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Synthesis of 19B,28-epoxy-23,24-dinor-4-neo-18c.-olean-4-en-3-one
from betulin
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19B,28-Epoxy-23,24-dinor-A-neo-18a-olean-4-en-3-one was obtained from betulin in

a total yield of 18%.

Key words: triterpenoids, betulin, allobetulin.

Achievements of the last few years in the development
of novel triterpenoid drugs stimulate interest in new syn-

* Unité de Molécules d’Intérét Biologique, EA 3660, UFR
de Pharmacie, BP 87900, 21079 Dijon Cedex, France.

** UMR CNRS BioCis 8076, Faculté de Pharmacie, 5, Rue
J.-B. Clément, 92296 Chatenay-Malabry Cedex, France.

thetic transformations of compounds of this class.1—4 For
instance, derivatives of glycyrrhizic and glycyrrhetic acids
have been used to create highly effective anti-HIV, anti-
inflammatory, and antiulcer drugs;3 oleanolic acid is suc-
cessfully employed in China as a hepatoprotector.5
Betulinic acid is subjected to preclinical tests as a means
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Reagents and conditions: . CF;COOH, CH,Cl,, 8 min, 22 °C; b. PCl;, C¢Hs/C;Hg, 30 min, 0°C; ¢. O3, CH,Cl,, —60 °C,
Zn/AcOH; d. MeMgl, THF/Et,0, 3 h, 22 °C; e. POCl;, 24 h, 22 °C; f. KOH/MeOH, 30 min, 64 °C.
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for curing metastatic melanomas and 2-cyano-3,12-
dioxooleane-1,9(11)-dien-28-oic acid has been recom-
mended for clinical tests as an inhibitor of NO synthase
and a drug for curing inflammations and malignant tu-
mors.” It is expected that Bevirimat based on 3,3 -di-
methylsuccinylbetulinic acid will be a highly effective
anti-HIV drug.8 Allobetulin and its derivatives are also
interesting and promising objects of investigations be-
cause they exhibit an antibacterial® and antiviral effects
on influenza A (see Ref. 10) and B viruses (see Ref. 11).

Here we describe the synthesis of an allobetulin de-
rivative containing the 23,24-dinorolean-4-en-3-one
fragment in ring A, which is characteristic of steroids
(Scheme 1). We were the first to perform isomerization of
betulin 1 into allobetulin 2 in the presence of CF;COOH.
The reaction completion within a few minutes and the
97% yield of allobetulin make this method promising for
preparative purposes. The synthesis of 19pB,28-epoxy-
4,23,24-trinor-5B-A-neo-18a-olean-3-one (3) from allo-
betulin has been described earlier.12:13

The action of MeMgl on a solution of ketone 3 pro-
duced a mixture of diastereomeric alcohols 4 with close
R; values (ratio 1 : 4, types of the isomers not specified).
Dehydration of this mixture of alcohols 4 with POCl;
in pyridine at room temperature gave individual
19B,28-epoxy-3-methyl-4,23,24-trinor-18c-olean-3-
ene (5). After purification and crystallization from
MeOH—CHCI;, the yield was 80%. Ozonization of ole-
fin 5 in CH,Cl, at —60 °C followed by reduction of the
peroxide products with Zn/AcOH afforded 3-methyl
3,5-seco-3,5-diketone (6). Compound 6 was purified by
column chromatography; the yield was 60%.

Aldol condensation of diketone 6 in 5% KOH in
methanol gave allobetulin enone 7. The total yield of
compound 7 from betulin was 18%.

Experimental

NMR spectra were recorded on a Bruker AM-300 spec-
trometer (300.13 and 75.47 MHz, respectively) in CDCl; with
Me,Si as the internal standard. Melting points were measured
on a Boetius hot-stage microscope. Specific rotation was deter-
mined on a Perkin—Elmer 241 MC polarimeter in a 1-dm tube.
Thin-layer chromatography was carried out on Silufol plates
(Chemapol, Czechia) in chloroform—methanol (25 : 1). Spots
were visualized with 5% EPTA and subsequent heating at
100—120 °C for 2—3 min. Column chromatography was carried
out on neutral Al,O; (Reakhim). After isolation and purification,
the reaction products were crystallized from CHCl;—MeOH.
An Ozon-2K instrument was used as an ozone source. Betulin
was isolated as described earlier.14 Compound 3 was synthesized
according to a known procedure.13

