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SYNTHESIS OF BRIDGED STEROIDS WITH A BICYCIO [3.3.1.]
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Abstract - A synthesis of new groups of bicyclic steroids with a bicyclo
[3.3.1.] nonane ring A system is described. The insertion of an additional
ring is performed by means of the Michael addition of ethyl acetoacetate to
178 - propionoxyandrosta - 1,4,6-triene-3-one (1), followed by an aldol
condensation of intermediate 1783 - propionoxy-l -(I’E-carboxyechylo-z'-o'xo-
propano)-androsta-4,6-diene~3-one (2) to give 178 - propionate of 1.d(l’),
3a (3’) - (1% -carboxyethylo-2’-oxopropano)-androsta-4,6-diene-38, 178 -
diol (2)3 ng derivatives of 3 an oxaadamantane steroid (l-oxatricyclo
3.3.1.17” " Inonane ring A system): l178-propionate of 1a (1’), 3¢ (3")-pro-
pano-2’5« - epoxyandrosta-3/3, 178 -diol (8) was obtained from 5a, 6a, and
7a. The synthesis of 8 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 studiedl, rOmE
atterition has been given also to steroids with a bridge connecting rings A and B 2.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 31.3 by obtaining steroids with a bicyclo
[2.2.1] heptane ring A system and by Nagata et al. through the syntheses of bicyclo [3.2.1]
octane 4 and bicyclo [2.2.2] 3 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
a bridged ring steroid with the ring A system of a bicyclo [2.2.2.) octane 6. Now we would like to
present the synthesis of a new group of bridged steroids with a bicyclo [3.3.1] nonane ring A
system as well as a steroid with the oxaadamantane (l-oxatricyclo [3.3.1.1.3'7]nonane) ring A
system. During the study 7 of an addition of various Michael reagents to steroidal 3-oxo-l,4,6-
trienes, it was observed that the cyclic 17& -methylo-1dl(1’),3d(3’)-(1’% -carboxyethylo~2’-oxo-
propano-androsta-4,6-diene~38, 178-diol is formed in the reaction of 17« -methylo-3-oxoandrosta-
1,4,6-triene-173-0l1 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 1n the presence
of a tenfold excess of t-BuOK afforded product 3 in a 96% yield. The presence in 3 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 was isolated and subsequently transformed into 3.
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We found that the highest yield of 2 (50%) was obtained when 1 eq of t-BuOK at room temp. was
used in the reaction. An excess 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 50Z%.The decarboxylation of 3 according to the procedure of Crapcho and Lovell 8 gave
product 4 in a 60% yield. The carbonyl group in ring A’ of 4 was then reduced by using sodium
borohydride in wet THF. The reaction afforded, in a 87% yleld, the epimeric alcohols Sa

and 5b in a 5:2 ratio. When bulky hydrides, like lithium-tri-sec-butylo borohydride
(L-selectride) or lithium tri-t-butoxyaluminium hydride, were used in the reduction of 4, only
product 5a was obtained (100%). Further experiments (see below) led to the following absolute
configuration assignments: 2’R for the epimeric alcohol produced in excess (5a), and 2’S for

the other (Scheme 1).
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Scheme 1

Hydrogenation of 5a on Pt catalyst in ethanol ceased after 1 eq of H2 was consumed; products: 6a
(38%) and 7a (40%), and 8 (8%) were obtained (Scheme II).

a 7a 8
Hydrogenation Yield .
conditions ﬁ .
Pt - EtOH 39 % 40 % 8 %%
Pd - EtOH 10 % 10 %o 70 °
Pt - AcOH 0 %% 0% 100 %

Scheme II
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The 1H NMR spectrum contains a singlet (l1H) at 5.44 ppm, corresponding to the olefinic proton

at C-4. In the case of J7a a characteristic multiplet, (lH), appears at 5.56 ppm, this corresponds
to the olefinic proton at C-6. Hydrogenation of 5a on Pt catalyst in glacial HAc afforded oxa-
adamantano steroid 8 in a quantitative yield. No signals of olefinic protons were found in the

