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REACTIVITY OF HYDROXY AND KETO GROUPS
ON C-6 AND C-17 OF 3r,5a-CYCLOANDROSTANES

N. V. Kovganko and Zh. N. Kashkan UDC 547.92

Convenient methods for preparing severab3cycloandrostanes have beesvdloped in order to synthesize
the phytoecdysteroid rubrosterone. Certain of their chemical transformations were studied.
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The phytoecdysteroid rubrosterofgié rarely encountered [1]. Reports of its isolation from plants are few [2-8]. The
unavailability of rubrosterone explains why its biological properties are poorly studied, in contrast with other ecdy#teroids.
is known only thatl exhibits antidiabetic [9] and anabolic [10] activity. Chemical methods for preparing rubrosterone from
more available phytoecdysteroids or from androstane steroids, for example, androst@apltraeé been proposed. However,
it should be noted that existing methods have drawbacks that include multiple steps or low total yields.

We developed a convenient preparative method for synthesizing sewgraly8loandrostane derivatives and studied
the possibility of using them to synthesize rubrosterone. The effectiveness of using compounds of this structure to prepare
rubrosterone [11] or its analogs [12] has been reported. In particular, the usg-oj@o-6,17-dion& to preparel has been
described [11]. However, experimental details are not included. Therefore, we studied the syriliesis @fdrostenolone
2ain more detail. In one method, we prepabeda rearrangement @b by KOAc in aqueous acetone with subsequent
oxidation by chromic acid of the resulting,3-cyclo-66-ol 3 without isolating it from the reaction mixture. The overall yield
was 61%. In another method, rearrangement of tosgtatey K,CO; in aqueous acetone with subsequent oxidation of
intermediate8 was used. The required diketostefidas obtained fromia without isolating intermediatéx and3 in overall
yield 74%, which is greater than the literature results [11].

Compoundb, a 17+hydroxy-6-ketone, is interesting for the synthesis.oPreparation o via reduction ob by yeast
has been reported [13]. We hoped to synthdstaeeither selective oxidation offal74-diol 4 or reduction of 6,17-diketone
5. We prepared by first synthesizing the®hydroxy-17-ketoned) by the usual rearrangement of androstenoRinmesylate
in 65% yield. Subsequent reduction by NgBH in methanol gave the reduirél% yield. Further oxidation of didlby
chromic acid in acetone produced four compounds. The principal product was the 6,17-&iké&%eyield). However, the
required 1 B-hydroxy-6-ketone) was isolated in a mixture withgéhydroxy-17-ketone3) in overall yield 29%. The minor
components werefBhydroxy-17-ketone3; 5%) and starting4174-diol (4, 3%).

Reduction ob by NaBH, in methanol forms a mixture of two compounds, the requirgdhyidroxy-6-ketone®) and
6a-hydroxy-17-keton& with predominance of the former according'to H NMR spectra. However, the selectivity of this
reaction is insufficient to use it as a synthetic method for preparing rubrosterone.

We studied oxidation d& by trifluoroperacetic acid. It was noted previously that this reagent reacts with stigmastane
[14] and pregnane [15}35-cyclo-6-ketosteroids to form the correspondimgb3cycloA’-6-ketosteroids, which are important
intermediates in the synthesis of ecdysteroids. However, the principal product in our instance was tt&(lackbr32%).

The structure o8 was proved by spectral data and elemental analysis. In particular, the additional O atom is placed between
C-5 and C-6 according to the observed shift to weak field it the H NMR spectrum of protons in the 3-membered ring, as a
result of which they shift into the methylene region and become indistinguishable. App& étlys and not thA’-ketone

because of steric strain created by the 17-ketone. Similar examples are known in steroid chemistry [16, 17].
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Procedures to introduce a 2(3)-double bond and subseqaisrtilydroxylate it according to Woodward to fornf,26-
diols are important in ecdysteroid synthesis [1]. The transformatidh iofo 36-bromo-6-ketoned by HBr and its
dehydrobromination in quinoline to fork?f-6,17-diketonel0 have been described [13]. We repeated these experiments by
reacting HBr in acetic acid withand did indeed obta@in 91% yield. However, its dehydrobromination by Li £O and LiBr
in boiling DMF was unsuccessful. The desitedsteroid was isolated pure in only 23% yield. A side product from this reaction
was 3r,5-cyclosteroids. Direct isomerization db into A2-steroid10 by p-toluenesulfonic acid in sulfolane with heating was
a more convenient method [18]. This produt8dn 81% yield, which is comparable with the analogous transformatisn of
by pyridinium hydrobromide in DMF [19].

