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1 INTRODUCTION

The etherification reaction is widely used in the
synthesis of medically important compounds based on
pentacyclic triterpenoids. The most prominent exam�
ples are the antiulcer preparation carbenoxolon
(hemisuccinyl�glycyrrhetic acid disodium salt) [1],
anti�HIV agent Bevirimat with the new mechanism of
action [(3',3'�dimethylsuccinyl)betulin acid] [2, 3],
and glycyrrhizin (niglizin) nicotinoates possessing a
wide spectrum of activity [4–8]. The present study
describes the synthesis of triterpenoid acylates with
nicotinic (3�pyridincarbon) acid and demonstrates
the results of the screening of the antiviral activity of
some new and several previously described com�
pounds of this class.

RESULTS AND DISCUSSION

Oleanolic (I), glycyrrhetic (V), ursolic (VII), and
betulinic (IX) acids and betulin (XI) have been used as
the primary compounds for the synthesis.

The acylation of triterpenoids (I), (III), (V), (VII),
(IX), (XI), and (XVI) by nicotinic chloranhydride has
been conducted via boiling in pyridine with a cata�
lyzing amount of dimethylaminopyridine (Schemes 1,
2). The reactions with triterpenoids (I), (V), (VII), and
(IX) involved a 1.5�fold excess of chloranhydride;
reaction products (II), (VI), (VIII), and (X) have been
purified via recrystallization. Regioselective betulin
acylation (XI) has been conducted in an analogous

1 Corresponding author; phone/fax: (347)2356066; e�mail:
obf@anrb.ru.

way except for at room temperature with the formation
of 28�ortho�nicotinoylbetulin (XII), also known as 3β�
ortho�hemisuccinate (XIII). Interestingly, derivative
(XII) is oxidized by chromium oxide (VI) via heating
in acetic acid involving C3�OH groups and the isopro�
penyl fragment simultaneously with the formation of
3,20�dioxoderivative (XIV). Nicotinoylbetulin (XII)
oxidation by the Jones reagent in acetone resulted in
ketone synthesis (XV) (Scheme 2).

As a result of the reaction between diol (olean�12�
en�3,28�diol) (III) and 20�oxobetulin (messagenin)
(XVI) with a 3�fold excess of nicotinic chloranhydride,
3β,28�di�ortho�nicotinates (IV), (XVII) have been syn�
thesized. 28�ortho�Nicotinoylbetulin (XII) has been
transformed into the 2(3)�dehydroderivative (XVIII)
characterized as a ketone (XIX) by pyridine treatment
by thionyl chloride.

Natural and synthetic triterpenoid derivatives are
considered to be a new group of viral reproduction
inhibitors. The possibility of many betulin derivatives
to suppress the reproduction of the influenza virus and
enterovirus ECHO6 [11–13] have been detected in the
present study together with their antiviral activity
against HIV�1, HIV�2, and the herpes simplex virus
[9, 10]. The present study included the investigation of
the antiviral activity of several acylates (Schemes 1–3)
relative to respiratory infections, B and C hepatitis
viruses, and the papilloma virus. The activity has been
studied in the departments of the National Institute of
Allergy and Infectious Diseases (NIAID, United
States) according to the methods described at
www.niaid�aacf.org.
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Compounds (X), (XX) have been established as pos�
sessing low toxicity (IС50 = 185 and >100 μM, respec�
tively) and to have no impact on the replication of the
DNA of hepatitis B viruses (HBV) under a 10�μM
concentration. The degree of suppression of nucleic
acid replication of the hepatitis C viruses (HCV) for
compound (X) in a concentration of 20 μM was 88.3%
and the cytotoxicity (doze of vial cells) was 35% (SI <
10). These parameters were 65.6 and 75.7%, respec�
tively, SI > 1 for compound (XX). This points to the
toxicity of compound (X) in the investigated concen�
tration, while derivative (XX) was shown to be slightly
toxic relative to the replication of the HCV nucleic
acid.

The high activity of compound (XX) relative to the
papilloma virus (strain HPV�11) with the selectivity
index SI 35 was detected. The SI was 10 for compound
(X) with the demonstrated light cytotoxicity. Accord�
ingly, this is the first time the triterpenoids activity was
demonstrated against the papilloma virus.

