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Abstract - A synthesis of new groups of bicyclic steroids with a bicycle 
[3.3.1.] nonane ring A system is described. The insertion of an additional 
ring is performed by means of the Bichael addition of ethyl acetoacetate to 
17~ - propionoxyandrosta - 1.4.6-triene-3-one (1). followed by an aldol 
condensation of intermediate 17p - propionoxy-1 -(l%-carboxyethylo-2'-oxo- 
propane)-androsta-4,6-diene-3-one (2) to give 17/3 - propionate of u(l'), 
3d (3') - (l'~--carboxyethylo-Z'-oxopropano)-androsta-4.6-diene-3~ , 178 - 
diol o3 

C ss" 

ng derivatives of 2 an oxaadamantane steroid (1-oxatricyclo 
3.3.1.1 ' nonane ring A system): 17ppropionate of ld(l'), 3d (3')-pro- 

pano-2'5d - epoxyandrosta-3/3, 17/3-diol @) was obtained from 2, &. and 
&. The synthesis of s provides the example of an intramolecular addition 
of a hydroxyl group to a double bond in a neutral medium. Hydrogenating 
conditions and a favorable stereochemistry seem necessary for this reaction. 

Among bridged steroids those with a bridged D-ring have been most frequently studied'. some 

attention has been given also to steroids with a bridge connecting rings A and B '.Steroids with 

a carbon - bridged ring A are much less represented in the literature. A meaningful contribution 

to the research in this area was made by Yates et al. 
3 
by obtaining steroids with a bicycle 

c2.2.11 heptane ring A system and by Nagata et al. 

octane 4 and bicycle [2.2.215 

through the syntheses of bicycle [3.2.1] 

octane ring A systems. In the process of the investigation of the 

reactivity of steroidal 3-oxo-1,4,6-trienes carried in our group we have already introduced 
6 

a bridged ring steroid with the ring A system of a bicyclok.2.2.]octane . Now we would like to 

present the synthesis of a new group of bridged steroids with a bicycle [3.3.l]nonane ring A 

system as well as a steroid vith the oxaadamantane (l-oxatricyclo 3.3.1.1. [ I 
3.7 nonane) ring A 

system. During the study 
7 
of an addition of various Michael reagents to steroidal 3-0x0-1.4.6- 

trienes. it was observed that the cyclic 17d -methylo-ld(l').3d(3')-(l'~-carboxyethylo-2'-oxo- 

propane-androsta-4.6-diene-3P, 17/3-diol is formed in the reaction of 17d -methylo-3-oxoandrosta- 

1,4.6-triene-17/3-ol with ethyl acetoacetate. Our study of the reaction of 1 with ethyl acetoace- 

tate led us to a conclusion that this reaction could be a convenient starting point in the syn- 

thesis of a new group of A-bicyclic steroids with an A'-ring attached to the steroidal skeleton 

in position 1 and 3. The reaction of 1. with ethyl acetoacetate In t-BuOH at 30°C in the presence 

of a tenfold excess of t-BuOK afforded product 2 in a 96% yield. The presence in 2 of the 4,6- 

diene system was confirmed by the UV spectrum(231, 237.5, 246nm). The reaction mechanism shown 

in scheme I was verified when intermediate 2 vaa isolated and subsequently transformed into 3 _* 
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We found that the highest yield 

used in the reaction. An excess 

of 2 (50%) was obtained when 1 eq of t-BuOK at room temp. was 

of t-BuOK leads to the aldol condensation converting 2 into 3. 
- 

while in the presence of amounts of t-BuOK smaller than 1 eq, the conversion of substrate 1 

drops below 50X.The decarboxylation of 2 according to the procedure of Crapcho and Love11 a- gave 
product 5 in a 60% yield. The carbonyl group in ring A' of + was then reduced by using sodium 

borohydride in wet THF. The reaction afforded, in a 87% yield, the epimeric alcohols 2 

and 2 in a 5:2 ratio. When bulky hydrides, like lithium-tri-set-butylo borohydride 

(L-selectride) or lithium tri-t-butoxyaluminium hydride, were used in the reduction of 5, only 

product 2 was obtained (100%). Further experiments (see below) led to the following absolute 

configuration assignments: 2'R for the epimeric alcohol produced in excess (k). and 2'S for 

the other (Scheme I). 