Then we studied the reactivity off3f-diacetoxyeis-A/B-6,17-diketosteroidl2, which can be prepared loys-
hydroxylation of theA?-bond in10 by the Woodward reaction. Thus) was first hydroxylated by silver acetate and iodine in
agueous acetic acid. Then the product was isomerized without further purificatign by K CO in aqueous methanol. Hydrolysis
of the acetoxys also occurs. Therefore, the 2,3-diols are converted to acetates by acetylation with acetic anhydride. in pyridi
We succeeded in isolating a mixtureminsA/B-6,17-diketosteroid 1laand itscis-A/B-isomerl12in 25% overall yield using
these chemical transformations and subsequent chromatographic separation. Besides these compounds, the reaction mixtu
also contained small quantities fb. Further acetylation df1b with acetic anhydride in pyridine in the presence of 4-
dimethylaminopyridine for four days gave practically quantitative yield of pliae Attempts to separate a mixtureldfaand
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12 were unsuccessful. Therefore, we stopped work in this direction. The last stage included mesgatienaétion of the

17-ketone in the reffing mesylate2b, acetylation of the 1#hydroxyl, and isomerization in rings andB by NaOAc in

aqueous acetone to givg,&74-diol 17-monoacetat#3 in ~30% overall yield. CompountB was previously used [12] to

synthesize structural analogs of rubrosterone. The method developed by us to synthesize it without isolating intermediates has

several advantages compared with the previous method. Therefore, it is interesting for preparing androstane ecdysteroids.
We thank T. N. Netesova and Yu. G. Chernov for help with the investigation.

EXPERIMENTAL

Melting points were determined on a Kofler block. IR spectra were recorded or2@ idBrument at 700-3600 ¢ .
'H NMR spectra of CDG| solutions were obtained on Bruker WM-360 and Bruker AC-200 NMR spectrometers at working
frequencies 360 and 200 MHz, respectively. Chemical shifts are given relative to TMS internal standard.

Androst-5-en-36-0l-17-one mesylate (2bjvas prepared by reacti2g (3.1 g) and methanesulfonyl chloride (1.6 mL)
in pyridine (20 mL) at room temperature for 1 d. The usual work up of the reaction mixture and column chromatography on
silica gel (eluent hexane:ether and then ether) 8ay8.0 g), 76%, mp 165-170 C (dec.) (acetone).

IR spectrum (KBry, cm'l): 1740 (€0).

3«,5-Cyclo-5x-androstan-66-ol-17-one (3). A solution of2a (1.0 g) in pyridine (10 mL) was cooled on an ice bath,
treated with methanesulfonyl chloride (1.4 mL), held at room temperature for 20 h, diluted with water, and extracted with
toluene. The organic layer was washed with water and evaporated under vacuum. The solid (1.1 g) was dissolved in acetone
(100 mL), treated with wat€i.0 mL) and NaOAc (0.6 g), boiled for 1 d, cooled to room temperature, diluted with water, and
extracted with toluene. The toluene extract was washed with water and evaporated under vacuum. The solid was
chromatographed on a silica-gel column with elution by ether:hexane (5:1). Y816.66 g (65%).1 H NMR spectrurj, (
ppm): 0.33 (1H, dd,;J =8 Hz, J =5 Hz, b)40.56 (1H, t, J = 5 Hz, HE3, 0.93 (3H, s, 18-Me), 1.10 (3H, s, 19-Me), 3.33
(1H, t, J = 2 Hz, H-6).