While studying the activity of the synthesized com�
pounds relative to the reproduction of viral respiratory
infection agents (table), 28�ortho�methoxycyn�
namoylbetulin (XXII) was established to possess high
activity against the influenza A virus (H1N1) with SI >
100. At the same time, compounds (II), (IV) demon�

strated no suppressing activity against the influenza A
virus (H7N1).

Accordingly, effective inhibitors of the influenza
and papilloma viruses have been selected from triter�
penoid acylates.

EXPERIMENTAL
1Н� and 13C NMR spectrums have been registered

via a Bruker AM�300 spectrometer (Germany), 300
and 75.5 MHz, respectively, (δ, ppm, KSSV, Hz) in
CDCl3, with tetramethylsilane as the internal stan�
dard. The melting temperatures have been detected via
a Boetius microtable. The optical absorbance has been
measured via a Perkin�Elmer 241 MC polarimeter
(Germany) in a tube 1 dm in length. TLC analysis was
conducted on Sorbfil plates (ZAO Sorbpolimer, Rus�
sia) using the system of solvents of chloroform–ethyl
acetate 40 : 1. The substances were detected by 10%
sulfuric acid with subsequent heating at 100–120°С
over the course of 2–3 min. An Ozon�2K ozonizer
(Russia) was used for ozonation. Column chromatog�
raphy was carried out on neutral Al2O3 (Reachim).
Oleanolic (I), glycyrrhetic (V), ursolic (VII), and bet�
ulinic (IX) acids have been obtained as previously
described [14–17]. Betulin (XI) was extracted accord�
ing to [4]. Nicotinic chloranhydride was synthesized
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Reaction conditions: (a) 1.5�fold excess of NicCl/pyridine, DMAP, 115°C; (b) LiAlH4/THF;
(c) 3�fold excess of NicCl/pyridine, DMAP, 115°C.
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according to study [18]. Compounds (XX)–(XXII)
were synthesized according to [4, 19, 20].

Methods of the synthesis of compounds (II), (IV),
(VI), (VIII), (X), (XII), and (XVII). Nicotinic chlora�
nhydride in an amount of 1.5 mmol (for substances (I),
(III), (V), (VII), (IX), (XI), (XVI)) or 3 mmol (for sub�
stances (II), (VI), (VIII), (X), (XII))—the catalytic
amount of dimethylaminopyridine—was added to a
solution containing 1 mmol of compounds (I), (III),
(V), (VII), (IX), (XI), and (XVI) in dry pyridine. To
obtain compound (XII), the reaction mixture was
mixed at the room temperature, while to obtain com�
pounds (II), (IV), (VI), (VIII), (X), (XVII), it was boiled
for 4 h with a backflow condenser. The reaction mix�
ture was poured into 200 ml 5% HCl; the pellet was fil�
tered, washed with water, and dried; and the residue
was recrystallized from the ethanol and purified on a
chromatographic column.

3β�ortho�Nicotinoylolean�12�ene�28�oic acid (II).
Yield was 0.47 g (85%) after recrystallization. Rf 0.15.

Tm 220–222°С.  + 98° (c 0.5, CHCl3). Found, %:
C 77.08; H 9.05; N 2.28. C36H51NO4 (Mr 561.80). Cal�
culated, %: C 76.97; H 9.15; N 2.49. 1H NMR spec�
trum: 0.79, 0.81, 0.87, 0.91, 0.99, 1.01, 1.11 (21 Н, 7 s,

α[ ]D
20

7 СН3), 1.13–2.03 (23 H, m, CH, СН2), 2.85 (1 H, d,
J 10.4, H18), 4.75 (1 H, t, J 8.4, H3), 5.30 (1 H, s,
H12), 7.41 (1 H, dd, J 4.9, 4.7, H5'), 8.24 (1 H, ddd,
J 5.1, 2.1, 1.8, H4'), 8.75 (1 H, t, J 4.6, H6'), 9.21 (1 H,
dd, J 1.9, 7.0, H2'). 13C NMR spectrum: 14.2, 15.3,
16.9, 17.1, 18.2, 22.9, 23.4, 23.6, 25.6, 27.4, 28.2,
30.6, 31.4, 32.6, 32.9, 33.6, 36.9, 38.0, 38.1, 39.4,
41.2, 41.7, 45.7, 47.5, 48.3, 55.3, 82.2 (C3), 122.9
(C12), 123.2 (C5'), 126.7 (C3'), 136.9 (C4'), 143.2
(C13), 150.8 (C2'), 153.2 (C6'), 164.8 (OC=O), 172.8
(COOH).

