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OZONOLYSIS OF 11-DESOXOGLYCYRRHETIC ACID
AND ITS DERIVATIVES

L. R. Mikhailova,* M. V. Khudobko,* L. A. Baltina,* UDC 547.598.458.22
0. S. Kukovinets? V. K. Mavrodiev,* and F. Z. Galir?

12-Oxo derivatives of 11-desoxolycyrrhetic acid and its derivatives were produced by oxidative
transformation using ozone. Olean-3,12-dion-30-oic acid was produced for the first time by exhaustive
ozonolysis of 11-desoxoglycyrrhetic acid at -60°C.
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Oxidative transformations of bioactive plant triterpenoids is of great interest for preparing new oxygenated derivatives,
seeking selective oxidizing reagents, and studying structure—activity relationships of derivatives of natural compounds.
Introduction of additional oxygenated functional groups into triterpenoids can significantly affect their biological &e8jity [

Ozone is an effective and ecologically clean oxidant that has been used in various studies to prepare oxygenated
derivatives of oleanolic acid andAglycyrrhetic acid (GLA), the principal triterpenoid from licorice ro@s$ycyrrhiza glabra
L. andG. uralensisFisher). It had been thought that the C12=C13 olefinic bond does not reactwiik  steric hindrance
[4-6]. Prolonged (50 h) ozonation of GLA methyl ester acetate produced the methyl ester of 3-acetoxy-12,138eperay-18
11-on-30-oic acid in 40% yield [5].

The goal of our work was to study transformations of 11-desoxo-GL&n{d its derivative® and3 that were caused

30
by ozone. = *Toor
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1:R=R=H;22R=H,R=Ac;3: R=Me, R =H

Ozonolysis of 11-desoxo-GLAL) in CH,CI, at -60°C until ozone appeared at the outlet from the f{askl the
solution turned blue) and subsequent reduction of the reaction products with Zn powdgC®@HHfor 1 h at 0°C produced
a mixture of products that was separated by column chromatography (CC) over silica gel (SG). Cdrtgg%anikld), which
was identified by its PMR antC NMR spectra as olean-3,12-dion-30-oic acid (Scheme 1), and sthrtirggTLC and PMR
spectrum of which agreed with a known sample, were isolated pure from the oxidation products.

The PMR spectrum &f had seven singlets for methyls and a resonance for pBatdr3 at 2.8 ppm with spin—spin
coupling constant 4 Hz. This was typical of derivative§-afmyrin triterpenoids with oxygenated functional groups on C12
[4, 7]. Thel3C NMR spectrum of had resonances for 30 C atoms including typical resonances for C3=0 and C12=0 at 216.9
and 212.7 ppm, respectively. The chemical shifts for C12 and C13 (50.2 pprm3)HhkeBned were similar to those of
133-H-12-oxo-derivatives of oleanolic acid [8] and confirmed its configuration.
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1. O3, CHClp, —60°C
2. Zn/AcOH
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Scheme 1

It was hypothesized that ozonolysis did not form the molar ozonide but one of canonical stEuctuieshich are
stabilized by elimination of oxygen. Compoundonverts into endb, which isomerizes into ketorde wherea¥, skipping
the formation of epoxid& as proposed in the literature [5], immediately transforms into final kétbreause we could
not isolate it among the reaction products. The 3-hydroxyl underwent oztiaéeich oxidation by oxygen to an oxo group
(Scheme 1).

Ozonation of 11-desoxo-GLA at -60°C in §El,:CH;OH until turning blue and reduction with Zn in gEOOH,
as described above #rproduced 3-hydroxyolean-12-on-30-oic adlfif 42% yield after fractional crystallization from EtOH.
The13C NMR spectrum 08 contained a resonance for carbonyl C3 at 78.7 ppm, like in the spectrum of GLA [9]. Carbonyl
C12 resonated at 213.1 ppm; C13, 50.3 ppm. Molecular ions in LC/MS chemical-ionization (CI) spectra appeared at
(m'2) [M + H]* 473 and [M - H] 471, which agreed with the molecular formulg@,50,. The mother liquor contained a
difficultly separated mixture &, GLA, and 11-deoxy-GLAX), which were identified by thef3C NMR spectra.
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Exhaustive ozonolysis @fat -60°C in CHCI, produced 12-ketorH), which was isolated by fractional crystallization
from CHyOH:CH,ClI, in 48% yield. Carbonyl C12 had CS 212.7 ppm inli@&NMR spectrum o10; C13, 50.8 ppm. The
first precipitate turned out to be the startin@-&cetate of GLAZ), the PMR spectrum of which had singlets for olefinic proton
H12 atd 5.30 ppm and for 8-Ac atd 2.04 ppm.

