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Efficient Synthesis of a Pregnane-type Steroid. Total Synthesis of 
( +) -5a-  Dihydropregnenolone [ (+)-3P-Hydroxy-5a-pregnan-2O-one] 

By Tetsuji Kametani," Koji Suruki, and H ideo Nemoto, Pharmaceutical Institute, Tohoku University, Aobayama, 
Sendai 980, Japan 

An efficient total synthesis of the title compound (7) was carried out by acetylene-cation cyclisation of a 1 - (pent-3- 
ynyl)perhydro-2-phenanthrol (6) which was prepared from a ring-D-aromatic steroid (1 ) via Eschenmoser ring- 
opening 0-f its 1311 7a-epoxy-1 ?-oxo-derivative 

THE stereocontrolled synthesis of /ram-fused hydrindane 
derivatives has recently attracted much attention 1-4 

mainly due to the fact that  the steroidal nucleus incor- 
porates such a ring system. l r o m  among the available 
methods, acetylene-cation cyclisation bas proved to 
be the most promising with regard to construction of tht. 
frans-hydrindane portion of 20-keto-steroids.5-7 The 
key intermediates in this synthetic route are acetylenic 
alcohols and their stereoselective synthesis is thus of 
prime importance for exploitation of the method. 
Taking atlLTantage of a facile stereoselective and asym- 
metric synthesis of ring-u-aromatic steroids developed 
by  US,^^^ we now report an efficient synthesis of the 
acetylenic a h h o l  (fi), s tartirig froni (+ )-3-hyciroxy- 
17-metlioxy-n-lio1i~o-l8-nor-5-androsta-13,15,l7-triene 
( l),g and its cyclisation to ( t)-5a-dihydropregne1iol~~iie 
I( +)-3p-hydrox~-5a-pregnan-ZO-one] (7). Reduction of 
( 1 )  with lithium in liquid ammonia and tetrahydrofuran 
in the presence of t-butyl alcohol, and treatment of the 
product with lo?;, hydrochloric acid in methanol pro- 
duced the enone (2). This product was identical (i.r. 
and n.ni.r. spectra) to an authentic racemic sample 1" 

indicating it to have tlie stereocheinistry depicted in  
formula ( 2 ) .  Conversion into the epoxide (3) was 
achievecl on treatment of (2) with 3O(y, hydrogen 
peroxide in 10% aqueous sodium hydroxirie and metha- 
nol. The acetylenic ketone (4) resulting from Eschcn- 
inoser ring-opening of the epoxide (3), using toluene-/P 
sulphoriyl hydrazide in acetic acid and dicliloromethane, 
was treated with methyl-lithium in tetrahydrofuran to 
give the acetyleiiic alcohol (5). Methylation of the 
terminal acetylene group 1 ~ 5 7  treatni en t wit ti methyl 
iodide in the presence of litliium amide in liquid aminonia 
and tetrahydrofuran produced thc requisite acetylenic 
alcohol (6) in which all tlie chiral centrcs, other than that 
at C-2, are already fixed. Treatment of (6) with a 
mixture of trifluoroacet ic acid and trifluoroacet ic 
anhydride antl hydrolysis of the resulting en01 trifluoro- 
acetate with lo:/, potassium hydroxide afforded 5a- 
dihydropregnenolone (7), identical to an authentic 
sample (obtained bv recrystallizing coinmercially avail- 
able material) in all aspects except for the value of the 
optical rotation ([x-ln +S5.0" 2's. f93.0" for the authentic 
sample) which indicated the optical purity of our 
product to be 91.4(;4, i.e. the enaritionieric excess to be 
95.7%. Equilibration of (7) ,  effected by treatment 
with potassium t-butoxide, produced a mixture of (7) 
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antl tlie diastereoisonier (8). Although the presence of 
tlie isomer (8) in the crude cyclisation product was recog- 
nised from comparison of the n.m.r. spectra, the C-13- 
diastereoisomeric compound was not detected. 