1H NMR spectrum of 8. However, the addition of only one H2 molecule to 5a was confirmed by the
elemental analysis and mass spectroscopy. The mass spectrum of 8 deuterated in CH30D indicated
the presence of only one hydroxyl group in 8. The 130 NMR spectra (NBD, SEFT, SFORD) of 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 8 during thy hydrogenation of alcohol 5a proves the 2’R absolute configuration of
alcohol 5a since only in the case of this epimer the C-3’—0—C-5 bridge can be formed.Accor-
dingly, hydrogenation of alcohol 5b on Pt catalyst, either in ethanol or in HAc, affords a mix-
ture of compounds 6b and 7b corresponding to the formal 1,2 - and 1,4 - additions of H2 to the

diene system (Scheme IILI).
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Scheme III
A direct verification of the structure of compound 8 came from the X-ray diffraction study of a
crystal of 8 performed by Duax et 31.9 This completes the proof of thecl-orientation of the
A’ ring and the absolute configuration at C-2’ in compounds 5a and S5b. Duax et al. found two

different conformations of molecule 8 in the crystal (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 5a-—»8 seems rather uncommon, additional experiments were carried out.
5a resisted any changes on treatment with glacial HAc. Hydrogenation of 5a at Pd (10%/C) in etha-
nol at atmospheric pressure yielded oxaadamantano steroid 8 (70X) accompanied by compounds 6a
(10Z) and 7a (102), (Scheme II). 6a and 7a subject to the above conditions both afforded 8 with
70% and 100% yield, respectively; (Scheme IV), it should be noted that no hydrogen absorption

occurred in this case. Interestingly, no changes of 6a and 7a were observed in the absence of H2'

0COCHCH3

Hp/Pd /EtOH Hy /Pd/EtOH
—
70% 100%

HO

Scheme IV

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

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

2
necessary condition for this reaction is a favorable stereochemistry leading to a strainless

product as illustrated by the conversion of 5a, 6a, and 7a into 8. To our best knowledge such

an addition has not yet been recorded in the literature.

1 EXPERIMENTAL

General. The "HNMR spectra were obtained in CDCL3 with a Jeol YNM-4-H-100 Spect{gmecer (100 MHz)
or AC-200 Brucker spectrometer (200 MHz) and reported in#(ppm) from Me,Si. The '~C NMR spectrum
was recorded in CDCl, and reported ind(ppm) from Measi. 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,
d= doublet, t - triplet, § - quartet, m - multiplet, were applied in the description on the

HNMR spectra. Symbols: 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 mm layer of silica gel (Merck 60F - 254). t-BuOH and benzene were
distilled from CAHZ. Extracts were dried over Hgsoa.
17p-propionate of 14(1%),3«(3* )-(1’§-carbozyethylo-2* -oxopropano)-androsta-4, 6-diene-
~3p,17p-diol (3):

Ethyl acetoacetate (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-1l,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,, then concentrated in vacuo to give,1.9 g (96%) of
the compound 3 (oil); IR (QHCI ) Y max: 36 5 (OH), 1720 (ketone), 1735 (ester) cm ; UV : 231,
237.5,246 nm (diene 4,6); 'H : 5,83 (ad, H, C-7-H, J__ =10Hz); 5.58 (d, 1H, C-6—H,J6_7-10Hz);
5,25 (s, 1H, C-4-H); 4.65 (t, 1H, C-17-H,J = 7Hz); 1.92 (g, 2H, COO-CH -CH, J = 7Hz);

3.33 (broad s, IH, C-1'-H); 1.32 (t, 3H, COO=CA -cH., J = 7 Hz), 1.20 (s, 34, C219-H); 0.90 (s,
3H, C-18-H); MS HR (m/e): Found: 470.2687, Cald. £8r C,gH,q0, : 470.2668.
17p-propionoxy-1&(1*§ -carboxyethylo-2’ -oxopropano)-androsta~4, 6~-diene (2):