3¢,5-Cyclo-5z-androstan-66,174-diol (4). A solution of3 (0.60 g) in methanol (14 mL) was treated with NgBH
(0.07 g), stirred and cooled on an ice bath for 1 h, and treated with acetic acid (3 mL). The solvent was removed under vacuum
The solid was chromatographed on a silica-gel column with elution by THF:hexane (1:1). Vie®d5& g (91%).1 H NMR
spectrum &, ppm): 0.30 (1H, dd,;J =8.5Hz J =5 Hz, &;40.53 (1H, t, J = 5 Hz, HE3, 0.80 (3H, s, 18-Me), 1.06 (3H,
s, 19-Me), 3.26 (1H, t, J = 2 Hz, H:f 3.64 (1H, m, W/2 = 20 Hz, H-%jJ.

Oxidation of 3«#,5-Cyclo--androstan-66,174-diol (4). A solution of4 (0.492 g) in acetone (10 mL) was cooled to
0°C, treated with chromic acid (0.636 mL, 8 N), stirred and cooled for 20 min, and treated with isopropanol (1 mL). After 10
min the mixture was diluted with water and extracted with toluene. The toluene extract was washed with water and evaporated
under vacuum. The solid was chromatographed on a silica-gel column with elution by THF:petroleum ether (1:10). Yield of
5in fraction 1, 0.300 g (62%), mp 187-I90) of 3 in fraction 2, 0.023 g (5%); &and6 in fraction 3, 0.143 g (29%); df
in fraction 4, 0.013 g (3%).

34,5-Cyclo-5#-androstan-6,17-dione (5). A. A solution of2b mesylate (2.8 g) anHOAc (2.0 g) in acetone
(500 mL) and water (50 mL) was refluxed for 15 h, cooled to room temperature, stirred, and treated with chrébticvacid
8 N). After 10 min the excess of oxidant was decomposed by stirring, adding ethanol (10 mL), and diluting with water
(500 mL). The product was extracted with CKICI . The organic layer was evaporated under vacuum. The solid was
chromatographed on a silica-gel column with elution by hexane:ether (1:1). Y&ld.@fg (61%), mp 187-196 C (petroleum
ether), lit. [13] mp 182-183 C.

IR spectrum (KBry, cm'l): 1740 (G=0), 1690 (G=0). 1H NMR spectrum§, ppm): 0.77 (1H, t, J = 5 Hz, H3}
0.94 (3H, s, 18-Me), 1.05 (3H, s, 19-Me).

B. A solution of2a (5.0 g) ang-toluenesulfonyl chloride (5.0 g) in pyridine (50 mL) was held at room temperature
for 1 d and diluted with water. The precipitate of androst-5/&0+3.7-one tosylate2c) was filtered off, washed on the filter
with water, and dissolved without further purification in acetone (1000 mL). The solution was treated with water (50 mL) and
K,COj3 (3.0 g), refluxed for 1 d, held at room temperature for 2.5 d, stirred, treated at room temperature with chromic acid
(30 mL, 8 N), treated after 2 h with isopropanol (10 mL), and diluted with water. The product was extracted with CHCI . The
CHCI; extract was evaporated under vacuum. The solid was chromatographed on a silica-gel column with elution by ether to
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give5 (3.7 g, 74%).

Reduction of 3#,5-Cyclo-5#androstan-6,17-dione (5).A cooled (0 C) solution & (0.10 g) in methanol (7 mL) was
treated with NaBlj (0.013 g), stirred &t 0 C for 0.5 h, and treated with acetic acid (0.5 mL). The solvent was removed under
vacuum. The solid was dissolved in THF (3 mL). The solution was filtered through a layer of aluminum oxide. The filtrate
was evaporated to dryness under vacuum. Yiecaaid7 (4:3 ratio according t& H NMR), 0.118 g. IR spectrum (film,
v, cm'l): 1750 (¢~=0), 1695 (G=0). IH NMR spectrumd, ppm):6: 0.76 (3H, s, 18-Me), 0.94 (3H, s, 19-Me), 3.68 (1H, m,
W/2 = 27 Hz, H-1&); 7: 0.81 (3H, s, 18-Me), 1.07 (3H, s, 19-Me), 3.92 (1H, m, W/2 = 19 HA)H-6

