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Androst-Cen3-one denvatlves substituted at the l&methyl group beanng a 17-keto or 
17-spirolactone function have been synthesized and tested m v&o as mhlbltors of aldosterone 
biosynthesis 

Aldosterone IS a potent mineralocortlcold which regulates body fluids electrolyte balance by 

promoting potassium elimmatlon and sodium retention 1 An aldosterone overproduction leads to 

oedema formatlon and hypertension With a view of developmg a new class of antihypertenslve 

drugs we are now mvestlgatmg the specific InhIbItIon of aldosterone biosynthesis We are therefore 

designing and syntheslzmg kcat inhlbltors2 of the final steps, the hydroxylatlon of the C-18 methyl 

group of corticosterone 1 

This transformation IS catalyzed by a cytochrome P450 monooxygenase 

According to literature data on cytochrome P450 mhlbltlon3, different classes of molecules can be 

designed as potential kcat inhibitors of that monooxygenase they are substrate analogues 

substituted on the 18-methyl group We have already described the synthesis of vanous C-18 

modified progesterone&5 We wish to report here the results obtained in the androstene-3,17- 

dione and splrolactone senes Previous results6 Indicated that androstenedlone 3(X = H) can also 

be hydroxylated at C-18 by the cytochrome P-450 involved in the corticosterone transformation 

7309 
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Thts prompted us to develop androstenedlone analogues 3 substituted at the 18-methyl group tn 

the hope that synthesis In that case should be easier than In the progesterone senes In addition 

splrolactones 4 should be easily obtamed from the androstenedlones 3 usmg Sturtz reagent’ 

Splronolactone 4a, an antagonlst of aldosterone, I$ the most widely used antlmmeralocortlcolds 

The targeted splrolactones 4 could be both lnhlbltors of aldosterone blosynthesls and antagonlsts 

at the receptor level 

3 
z 

R=H 
R = scocy 
X=H 

We first attempted to prepare 18-halogenated androstenedlones since we had already 

shown that 18-halogenated progesterones mhlblt the 18-hydroxylase, as 1 O-substituted 

androstenedlones mhlblt aromatases 

The synthesrs of 18-chloro and 18-rodo androstenedlones 3b and 3c IS given In Scheme 1 

b RIMS 

OCH, 

11. R=H 

lib RrMs 

o-8 0- 3e 

c x.1 

Scheme 1 

a) PCC. CH2CLz r b) HCL CH3OH . ~1 N4H, (CH3W@, d) CH3SO$. (C3H5)3N , e) (C,H&N+CI or (C,H9),N+I, HMPA, 1) HOCH3- 

CHzOH. pTo3W C3H5 T 9) HOCHz-‘WOH, PTosOH, CeHe, K2CO3, CH3OH , h) 4-OH amsol. (C3H5)3P, DEAD, I) HOCH3-CH20H. 

PT=W W-k, KfiC4. CH30H , j) CH,SO& (C3H5)3N 
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Compound 5 was prepared m 8 steps startmg from the commercially avallable pregnenolone 

according to already described methods lo-14 After oxidation of the 17-hydroxyl group with pyndl- 

mum chlorochromate (PCC), the acetate group was hydrolysed under acidic condltlons to avoid 

any retroaldollsatlonl2115 The mesylate 8 was then obtained quantitatively Treated with tetra- 

butylammomum chloride, it yielded the chlorocompound 3b (43 %) Using tetrabutylammonium 

iodide under the same conditions we could prepare 3c but with lower yield (30 %) We failed in 

displacing the mesylate using tetrabutylammonium fluoride in HMPA The l&nitrate analogue 3e 

was prepared directly from 7 by treatment with nitric acid In acetic anhydride 

The direct nucleophllic substitution by cyanide was not attempted on the dlketone 8 smce we 

anticipated that the expected intermediate 18-cyano-17-cyanhydnne could transform sponta- 

neously into a 5membered lactone 1s We first tried to prepare the mesylate 9b from the hydroxy 

derivative 9a However it turned out that 9a was a very unstable compound, difficult to isolate and 

to characterize because of the spontaneous hydrolysis of the ketal groups 9b could be obtained by 

ketalization of the two carbonyls of 8 using conventional procedure However we were not 

successful in displacing the l&mesylate group of 9b by most of the nucleophiles that we tned (I-, 