COCH3CH3 

H3C& &- COOCH3CH3 

\_ 
/ 

0 // 0 ti // 

Scheme I 

Hydrogenation of 2 on Pt catalyst in ethanol ceased after 1 eg of Ii2 was consumed; products: & 

(38%) and & (GO%), and S (a%) were obtained (Scheme II). 

Hydrogenotion 

conditions 

Pt - EtOH 

Pd - EtOH 

Pt - AcOH 

Y leld 
A \ f 

39 % 40 % 8 % 

IO % 10 % 70 % 

0 % 0 % 100 % 

Scheme II 
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The ‘H NMR spectrum contains a singlet (1H) at 5.44 ppm. corresponding to the olefinic proton 

at C-4. In the case of G B characteristic multiplet, (1H). appears at 5.56 PPW this corresponds 

to the olefinic proton at C-6. Hydrogenation of + on Pt catalyst in glacial HAc afforded oxa- 

adamantan steroid 8 in a quantitative yield. No signals of olefinic protons were found in the 
1 
H NMR spectrum of i. However, the addition of only one Hz molecule to 2 was confirmed by the 

elemental analysis and mass spectroscopy. The mass spectrum of s deuterated in CH30D indicated 

the presence of only one hydroxyl group in s. The 
13 c mm spectra (NBD. SgFr. SFORD) 0f 8 con- 

firmed the assigned number of primary, secondary, tertiary and quaternary carbon atoms, and 

excluded the presence of a tetrasubstituted double bond, thus corroborating that an extra ring 

was formed. However, the assignment of all signals could not be made without additional studies. 

Appearance of 5 during thy hydrogenation of alcohol & proves the 2’R absolute configuration of 

alcohol k since only in the case of this epimer the C-3’ -0-C-5 bridge can be formed.Accor- 

dingly. hydrogenation of alcohol ,b on Pt catalyst, either in ethanol or in HAc, affords a mix- 

ture of compounds e and 2 corresponding to the formal 1,2 - and 1.4 - additions of H2 to the 

diene system (Scheme III). 

5b - -I- 
- HO HO 

OH 

8b 7b - - 

Scheme III 

A direct verification of the structure of compound i came from the X-ray diffraction study of a 

crystal of 8 performed by Duax et al. 9 
This completes the proof of thed-orientation of the 

A’ ring and the absolute configuration at C-2’ in compounds 2 and z. Duax et al. found two 

different conformations of molecule 8 in the crystal (Fig. 1). 

Fig. 1 
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Since the formation of a tetrahydropyran ring during the catalytic hydrogenation of a hydroxy 

olefin (as in the reaction k-3 seems rather uncommon , additional experiments were carried out. 
2 resisted any changes on treatment with glacial HAc. Hydrogenation of k at Pd (10X/C) in etha- 

nol at atmospheric pressure yielded oxaadamantano steroid 8 (70X) accompanied by compounds & 

(10%) and h (10%). (Scheme. II). 68 and & subject to the above conditions both afforded 8 with 

70% and 100% yield, respectively; (Scheme IV), it should be noted chat no hydrogen absorption 

occurred in this case. Interestingly. no changes of & and ti were observed in the absence of H2. 

vCOCH2CH3 

60 
H2/Pd/E1OH 

: 
l+/Pd/EtOH 

- 70% -& * HO : 0’ i 
100% = 

d 

Scheme IV 

The above experiments indicate that an intracmolecular addition of a hydroxyl group to a double 

bond may take place upon hydrogenating conditions: H2+catalyst+neutral medium. It seems that a 

necessary condition for this reaction is a favorable stereochemistry leading to a strainiess 

product as illustrated by the conversion of 2, &. and + into a. To our best knowledge such 

an addition has not yet been recorded in the literature. 