Ozonolysis o3 in CH,Cl, at -60°C led to a mixture of oxidation products from which 12- and 11-oxo derivatives of
11 (32.5%) andL2 were isolated pure by chromatography. These were characterized by PN aidR spectra and by
comparing the TLC and NMR spectruml&with those of a standard sample of GLA methyl ester.

Thel3C NMR spectrum of 1 contained resonances for C3(OHp&8.6 ppm and C12(=0) at 212.2 ppm. The PMR
spectrum ofl1 had a strong singlet for GB atd 3.72 ppm and resonances for protons of seven methyls at strong field, an
a-carbinol proton ab 3.20 ppm, ang-H13 at3 2.76 ppm (d, J = 4.1 Hz). TR&C NMR spectrum of2was identical to that
of methylglycyrrhéate [9]. Molecular ions [M + H]and [M - Hf hadm/z values of 487 and 485, respectively, which agreed
with the formula GH5q0,.

EXPERIMENTAL

Column chromatography (CC) was performed &&K slica gel (50-150 fraction) (ZAO Sorbopolimer) or aluminum
oxide (Brockmann neutral). TLC used Sorbfil (Sorbopolimer) plates. Spots of compounds were developed with phosphotungstic
acid in EtOH (20%) followed by heating at 110-120°C for 2-3 min.

PMR and'3C NMR spectra were recorded on a Bruker AM 300 spectrometer at operating frequency 300 and 75.5 MHz
in deuteropyridine or CDGlwith TMS internal standard. Resonances in NMR spectra were assigned using COSY and HSQC
correlation spectroscopy and by comparison with literature data for GLA and its derivatives [9, 10]. Molecular ions were
determined by LC/MS on a Shimadzu LCMS-2010 using CI at atmospheric pressure as solutions in methanol or acetonitrile.

11-Desoxo-GLA 1) was prepared by reduction of GLA with Zn and HCI in dioxane as before [11], mp 323-325°C
(ethylacetate), lit. [11] mp 322-325°C. Th&BacetateZ) was prepared by heating 11-desoxo-GLA in a mixture of pyridine
and acetic anhydride and recrystallizing from agueous MeOH, yield 73%, mp 310°C, lit. [12] mp 309-310°C. The methyl ester
of 11-desoxo-GLA§) was prepared by treating a solutiorLah MeOH with an ether solution of diazomethane as described
before [10], mp 248-250°C (CHELCHZOH), lit. [13] mp 248-249°C. Solvents were purified by literature methods [14] and
evaporated in vacuo at 40-50°C.

18BH-Olean-3,12-dion-30-oic Acid (4). Ozonated oxygen was passed through a soluti@n@immol, 0.94 g) in
CH,CI, (100-150 mL) at -60°C until ozone appeared at the outlet of the flask (until the solution turned blue). The temperature
was adjusted to 0°C. The mixture was treated with glacigDCHDH (20 mL) and Zn powder (2 g), stirred for 1 h, and filtered
to remove Zn. The organic phase was treated with saturag€®psolution until the pH was 7, washed with water (3 x
20 mL), dried over MgSg) and evaporated. The dry solid (0.90 g) was chromatographed ovey@ycalumn with elution
by benzene. Fractions that were homogeneous by TLC were combined td §&f@8l g), which was identified by TLC with
a marker, and crude(0.34 g, 36%), which was recrystallized from Et@q0.26 (CHCL:EtOH, 20:1), mp 215-217°C.

PMR spectrum (CDGJ 9, ppm): 0.86 (s, 3H, C8), 0.94 (s, 3H, CK23), 0.96 (s, 3H, CK27), 1.00 (s, 3H,
CH3-26), 1.04 (s, 3H, CKZ24), 1.12 (s, 3H, CK24), 1.18 (s, 3H, Cki25), 1.20-2.00 (m, CH, CHji 2.20-2.80 (m, 5H, CH11,

CH,-2, H-13).

13C NMR spectrum (CDG| &, ppm): 38.4 (C1), 33.8 (C2), 216.9 (C3), 47.3 (C4), 54.8 (C5), 19.5 (C6), 33.8 (C7),
41.4 (C8), 48.9 (C9), 36.6 (C10), 38.5 (C11), 212.8 (C12), 50.3 (C13), 43.8 (C14), 28.9 (C15), 26.3 (C16), 32.0 (C17), 43.8
(C18), 32.8 (C19), 42.2 (C20), 33.8 (C21), 38.3 (C22), 21.1 (C23), 25.5 (C24), 14.8 (C25), 15.8 (C26), 25.9 (C27), 26.9 (C28),
20.8 (C29), 181.9 (C30).

LC/MS (W2): [M + H]* = 472, GgH,704, MW 471.3. The remaining fractions contained a difficultly separated
mixture of ozonolysis products.