EXPERIMENTAL 

(MP-52). 
M.p.s were taken wit11 a Yanagirrioto micro-apparatus 

1.r. spectra were obtained with a Hitachi 216 



J.C.S. Perkin I 
rcvmling sp'ctrol>liotoiinetcr ant1 n.ti1.t . spcc fra it11 ;i 

J 1501, JNM-PMX 60 spectrometer. C1ieniic;il shifts are 
reported as 6 values relative to internal tetranietliylsilaiic~. 
Mass spectra were recorded on a Hitachi IIRIIU-7 spectro- 
meter. All optical rotations were measured in chloroform 
solution a t  20 "C on a JASCO-PIP-SI, polarirneter using a 
1-dm cell. 

( -)-3P-~l?tnVO,l.t,-l)-/~O~?Zo- 1 8-nov-5a-ilndvost- 13( 1 i a ) - e n -  
17-oee (2) .  --To a stirred solution of lithium (49 nig) in 
liquid ammonia ( 1  00 nil), anhydrous t-hutyl alcohol (50  
ml), ancl anhydrous tetraliydrofuran (50 nil) a t  - 33 "C 
was atlded a solution of the ether (1) (185 nig) in :tnIiytlr~~us 
tetra-hydrofuran (5 ml). Stirring was continued for 5 11 a t  
- 33 "C and to the reaction mixture was then added ethanol. 
After evaporation of tlie solvent, saturated aninioniiim 
chloride solution (100 nil) was added antl the resulting 
mixture was extracted with benzene ( x 3).  l'lie combined 
extracts were washed with saturated sodium chloride solu- 
tion and dried (Na,SO,). After removal of the solvent tlic 
residue \.\;as dissolved in methanol (20 ml). This solution 
was treated with 10% hydrochloric acid ( 1  nil), antl the 
mixture stirred for 4 li a t  room temperature under nitrogen. 
The mixture was diluted with water (50  nil )  and then 
extracted with benzene ( x 3) .  The combined benzene 
extracts were washed with saturated sodium hydrogen- 
carbonate solution antl saturated sodium chloride solution 
and dried (Na,SO,) . Evaporation afforcletl a yellow guni 
which was chromatographed on silica gel (4 g) using dichloro- 
methane as eluant to give, after recrystallisation €1-on1 
acetone, the enone (2) (124 nig, 70.5%)) as needles, n1.p. 
188-189 "C (Found: C, 78.55; H, 0.4. Cl,H,,O,*O.2H,(> 
requires C, 78.15; H, 9.800/,); nz/e 288 (ill'); v , , , : ~ ~ .  (CHCl,) 
3 ti00 (OH) and 1 660 ciii-l ( G O ) ;  8(ClKl :J  0.74 ( 3  H, s, 
Me), 3.20-4.00 (1 H, ni, 3-H), and 5.8Gbr ( 1  H, s,  17a-33); 

( -)- 1 3 , 1 ~ ~ - ~ ~ 0 ~ ? / - ~ ~ ~ - h y d v o x y - ~ - ? ~ o ~ l Z O - ~  8-nov-5a-nndvost- 
an-17-one (3).-To a stirred solution of tlie enone (2) (43!) 
mg) in methanol (1 rnl) at 0 "C was acldetl 30% hydrogen 
peroxide (3  drops) and loo/, aqueous sodium hydroxide 
(3  drops). After stirring for 15 min a t  0 "C, the mixture 
was diluted with ice-cold water (50 ml) and extracted with 
benzene ( x 3). The combined estracts were washed with 
saturated sodiuni cliloride solution antl dried (Na,SO,) . 
Renioval of the solvent gave a colourless gum, which was 
chromatographed on silica gel (10 g) with chloroform as 
e h i n n t  to afford the epoxide (3) (441 mg, 95.27;) as an oil 
(Found: M I ,  304.207 3. C19Hz80, requires M ,  304.205 8) ; 
Y,,,,. (CHCl,) 3 A00 (OH) and 1 700 cni-l (C=O); G(Cl>c'l,) 
1.08 (3  H, s, Me), 3.07 (1  H, s, 17a-H), ancl 3.25-4.00 ( 1  11, 
ni,  3-H); [cclD20 -38.0" (c 0.335). 