3a,5-Cyclo-B-homo-6-oxa-&-androstan-6«,17-dione (8). A solution of5 (0.30 g) in CH C} (10 mL) was treated
with a solution of trifluoroacetic acid (prepared by dissolving 1.0 mL trifluoroacetic anhydride in 15 pLLCH CI| with subsequent
dilution with 0.3 mL of 30% B @ ). The mixture was stirred at room temperature for 0.5 h and filtered through a layer of
aluminum oxide. The filtrate was evaporated under vacuum at room temperature. The solidwasghaiphed on a silica-
gel column with elution by ether:hexane (1:1). Yield00.10 g (32%), mp 196-19€ (hexane—acetone). Found (%): C
75.20,H8.74. Calc. forg Jd O (%): C 75.43, H8.66. IR spectrum (\Klﬁm'l): 1740 (€0). 1H NMR spectrumd, ppm):
0.92 (3H, s, 18-Me), 1.08 (3H, s, 19-Me).

3/-Bromo-5«-androstan-6,17-dione (9).A solution of5 (1.0 g) in glacial acetic acid (10 mL) was treated dropwise
with HBr (1.5 mL), stirred at T3 C for 15 min, and diluted with water (15 mL). The product was extracted with, CH Cl . The
organic layer was washed successively with water, saturated NaHCO solution, and water, was filtered through a layer of
aluminum oxide, and was evaporated under vacuum to dryness. Y&ld.o¥ g (91%), mp 187-18€ (hexane—acetone),
lit. [13] mp 182 C.

IR spectrum (KBry, cm*): 1750 (€=0), 1725 (G=0). 1H NMR @, ppm): 0.84 (3H, s, 19-Me), 0.88 (3H, s, 18-Me),
3.96 (1H, m, W/2 = 26 Hz, He3.

5a-Androst-2-en-6,17-dione (10). AA solution of9 (0.90 g) in DMF (3 mL) was treated with,Li GO (0.90 g) and
LiBr (0.30 g), boiled for 0.5 h, cooled to room temperature, diluted with water, and extracted with benzene. The benzene extra
was washed with water and evaporated under vacuum. The solid was chromatographed on a silica-gel column with elution by
benzene:hexane (3:1).

Yield of 10in fraction 1: 0.16 g (23%). IR spectrum (KEr,cm'l): 1750 (¢~=0), 1720 (G=0), 1670 (&C). IH
NMR spectrum §, ppm): 0.74 (3H, s, 19-Me), 0.89 (3H, s, 18-Me), 5.60 and 5.69 (1H, m, W/2 = 11 Hz, H-2 and HeB); of
and5 in fraction 2, 0.35 g (50%); & in fraction 3, 0.21 g (30%).

B. A solution of5 (78.8 mg) in sulfolane (4 mL) was treated wtholuenesulfonic acid (6 mg), heated at ~170 C for
3 h, cooled to room temperature, diluted with water (10 mL), and extracted with hexane. The extract was washed with water,
filtered through a layer of aluminum oxide, and evaporated under vacuum to dryness. Yielg3ofng (81%).

Woodward cis-Hydroxylation of 10. A stirred solution 0f.0 (0.512 g) in acetic acid (20 mL) and water (1 mL) at
43°C was treated successively with silver acetate (0.9 g) and iodine (0.5 g). The temperature of the reaction mixture was
adjusted to 55-60 C. Stirring was continued for 2 h. The reaction mixture was cooled to room temperature and filtered through
a layer of aluminum oxide. The filtrate was diluted with water (20 mL). The product was extracted with dichloroethane. The
organic layer was washed with water. The solvent was removed under vacuum. The solid was treated with methanol (10 mL),
water (0.5 mL), and K CQ (0.2 g). The mixture was refluxed for 1 h, cooled to room temperature, and filtered through a layer
of aluminum oxide. The filtrate was diluted with water (25 mL) and extracted with dichloroethane. The extract was washed
with water. The solvent was removed completely under vacuum. The solid was dissolved in pyridine (3 mL), added to acetic
acid solution (2 mL), held at room temperature for 20 h, diluted with water, and extracted with dichloroethane. The sxtract wa
washed with water. The solvent was removed under vacuum. The solid was separated on a silica-gel column with elution by
dichloroethane:THF (1:1).