3β,28�Di�ortho�nicotinoylolean�12�ene (IV).
LiAlН4 in an amount of 155.8 mg (4.1 mmol) was
added to a solution containing 1 mmol oleanolic acid
(I) in dry THF and boiled for 3 h. Н2О in an amount
of 3 ml was added to the reaction mixture, the Аl(ОН)3

pellet was filtered, the water layer was extracted by
chloroform (3 × 60 ml) and dried by СаСl2, and the sol�
vent was evaporated in a vacuum. The residue contain�
ing erythrodiol (III) was acylated by nicotinic chlora�
nhydride according to the method mentioned above.

Yield was 0.44 g (68%). Rf 0.27. Tm 99–101°С.  +
76° (c 0.5, CHCl3). Found, %: C 77.05; H 8.70; N 4.19.

α[ ]D
20

Reaction conditions: (a) 1.5�fold excess of NicCl/pyridine, DMAP, 122°C; (b) succinic anhydride, pyridine, 115°C;
pyridine, (c) CrO3, AcOH, 60°C; (d) Jones reagent/acetone; (e) O3, CH2Cl2; (f) 3�fold excess 

of NicCl/pyridine, DMAP, 115°C; (g) SOCl2, pyridine, 115°C.

R O

CH2OR CH2ONic

X

O

CH2OR

O

R O

CH2ONic

X

2

1

2

1

(XI) R1 = R2 = H (XII) R1 = H, R2 = Nic
a

(XIII) R1 = C(=O) (CH2)2COOH, R2 = Nic

(XIV) X = O

(XV) X = CH2

c

db

ge

(XVI) R1 = R2 = H

(XVII) R1 = R2 = Nic

(XVIII) X = CH2

(XIX) X = O
f c

Scheme 2. 



774

RUSSIAN JOURNAL OF BIOORGANIC CHEMISTRY  Vol. 36  No. 6  2010

KAZAKOVA et al.

CH2OR

RO NicO

CH2ONic1

(XX) R = R1 = Nic

(XXII) R = H, R1 = OCH3CHC(=O)CH

(XXI)

Scheme 3. 

C42H56N2O4 (Mr 652.92). Calculated, %: C 77.26; H
8.64; N 4.29. 1H NMR spectrum: 0.89, 0.91, 0.99,
1.00, 1.11, 1.19, 1.21 (21 Н, 7 s, 7 СН3), 1.22–2.20 (28
H, m, CH, СН2), 4.00 and 4.36 (2 H, both d, J 11.1,
H28), 4.76 (1 H, t, J 11, H3), 5.22 (1 H, d, J 3.4, H12),
7.38 and 7.40 (2 H, both dd, J 8.0, 4.0, H5', H5''), 8.28
and 8.31 (2 H, both ddd, J 8.0, 1.9, 4.0, H4', H4''), 8.76
and 8.78 (1 H, both dd, J 4.0, 1.9, H6', H6''), 9.22 and
9.24 (2 H, both d, J 1.9, H2', H2''). 13C NMR spec�
trum: 15.5, 16.7, 16.9, 17.1, 18.2, 22.4, 23.5, 25.6,
26.0, 28.2, 29.6, 30.9, 31.6, 32.4, 33.1, 33.9, 36.2,
36.8, 38.0, 38.2, 39.8, 41.6, 42.5, 46.1, 47.5, 55.3, 71.5
(C28), 82.2 (C3), 122.9 (C5'), 123.2 (C5''), 123.3
(C12), 126.4 (C3'), 126.7 (C3''), 136.9 (C4'), 136.9
(C4''), 143.4 (C13), 150.8 (C2'), 150.8 (C2''), 153.2
(C6'), 153.3 (C6''), 164.9 and 165.2 (OC=O).