CN-, ) We only succeeded in displacing It by Cl-, leadmg after hydrolysis to the already obtained 

product 3b 

We reasoned that these failures might be due to stenc hindrance and tned to protect the 17p- 

hydroxyl group In 5 by transformmg it Into a 17a-ether 10 accordmg to Fukuyama et al 17 

(Scheme 1) 

Compound 10 was transformed into lla and 11 b All attempts to substitute the mesylate 

group by CN- (for instance 90 h In HMPA at 1 loo, with crown ether) led only to startmg material 

We turned then to the synthesis of l&unsaturated androstene This was achieved accordmg 

to Scheme 2 and Scheme 3 The 18-aldehyde 13 was easily obtamed from 5 This compound was 

then treated with the organochromlum reagent prepared from CrCl2 and iodoform, according to 

K Takalls which selectively transformed the aldehyde Into the iodomethylidene compound 14 

Treatment with a Zn-Cu couplelg afforded the methylldene denvatlve 15 which was transformed 

into the diketone 16, ketoalcool 17 or lactone 18, with the dlanlon of allyl- 

tetramethylphosphorodlamidate, according to Sturtz et al 20 (Scheme 2) After protection of the 17- 

keto group of 14, HI elimmatlon with NaNH2 yielded the methylldyne denvatlve 20 This compound 

was easily hydrolyzed Into the dlketone 21 Selective reduction of the saturated 17-keto group by 

NaBH4 at -80°C In a 50-50 CHsOH-CH2Cl2 mixture according to Ward et al 21 afforded the 17- 

hydroxy compound 2222 (Scheme 3) 
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Scheme 2 

a) HOCHz-CHzOH, PTosOH, Cd46 . KS% CHIOH , b) GICO)Z, DMSO, CH$& , c) crC&. CH13. THF , d) ZII. HCI , e) AmberLte. 

aceton@ s f) NaBH4, C&.OH , g) (Me2N)2-P(O)-FH-CH-CH2; ELI+, HCI. H20, CH~OH 
0 

PI-f ” OH 

Scheme 3 

a) HOCH$H20H, pTosOH, C6H, , b) NaNH2, THF , c) HCI 1 N, GH@H , d) NaBH,, CH@H I CH2C12 

The synthesis of another 18-modlfled splrolactone IS described in Scheme 4 Treatment of 

the dial 12 with t-butyldlmethylsllyl chlonde under carefully controlled condltlons (2 eq , short 

reaction time) led to preferential formatlon of the monoether 23 In spite of the neopentyk nature of 

the primary alcohol After oxidation of the 17-hydroxyl group, lactonlsatron was achieved accordmg 

to the Sturtz procedure19 leadrng to the hydroxy compound 25 Nitration was carned out under 

usual conditions14 
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26 

Scheme 4 

25 

a) tBuM%SICL DMAP, CH&l2 , b) PDC, CH#.& , c) (Me2N)TP(0)FH-CH2, ZLI+ , d) N&H, (CH3tXQ0 
0- 

II - BIOLOGICAL ASSAYS 

These newly synthesized compounds were tested accordmg to the already described 

procedure4 as aldosterone biosynthesis mhibltors The results are given in Table 1 along with 

those already obtamed with 1Svmyl progesterone 27 and 18-methylldene progesterone 28415 

Compound 27 which remains the most active of all the denvatlves that we have prepared IS taken 

as a reference 

la-unsaturated compounds which are designed to bind to the porphynn part of the enzymes 

are more potent than compounds with a good leavmg group at C-18 and supposed to bind with the 

protein Comparison of results obtamed with 16, 17 and 28 shows that the substitution at C-17 

does not influence the inhlbltmg potency 

Studies are In progress to determlne the effect of these newly synthesized products on the 

different steroid receptors In the hope that their relatively low power in mhlbltlng biosynthesis could 

be compensated by an antagonlstlc action at the mlneralocortlcold receptor level and (or) a 

negligible affmlty to the other receptors 
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Table 1 

%illt!htIUld~ % inhlkeaon of E4dc 

Compound 6temne bmsynthmb Compound stwone bmsynlhhec 

k=WWJ (rmc.PM 

Jk&$ loo (08’ o&;; 85 (13) 