( - ) - 1 - (Rut-3-ynyl) - 7~-~/ydroxy-4bp-?~zef Iiy Z- 3,4,4aa, 4 b,- 
5,6,7,8,8a, 9,10 , lOa~-dodecal iydvo~?ienant /~r~n-: !  ( 1 H)  -o?zc 
(4) .---A solution of the epoxide (3) (320 nig) antl toluene-p- 
sulphonyl liydrazide ( 195 mg) in acetic acitl-tlichloro- 
methane (5 nil; 1 : 1 v/v) was stirred for 10 niin at - 2 0  T, 
stored a t  --20 "C for 20 li antl then stirred for 4 I1 a t  room 
temperature. The mixture was diluted with water (50 
11-11) and extracted with benzene (x3). The extract was 
washetl with saturated sodium hydrogeiicarbonnte soltition 
arid sa tiirated sodium chloride solution antl drietl (Na,SO,). 
Removal of tlie solvent gave a yellow guin wliicli was 
cliromatograplied on silica gel (7 9)  using dichloromctli~tii~ 
as eliiant to afford tlie acetylenic Izctone (4) ( I  70 mg,  59.0():,) 
as an oil (Found: M k ,  288.212 5.  CI,H,,O, requircs kf, 
288.209 0); vlmz (CHCl,) 3 600 (OII), 3 310 (-CXH), and 

-37.3' (G 0.51). 

1 700 cm-' ( G O )  ; 8(C*DC*l,) 0 i G  ( 3  11, 8 ,  Rlc) and 3.33-4.00 

( - ) - 1 -(But- 3-yizyZ) - 7P-~~3'droxy-2,4ba-dirl,ethyl- 1 ,2 ,3 ,4  ,- 
4arx,5,6,7,8,8a,!I, 10, I Oa~-tetvadecahydro-2-phenantli~uZ (5).-- 
'1'0 a stirred solution of the acetylenic ketone (4) [200 nig) 
in anhydrous tetrahydrofuran (50 nil) a t  0 "C was added 
methyl-lithium (20 ml ; 1 . 5 ~  solution in ether) and the 
mixture w a s  stirred for 1 11 a t  0 'C. After addition of water 
( I  ml) and evaporation of the solvent, water (50 ml) was 
added to the residue antl the resulting mixture \\-as extracted 
with benzene ( x 3). 'The combined benzene extract was 
\vashed with saturated sodium chloride solution and drietl 
( Na2S0,). Removal of the solvent and chromatography 
of the residue on silica gel ( 5  g)  using chloroform as eluant 
gave the acetylenic cllcohol (5) (166 mg, 78.57{,) as an oil 
(Found: Al+, 304.241 3. C,,H,,O, requires ,'If, 304.240 2) ; 
v,,,,,~. (CHCI,) 3 600 (OH) :tnd 3 310 c l ~ i - ~  (-C-CH) ; S(CDC1,) 
0.81 ( 3  H, s, M e ) ,  1.20 ( 3  H, s ,  Me), and 3.21-4.00 ( I  €1, in, 

( - ) - 7 - Hydvo,vy- 2,4b P-di I I  zethy Z- 1 - (pent- 3-y nyl) - 1 ,2 ,3 ,4 ,  - 
4aa, 5,6,7,8,8a, 9 , l O  , 1 Oap- tetmdecahydro- 2-phenanth rol 
(6) .-To a stirred solution of lithium aniide [from lithium 
(48 m g )  and excess of liquid ammonia] and the acetylenic 
alcohol (5) (122 nig) in liquid ammonia (50 nil) and anliy- 
drous tetraliydrofuran (15 ml) at - 33 "C was added methyl 
iodide (0.3 ml). After stirring for 5 h at -33 "C, the 
iiiisture was treated with an excess of solid ammonium 
cliloi-icle atid the solvent was evaporatecl off. The reddish 
residue was diluted with saturated ammonium chloride 
solution and the resulting mixture was extracted with 
benzene ( x 3).  The combined extracts were washed with 
saturated sodium chloride solution and dried (Na,SO,). 
I<enioval of the solvent afforded a reddish guni which was 
clironiatographed on silica gel (5 g) using chloroform as 
eluant to give the alcohol (6) (81 nig, 63.97;) as an  oil 
(l'ound: M + ,  318.258 5. C,,H,,O, requires &I, 318.255 9) ;  
v , , , ~ ~ .  (CHCI,) 3 600 cm-l (OH);  S(CI)CI,) 0.61 (3 H, s ,  Me), 
1.20 (3 H ,  s, Me), 1.77 (3 H, s, Ale), and 3.33-4.00 (1 H, ni, 
3-H); [a],,2o -14.8" ( C  0.705). 