3β�ortho�Nicotinoyl�11�oxoolean�12�ene�30�oic
acid (VI). Yield was 0.50 g (87%) after recrystalliza�

tion. Rf 0.17. Tm 194–196°С.  + 138° (c 0.5,
CHCl3). Found, %: C 75.24; H 8.48; N 2.33.
C36H49NO5 (Mr 575.79). Calculated, %: C 75.10; H
8.58; N 2.43. 1H NMR spectrum: 0.81, 0.92, 1.00,
1.11, 1.14, 1.15, 1.41 (21 Н, 7 s, 7 СН3), 1.00–2.21 (20
H, m, CH, СН2), 2.38 (1 H, s, H9), 2.90 (1 H, d, J
12.2, H18), 4.80 (1 H, t, J 5.6, H3), 5.72 (1 H, s, H12),
7.41 (1 H, dd, J 7.9, 4.0, H5'), 8.31 (1 H, d, J 7.9, H4'),
8.80 (1 H, dd, J 4.0, 7.9, H6'), 9.21 (1 H, d, J 1.6, H2').
13C NMR spectrum: 16.3, 16.9, 17.3, 18.6, 23.3, 23.5,
26.3, 26.41, 28.1, 28.4, 28.4, 30.9, 31.8, 32.6, 36.9,
37.7, 38.3, 38.6, 40.9, 43.1, 43.7, 45.4, 48.1, 54.9, 61.5
(C8), 82.1 (C3), 123.4 (C5'), 126.9 (C3'), 128.3 (C12),
137.4 (C4'), 150.2 (C2'), 152.6 (C6'), 164.6 (C13),
169.5 (OC=O), 180.9 (COOH), 200.0 (C11).

3β�ortho�Nicotinoylursan�12�ene�28�oic acid
(VIII). Yield was 0.50 g (90%) after recrystallization.

Rf 0.16. Tm 152–154°С.  + 66° (c 0.3, CHCl3).
Found, %: C 76.87; H 9.27; N 2.33. C36H51NO4 (Mr

561.80). Calculated, %: C 76.97; H 9.15; N 2.49. 1H
NMR spectrum: 0.87, 0.91, 0.97, 0.99, 1.00, 1.02, 1.11

α[ ]D
20

α[ ]D
20

(21 Н, 7 s, 7 СН3), 1.16–2.00 (23 H, m, CH, СН2), 2.2
(1 H, d, J 11.1, H18), 4.75 (1 H, t, J 8.0, H3), 5.21–
5.31 (1 H, m, H12), 7.38 (1 H, dd, J 5.1, 4.8, H5'), 8.25
(1 H, ddd, J 4.1, 1.0, 1.6, H4'), 8.76 (1 H, t, J 5.2, H6'),
9.21 (1 H, dd, J 2.1, 5.9, H2'). 13C NMR spectrum:
15.5, 17.1, 17.4 (C29), 18.2, 21.1 (C30), 23.4, 23.6,
24.2, 27.9, 28.3, 30.6, 33.0, 35.6, 36.9, 38.1, 38.13,
38.3, 39.0, 39.1, 39.7, 42.2, 47.5, 49.8, 52.6, 55.4, 82.3
(C3), 123.3 (C5'), 126.1 (C3'), 126.8 (C12), 137.0
(C13), 137.9 (C4'), 150.9 (C2'), 153.3 (C6'), 165.0
(OC=O), 172.6 (COOH).

3β�ortho�Nicotinoyl�lupa�12�ene�28�oic acid (X).
Yield was 0.45 g (80%) after recrystallization. Rf 0.19.

Tm 155–157°С.  + 28° (c 0.5, CHCl3). Found, %:
C 77.08; H 9.03; N 2.29. С36Н51NО4 (Mr 561.80). Cal�
culated, %: C 76.97; H 9.15; N 2.49. 1H NMR spec�
trum: 0.82, 0.89, 0.91, 0.98, 0.99 (15 Н, 5 s, 5 СН3),
1.67 (3 H, s, H30), 1.10–2.00 (25 H, m, CH, СН2),
2.28 (1 H, m, H19), 4.61–4.81 (3 H, m, H3, H 29),
7.42 (1 H, dd, J 7.8, 4.9, H5'), 8.32 (1 H, ddd, J 7.8,
1.1, 1.3, H4'), 8.80 (1 H, dd, J 4.1, 1.1, H6'), 9.21 (1 H,
d, J 1.3, H2'). 13C NMR spectrum: 14.6, 16.0, 16.1,
16.7, 18.2, 19.4, 20.9, 23.7, 25.4, 28.1, 29.7, 30.6,
32.2, 34.2, 37.09, 37.13, 38.15, 38.2, 38.4, 40.7, 42.4,
46.6, 49.3, 50.4, 55.5, 56.3, 82.4 (C3), 109.6 (C29),
123.4 (C5'), 126.9 (C3'), 137.3 (C4'), 150.4 (C2'),
150.5 (C20), 152.8 (C6'), 164.8 (OC=O), 181.3
(C28).

