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18-Substituted Steroids. Part 7.' Synthesis and Structure of 11 p,18- 
Epoxy-3a,l8,21 -tri hydroxy-5P- pregnan -20-one (3a.5P-Tetra hyd roaldos- 
terone) 
By David N. Kirk and Barry W. Miller, Medical Research Council Steroid Reference Collection, Chemistry 

Department, Westfield College, Hampstead, London NW3 7ST 

3r,5P-Tetrahydroaldosteronc (1 ) has been prepared from 21 -deoxy-3ct,5f3-tetrahydroaldosterone 1 &methyl 
ether 3- (tetrahydropyran-2-yl) ether (6). Kinetically controlled enolisation with lithium di-isopropylamide 
followed by treatment with chlorotrimethylsilane generated specifically the il~O(~l'-trimethylsilyl enol ether (1 7), 
which reacted with 3-chloroperbenzoic acid to give the 18-methyl ether-21 -alcohol (1 8), which was converted 
into its 21 -acetate (27). Acid solvolysis of the protecting groups at C-3 and -18 with anhydrous acetic acid, 
followed by mild alkaline hydrolysis with sodium hydrogencarbonate afforded 3lx,5f3-tetrahydroaldosterone (1 ) in 
26% overall yield. 

~ U , ~ ~ - T E T R A H Y  DRO.41. IjOSTERON I;: ( 1 1 p, 1 $-el>OXy-3a, 1 8,- 
31-triliydro?r3r-r,P-pregllan-2O-onc) ( 1  ), wliicli w a s  first 
isolatticl and itlcnt i f i c d  in 196 I ,I is the principal urinary 
iiictalmlite o f  aldostcmne (18,21 -dihydroxy-1 I @,18- 
c'i")"Ypr~~gn-~-t'ri~-~,2~)-(lione) (2) in iiian.2-5 About 30 "4, 
of artificially administered aldosteronc (2) is excreted in 
this f o r ~ n . ~ . ~  The metabolism of alclosterone (2) has been 
studied extensively L5 and at tent ion has been focused on 
the determination of 3cc,Cip-tetrahydroaldosterone (1)  in 
urine and in h l ~ o d . ~ ~  2o Several syntheses of aldosteronc 
(2) liave been developed 21 28 but an efficient stereo- 
specific chemical synthesis of 3a,5p-tetral iyclroaldosteroiic 
(1 1 has not been reported. 

Previous chemical syntheses of 3a,f,~-tetrahydro- 
ddostcrone (1) have involved the reduction of the +en- 
:$-one moicty of aldosterone 21 -acetate (3) arid aldo- 
sterone 18,21-diacetate (4).29 However, these reactions 
led to the formation of all four possible isomers (at C-3 
and -5) of tetrahydroaldosterone, the separation of which 
required careful c h r ~ m a t o g r a p h y . ~ ~  I t  has also been 
reported that aldosterone (2) can he reduced quan- 
titatively to 3a,5P-tetrahydroaldosterone ( 1 )  by a micro- 
bial transformation, but further investigation in this 
laboratory in collaboration with the original authors 3o 

lias sliown that the isolation of pure 3a,5p-tetrahydro- 
aldosterone ( 1 )  from an extract of the incubation medium 
requires careful chromatography and results a t  best in 
rather poor recovery of purified material. 

we described the functionalis- 
ation o f  C-18 from a C-20 alcohol and the synthesis of 
2 1 -deoxy-3cr,fip-tetrahydroaldosteronc (3a, 18-dihydroxy- 
11  p,l8-epoxy-5p-pregnan-2O-one) (5). We now report 
the synthesis of 3a,5p-tetrahydroaldosterone (1) from 21- 
deoxy-3 a,Fip- tetrahydroaldosterone 18 -methyl ether 3- 
(tetraliydropyran-2-yl) ether rl1 p,l8-epoxy-l8-methoxy- 
3 X -  (tet rahydropyran-2-ylox y) -5 p-pregnan-20-onel (6). 

The problem was to introduce functionality at C-21. 
We attempted to functiorialise C-21 a t  the oxidation 
level of the 18,11~-liemiacetal-2O-ketone ( 5 )  or its inetliyl 
ether (6) and at the oxidation level of the 18,l lp-lactone- 
%)--ketones ( 7 )  and (8). 