198,28-Epoxy-18a-olean-3B-ol (allobetulin, 2). Trifluoro-
acetic acid (2 mL) was added dropwise to a stirred solution of
betulin 1 (0.80 g, 2 mmol) in CHCI; (10 mL). The reaction was
completed in 8 min (monitoring by TLC). The organic layer was

washed with a saturated solution of Na,CO; (3x20 mL) and
water (3x20 mL), dried over Na,SOy, and concentrated in vacuo.
The yield was 0.86 g (97%), m.p. 264—266 °C (cf. Ref. 15: m.p.
265—266 °C).
198,28-Epoxy-3-methyl-4,23,24-trinor-5p-A4-neo-18a.-
olean-3-ol (4). A 0.6 M solution of MeMgl (5 mL, 3 mmol) in
anhydrous Et,O was added dropwise at 5—10 °C to a solution of
compound 3 (0.80 g, 2 mmol) in anhydrous THF (10 mL). The
mixture was stirred at ~20 °C for 3 h, treated with a saturated
solution of NH,CI (10 mL), and filtered. The organic layer was
washed with water (3x20 mL). The product was extracted from
the aqueous layer with CHCI; (3x20 mL) and the combined
extracts were washed with water (3x20 mL), dried over Na,SOy,
and concentrated in vacuo. The yield of a 1 : 4 mixture of two
isomers (NMR data) was 0.68 g (83%). 'H NMR (CDCl,), &:
0.80 (s, 3 H, Me); 0.87 (s, 2.4 H, Me) and 0.90 (s, 0.6 H, Me);
0.95, 0.98 (both s, 3 H each, Me); 1.01 (s, 2.4 H, Me) and 1.04
(s, 0.6 H, Me); 1.09—1.80 (m, 24 H, CH,, CH); 1.27 (s, 0.6 H,
Me (H(17)) and 1.29 (s, 2.4 H, Me (H(1))); 3.55 (br.s, 1 H,
H(19)); 3.70—3.80 (m, 2 H, H(28)). 3C NMR, &: 13.1 (0.2 C);
13.4 (0.8 C); 15.0 (0.2 C); 15.1 (0.8 C); 16.9 (0.2 C); 18.2 (0.8
C); 23.1(0.2 C);23.5(0.8 C); 23.6 (0.2 C(17)); 24.1 (0.8 C(1));
26.3;26.6 (0.2 C); 26.7 (0.8 C); 26.8; 27.4 (0.2 C); 27.9 (0.8 C);
28.4 (0.2 C); 28.9 (0.8 C); 29.0 (0.8 C); 29.5 (0.2 C); 32.8; 34.5
(0.2 C); 35.0 (0.8 C); 35.1 (0.8 C); 36.3(0.2 C); 36.4; 36.8; 38.9
(0.2 C); 39.1 (0.8 C); 39.5; 40.0 (0.8 C); 40.3 (0.2 C); 40.7
(0.8 C); 41.0 (0.2 C); 41.6 (0.8 C); 42.5 (0.2 C); 43.5; 45.6
(0.8 C); 46.8 (0.2 C); 46.9 (0.8 C); 47.9 (0.2 C); 53.8 (0.2 C);
53.9 (0.8 C); 71.4 C(28); 83.2 C(3); 88.0 C(19).
198,28-Epoxy-3-methyl-4,23,24-trinor-4-neo-18o.-olean-
3(5)-ene (5). Phosphoryl chloride (4.5 mL) was added dropwise
at 0—5°C to a solution of compound 4 (1 mmol, 0.39 g) in
anhydrous pyridine (10 mL). The reaction mixture was stirred at
~20 °C for 24 h and poured onto ice (10 g). The product was
extracted with CHCl; (3x20 mL) and the combined extracts
were washed with water (3x20 mL), dried over Na,SO,, and
concentrated in vacuo. The product was chromatographed on
ALO3 with benzene as an eluent. The yield was 0.31 g (80%),
R; 0.80, m.p. 199—200 °C, [a]?°p +118.1° (¢ 2.60, CHCl5).
Found (%): C, 84.90; H, 11.90. Cy3H4O. Calculated (%):
C, 84.79; H, 11.18. 'H NMR (CDCly), &: 0.78, 0.87, 0.94, 1.05
(all s, 15 H, 5 Me); 1.28 (s, 3 H, H(1")); 1.10—1.75 (m, 22 H,
CH,, CH); 1.92 (d, 1 H, H(2), J = 14.0 Hz); 2.01 (dd, 1 H,
H(6),/=15.8 Hz, /J=9.2 Hz); 2.22 (dt, 1 H, H(6), /= 15.8 Hz,
J=3.9 Hz);2.31(dd, 1 H, H(2), /= 14.0 Hz, / = 2.0 Hz); 3.40
and 3.80 (both d, 1 H each, H(28), J/ = 7.7 Hz); 3.55 (s, 1 H,
H(19)). 13C NMR, &: 13.4, 13.6, 14.2, 19.2, 19.8, 23.6, 24.5,
24.5, 26.2, 26.4, 26.7, 28.8, 32.2, 32.7, 34.6, 34.8, 36.2, 36.7,
40.5, 41.4, 42.4, 46.8, 49.9, 50.0, 71.3 C(28), 87.9 C(19),
126.1 C(3), 141.6 C(5).
19B,28-Epoxy-3-methyl-3,5-seco-4,23,24-trinor-4-neo-
18a-oleane-3,5-dione (6). Ozone was passed at —60 °C through
a solution of compound 5 (0.79 g, 2 mmol) in CH,Cl, (50 mL)
until the starting reagent disappeared (monitoring by TLC). The
temperature was elevated to 0 °C and glacial AcOH (10 mL) and
zinc dust (1 g) were added. The mixture was stirred for 1 h and
filtered. The filtrate was washed with a saturated solution of
Na,CO; (3x20 mL) and water (3x20 mL), dried over Na,SOy,
and concentrated in vacuo. The product was chromatographed
on Al,O5 with chloroform as an eluent. The yield was 0.47 g
(60%), R; 0.65, m.p. 134—136 °C, [a]*’p +138.5° (¢ 1.00,
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CHCI;). Found (%): C, 78.68; H, 10.50. CygHy4405. Calcu-
lated (%): C, 78.46; H, 10.35. '"H NMR (CDCls), &: 0.80, 0.95,
1.01, 1.02 (all s, 15 H, 5 Me); 1.10—1.80 (m, 19 H, CH,, CH);
2.12 (s, 3 H, H(1")); 2.25—2.35 (m, 2 H, H(6)); 2.36—2.45 (m,
2 H, H(2)); 3.45 and 3.75 (both d, 1 H each, H(28), /= 7.8 Hz);
3.55 (s, 1 H, H(19)). 3C NMR, &: 13.3, 15.5, 20.6, 23.4, 24.5,
25.9, 26.8, 28.7, 28.7, 29.9, 30.1, 32.6, 33.2, 34.6, 35.1, 36.2,
36.6, 39.1, 39.5, 40.7, 41.5, 44.7, 46.5, 49.8, 71.4 (C(28)), 87.9
(C(19)), 208.6 (C(3)), 217.1 (C(5)).