3β�Hydroxy�28�ortho�nicotinoyl�lupa�20(29)�ene
(XII). Yield was 0.49 g (90%) after recrystallization. Rf

0.59. Tm 112–114°С.  + 16° (c 0.5, CHCl3).
Found, %: C 79.04; H 9.80; N 2.45. C36H53NO3

(Mr 547.82). Calculated, %: C 78.93; H 9.75; N 2.56.
1H NMR spectrum: 0.77, 0.85, 0.98, 1.01, 1.08 (15 Н,
5 s, 5 СН3), 1.01–2.00 (25 H, m, CH, СН2), 1.70 (3 H,
s, H30), 2.50 (1 H, dt, J 5.8, 10.6, H19), 3.20 (1 H, dd,
J 10.6, 5.2, H3), 4.12 and 4.55 (2 H, both d, J 10.9,
H28), 4.54 and 4.66 (2 H, both s, H29), 7.42 (1 H, dd,
J 8.0, 4.0, H5'), 8.31 (1 H, ddd, J 8.0, 1.2, 1.3, H4'),
8.78 (1 H, dd, J 4.0, 1.3, H6'), 9.23 (1 H, d, J 1.2, H2').

α[ ]D
20

α[ ]D
20
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Antiviral activity of triterpenoid acylates against respiratory infections*

Compound Virus** Strain EC50, µg/ml IC50, µg/ml SI

(II) H1N1 California/07/2009 30 >100 >3.3

H3N2 Brisbane/10/2007 32 33 1

H5N1 Vietnam/1203/2004H >100 >100 0

Virus type B Florida/4/2006 >100 >100 0

(IV) H1N1 California/07/2009 31 >100 >3.2

H3N2 Brisbane/10/2007 >100 >100 0

(VIII) H1N1 California/07/2009 >100 >100 0

H3N2 Brisbane/10/2007 >100 >100 0

(X) H1N1 California/07/2009 31 >100 >3.2

H3N2 Brisbane/10/2007 >100 >100 0

H5N1 Vietnam/1203/2004H 26 >100 >3.8

Virus type B Florida/4/2006 29 86 3

SARS Urbani >5.6 5.6 0

Adeno 65089/Chicago >24 24 0

Rhinovirus type 2 HGP >17 17 0

(XII) H5N1 Vietnam/1203/2004H >12 12 0

H3N2 Brisbane/10/2007 >100 >100 0

H5N1 Vietnam/1203/2004H >34 34 0

Virus type B Florida/4/2006 >19 19 0

(XVII) H1N1 California/07/2009 16 >200 >13

H3N2 Brisbane/10/2007 >100 >100 0

(XIX) H1N1 California/07/2009 46 91 2

H3N2 Brisbane/10/2007 >9.5 9.5 0

H5N1 Vietnam/1203/2004H >100 >100 0

Virus type B Florida/4/2006 57 >100 >1.8

(XX) H1N1 California/07/2009 61 >100 >1.6

H3N2 Brisbane/10/2007 >100 >100 0

H5N1 Vietnam/1203/2004H 44 >100 >2.3

Virus type B Florida/4/2006 29 >100 >3.4

SARS Urbani >42 42 0

Adeno 65089/Chicago >87 87 0

Rhinovirus type 2 HGP >60 60 0

(XXI) H1N1 California/07/2009 23 >100 >4.3

H3N2 Brisbane/10/2007 >100 >100 0

(XXII) H1N1 California/07/2009 2 >200 >100

H3N2 Brisbane/10/2007 >100 >100 0

H5N1 Vietnam/1203/2004H 39 72 1.8

Virus type B Florida/4/2006 >48 48 0

  *The study was conducted in departments of the National Institute of Allergy and Infectious Diseases, Maryland, United States (www.niaid�
aacf.org).

**In other cases, virus type A strain.
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13C NMR spectrum: 14.7, 15.3, 16.0, 16.7, 18.3, 19.1,
20.8, 22.6, 23.6, 25.2, 27.1, 28.0, 29.2, 29.8, 34.0,
34.6, 36.9, 37.3, 38.2, 38.7, 40.9, 42.7, 46.7, 48.8,
50.3, 55.7, 63.0 (C28), 78.8 (C3), 109.9 (C29), 123.3
(C5'), 126.4 (C3'), 137.1 (C4'), 149.8 (C2'), 150.7
(C20), 153.3 (C6'), 165.5 (OC=O).

