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Oxidation of dihydroquinopimaric acid methyl ester and its derivatives with dimethyldioxirane results in
the formation of a nontrivial derivative and hemiacetals in high yields with excellent regioselectivity, as
is demonstrated for an unsaturated diol. The structures of the products were confirmed by X-ray crystal-
lographic analysis. Dihydroquinopimaric acid and its nontrivial derivative are found to be moderately
active against influenza virus type A and the papilloma virus.

� 2010 Elsevier Ltd. All rights reserved.
Abietane diterpenoids (e.g., abietic, dehydroabietic and levo-
pimaric acids) are an important class of natural products which
have been used as enantiomerically pure starting materials for
the production of highly effective drugs, chiral reagents and poly-
mers.1–4 In particular, 12-sulfodehydroabietic acid monosodium
salt (ecabet sodium) is an antiulcer drug,5 which also inhibits the
urease activity of Helicobacter pylori,6 whereas a series of podocar-
pic acid amides were identified as liver X receptor agonists.7

Oxyfunctionalization of natural products is an effective method
to obtain new biologically active compounds or their synthons.8

Oxidative transformations of maleopimaric and fumaropimaric
acids usually involve ozone or permanganate oxidation.9 However,
neither of these oxidation methods can be considered for prepara-
tive syntheses of oxyfunctionalized derivatives, particularly due to
the endo-configuration of most Diels–Alder adducts which appears
to complicate access to the double bond for common oxidizing
agents. Moreover, oxidation of quinopimaric acid, except for some
derivatives including dehydroquinopimaric acid,10 has not been
described. In this connection, the development of a method for
the oxyfunctionalization of quinopimaric acid and its derivatives
is highly desirable, especially in view of the recent findings that
quinopimaric acid is a useful starting material for the synthesis
of new anti-inflammatory, antiulcer and antiviral agents.11–13
ll rights reserved.
As part of our ongoing programme on the synthesis of novel
biologically active derivatives of levopimaric acid diene adducts,
we report here the first example of an efficient oxidation of
dihydroquinopimaric acid methyl ester 2,14a its ether derivatives
5 and 614b and non-saturated diol 714c (Scheme 1). Good isolated
yields and high selectivities were obtained with the powerful
and versatile oxygen transfer reagent dimethyldioxirane
(DMDO).15

Oxidation of compound 2 (pathway f, Scheme 1) was accom-
plished with four equiv of DMDO. This simple procedure involved
addition of an aliquot of DMDO to the diterpenoid dissolved in ace-
tone at room temperature. The reaction progress was monitored by
TLC. Isolation of the product was carried out by solvent removal in
vacuo, followed by crystallization of the residue from methanol.
The 1H and 13C NMR spectra were in full agreement with structure
4 and the stereochemistry was confirmed by X-ray crystal analysis
(Fig. 1).16

We propose the following mechanism to account for the forma-
tion of the compound 4 during the oxidation of dihydroquinopim-
aric acid methyl ester 2 with dimethyldioxirane (Scheme 2). This
mechanism implies epoxidation of the double C13(14)� bond fol-
lowed by epoxide ring opening to yield a hydroxy group at C14
and a double bond at C13(15). The hydroxy group is then involved
in cyclization at C4.
� Compounds are numbered in accordance with the Chemical Abstracts system,
quinopimaric acid being a derivative of 1H-4b,12-ethenochrysene (see Ref. 14a).

http://dx.doi.org/10.1016/j.tetlet.2010.01.117
mailto:obf@anrb.ru
http://www.sciencedirect.com/science/journal/00404039
http://www.elsevier.com/locate/tetlet


COOH

+

O

O
COOH

O

O
H H

H

COOR

O

O

1 R=H
2 R=CH3

COOCH3

O

COOCH3

OOH

O

OH

COOCH3

O

O

COOCH3

O

O

COOCH3

OH

OH

COOCH3

O

O

OH

COOCH3

O

O

OH

Levopimaric acid Quinopimaric acid

H

a

b

c

d

e

f

g
g

h

5 6

98

7

34

1
2

3
4

4

1

4b

5
6

6
7

8

9

10

10

10b

11

12

13

14

15

16

17

18

19

20

+

91%

90% 95%

94%

H

H

H

H
H

H H

H

H

H

H

H

H

H

H

H

H

H H

H

H

H

H

H

H

H H

H

H

H H

H

H

H

Scheme 1. Reagents and conditions: (a) Zn/AcOH, 100 �C; (b) CH2N2/Et2O; (c) NaBH4/MeOH, rt; (d) HCl/MeOH; (e) NaBH4/EtOH, reflux; (f) 4 equiv DMDO, acetone, rt; (g)
1 equiv DMDO, acetone, rt; (h) 3 equiv DMDO, acetone, rt.
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It is remarkable that the excess oxidant does not lead to oxida-
tion of the C13(15) double bond of compound 4. Moreover, this iso-
propenyl group remains intact even under treatment with ozone.

When ethers 5 and 6 were treated with DMDO, hemiacetals
817and 918 were obtained in excellent yields (pathways g, Scheme
1). Formation of these compounds can be explained by oxygen
insertion into the C(1)–H bond. In addition to identification by
1H and 13C NMR spectroscopy, the structure of 8 was also con-
firmed by X-ray crystallographic analysis (Fig. 2).17
Reaction of three equiv of DMDO with unsaturated diol 7 (path-
way h, Scheme 1) was expected to result in the formation of a 1,4-
diketo-13(14)-epoxide. However, the presence of an acidic envi-
ronment apparently leads to regioselective formation of an ether
bond at position –C(1)–O–C(13)–, in a manner similar to that
described in our previous work,14c and oxidation of the hydroxy
group at C4 to a ketone resulted in saturated hemiacetal 8.

Dihydroquinopimaric acid (1) was found to be moderately ac-
tive against influenza virus type A (H1N1) (EC50 4.5; IC50 >100; SI



Figure 1. ORTEP plot of compound 4. Displacement ellipsoids are drawn at the 50% probability level. H atoms are represented by circles of arbitrary size.
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Scheme 2. Proposed mechanism for the oxidation of compound 2 to nontrivial derivative 4.

Figure 2. ORTEP plot of compound 8. Displacement ellipsoids are drawn at the 50% probability level.
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>22), whereas its nontrivial derivative 4 was shown to be moder-
ately active against influenza virus type A (H1N1 and H3N2)
(EC50 3.2; IC50 >100; SI >31 and EC50 2.6; IC50 >100; SI >38, respec-
tively). Moreover, compounds 1 and 4 have demonstrated promis-
ing activity against papilloma virus (strain HPV-11; CC50 >50; EC50

<50; SI 30 and CC50 <25; EC50 <25; SI 20, respectively).19

In summary, a method for the synthesis of previously inaccessi-
ble nontrivial quinopimaric acid derivatives by oxidation with
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dimethyldioxirane has been developed which has led to further
successful oxidation of abietane diterpenoids.
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