0&; 5o (“I 0& 0 (81) 

0&y 50 (10) 0&b 35(10) 

0&;; 80 (10) 0&+ ’ (45) 

& 70(87’ 0&;e 35(45) 

;&;, 80 (12) & 30 (8, 

0 ’ 
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18-Substituted ,mdwst-4-en-3-one denvatwes 

EXPERIMENTAL SECTION 

7315 

Meltmg potnts (mp) were determined on a Kofler apparatus and are uncorrected. W and 1 H 

NMR spectra were recorded either on a Jeol FX 90 Q or on a Brucker AC 200 spectrometer In 

CDCl3 Chemical shifts are expressed In ppm relative to TMS and couplmg constants In Hz A first 

order analysis has been carried out for the methylldene compounds 14 through 19 in order to 

assign 1H chemical shifts. IR spectra were recorded on a Perkin Elmer 1420 spectrometer Optical 

rotations were measured with a Perkm Elmer 241 polanmeter IC (NH3) mass spectra were 

obtained with a RIBER MAG R 10 10 and high resolution mass spectra on a KRATOS MS 50 

spectrometer AnalytIcal samples were prepared by recnstalllzatlon In a methylene chlonde- 

isopropyl ether mixture Mlcroanalyses were carned out by the “Centre de Microanalyse de 

I’Universit~ Pans VI” Starting matenal (pregnenolone) was a gift of the ROUSSEL-UCLAF 

Company 

17P-Hydroxy-18-acetoxy-androst-4-ene-3-one 5 

This compound was prepared according to already described methods’0 

mp 170-l 72O (lit 170-l 75’)10 

18-Acetoxy-androst-4-ene-3,17-dlone 6 

Pyndmlum chlorochromate (2 g, 5 3 mmol) was added to 200 mg (0 58 mmol) of 5 dissolved 

in dry methylene chloride (20 mL) and the mixture was stirred at room temperature for 4 h Ethyl 

ether was then added, the mixture was filtered on cellte, washed with water and concentrated 

Punficatlon was achieved by thin layer chromatography (cyclohexane I ethylacetate 3 7) yleldmg 

180 mg of pure 6 (90 %) 

mp 127-128” (lit 128-129°)10 

1 H NMR (200 MHz) 1 20 (s, 3H, MeiS) , 2 05 (s, 3H, CH3CO) , 4 15, 4 35 (AB, 2H, J = 12 4, 

CHzOAc) ,5 70 (s, 1 H, H-4) 

Anal Calcd for C21H2sC4 C, 73 25 , H, 8 13 Found C, 73 05 , H, 8 35 

18-Hydroxy-androst-4-ene-3,17-dione 7 

2 8 mL of 12N HCI were added to 160 mg (0 46 mmol) of 6 dissolved In methanol (40 mL) 

and the mixture was refluxed for 1 h The solvent was then concentrated, the residue was extracted 

with ethyl acetate and treated In the usual way to afford quantltatlvely 7 (95 %) 

mp 200-202” 

lH NMR (90 MHz) 1 20 (s, 3H, Mel9) ,3 55,3 90 (AB, 2H, J = 11 2, CH2-OH) ,5 70 (s, lH, H-4) 

18-(MethylsuIfonyloxy)-androst-4-ene-3,17-dione 8 

Mesyl chloride (50 pL, 0 76 mmol) was added slowly under argon to a cold (-15°C) mixture of 

115 mg (0 38 mmol) of 7 and trlethylamme (130 pL, 1 14 mmol) In dry methylene chloride After 

1 h at room temperature, 7 mL of a saturated solution of ammomum chlonde were added and after 

conventtonal work-up 135 mg of crude 8 were obtamed (93 %) 

mp 180-I 82” 

1 H NMR (200 MHz) 1 20 (s, 3H, Mel 9) ,3 00 (s, 3H, S02CH3) ,4 40 (s, 2H, CH2-OMs) ,5 75 (s, 

1 H, H-4) 
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After extraction (ethyl acetate) and work-up, the crude mixture was punfled by flash 

chromatography on s111ca gel (ethyl acetate / cyclohexane l/l) yleldmg 313 mg of pure 9a (63 %) 

which was unstable upon recnstallizatlon 

1H NMR (90 MHz) 0 95 (s, 3H, Me19) (3.65 (s, 2H, CH2-OH) ,3 85-3 90 (2s, 6H, 0-CHz-CHz-0) , 

