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Abstract—Ozonolysis 0f2,3:20,22-diacetonides of 24.25-and 25,26-anhydro-20-hydroxyecdysones afforded
the correspondingo-carbonyl derivatives. The hydrogenation of the mentioned dehydration products of
20-hydroxyecdysone acetonide yielded diacetonide of ponasterone A that provided ponasterone A and its
29,22-acetonide at hydrolysis.

Ecdysteroids function as hormones of sheddinghydrogenation of the peroxy products on Lindlar
metamorphosis, andiapause in insects and crusta-catalyst afforded aldehyd®/, its hemiacetalV, and
ceans. They are also found in considerable concentrgetone VI. The column chromatography on SiO
tions in many kinds ofplants. Therefore thesub-  provided a mixture of aldehyd® with its hemiacetal
stances are promising for practical application iny (in ~1:3 ratio as showed the intensity ratio of CHO
medicine and agriculturg2]. and OCH signals in the'H NMR spectrum), and

20-Hydroxyecdysone, the main component of theketoneVl. The presence in thEC NMR spectrum of
ecdysteroid composition of a number of plant speciescompoundslV -VI a single resonance of quaternary
is among the most accessible phitoecdyster¢®js carbon ats. 107 ppm corresponding to the group
Chemical transformations of this phitoecdysteroid20.22-Pri (see the table) evidences that the
open up new vistas for synthesis of other les 3-acetonide protection was removed obviously by
from products of its dehydration at 25-hydroxy group actyally, the diacetonide was conserved when the
abutasterone, pterosterone and their 24-epimers Weonation of the mixture of olefind and Il was

prepared [4, 5]. performed inacetone in the presence of Ba(QH)
We carried out ozonolysis of a mixture that formedwhen the peroxides reduction was not required
at treating 2,3:20,22-diacetonide of 20-hydroxy-pecausetheir decomposition during the ozonolysis
ecdysone I() with mesyl chloride in the presence of was effected by the bag&]. Under conditions of this
pyridine and N,N-diaminopyridine. The mixture «ponperoxidé ~ozonolysis arose a mixture of
according to"H NMR spectrum contained ir3:1  jgenydeVil and ketoneVIll that was separated by

ratio 24,25-(1) and 25,26-anhydro-20-hydroxyecdy- ., ;;mn chromatographyketone Vil was identical
soneslll . The ozonolysis afforded the corresponding o the compound we prepared framonoacetonidd!
o-carbonyl-containing compounds that would be use oo P amo .

in the syntheses of some ecdysteroids and the y treating it with acetone under standard conditions

; 8]. In the 13C NMR spectra of compoundgll and
analogs. On the other hand, theydrogenation of e
olefins Il and Il opened a simple route to the syn- VIl characteristic signals are observeddaR00.3

thesis of ponasterone A that was a hormone ofCHO) and 208.3CO) respectively (see the Scheme).

crustaceans and was also detected in plants [2, 6]. Hydrogenation of the mixture of olefin and|ll
It was established that ozonolysis of a mixture ofon Raney nickel afforded diacetonide of ponasterone
olefins Il and Ill in dichloromethane followed by IX that by hydrolysis with 70% AcOH was converted
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X,R,R"=Me,C; XLLR=R'=H.

23.04.20024) MsCI/Py/MgNC,H,N; (b) O,/CH,Cl,-MeOH, H/Pd-CaCQPbO; € Me,CO/N;
(d) O4/Ba(OH), Me,CO; (e) H,/Ni-Ra; ) ACOH, ZnCl.

into monoacetonideX as evidenced thé*C NMR upfield (A8 ~43 ppm) with respect to the signal of the
spectrum of the latter compound containing a signaC?® atom of initial compound!.
at 6 106.7 ppm corresponding to tteeetal atom of

the group 20,22-Pr- Both acetonidegroups were EXPERIMENTAL
removed from compoundX by AcOH with ZnCl,
along procedurd9]. The treatment furnished a mix- IR spectra were recorded on spectrophotometer

ture of monoacetonid¥ and ponasteronkl thatwas Specord 75IR from KBr pelletstH and 13C NMR
isolated by column chromatography. In thd NMR  spectra were registered on spectrometer Bruker
of each compound argresent two characteristic AM-300 at operating frequencies300.13 and
doublets in the O.80.9 ppm regionJ 6.5 Hz) belong- 75.25 MHz respectivelysolvent CDCl; or C;DgN,