33-Hydroxy-188H-olean-12-on-30-oic Acid (9).Ozonated oxygen was passed through a solution of 11-desoxo-GLA
(2mmol, 0.95 g) in ChCl,:CHR0H (5:1, v/v, 150 mL) at -60°C until it became blue. The mixture was treated with Zn powder
in CH;COOH as described above. The solid (0.88 g) was fradljocrystallized from EtOH to affor@ (0.35 g, 42%, first
precipitate) R; 0.5 (CHCL:CHzOH, 5:1), pi] 520 +30° € 0.1, CHCI).
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PMR spectrum (CDG] 6, ppm): 0.80 (s, 3H, CH28), 0.88 (s, 6H, CE23, CH;-24), 0.94 (s, 3H, CK27), 1.00 (s,
3H, CH;-25), 1.15 (s, 3H, Ck26), 1.19 (s, 3H, Ck29), 1.30-2.40 (m, CH, C}jl 3.24 (m, 1Ha-H-3).

13C NMR spectrum (CDG 8, ppm): 38.8 (C1), 26.9 (C2), 78.7 (C3), 38.5 (C4), 55.4 (C5), 16.1 (C6), 33.8 (C7), 41.6
(C8), 49.7 (C9), 37.0 (C10), 39.1 (C11), 213.1 (C12), 50.3 (C13), 43.9 (C14), 28.9 (C15), 26.5 (C16), 31.2 (C17), 45.4 (C18),
32.8 (C19), 42.2 (C20), 33.9 (C21), 38.0 (C22), 18.3 (C23), 23.4 (C24), 15.2 (C25), 15.5 (C26), 26.0 (C27), 26.5 (C28), 20.9
(C29), 181.4 (C30).

LC/MS (M/2): [M + H]* = 473, [M - H] = 471, GgHyg04, MW 472.7.

The mother liquor contained a difficultly separated mixtui@ 6fLA, andl, which were identified by the#?C NMR
spectra (CDG)): 6 184.1, 181.7, 180.8, 180.0 (3C30), 212.6 (C12=0), and 50.2 (C139pp20Q.1 (C11=0), 128.4 (C12),
and 169.2 (C13) ppm (GLA); 144.2 (C13) and 122.5 (C1R) (

18BH-Olean-12-on-30-oic Acid 30-Acetate (10). Ozonated oxygen was passed through a solutidriloinmol,
0.48 g) in CHCI, (50 mL) at -60°C until it became blue. The mixture was treated as desdrdyed[an (1 g)/CHCOOH
(20 mL)] to afford a product (0.50 g) that was fractionally crystallized frorgG@HCH,CI, to afford10 (0.24 g, 48%, second
precipitate) R 0.33 (toluene:ethylacetate, 3:1), mp 263-265°C.

PMR spectrum (CDG| 9, ppm, J/Hz): 0.85, 0.88 (s, 9H, 628, CH;-23, CH;-24), 0.95 (s, 3H, CH27), 1.14 (s,
3H, CH;-25), 1.18 (s, 3H, CK28), 1.20-1.70 (m, CH, C}j, 1.84, 1.86 (both s, 2H, GF2), 2.04 (s, 3H, CKCO), 2.15-2.25
(m, 2H, CH-11), 2.80 (H-13), 4.50 (dd, 1H-H-3, J = 10.7, J = 5.5).

13C NMR spectrum (CDG 8, ppm): 38.4 (C1), 23.4 (C2), 80.9 (C3), 37.7 (C4), 55.2 (C5), 16.6 (C6), 33.8 (C7), 42.7
(C8), 49.5 (C9), 36.9 (C10), 38.8 (C11), 212.7 (C12). 50.2 (C13), 44.3 (C14), 29.2 (C15) 26.4 (C16), 31.9 (C17), 45.4 (C18),
32.1 (C19), 41.5 (C20), 31.1 (C21), 38.0 (C22), 18.2 (C23), 25.9 (C24), 15.3 (C25), 16.3 (C26), 25.5 (C27), 26.9 (C28), 20.8
(C29), 181.9 (C30), 21.2, 170.9 (gED).

LC/MS (m/2): [M + H]* = 515, GoH5,05, MW 514.7.

The first precipitate (0.2 g) turned out to be star@nghich was identified by TLC with a marker, mp 309-310°C,
and PMR spectrum. PMR spectrum (CR@, ppm, J/Hz): 0.80, 0.85, 0.90, 1.10, 1.17 (all s, 21H, 3)CHO04 (s, 3H,
CH;CO), 4.5 (dd, 1Hg-H-3, J = 11.2, J = 6.6), 5.30 (s, 1H, H-12).

