4)/C(6)/C(8)), 56.73 (C(4)/
C(2)/C(6)/C(8)), 56.93 (C(6)/C(2)/C(4)/C(8)), 57.23 
(C(8)/C(2)/C(4)/C(6)), 62.64 (CH2Ph), 78.40 (CHOH), 
120.31 (Pyr), 121.63 (Ph´), 126.27 (Ph´), 126.34 (Ph´), 
126.58 (Ph), 127.30 (Ph´), 127.60 (Ph), 128.50 (Ph´), 
128.61 (Ph), 137.42 (Pyr), 137.94 (Ph´), 138.11 (Ph), 
141.40 (Pyr), 162.88 (C=O). HRMS: m/z 471.2756 
[M + H]+. Calculated for C29H35N4O2

+: 471.2755. 
Synthesis of compounds 1i and 1j (general procedure). 

Hydrochloride of isonicotinoyl chloride (in the case of 1i) 
or nicotinoyl chloride (in the case of 1j) in the amount of 
1.9 mmol and triethylamine (0.39 g, 0.53 mL, 3.8 mmol) 
were added to a suspension of benzylbispidinol (2) (0.495 g, 
1.9 mmol) indry acetonitrile (20 mL). The reaction mix-
ture was stirred at room temperature for 6 h. The comple-
tion of the reaction was checked by TLC (using a CHCl3—
MeOH (5 : 1) mixture as an eluent). Then, the reaction 
mixture was poured into ice water (50 mL). The formed 
precipitate was fi ltered off  and dried under reduced pres-
sure in a vacuum desiccator over P2O5 to a constant 
sample weight.

(7-Benzyl-9-hydroxy-1,5-dimethyl-3,7-diazabicyclo-
[3.3.1] nonan-3-yl)(pyridin-4-yl)methanone (1i). Colorless 
solid. Yield 0.329 g (50%). 1Н NMR (400 MHz, CDCl3), 
δ: 0.80 (s, 3 H, CCH3); 0.94 (s, 3 H, CCH3); 2.25—2.33 
(m, 2 H, H(6a)/H(8a), OH); 2.37—2.44 (m, 2 Н, H(8a)/
H(6a), H(8e)/H(6e)); 2.65 (d, 1 H, H(6e)/H(8e), 
J = 11.2 Hz); 2.70 (dd, 1 H, H(4a), J = 13.7 Hz, J = 2.2 Hz); 
2.97 (d, 1 H, H(2a), J = 13.5 Hz); 3.27 (s, 1 H, CHOH); 
3.32 (d, 1 H, CH2Ph, J = 13.2 Hz); 3.42 (dd, 1 H, H(2e), 
J = 13.4 Hz, J = 2.1 Hz); 3.54 (d, 1 H, CH2Ph, J = 13.2 Hz); 
4.71 (dd, 1 H, H(4e), J = 13.7 Hz, J = 2.1 Hz); 7.13—7.19 
(m, 2 H, Py); 7.24—7.43 (m, 5 H, Ph); 8.58 (d, 2 H, Py, 
J = 5.4 Hz). 13С NMR (101 MHz, CDCl3), δ: 20.67 
(CCH3), 20.87 (CCH3), 35.70 (C(1)/C(5)), 36.18 
(C(5)/C(1)), 51.78 (C(2)/C(4)/C(6)/C(8)), 56.73 (C(4)/
C(2)/C(6)/C(8)), 57.33 (C(6)/C(2)/C(4)/C(8), C(8)/
C(2)/C(4)/C(6)), 63.14 (CH2Ph), 77.21 (CHOH), 120.85 
(Py), 126.73 (Ph), 128.06 (Ph), 128.72 (Ph), 137.42 (Ph), 
144.34 (Py), 149.60 (Py), 166.49 (C=O). HRMS: m/z 
366.2185 [M + H]+. Calculated for C22H28N3O2

+: 
366.2176.