EXPERIMENTAL 
General. The 'HNMR spectra were obtained in CDCL with a Jeol YNM-4-H-100 Spectfqmater (100 MHz) 
or AC-ZOO Brucker spectrometer (200 MHz) and repdrted in$(ppm) from tfe4Si. The C NMR spectrum 
was recorded in CDC13 and reported inr(ppm) from Me4Si. on a AC-200 Brucker spectrometer. The IR 
spectra were carried out with a Beckmann IR 4240 spectrophotometer. The mass spectra (MS) were 
obtained on a LKB 2091 spectrometer (at 70 eV). High-resolution mass spectra (MS HR) were recor- 
ded on a Varian MAT 711 spectrometer. M.ps. measured in a Kofler hot bench are uncorrected. 
Microanalyses were performed on Perkin-Elmer 240 and Hewlett-Packard 185 units. Symbols:s-singlet, 
dl- doublet, t - 

HKMR spectra. 
triplet. 8 - quartet, mo- 
Symbols: 

multiplet. wege applied in tge description on the 
1 - primary, 2 13 secondary, 3 - tertiary, 4 - quaternary carbon 

atom were used in the description of the C NMR spectrum. In the description of the IR and MS 
spectra, only the most intense and/or structurally most important peaks were given. For column 
chromatography silica gel Merck 230-240 mesh or MN 100-200 mesh was used. TLC was performed on 
plastes coated with a 0.25 m layer of silica gel (Merck 60F - 254). t-BuOH and benzene were 
distilled from CAH2. Extracts were dried over 14gS04. 

l?p-propionate of 1~11’1,30t13’I-(I’J-CarbocPJethylo-2’ -oxopropanol-mdroeta-4,6-diene- 
-3p,l?p-dial (31: 

Ethyl scetoacetate (16 ml, 126 mmol) followed by t-BuOK (40 mmol. 1.56 q K in 43 ml t-BuOH) 
was added to a solution of 17p-propionoxynadrosta-1,4,6-triene-3-one (2) (1643 g, 4.2 mmol) in 
dry t-BuOH (150 ml). The reaction mixture was left to stand for 12 hrs at 30 . Water was added 
to the postreaction mixture and the product was extracted with ethyl acetate. The organic layer 
was washed with water, and aq. sat. (NH ) SO , 
the compound 2 (oil); IR (FHCl ) gmax 

then concentrated in vacua to givEll.9 g (96X) of 

237.5,246 nm (diene 4.6); 
H ~ 5 8z3 {if15 k); ;7: iketone), 1735 (ester) cm ; UV : 231, 

5.25 (s, lH, C-4-H); 4.65 (t. 1H: C:l7-H .I' 
9 __ -1OHr); 5.58 (d. 1H. C-6-H.J6_7-10Rr); 
- 7Hzj. $:42 (q, 2H COO-CH -CH J - 7Hz); 

3.33 (broad s, 1H. C-I'-H); 1.32'(t, 3H,'Cbl%hfi -CH , ; 
C-18-H); MS HR (m/e): Found: 47Q.2687. Calt.T& C2~H~8~~)I 

l.;O (s.3fi. &9-H); 0.90 (8, 
3H. 470.2668. 

l?p-propiaosy-lotll’~-carbo~ethylo-2’-oxoproprmol-androata-4,6-diene 121: 
Ethyl acetoacetate (0.5 ml. 4 mmol) followed by t-BuOK (11.6 a, 0.1 aunol) was added to a so- 

lution of 1 (46.8 mg. 0.14 -1) in dry t-BuOH (5 ml). The reaction mixture was left to stand 
for 96 hrs at room temperature. The postreaction mixture was treated similarly as in the case of 
the synthesis of compound 2. The product was separated from substrate 1 by chromatography on 
silica gel (hexane - ethyl acetate, 9.5 : 0.5) 20 mg (43%) of substrate 1 and 29 mg (43%) of-1 
compound 1, 'pp. 174-176 (acetone) were obtained: IR (CHCl ) ?max: 1735, 1720. 1660, 1625 cm , 
LJV: 278 nm; H NMR (400 MHz) : 6.12 (8. 2H. C-6-H and C-7-2); 5.55 (6, IH, C-4-H), 4.74 (t, 
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J - 78x. 111, C-17-N) 4.05 (dq, lH, J - 10 Hz, J - 6 lit, 0-CH -CH ), 3.92 (dq, 1H.J 
10 Hz, J = 6 Hz, O-C6 -CH )3.43 &"J - 2 Hz, l#tCC-1-H). 3.0Ttdd,3J ggm2;e 