ing to protons of geminal methyl groups attached tanternal reference TMS. Melting points were
the tertiary carbon €. In the 13C NMR spectrum of determined on Btus heatingblock. The optical
compoundsX -XI the signals from € atom appear rotation was measured on polarimeter Perkin-Elmer-
at & 28-29 ppm and thus are considerably shifted141. TLC wasperformed on Silufol plates with SiQ
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®¥C NMR spectra § ppm) of compounds -XI

| lla Ila IVa Va VI VII VIII IX X Xl
Atom
no. CDCl, | CDCI, | CDCl, C;D:N C,D:N | CDCl, | CDCIl, | CDCl; | CDCl, | CDCI, |CD,0D
1 37.5 37.6 37.6 37.1 37.1 36.4 37.5 37.6 37.4 36.6 37.5
2 72.0 72.1 72.1 67.4 67.4 67.6 72.1 72.1 72.0 67.7 68.8
3 71.5 71.6 71.6 67.3 67.3 67.4 71.5 71.6 71.5 67.4 68.6
4 31.3 31.6 31.6 31.8 31.8 31.3 31.7 31.5 31.4 31.5 32.9
5 50.7 50.8 50.8 50.6 50.6 50.1 50.8 50.8 50.7 50.0 51.8
6 203.0( 202.8 | 202.8 203.5 203.5 | 204.7 | 202.9 | 202.8 | 202.9 | 204.6 | 206.5
7 121.1| 121.2 | 121.2 121.1 121.1 | 1213 | 121.4 | 121.2 | 1211 | 121.4 | 122.2
8 163.8| 163.4 | 163.4 165.4 165.4 | 165.7 | 163.0 | 163.3 | 163.8 | 165.6 | 168.0
9 34.4 34.6 34.6 33.8 33.8 33.7 34.3 34.5 34.3 36.5 35.2

10 37.7 37.7 37.7 38.5 38.5 38.2 37.8 37.7 37.6 38.2 39.3
11 20.4 20.5 20.5 20.3 20.3 20.4 20.4 20.5 20.4 20.4 21.6
12 30.8 31.0 31.0 31.0 31.0 30.9 30.9 30.9 30.8 31.0 32.6
13 47.4 47.5 47.5 47.2 47.2 47.2 47.4 47.4 47.3 47.3 b
14 84.6 84.9 84.9 84.2 84.2 84.6 84.8 84.7 84.6 84.7 85.3
15 26.5 26.9 29.6 29.3 29.3 28.9 26.6 26.8 30.8 29.6 31.8
16 21.1 21.1 21.1 21.3 21.3 21.1 21.1 21.1 21.1 21.3 21.6
17 48.9| 49.1 49.7 48.9 48.9 48.9 48.8 48.8 48.9 49.1 50.5
18 16.9| 17.0 17.r 16.7 16.6 17.0 17.0 16.9 16.9 16.2 18.1
19 23.5 23.6 23.6 23.7 23.7 23.9 23.6 23.5 23.5 23.8 24.4
20 84.3 84.1 84.1 83.6 83.6 84.2 83.9 83.7 84.0 84.2 77.9
21 21.8 21.8 21.8 21.9 21.9 21.7 221 21.8 21.8 21.9 21.0
22 81.9| 81.0c| 80.7 75.5 75.5 80.4 75.3 80.4 81.6 81.7 78.0
23 23.5 26.7 27.8 42.3 30.8 22.9 43.2 22.5 26.7 26.8 30.5
24 41.3| 120.3 35.1 200.4 107.2 41.1 | 200.3 41.0 36.3 36.5 37.7

25 70.3| 133.5 | 145.3 - - 209.0 - 208.5 28.2 29.0 29.3
26 28.9 25.6 | 110.0 - - 30.1 - 28.9 225 22.6 23.4
27 28.4 18.0 225 - - - - - 22.4 22.5 22.8
2,3- | 108.2| 108.2 | 108.2 - - - 108.3 | 108.3 | 108.1 - -
i-Prg| 26.4 26.4 26.4 - - - 26.4 27.0 26.3 - -

29.2 28.5 28.5 - - - 28.5 28.5 28.4 -
20,221 106.9| 106.8 | 106.8 107.3 107.3 | 107.0 | 108.0 | 106.9 | 106.6 | 106.7 -
i-Prg| 26.8 26.8 26.8 26.5 26.5 26.9 26.9 26.6 26.5 27.8 -
29.5 28.9 28.9 28.5 28.5 28.9 31.0 29.0 28.9 28.3 -

& Assignment of signals was done for mixtudésandlll , IV andV.
P Superimposed on the multiplet of solveri 49 ppm).
¢ The position of signals may be interchanged.