Several methods have been reported for the fuiiction- 
alisation o f  the C-21 position of pregnan-20-ones.31 34 

In a previous paper 

None of tlicse, howciver, afforclctl the required 21 -osy- 
gmated coinpounds ill t hc prescnt caw. :IrA-.kt~toxy- 
I"0-oxo-,5p-I,regnano- I 8 , l l  p-lactonc (7) was recoverec1 
unclianged 35 after siibjectiori to thc Henbcst acetoxyl- 
ation condi t ims of lend tetra-accLtate and boron tri- 
fluoride-dietliyl ctlier.31 Similarly, treatment of the 
18,ll  B-lactone-ZO-ketone (7) undtlr thc conditions of thc 
Stork C-21 iodination procedure 32 or with phenyltri- 
methylammonium perbromide .13 in anhycirous tetra- 
hydrofuran failed to yield the 21-iodo- or 21-brorno- 
compounds, re~pectively.3~ Starting material was re- 
covered in both cases. The acid-catalysed enol acetyl- 
ation of pregnan-20-ones with isopropenyl acetate nor- 
mally leads to the formation of A20(21'-enol acetates.34 
However, the at  tempted acid-catalysed enol acet ylation 
of the 18,11 P-lactone-20-ketone (7) with isopropenyl 
acetate failed to give either the A20(21'-enol acetate (9) or 
the A17(20'-enol acetate (10) ; the starting material was 
recovered.35 The effect of a C-18 oxygenated sub- 
stituent in preventing the formation of the A20(21)-enol 
acetate under these reaction conditions has been reported 
p r e v i ~ u s l y . ~ ~  The hemiacetal-18-methyl ether (6) would 
of course he unstable under the acid conditions required. 

The direct C-21 acetoxylation of 20,18-hemiacetals has 
also been effected by reaction with lead tetra-acetate in 
anhydrous acetic acid.36 However, 2 l-deoxy-3a,5p- 
tetrahydroaldosterone (5) failed to react under these 
conditions 35 and similarly the C-21 hydrogens were not 
replaced by deuterium when 2 1-deoxy-3a,5p-tetrahydro- 
aldosterone (5)  was treated with deuterioacetic acid in 
anhydrous chloroform 36 for three days.35 These results 
were interpreted as further evidence for the absence in 
solution of the 20-hydroxy-l l p,l8 ;18,20-diepoxy-form 
of 2 1 -deox3.-3cr,5p- tetrahydroaldosterone (5)  .1 

The above experiments showed that the 18,Zlp- 
lactone moiety exerts a marked effect upon the chemistry 
of the pregnan-20-one side chain, and inhibits function- 
alisation of the C-21 position. We therefore considered 
a diff went approach, through a kineticaliy-controlled 
enolisation by bnsc 37-39 to generatc the A20(21)-enolate 
anion. 

Unsymmetrical ketones have been converted into the 
thermodynamically preferred en01 acetate 40,41 and tri- 
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( 1 ) R = R ' = R " = H  ( 2 ) R=R'=H ( 5  R = R ' = H  
(18 )  R =THP,R '=Me,R"=H 
( 19) R =R"=H,R'=Mc 
( 27 1 R = THP, I?' = Me, F7"- Ac 

(28)  R = H, R'= R"= A C  
( 2 9 )  R = R ' = R ' ' = A c  
(32 1 R = R' =H,R"=Ac 
(37)  R =Ac ,  R'=R"sH 

( 3 1 R = H , R ' = A c  
( 4 1 R = R ' = A c  

( 6 1 R =  THP, R'= Me 

&o &*# aOAc 
RO'''' * 0'' Ac 0'''' 

H H H 

( 7 ) R = A c  
( 8 1 R = THP 

( 9 1 R = R'= AC 
( 1 4 )  R =THP, R'=SiMe, 

(10) 

(15) R = H  
(16) R = A c  

( 1 7 1  (20) 

i i i (~tI iyld~~1 cwol ether 42 dcrivativc5 t ) > v  tlic UM: of litliiuiii or socliuiii salt5 of Jic~?ta1iietl~~~l~~isilazaiic,4~ 47 o r  
eclui1ibr;Lting reaction conditions. 'J'lic kiiictically 1 m -  litliiuui cti-isopro~>vlaniitle."7."9 Tiit> first forniecl cnolatc 
fcrrcrl cnol acetate and trimethylsilyl eno1 ether deri- anions are tlicn trapped by addition o f  excess acetic 
vatives of unsymmetrical ketones liave been prepared by anliyclritle or chiorotrimethylsilatie. Other lithium di- 
treating the ketone with an excess of a very hinclerecl alkylarnidc bases liave been introduced and their 
base such as lithium, sodium, or potassium triyhenyl- applications in synthesis havc been studied.49 
methide,41-43 potassium tricyclohexyl~nethoxide,~~ Trimethylsily enol ethers can be transformed into 
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a- t rim e th y lsil ylox y-k e tones by react ion with 3-chloro- 
perbenzoic acid 5*52 or dibenzoyl peroxide 53 and 
into a-benzoyloxy-ketones by reaction with lead 
t e t rabenzoat e .54 The a- t rime t h ylsil yloxy- ke t ones are 
readily hydrolysed with either aqueous acid or aqueous 
alkali to the corresp~~ncling a - l i y d r ~ x y - k e t o n e s . ~ ~ * ~ ~  
Enolate anions derived from ketones or esters have also 
been transformed directly into a-hydroxy-ketones or a- 
hydroxy-esters, respectively, by reaction with oxo- 
diperoxoaquohexainetl~ylphosphoraniic~oinolybdenuin- 
(VI1.55 

To test the selectivity of basc-promoted enolisation 
some exploratory reactions were carried out on 3p- 
(tetrahydropyran-2-yloxy)-5r-pregnan-20-one (1 1 ) with 
lithium di-isopropylamide 37948 and sodium hexamethyl- 
d i ~ i l a z a n y l . ~ ~  The reactions were quenched by addition 
of an excess of chlorotriniethylsilane. 