lli, C-l-@ 2.84 (dd,J-2 = ?9 Hst, J - 6 Hz. ill, C-2-H); 2.67 (d, J '-2 19 Hz, 1&-2-H);' 
- 6 He, Jl , 

2.35 (q,J - 6 Ha, 2H, &ki2-CH ); 2YtE (m, lH, C-8-H); 2.12 (8, 38, C$&li; 1.25 (8, 3H) snd 
0.90 (a, 38) - the angular meth 1 groups; MS (m/e) : 470 (H , 3 12X9, 340 (M -CH3COCH2COOCH2CH3.30X 
325 (49X). Found: C: 71.39X, II: 8.35X, talc. for C2$i3g06 C: 71.462 H: 8.14X. 

Tz,ox8forfmtia of 2 into 2 
t-BuOK (46 mg, 0.4 amol) was added to a solution of 2 (20 mg, 0.04 xsboI) in dry t-BuOH (3ml) 

and the mixture was left to stand for 48 hrs at room temperature. Meter was added to the post- 
reaction mixture and the product was extracted with ethyl acetate. The organic layer was washed 
with water, and aq. eat. (NH,)2S04, then concentrated in vacua to give 20 mg (100X) of the com- 
pound 1, identical with the one previously prepared. 

27p-propiunate of falt'i, 3uf3'~-~Z-ox~~o~e~-~o8~-4,6-diene-3p' 17p-~502 (41: 
A solution of the compound 2 (1.79 mg, 3.8 mmol) in DMSO (110 ml) containing water (i ml) and 

NaCl (300 mg) was heated for 6 hrs at 155-165'. Water was added to the postreaction mixture and 
the products ware extracted with ethyl acetate. After removal of the solvent the residue was chro- 
matographe$ on silica gel (benzene - acetone, 95:5) to-give 960 mg (65X yield) of the compound 4 
F 163-165 (HeOH); IR (KBr)Jmax: 3500, 1735, 1720 cm , W: 232, 238, 247.5 nm (diene-4.6); 

: 5.85 (dd. J = 10 Hz, J = 3 Hz, lli, C-7-H); 5.55 (d.J - 10 Hz, 1H. C-6-H); 5.22 (s, 
lff,y4-H); 4.61 (t,j-i $ Hz, lH, &-4); 1.09 (8. 3H) and 0.88 (s, 3H) - the angular methyl 
groups; MS (m/e): 398 (H , 25X). 341 (H -CH3CH2C0, 100%). Found: C: 75.06X; H : 8.60X, talc. 
for C25H3404 : C : 75.33X. H : 8.62%. 

l7p-pmpionate of (O’R) - Id.(P), 343’ I- (2’hydroxopropanol-an&o&a-4, t&me-3p, l?p-diot (L&Z) 
and l?p-propionate of (2’S)-Iv+,(S), 3~(3’)-(2’-hyd~mypropano)-and~osto-l,6-diene-3~‘t7P-diol (2): 

Sodium borohydride (470 mg, 12.5 mmol) was added to a solution to the compound 4 (lg. 2.5 mmol) 
In THF (200 ml, 0.1% H 0). and the mixture was stirred for 48 hrs at room temperature. Products 
were extracted with et l? yl acetate , excess of NaBH4 was decomposed with 20X acetic acid. The 
extract was washed with aq. sat. NaHC03. Products were separated into pure compounds by chroma-o 
tography on silica gel (beneene - acetone 9:l),lto give 590 mg (59%) of cornPound 2. mp. 145-147 
(acetone): IR (CRC13)&ax: 3600. 3450, 1735 cm ; W : 238. 242.5, 250 run; H NMR : 5.95 (dd, 

m 3 Hz. 1H. C-7-H); 5.65 (d. J - 10 Hz. 1H. C-6-H); 5.50 (6, lH, C-4-H); 4.62 
4.02 (m, lH, C-2' -H); 2.25 (q.J - 6 Hz, 2li, CO-CH CH ); 1.12 (t, J = 
(8. 3H) and 0.90 (s, 3H) - the angular methyl groups, -' ? MS (m/e): 400 