development with a solution of vanillin in ethanol (lll). To a solution of1.55 g (2.78mmol) of diaceto-
acidified with sulfuric acid. 3 C NMR spectra of nide | (prepared by procedure [8] from 20-hydroxy-
compounds-XI are given in thaable. ecdysone isolatedrom a plant Serratula coronata

. : [10]) in anhydrous pyridine (5 ml) was added while
2,3:20,22-Diacetonide of stachysterone C, or stiring at 05°C 1 ml (12.78 mmol) of mesyl

(20R,22R)-14a-hydroxy-2p,3p:20,22-bis-O-iso-  chloride and the®.05 g (15 mol%) oN, N-dimethyl-
propylidene-5B-cholesta-7,24-dien-6-one(ll), and  aminopyridine. The reaction mixture was stirred for
2,3:20,22-diacetonide of 25,26-didehydroponaster- 20 min at 3C and 4 h at room temperature. Then
one A, or (2R, 22R)-14a-hydroxy-2B,3B:20,22- 5 ml of water was added, and the reaction products
bis-O-isopropylidene-3-cholesta-7,25-dien-6-one were extracted into chloroform ¥35 ml). Theextract
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was washed withwater, dried with Na,SO,, and
evaporated in a vacuum. The residue vsabjected

ODINOKOQV et al.

25.0 Hz), 5.82 d (1H, HE %) 2.0). Found, %:
C 68.98; H 8.81. GH,,0,. Calculated, %: G59.02;

to column chromatography on silica gel (eluentH 8.79.

CHCI;-MeOH, 99:1). Weobtained1.32 g (87%) of

a mixture of alkenedl and Il (in the 3:1 ratio

according to'H NMR data). IR and NMR spectra
were consistent with previously publishpt].

20,22-Acetonide of 24-ox0-25,26,27-trisnorpon-
asterone A, or (2(R,22R)-2B,3B,14a-trihydroxy-
20,220-isopropylidene-24-ox0-25, 26, 27-trisnor45-
cholest-7-en-6-one 1Y), 20,22-acetonide  of
24-hydroxy-24-methoxy-25,26,27-trisnorponaster-
one A, or (20R,22R)-2B,3B,14a,24-tetrahydroxy-
20,22 0-isopropylidene-24-methoxy-25,26,27-
trisnor-5 B-cholest-7-en-6-ongV), and 20,22-aceto-
nide of 25-0xo0-27-norponasterone A, or (2R,22R)-
2B, 3B, 14a-trinydroxy-20, 22-O-isopropylidene-25-
0x0-27-nor-P-cholest-7-en-6-one(VI). Through a
solution of 0.15 g (0.28 mmol) of a mixture of
alkened! andlll in 12.9 ml of CH,Cl,_MeOH (2: 1)

2,3:20,22-Diacetonide of 24-0x0-25,26,2ifs-
norponasterone A, or (2R,22R)-14a-hydroxy-
2B,3B:20,22-bisO-isopropylidene-240x0-25,26,27-
trisnor-5 B-cholest-7-en-6-ongVIl), and 2,3:20,22-
diacetonide of 25-oxo-27-norponasterone A, or
(20R, 22R)-14a-hydroxy-2p3,p:20,22-bis-O-iso-
propylidene-25-o0x0-27-nor-$-cholest-7-en-6-one
(VI . Through a mixture of 0.2 g (0.3immol) of
alkenesll andlll, 0.13 g (0.41mmol) of Ba(OH),
0.5 ml of H,0, and 3 ml of acetone abom tempera-
ture while vigorousstirring was passed a flow of
0zone-oxygen mixture at a rate of 70 ml mirfor
240 s (till 0.37 mmol of ozone was consumed). After
completion of the reaction the precipitate was filtered
off, the filtrate was evaporated in a vacuum, and the
residue was subjected to chromatography on a column
charged with 8 g of Si® (eluent CHCl;-MeOH,

at -70°C was bubbled an ozone-oxygen mixture at al9:1). We isolated.03 g ofaldehydeVIl (R; 0.13)

rate 70 ml min* for 180 s (till 0.28 mmol of O, was

consumed). The reaction mixture was flushed with

argon, 2 mg of Lindlarcatalyst wasadded, and the

mixture was stirred under hydrogen atmosphere til
all the peroxides were reduced (test with iodo-starc

indicator). The catalyst was then filtereaff, the

filtrate was evaporated, and the residue was subjecte
to chromatography on a column charged with 5 g o

SiO, (eluent CHCI;-MeOH, 20:1). We isolated
0.04 g of amixture of aldehydelV (R 0.27) and
hemiacetalV (R; 0.27), and 0.05 g oketoneVI (R
0.45).

