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The synthesis of new betulin and ursolic acid derivatives and evaluation of their antiviral activity in vitro
is reported. Betulin was modified at positions C-3, C-20 and C-28 to afford the derivatives with nicoti-
noyl-, methoxycynnamoyl-, alkyne and aminopropoxy-2-cyanoethyl-moieties. The two stage conversion
of betulin to the new ursane-type triterpenoid by treatment of allobetulin with Ac2O–HClO4 is suggested.
Cyanoethylation of ursonic acid oxime led to cyanoethyloximinoderivative. According to the results of
antiviral screening against human papillomavirus type 11 the selectivity index for tested triterpenoids
has a range from 10 to 35 with no cellular cytotoxicite, the most remarkable activity was found for
3b,28-di-O-nicotinoylbetulin. 3b,28-Dihydroxy-29-norlup-20(30)-yne was also active against HCV repli-
con (EC50 1.32; EC90 16.82; IC50 12.41; IC90 >20; SI50 9.4; SI90 >1.19). 28-O-Methoxycynnamoylbetulin was
active against influenza type A virus (H1N1) (EC50 2; IC50 >200; SI >100).

� 2010 Elsevier Ltd. All rights reserved.
Betulin 1 and ursolic acid (UA) 2 belong to a large family of pen-
tacyclic triterpenoids obtained biosynthetically by cyclic reactions
from squalene. Betulin is a major constituent of the bark of white
birches1 and UA was found in various plants.2 These triterpenoids
exhibit a variety of biological activities including antitumor3 and
antiviral4 activities. Reports on the antiviral properties of betulin,
UA and their derivatives mainly involve effects on DNA viruses.4–

6 Bevirimat [3-O-(30,30-dimethylsuccinyl)-betulinic acid] has been
shown to inhibit HIV-1 maturation by a previously undescribed
mechanism.4 Some C-28 substituted betulinic acid derivatives dis-
played selective anti-HIV-2 activity at nanomolar concentrations.7

Betulin alone and in combination with aciclovir has been reported
to inhibit Herpes simplex virus types I and II.8 Betulinic and betu-
lonic acids are also active against HSV, as well as against influenza
A and ECHO-6 picornavirus.9,10 The synergistic effect of combina-
tion of rimantadine and betulin-derived compounds against repro-
duction influenza virus type A (H1N1, H7N1, H3N2) and B in vivo is
established.11 Furthermore, 3-epi-betulinic acid 3-O-sulfates was
recently demonstrated to inhibit HSV, influenza A, and respiratory
syncytial virus (RSV).12 The significant synergistic effects of betulin
derivates when combined with 30-amino-30-deoxy-adenosine
against Semliki Forest virus was shown.13 Thus, recent data pro-
vide evidence for the sensitivity of RNA viruses toward betulin
compounds.

Papillomaviruses are small, non-enveloped DNA viruses that in-
fect and replicate in the cutaneous or mucosal epithelia of human
and other mammals.14 There are over 80 types of human papillo-
mavirus (HPV), which cause conditions ranging from plantar
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(HPV1) and genital warts (HPV6 and -11) to cervical cancer
(HPV16, - 18, and -31). HPV6 and -11 are also responsible for lar-
yngeal papillomatosis, a rare but very serious infection of the respi-
ratory tract. Antiviral agents capable of specifically inhibiting PV
replication could play an important role in the treatment of these
diseases, but unfortunately no such efficient antiviral agent exists
at the present time.

It has been known that Birch (Betula species) contains betulin
and betulinic acid, which have antiviral properties against warts.
The antiproliferative and antiviral effects of ursolic acid and dexa-
methasone in (HPV)-associated cervical cancer cells were investi-
gated.15–17 Ursolic acid showed inhibitory effect on the growth of
the HPV-negative cell lines, C33A, and the HPV-positive cell lines,
SiHa (HPV-16), CaSki (HPV-16), and HeLa (HPV-18).15 However,
the abilities of semisynthetic triterpenoids of lupane and ursane
types to inhibit human papillomavirus, especially HPV-11, have
not been reported.

In the process of further development of our research program
dedicated to the investigation of pharmacological potency of plant
metabolites18,19 we describe synthesis of selected betulin and
ursolic acid derivatives which demonstrated the most remarkable
activity against human papillomavirus type 11 among some doz-
ens of compounds (data not shown) tested at the National Institute
of Allergy and Infectious Diseases (NIAID).20

The synthetic routes of betulin derivatives are outlined in
Scheme 1. Betulin 1 was converted to 3b,28-di-O-nicotinoylbetulin
321 and 28-O-methoxycynnamoylbetulin 422 by interaction with
nicotinic or p-methoxycynnamic acid chloride. Acylation of betuli-
nic acid obtained in two-step synthesis from betulin with nicotinic
acid chloride in similar conditions afford 3b-O-nicotinoylbetulinic
acid 5.23 The synthesis of betulin derivative 624 with alkyne moiety
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Table 1
Antiviral activity of compounds 3, 5–9 against HPV-11*

Compound SI

3 35a

5 10b

6 30a

7 25a

8 34a

9 30a

SI—selectivity index.
For protocols and explanations of the test results see website (www.niaid-aacf.org).
* Screening Center: Penn State University, NIAID (National Institute of Allergy and
Infectious Diseases).

a Comment from NIAID: excellent anti-viral activity at single dose tested; no
cellular cytotoxicity.

b Comment from NIAID: excellent anti-viral activity at single dose tested; some
cellular cytotoxicity.