-H20, 5%). Found: C: 75.03%; H: 9.19X; talc. for C H 0 C: 74.95X, H: p.OS%; 
compound 5b, mp. 91-93' (acetone): IR (CBCl ) msx$53~804 3450, 1735 cm- ; W: 

232, 241. 249 nm; H NMR: 5.86(dd, J _ 3 Hz, 12, C-7-H). 5.54 (d, 3 
18, C-6-H); 5.23 (8, lH, C-4-H); 4.61~ft: :"="?H" rf?H, C-17-H); 3.65 (m: IH, C-2'-HPi'2.29 (q,J 

- 10 Hz, 

Hz, ZH, COB2CH3); 1.04 (8. 3H) and 0.89 (s, 3H) - the angular methyl groups; MS (m/e) : 400 
8 26%). Found: C. 75.10%; H : 9.24X, talc. for C25H3604 : C : 74.95X. H : 9.08X. 

17p-propiaate of (Z’R) - lo, 3oii3’)-(2’-hydroxypropanol-4-androeten-3p, 17p-aiot (6al and 
17p-prop&mate of (2’RI-l&(P), 3~(3’I-(2’-hydroxypropano)-5-androeten-3~, 17p-diot (?$ 

PtO (100 mg) in ethanol ( 2 ml) was hydrogenated for 50 min followed by addition of a solu- 
tion o t compound 2 (100 mg, 0.25 mmol) in ethanol (15 ml). The mixture was hydrogenated for 4 
hrs at room temperature under atmospheric pressure. The catalyst was removed by filtration and 
the filtrate was concentrated in vacua. The mixture of products was separated into pure compounds 
by chromatography on silfca gel (benzene - acetone 95 : S)_fo five 39 mg (39%) of compound & mp. 
150-152° (acetone) : IR (CHCl ) 3max: 3600, 3540, 1730 cm ; 
(t, J - 

H NMK: 5.44 (6, lH, C-4-H); 4.61 
7 Hr. 1H. C-17-H); 4.a2 (m, lH, C-2‘ -8); 1.16 (s, 3H) and 0.81 (8, 3H) - the angular 

methyl groups; MS (m/e): 402 (lit , 28X), 384 (M -H20, 23%). 343 <!7Xl and 40 mg (40%) of compound 
fa mp. 214-216' (acetone) : IR (CHCl3)Jmax: 3600, 3480, 1730 cm ; H NKR: 5.56 (m, Ill, C-6-H); 
4.62 (t, J - 7 Hz, lli, C-17-H);+3.93 (m. lH, C-2*-H); 1.16 (8, 3H) and 0.80 (6, 3H) - the angular 
methyl groups; MS (m/e): 402 (M , 34%). 384 (53%). 343 (21X). 341 (21%); HR MS (m/e): found: 
402.2770, talc. for C25H3804 : 402.2768, and 8 mg (8%) of compound 8 (see below). 

17p-prop&mate of (Z’S)-la(l’), 3x(3’)-(2’hydroxypropanol-4-androsten-3p, l?p-diet (6bl and 
l?p-pro@nate of (2’S)-lot(l’I,3at(3’)-(2’-hydroxyp~0panol-5-and~osten-3~, l?p-dioZ (zi61: 

Hydrogenation of 2 (40 mg) according to the above procedure gave a mixture of E and 2 (40 
mg). Separation of the mixture was not performed. The following signals were found in the H NMR 
spectrum of thts mixture: 5.25 (m, l/2 H, C-6-H in 2); 5.12 (s, l/2 H, C-4-H in &), 4.61 (t, lH, 
C-17-H); 3.70 (m, lH, C-2, -H); 1.25 (t, 3H, COCH2CH3); 1.12, 1.08, 1.06, and 0.8 - singlets of 
the angular methyl groups in e and E. 