5 25 (m, 1 H, H-6) 

3,3,17,17-Bis(ethylenedioxy)-l8-(methylsulfonyloxy)-androst-5-ene 9b 

Mesylate 8 (56 mg, 0 16 mmol) In benzene (6 mL) was refluxed for 14 h with 

paratoluenesulfomc acid (6 mg) In a Dean-Stark apparatus After conventional work-up and 

chromatography of the crude mixture on silica gel (cyclohexane / ethyl acetate 3/5), 13 mg of pure 

9c (20 %) were obtained 

mp 56 58” (decomp ) 

1H NMR (90 MHz ) 0.98 (s, 3H, Me19) ,2 95 (s, 3H, SO2CH3) (3 90 (bs, 4H, 0-CH2-CH2-0), 4 05, 

4 35 (AB, 2H, J = 10 0, CH2-OMs) ,5 35 (m, 1 H, H-6) 

High reSOlUtlOn mass spectrum Calcd for C24H3sC7 S 468,21817 , found 466,2182 
18-Acetoxy-l7a-(4-methoxyphenoxy)-androst-4-en-3-one 10 

A mixture of 5 (800 mg, 2 31 mmol) dissolved in anhydrous toluene (10 mL), of 4- 

hydroxyanlsol (860 mg, 6 94 mmol), of tnphenylphosphme (788 mg, 3 01 mmol) and ethyl 

azodicarboxylate (474 pL, 3 01 mmol) were refluxed for 18 h After extraction and washing with a 

saturated solution of sodium hydrogenocarbonate and water, the crude product was 

chromatographed on silica gel (cyclohexane / ethylacetate l/l) yielding 845 mg (80 %) of 10 

1H NMR (200 MHz) 1 20 (s, 3H, Me19) ,2 12 (s, 3H, CO-CH3) ,3 75 (s, 3H, OCH3) ,3 75, 4 35 

(AB, 2H, J =12 3, CH20H) ,4 47 (d, 1 H, J = 6 7, H-l 7p) ,5 20 (s, 1 H, H-4) ,6 78 (m, 4H, Ar) 

3,3-(Ethylenedloxy)-17a-(4-methoxyphenoxy)-androst-5-en-18-01 Ila 

The ketone 10 (120 mg, 0 26 mmol) drssolved In 7 5 mL of dry benzene, ethyleneglycol 

(0 75 mL) and paratoluenesulfonlc acrd (3 mg) were refluxed for 17 h rn a Dean-Stark apparatus 

After conventional work up the crude mixture was dissolved In methanol (12 mL) and refluxed with 

KzC03 (150 mg) and water (1 5 mL) for 2 h After extraction the crude mixture was punfled by 

chromatography on silica gel (cyclohexane / ethyle acetate l/l) yielding 84 mg (77 %) of lla 

An analytical sample of the compound was obtained by recnstalllzatlon In a methylene 

chloride-isopropyl ether mixture 

mp 188-l 90” 

‘H NMR (200 MHz) 1 02 (s, 3H, Me19) , 3 10, 3 85 (AB, 2H, J = 12 3, CH20H) , 3 72 (s, 3H, 

OCH3) ,3 95 (s, 4H, O-CH2-CH2-0) ,4 65 (d, 1 H, J = 6 1, H-l 7p) ,5 32 (m, 1 H, H-6) ,6 80 (s, 4H, 

W 
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3,3-(Ethylenedioxy)-l7a-(4-methoxyphenoxy)-18-(methylsulfonyloxy)-androst-5-ene 

llb 

lla (50 mg, 0 10 mmol) In city methylene chlonde (3 mL) tnethylamme (46 pL) and mesyl 

chlonde (17 pL) was stirred at room temperature for 4 h A conventional work up yields 64 mg 

(99 %) of a crude product which was punfled by silica gel chromatography (cyclohexane ethyl 

acetate 2/l ) 

mp 65’ (decomp ) 