Ethyl acetoacetate (0.5 ml, 4 mmol) followed by t-BuOK (11.6 nig, 0.1 mmol) was added to a so-
lution of 1 (46.8 mg, 0.14 mmol) 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 3. 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 _
compound 2, mp. 174-176° (acetone) were obtained: IR (CHC1,) ¥ max: 1735, 1720, 1660, 1625 cm -,
UV: 278 nm; H NMR (400 MHz) : 6.12 (s, 2H, C~6-H and C—7-a s 5.55 (s, 1H, C-4-H), 4.74 (¢,



Synthesis of bridged steroids 2133

J = 78z, 18, C-17-B) 4.05 (dq, 1H, J = 10 Hz, J =6 Hz, 0-CH,-CH,), 3.92 (dq, 18,J
10 Hz, J_ = 6 Hz, 0-CH ~CH,)3.43 (%™ = 2 Kz, 1K c-1-R). 3.03 fdd, Jyp = 6Hz, 3 BS%omz,
16, c-1-B}S 2.84 (dd,J” % = 19 Hz, J_. = 6 Hz, 1H, C-2-H); 2.67 (d, J_ 73 19 Hz, 10 E-2-H);
2.35 (q,J = 6 Bz, 28, EB%cH,~cH); 2Y3% (u, 1B, c-8-H); 2.19 (s, 38, cfZBo); 1.25 (s, 3H) and
0.90 (s, 3H) - the angular meth¥l groups; MS (m/e) : 470 (M , 12%9, 3407 (M -CH,COCH,COOCH,CH,,30X

325 (49%). Found: C: 71.39X, H: 8.35X%, calc. for c28H3806 C: 71.46% H: 8,14, 3 2 273

Transformation of 2 into 3

t-BuOK (46 mg, 0.4 mmol) was added to a solution of 2 (20 mg, 0.04 mmol) in dry t-BuOH (3ml)
and the mixture was left to stand for 48 hrs at room temperature. Water was added to the post-
reaction mixture and the product was extracted with ethyl acetate. The organic layer was washed
with water, and aq. sat. (Nﬂb) SO,, then concentrated in vacuo to give 20 mg (100%) of the com—
pound 3, identical with the oné previously prepared.

17p-propionate of 1«(1'}, 3«3’ )-(2-ozopropane)-androsta-4,6-diene-3p, 17p-dicl (4):

A solution of the compound 3 (1.79 mg, 3.8 mmol) in DMSO (110 ml) containing water (1 ml) and
NaCl (300 mg) was heated for 6 hrs at 155-165°. Water was added to the postreaction mixture and
the products were extracted with ethyl acetate. After removal of the solvent the residue was chro-
matographeg on silica gel (benzene - acetone, 95:5) to_give 960 mg (65X yield) of the compound 4
w 163-165" (MeOH); IR (KBr) vy max: 3500, 1735, 1720 em ~, UV: 232, 238, 247.5 nm (diene~4,6);

H NMR : 5.85 (dd, J % 10 Be, J, ., = 3 Hz, 1lH, C~7-H); 5.55 (d,J = 10 Hez, 1H, C-6~H); 5.22 (s,
1H, C-4-H); 4.61 (t,} - z Hz, 1H, &« 7-§ ; 1.09 (8, 3H) and 0.88 (s, 3H) - the angular methyl
groups; MS (m/e): 398 (M, 25%), 341 (M -CH3CH2CO, 100%) . Found: C: 75.06%; H : 8.60%, calc.
for CZSHBAOQ : € 75.33%, B : 8.62%.
17p-propionate of (2'R) - I&(1*), 3e(3*)-(2’hydrozopropano)-androsta-4,6-diene-3p, 17p-diol (5a)
and 17p-propionate of (2°S)-1a(1’),3n(3* )- (2’ -hydrozypropanc) -androsta-4, 6-diene-3p, 17p-diol (8b):