198,28-Epoxy-23,24-dinor-4-neo-18a.-olean-4-en-3-one
(7). A 5% solution of KOH in MeOH (5 mL) was added to a
solution of compound 6 (0.86 g, 2 mmol) in MeOH (50 mL).
The reaction mixture was refluxed under argon for 30 min and
then poured into 5% HCI (50 mL). The resulting precipitate was
filtered off, washed with water, and dried. The yield was 0.77 g
(90%), R;0.38, m.p. 109—112 °C, [a]?°, +95.0° (¢ 3.00, CHCl5).
Found (%): C, 81.60; H,10.45. CygH4,0,. Calculated (%):
C, 81.90; H, 10.31. '"H NMR (CDCl;), &: 0.80, 0.93, 0.98, 1.15
(all's, 15 H, 5 Me); 1.20—1.70 (m, 19 H, CH,, CH); 2.05—2.20
(m, 2 H, H(6)); 2.45—2.55 (m, 2 H, H(2)); 3.45 and 3.85
(both d, 1 H each, H(28),J=7.4 Hz); 3.55 (s, 1 H, H(19)); 5.75
(s, 1 H, H(4)). 13C NMR, &: 13.2, 15.0, 18.3, 21.8, 24.5, 24.5,
26.1, 26.5, 28.8, 28.8, 30.0, 32.7, 33.5, 34.3, 36.2, 36.7, 37.6,
38.8, 40.6, 41.0, 41.5, 46.7, 49.4, 71.2 (C(28)), 87.9 (C(19)),
123.9 (C(4)), 171.9 (C(5)), 199.5 (C(3)).
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