‘H NMR (90 MHz) 1 05 (s, 3H, Mel9) ,3.00 (s, 3H, SO2CH3) ,3 75 (s, 3H, 0-CH3) ,3 654 45 (AS, 

2H, J = 10, CH20Ms) ,3 90 (s, 4H, 0-CHz-CH2-0) ,4 50 (d, lH, J = 5 7, H-17P) ,5 35 (m, 1 H, H-6) , 

6 75 (s, 4H, Ar) 

3,3-(Ethylenedioxy)-androst-5-en-17/3,18-dial 12 

Compound 5 (1 76 g, 5 1 mmol) was dissolved m dry benzene (200 mL) and refluxed with 

ethyleneglycol (4 5 mL) and paratoluenesulfonic acid (100 mg) for 15 h After conventional work up 

the crude mixture of the 18-hydroxy and 18-acetoxy compounds was dissolved in methanol (85 mL) 

and refluxed for 1 h with K&O3 (1 g) in water (3 mL) Methanol was then evaporated and the 

residue extracted with ethyl acetate, washed with water and dried under vacuum Cnstalllzatlon 

from ethyl ether gave 1 53 g of 12 still contaming 20 % of unprotected 3-ketone 

‘H NMR (90 MHz) 1 00 (s, 3H, Me19) ,3 65-3 90 (m, 7H, CHrOH + H-17a + 0-CH2-CH2-0) ,5 36 

(m, 1 H, H-6) 

3,3-(Ethylenedioxy)-17-oxo-androst-5-en-18-al 13 

Oxalyl chloride (2 mL, 21 5 mmol) in CH2Cl2 (40 mL) was cooled to -60° under argon and 

then DMSO (4 mL, 35 mmol) in CH&l2 (15 mL) was added dropwise After 30 mm at -60” 12 

(520 mg, 1 5 mmol) In CH2Cl2 (20 mL) was added and the mixture was stirred for another 30 mln 

at -60 After addWon of tnethylamme (15 mL) at -60” and stlmng for 2 h at room temperature the 

mixture was poured in water (200 mL) and 1N HCI was added until neutrality Extraction (CH2Cl2) 

and washing (saturated NH&I and water) afforded crude 13 which was purified by flash 

chromatography (cyclohexane / ethyl acetate 3/l) yielding 400 mg of pure aldehyde 13 (75 %) 

mp 170-l 72” 

lH NMR (90 MHz) 0 95 (s, 3H, Me19) (3 92 (s, 4H, 0-CH2-CH2-0) ,5 32 (m, 1 H, H-6) ,9 55 (d, 1 H, 

J=28,CHO) 

3,3-(Ethylenedloxy)-18a-iodo-l8a-homoandrost-5,18(18a)-dien-l7-one 14 

lodoform (1 2 g, 2 90 mmol) and aldehyde 13 (500 mg, 1 45 mmol) In anhydrous THF were 

added slowly at 10’ under argon to CrCl2 (1 2 g, 9 66 mmol) rn THF The mixture was then stirred 

for 5 h at room temperature, poured into a saturated NaHC03 solution (300 mL), extracted with 

ethyl acetate, washed with water to neutrality and evaporated yielding crude 14 Flash 

chromatography (cyclohexane / ethyle acetate 4/l) afforded pure 14 (60 %) 

mp 162-l 63” 

lH NMR (200 MHz) 1 02 (s, 3H, Me19) ,3 94 (bs, 4H, 0-CH2-CH2-0) ,5 45 (m, 1 H, H-6) (6 27 (d, 

lH,J=154,C=CHI),668(d,lH,J=154,-CH=C) 
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3,3-(Ethylenedioxy)-18a-homoandrost-5,18(18a)-dien-17-one 15 

Zmc powder (4 8 g) In a 10 % HCI suspensron was strrred for 15 mm at room temperature 

and then fritered, washed wnh HCI 10 %, water and then acetone, before bemg dned under high 

vacuum CH3COsCu (480 mg) dissolved m acetic acrd (24 mL) was briefly refluxed under argon 

before addition of the activated zinc powder After a 2-3 mm reflux, the coloration disappeared, the 

powder was filtered under argon, washed with acetic acid, water, acetone and finally ether 

lodo compound 14 (938 mg, 2 mmol) in THF (40 mL) and water (500 uL) were then added under 

argon and the mixture refluxed for 24 h After filtratron on celite, washings with ethyl acetate, 800 

mg of crude 15 were obtained Punfication was achieved by flash chromatography (cyclohexane / 

ethyl acetate 2/l) affording 487 mg of pure 15 (71 %) 

mp 148-150” 