Mixture of aldehyde IV and hemiacetal V. IR
spectrum (KBr),v, cm: 1680 s 1715v.s, 3450,
(W, 180). 'H NMR spectrum (GD:N), 8, ppm, J,
Hz: 1.01 s (3H, HC'®), 1.05 s (3H, HC?Y), 1.32 s
(3H, H,C'9), 1.15-2.85 m (15H, CH, CH), 1.48 s
and 1.56 s (6H, 2CHfrom i-Pr0,-20,22), 2.97 d.d
(1H, HC®, 3J 5.0 and 12.0), 3.61 m (1H, HCw,),
26.0 Hz), 4.09 s (2.25 H, OCHi 4.12 (1H, Hé,
Wy, 20.0 Hz), 4.31 m (1H, H& w;,, 18.0 Hz),
4.38 m (1H, H& w,,, 25.0 Hz), 4.56 m (0.75H,
OCHO, w,,, 20.0 Hz), 6.27 d (1H, HE %1 2.0),
9.98 t (0.25H, CHO,%J 2.0).

Ketone VI. 'H NMR spectrum (CDQ)), 6, ppm,
J, Hz: 0.77 s (3H, HC'®), 0.95 s (3H, HC),
1.14 s (3H, HC?Y), 1.39 s and 1.40 s (6H, 2 GH
from i-Pr0,-20,22), 1.242.81 m (16H, CH), 2.16 s
(3H, HyC?%), 2.50 m (3H, HC, HC® HCY), 3.58-
3.86 m (2H, HG, HC%, 4.56 m (1H, HG? w,,

and 0.04 g oketoneVIll (R 0.37).

Aldehyde (VII). mp 129-131°C, [a]3® +56.9
2.5, CHCL,). IR spectrum (KBr),v, cm*: 1650 s,

Cc
é?ZOv.s, 2720w, 3450\, 180).'H NMR (CDCIy),

.ppm, J, Hz: 0.79s (3H, HC'®), 0.98 s (3H,
sC'%, 1.18 s (3H, HC?Y), 1.23 s, 1.33 5, 1.37 s

And 1.43 s [12H, 4Ckifrom 2(-PrQy)], 1.15-2.73 m

(16H, CH, CH), 2.82 m (1H, HC, w,,, 24.0 Hz),
4.18-4.31 m (3H, HG, HC3 HC??), 5.81 d (1H,
HC’, % 2.0), 9.83 br.s (1H, CHOw,,, 6.0 Hz).
Found, %: C 69.62; F8.73. GgH,,0,. Calculated,
%: C 69.74; H 8.58.

Ketone (VII). mp 113115°C, [a]3* +46.40
(c 1.7, CHCly), IR spectrum (KBr),v, cmi: 1660 s,
1720 v.s., 3450 (v, 180). 'H NMR spectrum
(CDCly), 8, ppm,J, Hz: 0.77 s (3H, HC'®), 0.96 s
(3H, H,C'), 1.13 s (8H, HC?), 1.29 s, 1.31 s,
1.37 s and 1.39 d12H, 4CH; from 2(-PrQ,)],
1.12-2.76 m (18H, CH, CH), 2.13 s (3H, HC®),
2.81 m (1H, HC, wy,, 25.0 Hz), 4.15 4.36 m (3H,
HC?, HC3 HC??), 5.79 d (1H, HC, %J 2.0). Found,
%: C 70.28; H 8.95. ¢H,40,. Calculated, %: C
70.56; H 8.88.

Diacetonide of ketone VIIl. To a solution of
0.05 g (0.2mmol) of monoacetonid®| in 12 ml of
anhydrous acetone was added 1.4 mg of phosphomo-
lybdic acid. The mixture was stirred for 24 h at room
temperature, anthen it was boiler till complete con-
version of the initial compound! (3h, TLC monitor-
ing). The reaction mixture was evaporated, diluted
with water, thereaction product was extracted into
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chloroform (3x20 ml), Thecombined organic solu-
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Ponasterone A, or (2®R,22R)-2p,3p14a,20,22-

tions were washed in succession with saturated solyentahydroxy-53-cholest-7-en-6-onéXl). A mixture

tions of NaHCQ and NaCl,dried with MgSQ, and

of 100 mg (0.18mmol) of diacetoniddX and 1 ml of

evaporated. The residue was subjected to chromat@0% acetic acid wastirred at room temperature for

graphy on a column charged with 3 g of Si@luent
CHCI;-MeOH, 10:1). Wesolated0.053 g (98%) of
diacetonide VIl identical to the abovedescribed.