3β�Hemisuccinyl�28�ortho�nicotinoyl�lupa�20(29)�ene
(XIII). Succinic anhydride in an amount of 4 mmol
was added to a solution containing 0.55 g (1 mmol) of
compound (XII) in 10 ml pyridine and boiled for 4 h
with a backflow condenser and poured into 50 ml 5%
HCl; the residue was filtered, washed by water, dried,
and crystallized from the ethanol. Yield was 0.55 g

(85%). Rf 0.20. Tm 130–132°С.  + 13° (c 0.3,
CHCl3). Found, %: C 74.25; H 8.77; N 2.05.
C40H57NO6 (Mr 647.89). Calculated, %: C 74.15; H
8.87; N 2.16. 1H NMR spectrum: 0.83, 0.88, 0.92,
0.99, 1.01 (15 Н, 5 s, 5 СН3), 1.10–2.00 (25 H, m, CH,
СН2), 1.65 (3 H, s, H30), 2.50 (1 H, dt, J 5, 11, 11,
H19), 2.62–2.69 (4 H, m, H1'', H2''), 4.05 (1 H, d, J
11, H28), 4.48–4.73 (3 H, m, H28, H29), 4.11–4.20
(1 H, m, H3), 7.45 (1 H, dd, J 7.9, 4.8, H5'), 8.33 (1
H, ddd, J 7.9, 1.2, 1.8, H4'), 8.81 (1 H, dd, J 4.8, 1.8,
H6'), 9.21 (1 H, d, J 1.2, H2'). 13C NMR spectrum:
14.8, 16.0, 16.1, 16.5, 18.1, 19.1, 20.8, 23.6, 25.2,
27.1, 27.9, 29.1, 29.5 (C1''), 29.9 (C2''), 34.1, 34.6,
37.1, 37.7, 37.8, 38.4, 40.9, 42.7, 46.7, 47.7, 48.8,
50.3, 55.4, 60.4, 63.9 (C28), 81.4 (C3), 110.0 (C29),
123.5 (C5'), 126.0 (C3'), 137.5 (C4'), 149.9 (C2'),
150.2 (C20), 152.8 (C6'), 165.0, 172.0 (OC=O), 176.6
(COOH).

3,20�Dioxo�28�ortho�nicotinoyl�29�norlupan
(XIV). CrO3 in an amount of 0.6 g was added to a solu�
tion containing 0.55 g (1 mmol) of compound (XII) in
50 ml acetic acid and boiled for 4 h with a backflow
condenser and poured into 50 ml of water; the residue
was filtered, washed by water, dried, and purified by
column chromatography; the eluent was chloroform,
chloroform–methanol, 10 : 1. Yield was 0.35 g (65%).

Rf 0.30. Tm 195–197°С.  + 28° (c 0.3, CHCl3).
Found, %: C 76.60; H 8.89; N 2.36. C35H49NO4 (Mr

547.76). Calculated, %: C 76.74; H 9.02; N 2.56. 1H
NMR spectrum: 0.86, 0.98, 1.00, 1.02, 1.08 (15 Н, 5 s,
5 СН3), 1.10–2.10 (24 H, m, CH, СН2), 2.18 (3 H, s,
H30), 2.70 (1 H, dt, J 11.3, 5.2, H19), 4.06 and 4.50 (2
H, both d, J 11.0, H28), 7.31 (1 H, dd, J 8.0, 4.8, H5'),
8.21 (1 H, ddd, J 8.0, 1.7, 1.3, H4'), 8.70 (1 H, dd, J
4.8, 1.7, H6'), 9.18 (1 H, d, J 1.3, H2'). 13C NMR spec�
trum: 14.7, 15.8, 15.9, 19.6, 21.0, 21.4, 26.7, 27.1,
27.3, 27.5, 29.5, 29.7, 33.5, 34.0, 34.5, 36.7, 36.9,
39.5, 40.8, 42.7, 46.8, 47.3, 49.3, 49.6, 51.9, 54.9, 63.4
(C28), 123.4 (C5'), 126.9 (C3'), 137.0 (C4'), 150.9
(C2'), 153.5 (C6'), 165.3 (OC=O), 211.2 (C20), 217.8
(C3).