‘H NMR (200 MHz) 1 00 (s, 3H, Mel9) , 4 00 (bs, 4H, 0-CH2-CH2-0) , 5 18 (d, 1 H, J = 17 9, 

-C=CH) ,5 28 (d, 1 H, J = 12 3, -C&H) ,5 39 (m, 1 H, H-6) ,5 96 (m, 1 H, -CH=C) 

18-a-Homoandrost-4,18(18a)-dien-3,17-dione 16 

Ethylenic compound 15 (50 mg, 0 14 mmol) In acetone (20 mL) was stirred with Amberkte 

(800 mg) for 24 h After filtration and concentration, crude 16 (47 mg) was obtained and purified by 

thin layer chromatography (CHCls / acetone 1 %) yieldmg 36 mg (84 %) of pure 16 

mp201 5o-1 52” 
[a],, = +33’ (c = 0 43, CHCl3) 

tH NMR (200 MHz) 1 15 (s, 3H, Mel9) , 5 19 (d, lH, J = 170, -C=CH) , 531 (d, lH, J = 132, 

-C=CH) ,5 72 (bs, lH, H-4) ,6 01 (m, lH, -CH=C-) 

High resolution mass spectrum calcd for C2t)H2& 298,1933 , found 298,1937 

17~-Hydroxy-18a-homoandrost-4,18(18a)-dien-3-one 17 

Sodium borohydnde (50 mg) was added to 60 mg (0 17 mmol) of crude 15 In ethanol (3 mL) 

and the mixture was stirred for 90 mm at room temperature After addition of 10 % HCI at 0” a 

COnventIOnal work up (ethyl acetate extraction) yielded 78 mg of crude hydroxy compound which 

was chromatographed on silica gel (cyclohexane / ethyl acetate l/l) yielding 42 mg of pure 

hydroxy compound (69,5 %) 

‘H NMR (200 MHz) 0 95 (s, 3H, Mel9) ,3 60 (m, lH, H-17a) ,3 95 (bs, 4H, 0-CH2-CH2-0) ,5 28 

(d, 1 f-f, J = 17 0, -C=CH) ,5 33 (m, 1 H, H-6) ,5 68 (d, 1 H, J = 11 2, -C&H) ,5 71 (m, 1 H, -CH=C) 

The hydroxycompound was treated with amberllte (500 mg) In acetone (20 mL) for 24 h yielding 17 

(36 mg) (98 %) 

mp20136-1 38” 
[a]B = +124’ (c = 0 29, CHCls) 

‘H NMR (200 MHz) 1 10 (s, 3H, Mel9) ,3 62 (m, lH, H-17a) (5 27 (d, lH, J =: 17 0, -C&-H) ,5 54 

(d, IH, J = 12 9, -C=CH) ,5 72 (m, 2H, H-4 + -CH=C) 

High resolution mass spectrum calcd for C2oH2sC2 300,2069 ) found 300,2088 

3-0xo-17a-homopregn-4,18(18a)-dien-21,17-carbolactone 18 

A 1 6 M solution of nBuLl in hexane (10 mL) was cooled at -60’ in an acetone-dry Ice bath 

and 2 mL of Sturtz reagent prepared according to Blankenship et al 1s In THF (3 mL) were added 
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dropwrse The temperature was rarsed to -2OO and the dark red solutron strrred for another hour 2 

mL of thrs solution were then added under Inert atmosphere onto 112 mg (1 06 mmol) of 1,4- 

drazabrcyclo (2 2 2 ) octane (DABCO) followed by 0 15 mmol (51 3 mg) of 15 The mixture was 

stirred at 80° for 8 h, then poured in a cold saturated ammonlum chloride solution, neutralized with 

1N HCI Work up wrth CHSCIS afforded 140 mg of crude 3,3-ethylenedroxy compound which was 

hydrolyzed to the correspondmg ketone by treatment for 1 h m ethanol (5 mL) containing 1N HCI 