2,3:20,22-Diacetonide of ponasterone A, or
(20R,22R)-14a-hydroxy-2,3p:20,22-bisO-iso-
propylidene-53-cholest-7-en-6-one(1X).  Through
a dispersion of 0.1 g of the mixture of alkends
andlll , 0.05 g ofRaneynickel, and 5 ml ofethanol
was passed hydrogen eiom temperature fox16 h
(TLC monitoring). On completion of reaction the
catalyst was filteredff, the filtrate was evaporated,

1.5 h. Then 85 mg of zinc chloride waslded, and
the stirring continued for 5 h. The reaction mixture
was diluted with 3 ml of water and extracted with
butanol (3x 10 ml). Thecombined organic solutions
were washed with saturated solution N&CI, dried
with MgSQ,, evaporated in a vacuum, and the residue
was subjected to chromatography on a column
charged SiQ (eluent CHCI;-MeOH, 30:1). We
obtained 40 mg (43%) of compound (R; 0.32),
identical to that describeabove, and 20 mg (24%) of
compoundXl (R 0.26), mp 255258 C {259-260°C

and the residue was subjected to chromatography on(decomp.) [6]}, szo +59.2 (c 0.95, MeOH).

column charged with 6 g of SiO(eluent CHCl,-
MeOH, 20:1). Weisolated0.01 g (98%) ofcom-
poundIX, R 0.51, mp 100102°C, [o]%’ +31.8 (c
3.07, CHC)). IR spectrum (KBr),v, cmt: 1660,
3500. 'H NMR spectrum (CDG)), 8, ppm, J, Hz:
0.75 s (3H, HC'®), 0.86 d (6H, HC?®, H,C*, %
6.5), 0.94 s (3H, KC'9), 1.10 s (3H, HC?), 1.29
s, 1.37 s and 1.45 s [2:1:1, 12H, 4¢Hrom
2(-PrQ,)], 1.10-2.32 m (19H, CH, CH), 2.79 m
(1H, HC’, wy,, 25.0 Hz), 3.58 m (1H, H&, w,),
13.0 Hz), 4.134.27 m (2H, HG, HC®), 5.77 d (1H,
HC’, 43 2.0). Found, %: C 72.79; 19.71. GgH:,Os.
Calculated, %: C72.75; H 9.62.

20,22-Acetonide of ponasterone A, or (2R,
22R)-2B,3B14a-trinydroxy-20,22-O-isopropylidene-
5B-cholest-7-en-6-one(X). A mixture of 100 mg
(0.18 mmol) of diacetonidelX and 1 ml of 70%
acetic acid wasstirred at room temperature till
complete conversion of the substraie.5 h, TLC
monitoring). The reaction mixture was diluted with
3 ml of water and extracted with butanolX30 ml).

The combined organic solutions were washed with

saturated solution oNaCl, evaporated in a vacuum,

and the residue was subjected to chromatography on

a column charged with 4 g of SyJeluentCHCl,-
MeOH, 10:1). Weisolated0.091 g (98%) ofcom-
pound X, mp 142145C, [a]3? +22.7 (c 2.48,
CHCl,). *H NMR spectrum (CDG)), 8, ppm,J, Hz:
0.78 s (3H, HC'), 0.89 d (6H, HC?®, H,C*, %
6.4), 0.96 s (3H, KC'9), 1.14 s (3H, HC?!), 1.32 s
and 1.40 s (6H, 2CElfrom i-PrQ,), 1.10-2.43 m
(19H, CH, CH), 3.07 m (1H, HC, wy,, 26.0 Hz),
3.62 m (1H, HG? wy,, 16.0 Hz), 3.89 m (1H, HE
Wy, 25.0 Hz), 3.98m (1H, H& w,,, 17.0Hz), 5.82d
(1H, HC', %3 2.0). Found, %: C 71.37; H9.62.
CaoH,50s. Calculated, %: C71.39; H 9.59.

'H NMR spectrum (CROD), 6, ppm, J, Hz: 0.88 s
(3H, HyC'®), 0.90 d and 0.91 d (6H, §€2°, H,C?’,
%1 6.4), 0.96 s (3H, KC'), 1.17 s (3H, HC?),
1.10-2.42 m (19H, CH, CH), 3.14 m (1H, HC,
Wy, 27.0 Hz), 3.36 m (1H, H&), 3.83 d.t (1H,
HC? °J 12.0 and 4.0), 3.93 m (1H, HC wy,
14.0 Hz), 5.79 d (1H, HE % 2.0).
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