HO

CH2OH

HO

CH2OH

C

AcO

O

N

O

N

6

O
O

1

8

a

b

c

e, f

HC

RO

R1

3  R = R1 =,

5 R =

O

N

, R1 = COOH

7  R = H,  R1 = CH2O(CH2)3NH(CH2)2CN

HO

O

d

H2CO

4 R = H,  R1 = OCH3C
H

C
H

H2CO

O

g

h

Scheme 1. Reagents and conditions: (a) nicotinic acid chloride, pyridine, DMAP, 115 �C, 4 h, 90%; (b) p-methoxycinnamic acid chloride, pyridine, DMAP, rt, 8 h, 73%; (c) (i)
Jones’ oxidation, 75%; (ii) NaBH4, i-PrOH, rt, 2 h, 90%; (iii) nicotinic acid chloride, pyridine, DMAP, 115 �C, 4 h, 85%; (d) (i) Ac2O, pyridine, reflux, 4 h, 92%; (ii) O3, CH2Cl2,
�40 �C, 85%; (iii) POCl3, pyridine, 115 �C, 6 h, 80%; (iv) 5% KOH/EtOH, rt, 3 h, 90%; (e) (i) CH2CHCN, C6H5CH2N(C2H5)3Cl, 40% KOH, 1,4-dioxane, rt, 19 h, column
chromatography, 48%; (ii) H2, Ni-Raney, MeOH, 80 �C, 100 atm, 12 h, 87%; (f) CH2CHCN, C6H5CH2N(C2H5)3Cl, 40% KOH, 1,4-dioxane, rt, 16 h, column chromatography, 42%; (g)
p-TsOH, CHCl3, reflux, 2 h, 90%; (h) Ac2O, few drops HClO4, reflux, 8 h, 55%.
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instead of isopropenyl group at C-20 was achieved by sequence of
reactions by interaction of 3b,28-diacetoxy-20-oxo-29-norlupan
with POCl3 in pyridine under reflux. Cyanoethylation of betulin 1
with acrylonitrile followed by catalytic hydrogenation and again
cyanoethylation led to triterpenoid 725 bearing aminopropoxy-2-
cyanoethylmoiety at C-28. The access to ursane-type triterpenoid
826 in yield 55% was realized when betulin 1 was at first trans-
formed to allobetulin and then treated by Ac2O–HClO4. Cyanoeth-
ylation of ursonic acid oxime led to cyanoethyloximinoderivative
927 (Scheme 2).

Results of antiviral screening against HPV-11 for compounds 3,
5–9 are shown in Table 1. Selectivity index has a range from 10
(compound 5) with some cellular cytotoxicity to 35 (compound
3) when cytotoxicity was not observed. Remarkably, that according
to our previous data 3b,28-di-O-nicotinoylbetulin 3 has already
shown hepatoprotective, anti-ulcer, anti-inflammatory, immuno-
modulatory activity in vivo and anti-HIV activity in vitro.28
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Scheme 2. Reagents and conditions: (a) (i) Jones’ oxidation, 80%; (ii) NH2OH�HCl, pyridine, 115 �C, 3 h, 89%; (iii) CH2CHCN, 40% KOH, 1,4-dioxane, rt, 6 h, 86%.
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Moreover, compound 6 was active against HCV replicon (EC50

1.32; EC90 16.82; IC50 12.41; IC90 >20; SI50 9.4; SI90 >1.19). Com-
pound 6 has low toxicity (CC50 >100 lM) and no influence on
HBV DNA replication at 10 lM concentration.

Compounds 3, 5–9 were not active against viruses of respiratory
panel (Adeno, Flu A (H1N1; H3N2; H5N1), Flu B, SARS, Rhinovirus
Type 2) and Herpes simplex HSV-1, HSV-2. On the other hand, 28-
O-methoxycynnamoylbetulin 4 was active against influenza type A
virus (H1N1) (EC50 2; IC50 >200; SI >100).

In conclusion, we have found new betulin and ursolic acid
derivatives with promising antiviral activity against human papil-
lomavirus type 11 and influenza virus type A (H1N1). Further syn-
thesis and biological evaluation are currently in progress.
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