3�Oxo�28�ortho�nicotinoyl�lupa�20(29)�ene (XV).
The Jones reagent in an amount of 1.6 ml in 5 ml ace�
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tone was added by drops to a solution containing
0.55 g (1 mmol) of compound (XII) in 30 ml of ace�
tone at 0°С within 30 min. The reaction mass was
mixed at 0°С for 4 h, followed by the addition of 1 ml
MeOH and was poured into ice (10 g). The residue was
filtered, washed by water, and dried; the residue was
dissolved in 20 ml СНСl3 and passed through a layer
(1 cm) of Al2O3; the solvent was evaporated in a vac�
uum; and the residue was recrystallized from the etha�
nol. Yield was 0.46 g (85%). Rf 0.30. Tm 128–130°С.
Found, %: C 79.01; H 9.48; N 2.37. C36H51NO3
(Mr 545.80). Calculated, %: C 79.22; H 9.42; N 2.57.
1H NMR spectrum: 0.85, 0.93, 0.93, 0.98, 1.02 (15 Н,
5 s, 5 СН3), 1.63 (3 H, s, H30), 0.99–2.30 (24 H, m,
CH, СН2), 2.42 (1 H, m, H19), 4.06 and 4.50 (2 H,
both d, J 11, H28), 4.53 and 4.63 (2 H, both s, H29),
7.31 (1 H, dd, J 8.0, 4.8, H5'), 8.21 (1 H, ddd, J 8.0,
1.7, 1.3, H4'), 8.71 (1 H, dd, J 4.8, 1.7, H6'), 9.18 (1 H,
d, J 1.3, H2'). 13C NMR spectrum: 14.7, 15.8, 15.9,
19.1, 19.5, 21.0, 21.2, 25.1, 26.5, 27.0, 29.5, 29.8,
33.4, 34.1, 34.6, 36.8, 37.7, 39.5, 40.8, 42.7, 46.6,
47.3, 47.7, 48.7, 49.6, 54.9, 63.6 (C28), 110.0 (C29),
123.2 (C5'), 126.2 (C3'), 136.9 (C4'), 149.8 (C2'),
150.8 (C20), 153.3 (C6'), 165.5 (OC=O), 217.8 (C3).

3β,28�Di�ortho�nicotinoyl�20�oxo�29�norlupan
(XVII). Ozone was passed through 1 mmol betulin
(XI) in 20 ml CH2Cl2 at –60°С until the disappearance
of the primary substance (THF control). The temper�
ature was brought to room temperature; the solvent
was evaporated in a vacuum. The residue consisting of
20�oxobetulin (XVI) was acylated by nicotinic chlora�
nhydride according to the abovementioned technique.
The reaction product (XVII) was purified by the col�
umn chromatography method; the eluents were ben�
zene and chloroform. Yield was 0.50 g (76%). Rf 0.28.

Tm 138–140°С.  + 7° (c 0.5, CHCl3). Found, %:
C 75.10; H 8.22; N 4.08. C41H54N2O5 (Mr 654.89). Cal�
culated, %: C 75.20; H 8.31; N 4.28. 1H NMR spec�
trum: 0.72, 0.81, 0.89, 0.99, 1.09 (15 Н, 5 s, 5 СН3),
1.11–2.12 (24 H, m, CH, СН2), 2.11 (3 H, s, H30),
2.65 (1 H, dt, J 11.1, 5.9, H19), 3.98 and 4.44 (2 H,
both d, J 11, H28), 4.65 (1 H, dd, J 10.1, 5.7, H3), 7.29
and 7.35 (2 H, both dd, J 8.0, 3.9, H5', H5''), 8.23 and
8.26 (2 H, both ddd, J 8.0, 1.6, 1.3, H4', H4''), 8.72 and
8.74 (2 H, both dd, J 3.9, 1.6, H6', H6''), 9.14 and 9.17
(2 H, both d, J 1.3, H2', H2''). 13C NMR spectrum:
14.6, 15.9, 16.6, 18.0, 19.2, 20.1, 23.5, 26.9, 27.0,
27.3, 27.9, 29.3, 29.5, 33.8, 34.3, 36.4, 36.9, 37.9,
38.2, 40.7, 42.3, 46.5, 49.2, 49.9, 51.4, 55.2, 63.2
(C28), 82.0 (C3), 123.1 (C5'), 123.2 (C5''), 125.9
(C3'), 126.6 (C3''), 152.9 (C6'), 153.0 (C6''), 136.8
(C4'), 136.8 (C4''), 150.6 (C2'), 150.6 (C2''), 165.3
and 164.7 (OC=O), 211.1 (C20).