(7-Benzyl-9-hydroxy-1,5-dimethyl-3,7-diazabicyclo-
[3.3.1] nonan-3-yl)(pyridin-3-yl)methanone (1j). Colorless 
solid. Yield 0.375 g (54%). 1Н NMR (400 MHz, CDCl3), 
δ: 0.79 (s, 3 H, CCH3); 0.93 (s, 3 H, CCH3); 2.28 (dd, 
1 H, H(6a)/H(8a), J = 11.3 Hz, J = 2.3 Hz); 2.34—2.44 
(m, 2 H, H(8a)/H(6a), H(8e)/H(6e)); 2.47—2.59 (m, 1 H, 
OH); 2.64 (d, 1 H, H(6e)/H(8e), J = 11.2 Hz); 2.71 (dd, 
1 H, H(4a), J = 13.7 Hz, J = 2.2 Hz); 3.02 (dd, 1 H, H(2a), 
J = 13.4 Hz, J = 1.9 Hz); 3.26 (s, 1 H, CHOH); 3.30 (d, 
1 H, CH2Ph, J = 13.2 Hz); 3.48—3.56 (m, 2 H, CH2Ph, 
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H(2e)); 4.72 (dd, 1 H, H(4e), J = 13.7 Hz, J = 2.1 Hz); 
7.18—7.37 (m, 6 H, Ph, Py), 7.63 (dt, 1 H, py, J = 7.8 Hz, 
J = 1.9 Hz); 8.59—8.61 (m, 2 H, Py). 13С NMR (101 MHz, 
CDCl3), δ: 20.71 (CCH3), 20.89 (CCH3), 35.68 (C(1)/C(5)), 
36.23 (C(5)/C(1)), 51.99 (C(2)/C(4)/C(6)/C(8)), 56.66 
(C(4)/C(2)/C(6)/C(8)), 57.35 (C(6)/C(2)/C(4)/C(8)), 
57.75 (C(8)/C(2)/C(4)/C(6)), 63.03 (CH2Ph), 77.43 
(CHOH), 123.05 (Py), 126.65 (Ph), 127.99 (Ph), 128.54 
(Ph), 132.38 (Py), 134.48 (Py), 137.45 (Ph), 147.37 (Py), 
149.65 (Py), 166.59 (C=O). HRMS: m/z 366.2180 
[M + H]+. Calculated for C22H28N3O2

+: 366.2176.
Molecular modelling. Molecular modeling was carried 

out in the Schrodinger Maestro visualization environ-
ment using applications from the Schrödinger Small 
Molecule Drug Discovery Suite 2016-1 program package 
(Schrödinger, LLC, 2016). The 3D structures of the de-
rivatives were obtained empirically in the LigPrep applica-
tion using the OPLS3 force fi eld.23 All possible tauto-
meric forms of compounds and various states of polar 
protons of molecules at pH 7.0±2.0 were taken into ac-
count. The X-ray diff raction model of the main protease 
of SARS-CoV-2 (PDB ID 7L0D) was used in the calcul-
ations.16 Modeling of the possible mechanism of non-
covalent inhibition of the main protease was performed 
by molecular docking of compounds to the binding site of 
the ML188 inhibitor using the Glide application.24 The 
search area for the scoring function was selected auto-
matically based on the size and physicochemical proper-
ties of the ML188 inhibitor. The XP (Extra Precision) 
algorithm of increased docking accuracy was used. Docking 
was performed using the score in place mode, i.e., in 
comparison with the calculation of the scoring function 
for the ML188 inhibitor in the coordinates of the X-ray 
diff raction model. Non-covalent interactions of com-
pounds at the binding site were visualized using the Biovia 
Discovery Studio Visualizer program (v.17.2, San Diego: 
Dassault Systèmes, 2016).

Measurement of inhibitory activity against the viral 
protease. The 3CLpro activity was measured using the fl u-
orogenic substrate Dabcyl KTSAVLQ↓SGFRKME(Edans)
NH2 on a CLARIOstar Plus microplate reader (BMG 
Labtech, Germany) with the use of wavelengths of 355 and 
460 nm for excitation and detection, respectively. The 
reaction mixtures were prepared in a 384-well plate, in-
cubated for 30 min; the measurements were carried out at 
30 С. Each well contained one reaction mixture consist-
ing of Tris HCl buff er (pH 7.3, 20 mmol of tris (hydr-
oxymethyl)aminomethane), NaCl (100 mmol), EDTA 
(1 mmol), DTT (dithiotreitol, 1 mmol)), substrate (10 mol), 
an inhibitor (400 mol), and 3СLpro (3•10–7 mol). The 
instrument was calibrated using a peptide solution sub-
jected to complete hydrolysis. The fl uorescence value of 
this mixture was taken as 80%. The measurements were 
carried out in the kinetic scan mode (50 cycle of 10 s). All 
experiments were repeated three times (n = 3). Calculations 

were performed using the accompanying MARS Data 
Analysis software (BMG LABTECH, Germany). The IC50 
value corresponded to the test compound concentration 
that reduced the fl uorescence level by 50% of the value 
observed without an inhibitor.
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