17p-ProPiox@e Of lN(lJ), 343')~pPOpanO-2', 5&-epo~androeta-3p, l?p-diet (6): 
Pto2 (200 W) in acetic acid (4 ml) was hydrogenated for 50 min, followed by addition of a so_ 

lutzion Of compound 2 (100 mg, 0.25 mmol) in acetic acid (15 ml). The mixture wae hydrogenated 
for 4 hrs at room temperature under atmospheric pressure. The catalyst was removed by filtration. 
Water was added to the filtrate and the product was extracted with cNC1 . The organic layer vae 
washed with aq. sat. NaHll) then concentrated fn vayfo to give 100 mg &00X) of compound s, mp. 
170-171° (acetone): IR (CH& )+max + : 3600, 1735 cm ; H NMR : k.59 fdd, J = f-64 HZ, ~-7.46 Hs, 
1H' C-17-H); 4.27 (m' 1H. C-3-H); 2.28 (q, J - 7.60 HZ, 2~. co-~~~~~~);lf.lO (t, J 
CO-CH2CH3); 0.97 (8, 3H) - 

- 7.60 Hz,3H, 
Protons of the angular methyl groups; C NMR:assignment of the 
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signa& corresponding to atoms S-11 - C-22 was based on analogical data for testoateroaa Propio- 
nate : 174.53 (c-o), 82.60 (3 , C-17), 77.50 (4', C-3 or C-5). 70.38 (3', C-2'), 67.71 (4',C-5 
or C-3). 50.52 (3', C-14), 45.64 (2',C-3' or C-4), 45.51 (2'. C-4 or C-3'), 42.75 (4', C-13)& 
42.30 (3'), 39.73 (2'. C-12). 36.42 (4'. 
29.66 (2O), 27.87 (2O 

C-10)& 36.98 (2'), 35.82 (3'). 24.90 (3'). 23.75 (2 ). 
, C-l,6 or C-21). 27.59 62 , C-16 or C-212, 25.86 (2 ), 23.56 (2 , E-15), 

19.38 $2", c-11). 17.43 (1 , C-19), 12.04 (I+, C-18), 9.31 (1 , C-22). MS (m/e): 402 (If , 58X), 
387 (M -CH 

(? 
, 70X); MS (m/e) (CH3OD) : 403 (M .21X),388 (H -CH3, 24X). Found: C: 74,36X. H:9.72%, 

talc. for 2SW3804 C : 74.57X H : 9.5311. 

&&‘C’@?lCZti@l Of & Qn Pd - C4dy8t. 

Pd 1oWC (20 mg) and 5a (40 I& in ethanol (2ml) was hydrogenated at room temperature under 
atmospheric pressure. 1 eq of H2 waa absorbed during 4 hrs of stirring. The catalyst wat removed 
by filtration. the filtrate was concentratad in vacua and the residue was chromatographed OR 
silica gel (benzene - ethyl acetate 9:l) to give 4 mg (10%) of &. 4 mg (10X) of & and 28 log 
(70%) of s. 

Hydroge?&ztiffn Of & 

Hydrogenation of & (20 mg) on Pd 10X/C (10 mg) in ethanol was conducted in an analogous 
manner to the previously described procedure. No hydrogen was absorbed during 3 hrs of stirring. 
The catalyst was removed by filtration, the filtrate was concentrated and the residue was chroma- 
tagraphed on silica gel (benzene - 
the one previously prepared. 

ethyl acetate 9:l) to give 14 mg (70%) of g identical with 

Hydrogenation of 3 
Hydrogenation of & (20 a& according to the above procedure gave 20 mg (100%) of i& identi- 

cal with the one previously prepared. (No hydrogen was absorbed during 3 hrs of stirring). 
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