28�ortho�nicotinoyl�lupa�2(3),20(29)�diene (XVIII).
SOCl2 in an amount of 1 ml was added to a solution
containing 0.55 g (1 mmol) of compound (XII) in
10 ml of pyridine and boiled for 2 h with a backflow
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condenser. The reaction mixture was poured into
50 ml of water and the residue was filtered, washed by
water, and dried. The residue was purified by column
chromatography; the eluents were benzene and chloro�
form. Yield was 0.40 g (76%). Rf 0.42. Tm 112–114°С.

 – 30° (c 0.5, CHCl3). Found, %: C 81.40; H 9.52;
N 2.44. С36Н51NО2 (Mr 529.81). Calculated, %:
C 81.61; H 9.70; N 2.64. 1H NMR spectrum: 0.85,
0.85, 0.98, 1.02, 1.10 (15 Н, 5 s, 5 СН3), 1.10–2.10
(22 H, m, CH, СН2), 1.71 (3 H, s, H30), 2.52 (1 H, dt,
J 5.2, 10.3, H19), 4.12 (1 H, d, J 10.6, H28), 4.55–4.61
(2 H, m, H28, H29), 4.72 (1 H, s, H29), 5.21–5.40
(2 H, m, H2, H3), 7.41 (1 H, dd, J 8.0, 4.0, H5'), 8.31
(1 H, ddd, J 8.0, 1.7, 1.3, H4'), 8.75 (1 H, dd, J 4.0, 1.7,
H6'), 9.25 (1 H, d, J 1.3, H2'). 13C NMR spectrum:
14.6, 15.6, 16.2, 18.9, 19.3, 21.1, 21.9, 25.2, 27.0,
29.5, 29.8, 31.6, 33.2, 34.5, 36.2, 37.7, 37.9, 40.8,
41.1, 42.6, 46.1, 47.6, 48.7, 48.9, 51.9, 63.6 (C28),
109.8 (C29), 121.4 (C2), 123.1 (C5'), 126.2 (C3'),
136.8 (C4'), 137.8 (C3), 149.8 (C2'), 150.7 (C20),
153.2 (C6'), 165.3 (OC=O).

28�ortho�Nicotinoyl�20�oxo�29�norlup�2�ene (XIX).
Compound (XVIII) in an amount of 1 mmol was
obtained analogous to compound (XIV). Yield was

0.37 g (70%). Rf 0.48. Tm 89–91°С.  + 16° (c 0.5
CHCl3). Found, %: C 78.81; H 9.40; N 2.55.
C35H49NO3 (Мr 531.78). Calculated, %: C 79.05; H
9.29; N 2.63. 1H NMR spectrum: 0.89, 0.99, 1.01,
1.04 (15 Н, 5 s, 5 СН3), 1.05–2.00 (22 H, m, CH,
СН2), 2.13 (3 H, s, H30), 2.70 (1 H, dt, J 5.3, 11.4,
H19), 4.00 and 4.48 (2 H, both d, J 11, H28), 5.23–
5.49 (2 H, m, H2, H3), 7.45 (1 H, dd, J 7.9, 4.8, H5'),
8.24 (1 H, ddd, J 7.9, 1.3, 1.6, H4'), 8.72 (1 H, dd, J
4.7, 1.6, H6'), 9.16 (1 H, s, H2'). 13C NMR spectrum:
15.3, 15.6, 15.9, 16.2, 16.8, 17.6, 17.8, 19.0, 20.0,
20.8, 22.2, 26.6, 27.0, 29.1, 29.9, 31.3, 34.1, 35.9,
36.1, 37.7, 39.9, 40.4, 42.6, 51.6, 54.9, 63.0 (C28),
121.0 (C2), 123.0 (C5'), 126.5 (C3'), 136.7 (C4'),
137.5 (C3), 150.3 (C2'), 152.9 (C6'), 164.9 (OC=O),
210.9 (C20).

The methods of the study of the antiviral activity of
compounds (II), (IV), (VIII), (X), (XII), (XVII), and
(XIX–XXII) are described at www.niaid�aacf.org.

The study of the antiviral activity of compounds (II),
(IV) against the influenza A virus (H7N1) was con�
ducted according to [21].
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