(1 mL) After neutralization wrth a saturated NaHCOs solution, evaporation of the solvent and 

extrachon wrth CH2Cl2, 65 mg of a yellow 011 were obtained Silica gel chromatography 

(cyclohexane / ethyle acetate 2/l) afforded 10 mg of pure 18 (20 %) 

mp 184-188O 

IR 1770 (lactone) 

id;o = +52O (c = 1 0, CHCIS) 

fHNMR(200MHz) 112(s,3H,Me19),520(d,1H,J=18,-C=CH),542(d,1H,J=11,-C=CH), 

5 65-5 81 (m, 2H, H-4 + -CH=C) 

13C NMR (200 MHz) 199 (C-3) ,178 (C-21’) , 170 (C-5) , 146 (C-l 8) , 125 (C-4) , 120 (C-18’) ,95 

(C-l 7) 

High reSOiUtlOn mass Spectrum Cafcd for CssHsoCs 354,2194 , found 354,220O 

3,3,17,17-Bls(ethylenedioxy)-18a-lodo-l8a-homoandrost-5,18(18a)-diene 19 

A mixture of 14 (400 mg, 0 94 mmol), ethyleneglycol (2 5 mL) and paratoluene sulfonic acid 

(20 mg) In benzene (25 mL) was refluxed in a Dean Stark apparatus for 24 h After addition of a 

saturated solution of sodium bicarbonate conventional work up (ethyl acetate) yielded 1 1 g of an 

only compound which was punfred by chromatography in cyclohexane / ethyl acetate 5/l containing 

2 % of tnethylamme 432 mg (90 %) of pure 19 were obtained 

mp 162-l 63” 

1H NMR (200 MHz) 0 98 (s, 3H, Me19) ,3 85 (m, 4H, 0-CH2-CH2-0) ,3 94 (m, 4H, 0-CH2-CH2- 

0), 535(m,lH,H-6),624(d,lH,J=15,4,C=CHI),647(d,lH,J=15,4,CH=C) 

18a-Homoandrost-4-en-18(18a)-yne-3,17-dione 21 

A catalytic amount of Fe(NOs) was added to dry liquid ammonia (10 mL) at -50” followed by 

10 mg of sodium After 15 mm at -50” 140 mg of sodium were added and the dark blue solution 

stirred for 45 mm at -50” After addition of 19 (60 mg, 0 12 mmol) in THF (3 mL) the mixture was 

kept under refluxmg ammonia (-33”) for 3 h After evaporation of the remammg ammonia, 

ammonium chloride was added, first as a solid and then as a saturated solution, the mixture was 

neutralized with 1N HCI A conventional work up (CHSCIS) yielded 100 mg of crude 20 which was 

treated without purification by 1N HCI (1 mL) In ethanol (5 mL) for 4 h After addition of NaHCOs, 

ethanol was evaporated, the mixture extracted with CHSCIS yielding an oily product which was 

purified by srlrca gel chromatography In cyclohexane / ethyl acetate 3/l 30 mg of pure 21 were 

then obtained (50 %) 

mp 150-l 520 
IR 3300 (C=C-H) 

lH NMR (200 MHz) 1 20 (s, 3H, Me19) ,2 35 (s, 1 H, C&-H) ,5 75 (s, lH, H-4) 



18-Substituted androst-4-en-3-oae demattves 7321 

1% NMR (200 MHz) 76 32 (C&-H) ,60 (-@C-H) 

High resolutton mass spectrum calcd for C&H2402 296,1776 , found 296,176O 
17p-Hydroxy-l8a-homoandrost-4-en-18(18a)-yn-3-one 22 

Compound 21 (70 mg, 0 23 mmol), dissolved m 95 mL of a 50150 CHsOH/CHsCis mixture, 

was cooled to -60° After addrtron of sodrum borohydnde (38 mg) the mrxture was strrred for 3 h at - 

60” The reactron was stopped by addltron of acetone and extraction afforded crude 22 (97 mg) 

which was purified by thin layer chromatography (cyclohexane / ethyl acetate l/l) yielding 45 mg 

(64 %) of pure 22 

mp 150-I 52” 

IR 3300 (C=C-H) 