Yield of 11aand12in fraction 1, 183 mg (25%) (accordingto H NMR). H NMR spectrénpgpm):11a 0.88 (3H,
s, 18-Me), 0.98 (3H, s, 19-Me), 2.02 (3H, s, AcO), 2.09 (3H, s, AcO), 4.82 (1H, m, W/2 = 22 ddz, 512 (1H, m,
W/2 = 10 Hz, H-&); 12 0.88 (3H, s, 18-Me), 1.06 (3H, s, 19-Me), 2.02 (3H, s, AcO), 2.13 (3H, s, AcO), 4.95 (1H, m,
W/2 = 22 Hz, H-2&), 5.38 (1H, m, W/2 = 10 Hz, He3; of 11bin fraction 2, 52 mg (8%), mp 224-227 C (methanol). IR
spectrum (KBry, cm'l): 1740 (AcO, ¢=0), 1715 (G=0). 1H NMR spectrumd, ppm): 0.89 (3H, s, 18-Me), 1.05 (3H, s,
19-Me), 2.11 (3H, s, AcO), 3.51 (1H, d, J =5 Hz, B);44.12 (1H, m, W/2 = 9 Hz, Hed, 4.77 (1H, m, W/2 = 22 Hz, Hej3.

Acetylation of 11b. A solution ofl1b (43 mg) in pyridine (3 mL) was treated with acetic anhydride (1 mL) and 4-
dimethylaminopyridine (5 mg), held for 4 d at room temperature, diluted with water, and extracted with dichloroethane. The
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extract was washed with water. The solvent was removed under vacuum. The solid was dissolved in dichloroethane and filtered
through a layer of silica gel. The filtrate was evaporated under vacuum. The solid vmaatobraphed on a silica-gel column
with elution by THF:dichloroethane (1:1). Yieldldfa 46 mg (96%), mp 260 C (methanol). IR spectrum (KBl;m'l): 1745
(AcO, C;=0), 1710 (G=0). 1H NMR spectrumd, ppm): 0.88 (3H, s, 18-Me), 0.98 (3H, 19-Me), 2.02 (3H, s, AcO), 2.09 (3H,
s, AcO), 4.80 (1H, m, W/2 = 22 Hz, ReB 5.30 (1H, m, W/2 = 8 Hz, Hed.

3«,5-Cyclo-5e-androstan-63,174-diol 17-Acetate (13). A solution of2a (7.3 g) and methanesulfonyl chloride
(10.5 mL) in pyriding(40 mL) was held at room temperature for 20 h, diluted with water, and extracted with toluene. The
toluene extract was washed with water and evaporated under vacuum. A sol@bonedylate in methanol (100 mL) was
cooled on an ice bath, treated with NaBH (0.7 g), stirred at 0 C for 40 min, treated with acetic acid (30 mL), and stirred for
10 min. The solvent was completely evaporated under vacuum. The solid (7.9 g) was dissolved in pyridine (40 mL), treated
with acetic anhydride (14 mL), held at room temperature for 18 h, diluted with water, and extracted with toluene. The organic
layer was washed with water and evaporated under vacuum. The solid (7.85 g) was dissolved in acetone (110 mL) and water
(25 mL), treated with NaOAc (4.5 g), and refluxed for 9 h. Part of the acetone was removed at reduced pressure. The remainder
was diluted with water and extracted with toluene. The organic extract was washed with water and evaporated under vacuum.
The solid was chromatographed on a silica-gel column with elution by THF:petroleum ether (1:1). Y32 4fy (29%),
mp 124-128 C, lit. [12] mp 130-132 C. IR spectrum (Kﬁrcm’l): 1745 (AcO).1 H NMRg, ppm): 0.30 (1H, dd,;J =9 Hz,
J, =6 Hz, H-4), 0.53 (1H,t,J=5Hz, HB}, 0.85 (3H, s, 18-Me), 1.09 (3H, s, 19-Me), 2.05 (3H, s, AcO), 3.29 (1H, m,
W/2 = 8 Hz, H-@&), 4.63 (1H, m, W/2 = 20 Hz, H-&J.
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