Ozonolysis of 11-Desxo-GLA Methyl Ester. Ozonated oxygen was passed through a solutiBr{dmmol, 0.98
g) in CH,Cl,:CHZOH until a stable blue color developed. The mixture was reduced with Zn powdes@QOCH (2 g/20 mL)
at 20-22°C for 12 h, filtered, washed with saturategd solution and water, and dried over MgsSolvent was removed
in vacuo. The solid (0.98 g) was chromatographed over a SG column with elution by@H{OH (200:1 and 100:1, v/v)
to afford a mixture (0.46 g) d2and11in a 2:1 ratio according to PMR. The mixture was separated by CC a{@j Wiith
elution by benzene:ethanol (100:1 and 50:1, v/v). Yielti1pf0.32 g (32.5%); oi2, 0.15 g (15%). Compount? was
identified by TLC, PMR andi3C NMR spectra, and physical chemical constants compared with standard methylgigtgyrhe
Rf 0.42 (benzene:ethanol, 5:1), mp 252-254°C (EtOH), lit. [15] mp 252-256°C.

The remaining fractions contained a difficultly separated mixture of ozonation products.

183-Olean-12-on-3-yl-30-oic Acid Methyl Ester (11). R; 0.58 (benzene:ethanol, 5:1), mp 258-260°C (EtOH),
[0]p2° +23° € 0.06, CHCY).

PMR spectrum (CDG| 8, ppm, J/Hz): 0.80 (s, 3H, GF28), 0.86 (s, 3H, Ck23), 0.88 (s, 3H, Ck24), 0.94 (s, 3H,
CH3-27), 1.00 (s, 3H, CKi25), 1.14 (s, 6H, C26, CH;-29), 1.20-1.70 (m, CH, Cj}, 1.75-2.00, 2.10-2.30 (m, 4H, GH1,
CH,-2, H-9, H-18), 2.76 (d, H-13, J = 4.1), 3.19 (dd, &+H-3), 3.72 (s, 3H, CED).

13C NMR spectrum (CDG 8, ppm): 38.4 (C1), 27.9 (C2), 78.6 (C3), 38.6 (C4), 55.1 (C5), 16.1 (C6), 34.2 (C7), 37.9
(C8), 49.6 (C9), 36.9 (C10), 38.8 (C11), 212.2 (C12), 50.2 (C13), 41.5 (C14), 28.7 (C15), 26.4 (C16), 31.8 (C17), 44.1 (C18),
31.3(C19), 42.1 (C20), 32.1 (C21), 38.0 (C22), 18.2 (C23), 25.9 (C24), 15.2 (C25), 15.3 (C26), 20.9 (C27), 27.0 (C28), 26.9
(C29), 177.5 (C30), 51.5 (C31).

LC/MS (M/2): [M + H]* = 487, [M - HJ = 485, GH5¢0,4, MW 486.7.

REFERENCES

1. C. Moiteiro, F. Justino, R. Tavares, M. J. Marcelo-Curto, M. H. Florencio, M. S. J. Nascimento, M. Pedro,
F. Cerqueira, and M. M. Pintd, Nat. Prod, 64, 1273 (2001).

574



CoNOO WD

H
o

11.
12.
13.
14.
15.

K. Yoshida, K. Furihara, H. Yamane, and T. OmBigtechnol. Lett.23, 253 (2001).

J. S. Baran, D. D. Langford, C.-D. Liang, and B. S. Pitdeléled. Chem17, 181 (1974).

M. S. Ali, M. Jahangir, S. S. Hussan, and M. I. Choudtrytochemistry60, 295 (2002).

R. Kh. Gayanov, Kh. O. Kim, M. P. Irismetov, and M. |. Goryaéw,Org. Khim, 13, 895 (1977).

G. A. Tolstikov, M. I. Goryaev, and L. F. Tolstiko&int. Prir. Soedin. Ikh Analogov and Fragral (1965).
R. B. Boar, L. Joukhadar, M. De Luque, and J. F. McGhi€hem. Soc., Perkin 2104 (1977).

C. Farina and M. Pinz&azz. Chim. Ita).117, 561 (1987).

G. A. Tolstikov, L. M. Khalilov, L. A. Baltina, R. M. Kondratenko, A. A. Panasenko, and E. V. &easKhim.
Prir. Soedin, 645 (1985).

L. R. Mikhailova, L. A. Baltina, R. M. Kondratenko, O. Kunert, L. V. Spirikhin, F. Z. Galin, and G. A. Tolstikov,
Khim. Prir. Soedin.445 (2006).

Jpn. Kokai Tokkyo Koho, Jpn. Pat. No. 59070638, Apr. 21, 10Bdm. Abstr.101, 171562t.

L. Ruzicka and A. MarxeHelv. Chim. Acta22, 195 (1939).

A. A. Ryabinin and N. E. Konovalovah. Obshch. Khim32, 644 (1962).

A. J. Gordon and R. A. Ford, Chemiss CompanionWiley-Interscience, New York (1972).

C. Van Hulle, P. Braeckman, and M. Vanderwallgarm. Weekb|106, 501 (1971).

575