[a];’ = +116” (c = 0 13, CHC13) 

lH NMR (90 MHz) 1 10 (s, 3H, Mel9) ,3 65 (m, IH, H-17a) ,5 65 (s, lH, H-4) 

High resolution mass spectrum calcd for CssHssCs 296, 1933 , found 298,1934 
3,3-(Ethylenedloxy)-18-(dimethylterbutylsilyloxy)-androst-5-en-l7~-ol 23 

A solution of dimethyltertiobutylsilyl chloride (500 mg, 3 06 mmol) and drmethylammo- 

pyndme (85 mg, 0 56 mmol) in CHsCls (6 mL) was added to compound 12 (500 mg, 1 4 mmol) 

dissolved in CHsCls (20 mL) and tnethylamme (650 pL, 5 6 mmol) at 0’ and the mixture was stirred 

at room temperature for 1 h30 1 N HCI was then added until neutrality Extraction (CH&ls), and 

washing (saturated NH&I) afforded a crude mixture which was chromatographed on silica gel 

(cyclohexane / ethyl acetate 7/3) affording 150 mg of the 17,18 brssllyloxy compound, 465 mg of the 

l&monosilyloxy denvatrve 23 (63 %) and 100 mg of the starting compound 12 

mp 60-65” (decomp ) 

IH NMR (200 MHz) 0 08 (s, 6H, SrMes) , 0 9 (s, 9H, SltBu) , 1 02 (s, 3H, Mel9) ,3 75 (m, 1 H, H- 
17a) ,3 85 (s, 2H, CHs-OSI) ,3 93 (s, 4H, 0-CHs-CHs-0) ,5 35 (m, lH, H-6) 

3,3-(Ethylenedloxy)-18-(dimethylterbutylsllyloxy)-androst-5-en-l7-one 24 

Pyridmium dichromate (PDC) (3 5 g, 1 mmol) was added to 23 (450 mg, 0 1 mmol) in 

CH2Cl2 (50 mL) and the mixture was stirred at room temperature for 24 h Ether (300 mL) was then 

added and the suspension was filtered on celite The organic phases were washed with water to 

neutrality, evaporated and the residue (445 mg) chromatographed in chloroform containing 

acetone (3 %0 v/v) yielding 24 (350 mg, 80 %) 

mp 122-l 24” 

tH NMR (200 MHz) 0 08 (s, 6H, SrMes) , 0 8 (s, 9H, SrtBu) , 1 02 (s, 3H, MeiS) , 3 65, 3 80 (AB, 

2H, J = 9, CHs-OSI) ,3 90 (s, 4H, 0-CHs-CHs-0) ,5 35 (m, lH, H-6) 
18-Hydroxy-3-oxo-17a-pregn-4-ene-21,17-carbolactone 25 

The reaction was performed as described before for compound 18 with 178 mg of 24 

(0 37 mmol) yielding 240 mg of an orange oil which was punfred by flash chromatography on silica 

gel in a chloroform-acetone 812 mixture yreldmg 20 mg of the 17-keto compound and 50 mg of 25 

(38 %) 

IR 1775 (lactone) 

l H NMR (200 MHz) 1 15 (s, 3H, Mel 9) ,3 8 (m, 2H, CHs-OH) ,5 7 (s, 1 H, H-4) 
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18-Hydroxy-3-oxo-l7a-pregn-4-en-21,17-carbolactone, 18-nitrate 28 

Nltnc acid (200 FL) m acetic anhydnde (1 5 mL) were added to a cold (-5“) solution of 25 

(50 mg, 0 14 mmol) in acetic anhydnde (2 5 mL) The mixture was stirred for 2 h at -5’ and poured 

into an iced NaHC03 solution After extraction with methylene chloride, a yellow only product was 

obtained which was chromatographied In a 9-1 mixture of chloroform and acetone, yielding 20 mg 

(35 %) of 28 as an oil 

IR 1770 (lactone), 1280 (-ON02) 

1H NMR (200 MHz) 1 20 (s, 3H, Me19) ,4 62,4 67 (AB, 2H, J = 8, CH2-ON02) ,5 74 (s, 1 H, H4) 

High resolution mass spectrum calcd for C22HaOsN 403,1995 , found 403,2001 
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