Cyclisation of (6).--?'o a mixture of trifluoroacetic acid 
( I  .5 nil) antl trifluoroacetic anhydride (0.75 nil) a t  - 18 "C' 
was added the acetylenic alcohol (6) (32 mg) and the result- 
ing tnisture was stirred for 2 11 a t  - 18 "C. After evapor- 
ation of the solvent, the residue was dissolved in ethanol 
( 5  nil) and the solution treated with 10% ethanolic potas- 
sium hydroside ( 1  nil) and then stirred for 4 h a t  room 
temperature. After evaporation of the solvent, the residue 
\\'as extracted with benzene ( x 3). The extract was washed 
with saturated sodium chloride solution and dried (Ka,SO,). 
Evaporation gave a yellow guni which was chromato- 
graphed on silica gel ( 1  g)  using benzene as eluant to afford, 
after recrystallisation Eroni benzene, ( +)-3P-hydroxy-5.cr- 
pregn;tn-20-one ( 7 )  ( 8  mg, 34.97;) as needles, 1ii.p. 193- 
105 "C (lit.,11 192-1'35 "C) ; vmax. (CHC1,) 3 GO0 (OH), and 
1 720 ctii--l (C=O); 8(CDCl,) 0.60 (3 H, s, Me), 0.81 (3 H, 
s, Me), 2.12 (3 13, s, Me), and 3.35-4.20 ( 1  H, rn, 3-H), 
/cc]1,20 -1 85.0" (c 0.04). Further elution with benzene gave 
a mixture of (7)  a n d  (8) [l : 2 (n.m.r.)] (12 mg, 37.476); 
v,,,,,~. (CHCI,) 3 600 (OH) antl 1 720 ctn-l (C=O) ; G(CDC'I,) 
0.60 and 0.90 (each s ,  Me), 0.81 (s, Me), 2.11 and 2.12 (each 
s, Me), and 3.35-4.20 ( I  €I, 111, 3-H); w / e  318. 

lX,;cji.tilibrcction c,f ( -1 ) - 3 P - ~ I y ~ v o x y - 5 u - p r e ~ n ~ ~ Z - ~ ~ - ~ n e  (7)  
using Potassium l-Butoxide.---l'o a stirred solution o f  
potassium t-butoxitle [prepared from potassium ( 185 ma)] 
in t-butyl alcohol (50 nil) was added a solution of thc 

( 1  I T ,  111, 3-H); -6.87" (6 0.495). 

3-H), [E]~" -10.8" (C 0 . 5 ) .  



hydroxy-ketone (7)  (900 ~ i i g )  in absolutr t-butyl alcohol 
(10 ml) and the mixture was reflused for 18 11 under nitro- 
gen. After evaporation of the solvent, the rcsiduc u ~ i s  
diluted with water ( 1 0 0  nil) and the resulting imisturc \I as 
extracted with benzene. The benzene extract was washed 
with saturated socliutii cliloritlth solution a n t l  tlritd (Na,S( I d ) .  
lienioval of the solvent ant1 clirt)in;ttogral,llyii)li}~ o f  the resicliic. 
on silica gel (20 g )  using benzetie its cliiatnt gave a niixtui-e 
o f  (7 )  and ( 8 )  j 3  : 2 ( i i . t i i . r . ) ]  (78.5 nig, 8i.g‘;d)) as ;HI o i l ,  
i(lentica1 to the mixture o f  (7) antl ( 8 )  oht;i i i ic*tl  iil)ovc 
1i.r. (CHC‘I,) and 1i.m .r. (CM‘LJ spectra except for tlie 
integration of each signal]. 
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