Sodium borohydride (470 wg, 12.5 mmol) was added to a solution to the compound 4 (lg, 2.5 mmol)
in THF (200 =1, 0.1% H,0), and the mixture was stirred for 48 hrs at room temperature. Products
were extracted with etgyl acetate, excess of NaBH, was decomposed with 20% acetic acid. The
extract was washed with aq. sat. NaHCO,. Products were separated into pure compounds by chroma-
tography on silica gel (benzene - acetofte 9:1), to give 590 mg (59%) of comyound S5a, mp. 145-147°
(acetone): IR (CHCI.)Vwax: 3600, 3450, 1735 em ; UV : 238, 242.5, 250 nm; H NMR : 5.95 (dd,

J 6" 10 Hz, J 8- 3 Hz, 1lH, C-7-H); 5.65 (d, J = 10 Hz, lH, C~6~H); 5.50 (s, lH, C~4~H); 4.62

(Z, J = 7 Hz, lH, C-17-H); 4.02 (m, lH, C-2’ —H); 2.25 (q,J = 6 Hz, 2H, CO-CH,CH y; 1,12 (¢, J =
6 Yz, 3H, CO-CH '§§3); 1.10 (s, 3H) and 0.90 (s, 3H) - the angular methyl gtoups? M5 (m/e): 400
(M, 24%), 382 %M ~H,0, 5%). Found: C: 75.03%; H: 9.19X; calc. for CZSH Oh C: 74.95%, B:_?.OSZ;
and 230 mg (23%) of cOmpound 5b, mp. 91-93° {acetone): IR (CHC1l,) max? 3%80, 3450, 1735 cm ; UV:
232, 241, 249 nm; 'H NMR: 5.86(dd, J, . = 10 Hz, J7- = 3 Hz, lH, C-7-H); 5.54 (4, J 7. 10 Hz,
1H, C-6-H); 5.23 (s, 1H, C-4-H); 4.64°%e, 7 = 7 Hz! ¥§, C-17-H); 3.65 (m, 1H, c-2°-8§7’2.29 (q,J
- g Hz, 2H, COCH,CH,); 1.04 (s, 3H) and 0.89 (s, 3H) ~ the angular methyl groups; MS (m/e) : 400
(M, 26%). Found? €7 75.10%; H : 9.24%, calec. for C25H360& + C ¢ 74,95%, H : 9.08%.

17p-propionate of (2°R) - Is(1°), 33 )-(2’-hydroxypropano)-4-androsten-3p, 17p-diol (6a) and
17p-propionate of (2*R)-1a(1°), 3u(3*)=(2’ -hydrozypropano)-5-androsten~3p, 17p~diol (Palr

Pt0, (100 mg) in ethanol ( 2 ml) was hydrogenated for 50 min followed by addition of a solu-
tion og compound 5a (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 fi{ltration and
the filtrate was concentrated in vacuo. The mixture of products was separated into pure compounds
by chtogatogrsphy on silica gel (benzene - acetone 95 : 5)_}0 Eive 39 mg (39%) of compound 6a mp.
150-152" (acetone) : IR (CHCl.,) 9 max: 3600, 3540, 1730 ecm ; "H NMR: 5.44 (s, 1H, C~4=H); 4.61
(t, J =7 Hz, lH, C~-17-H); 4. 2*(m, 1H, C-2’ -H); 1.16 (s, 3H) and 0.81 (s, 3H) - the angular
methyl groups;oHS (m/e): 402 (M, 28%), 384 (M —HZO, 23%), 343 £%7Xl and 40 mg (40%) of compound
78 mp. 214-216" (acetone) : IR (CHC1, )Vmax: 3600,73480, 1730 cm ~; "H NMR: 5.56 (m, 1H, C-6-H);
4.62 (¢, J = 7 Hz, lH, C—l?—H);+3.93 (m, 1H, C-2’-H); 1.16 (s, 3H) and 0.80 (s, 3H) - the angular
methyl groups; MS (mfe): 402 (M, 34%), 384 (53%), 343 (21Z)y, 341 (21%); HR MS (m/e)! found:
402.2770, calc. for CZSH380& : 402.2768, and 8 mg (BX) of compound 8 (see below).
17p-propionate of (2°5)-1%(1°), 3x(3’)-(2’hydroxypropano)-4-androsten-3p, 17p-diol (6b) and
17p-propionate of (2°5)-1a(1%),8x(3* )-(2’ -hydroxypropano)-5-androsten-3p, 17p-diol (7b):

Hydrogenation of 3b (40 mg) according to the above procedure gave a mixture of 6b and Zk (40
mg). Separation of the mixture was not performed. The following signals were found in the H NMR
spectrum of this mixture: 5.25 (m, 1/2 H, C-6-K in 7b}; 5.12 (s, 1/2 H, C-4-H in 6b), 4.61 (t, 1H,
C~17-H); 3.70 (m, 1H, C-2’ -H); 1.25 (t, 3H, COCH2§§3); 1.12, 1.08, 1.06, and 0,8 - singlets of
the angular methyl groups in 6b and 7b.

17g-propionate of Ix(1°), 3«(3*)-propano-2*, 5.(-epa:qcmdrosta-3p, 17p-diol (8):

Pcoz (200 mg) in acetic acid (4 ml) was hydrogenated for 50 min, followed by addition of a so-
lution®of compound 5a (100 mg, 0.25 mmol) in acetic acid (15 ml). The mixture was 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 CHCl,. The organic layer was
washed gith aq. sat. NaH(0,, then concentrated in vacyo to give 100 ng %100:) of compound 8, mp.
170-171° (acetone): IR (CHCL.) ¥ max. : 3600, 1735 cm~ : HNMR : 4.59 (dd, J = 7.64 Hz, J=7.46 Hz,
14, C-17-H); 4.27 {(m, 1H, C-2-H); 2.28 (q, J = 7.60 Hz, 2H, CO-CH.CH Y §.10 (t, J = 7.60 Hz,3H,
CO—CH2933); 0.97 (s, 3H) ~ protons of the angular methyl groups—.:_2 37 C NMR:assignment of the
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signa}ﬁ corresponding to atoms (~-11 - (-22 was bgsed on analogical data gor testosterone pgopio-
nate “°: 174.53 (C=0), 82.60 (3°, €-17), 77.50 (4°, -3 or C-5), 70.38 (3°, c-2'}, 63.71 4,C~5
or C-3), 50.52 (3°, ¢-14), 45.64 (2°,0=3" or C~4), 45.51 (2°, C~4 or C-3°), 42.75 (4°, c-13),
42.30 (3%), 39.73 (20, C-12), 38.42 (4°, C-10), 36.98 (2°), 35.82 (3%, 34.90 39, 33.715 (2%,
29.66 (20), 27.87 (2°, C-1§ or €-21), 27.59 (2°, C-16 or C-21), 25.86 (2°), 23.56 (2°, ¢-15),
19.38 (2°, c-11), 17.43 (1°, C-19), 12.04 (1, C-18), 9.3} (1°, C-22). MS (m/e): 402 (M , 58%),
387 (M ~CH,, 70%); MS (m/e) (CH.OD) : 403 (M ,21%),388 (M -CH,, 24%), Found: C: 74,36%, H:9.72%,
calc. for 25“3804 C : 74.57% H: 9,532,

Hydrogenation of 5a on Pd - catalyst.

Pd 10Z/C (20 mg) and 5a (40 mg) in ethanol (2ml) was hydrogenated at room temperature under
atmospheric pressure. 1 eq of H, was absorbed during 4 hrs of stirring. The catalyst was removed
by filtration, the filtrate was concentrated in vacuo and the residue was chromatographed on
silica gel (benzenme - ethyl acetate 9:1) to give 4 mg (10X) of 6a, 4 mg (10X%) of 73 and 28 =g
(70%) of 8.

Hydrogenation of fa

Hydrogenation of 6a (20 mg) on Pd 10%Z/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-
tographed on silica gel (benzene - ethyl acetate 9:1) to give 14 mg (70%) of 8 identical with
the one previously prepared.

Hydrogenation of 7a
Hydrogenation of 7a (20 mg) according to the above procedure gave 20 mg (1001) of 8, identi-
cal with the one previously prepared. (No hydrogen was absorbed during 3 hrs of stirring).
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