Both reactions gave the product derived exclusively 
from the enolate anion formed by kinetically controlled 
proton abstraction from the less hindered C-21 position. 
The product, an oil, was identified as the A20(21)-tri- 
niethylsilyl enol ether (12) from n.m.r. and i.r. spectra, 
and from subsequent transformation into 21-hydroxy-3P- 
(tt~traliydropyran-2-yloxy)-5a-pregnan-2O-one ( t  3) by 
reaction with 3-chloroperbenzoic acid. The reaction with 
lithium d i-isopropylamide was carried out under much 
milder conditions, gave a cleaner product, and the 
reagent itself was more easily prepared. The superio- 
rity of lithium di-isopropylarnide over lithium and 
sodium salts of hexainethylclisilazane has been reported 
p r e v i o u ~ l y . ~ ~  

The success of these exploratory reactions prompted us 
to test the selectivity of lithium di-isopropylaniide in 
react ions with 20-0x0-3 a- (t e t rah ydrop yran-2- yloxy ) -6 p- 
pregnano-18,ll p-lactone (8) and 1 lp,18-epoxy-18- 
met hox y-3 a- (t e t rah ydrop yran-2-ylox y ) -5 p-pregnan-20- 
one (6). Both compounds afforded the A2q21’-enolate 
anions dcrivetl from kinetically controlled proton 
abstraction, 

Reaction of tlic 18,l l  P-lactone-20-ketone (8) with 
lithium rli- isopropylaniicle followed by cI-ilorr~trirncthyl- 
silanc gave 3a-( tc.traliydropyran-2-yloxy)-20- trimethyl- 
sityloxy-5~-pregri-20-eao-l~, 11 p-lactone (14). The tri- 
rnetliylsilyl enol ctlier (14) was isolated arid characterised 
(i.r. and 1i.in.r.) but was uscd witlinut further purification 
for the subsequent rcaction with 3-cliloroperbenzoic 
;kcid, wli ich gxt\’e 3 1 -1iydi-oxy-20-oxo-3 E- (te traliydro- 
I ’yran-2-y loxy)-Fip-~~r~~n~~no-1~,11  p-lactone ( l5 ) ,  in 23(’& 
yield from the 18,11(3-lac.tone-20-kttoiie ( 8 ) ,  after purific- 
ation o f  tlie crude reactioii product by preparative t.1.c.. 
(see Experimental section). Tlw 18,l l  p-lactone-20- 
kctonc (8 )  was recovered in 150(, yield. 

The high propm-tion of  18,ll P-lactone-20-ketone (8 )  
recolw-ed was due in part to failure to form the tri- 
methylsilyl enol etlier ( 1  4) but mainly to hydrolysis of 
unchanged trimethylsjlyl enol etlier (14) during aqueous 
work-up after tlie reaction with 3-chloroperbenzoic acid. 
These reaction condition., were later modified. 

The 21-acetate (16) was prepared from 21-hydroxy-20- 

oxo-3a-(tetrahydropyran-2-yloxy) -5p-pregnano-l8,ll p- 
lactone (15) by acetylation with acetic anhydride in 
pyridine. 

However, neither the 21-alcohol (15) nor the 21- 
acetate (16) were suitable as precursors to 3a,@-tetra- 
hydroaldosterone (1) ; we have already reported that 
the 18,llp-lactone group could not be reduced in the 
presence of a protecting group at C-20. 

React ion of 1 1 p-lS-epoxy-lS-methoxy-3w (tetra- 
liydropyran-2-yloxy)-5p-pregnan-2O-one (6) with lithium 
di-isopropylamide followed by chlorotrimethylsilane 
gave the 20-trimethylsilyl A2q21)-enol ether (17) which 
was isolated and characterised (i.r. and 1i.m.r.). The 
n.m.r. spectrum showed the metliylene protons at  C-21 as 
an apparent doublet ( J  4 Hz) at  3.90 and 3.94 and the i.r. 
spectrum showed the cnolic double bond at 1 650 c ~ i i - ~  
and the absence of the ketone. Reaction of the 20- 
tririiethylsilyl A20(2i)-enol etlier (1 7) with S-chloroperben- 
zoic acid at  65 O C  for 24 h under nitrogen, followed by 
aqueous work-up, gave 1 1 p, 18-epoxy-2 1 -hydroxy-18- 
me tliox y-3 a- (te tra-h ydrop yran-2-y loxy) -5 p-pregn an-20- 
one (18), in 48% yield from the 20-ketone (6), with 
recovered 20-ketone (6) (6 %) and 3~,21-dihydroxy- 
1 1 Ij,l8-epoxy-l8-methoxy-FiIj-pregnan-2O-one (19) 1.6%) 
which were separated by column chromatography. The 
isomeric 11 p, 18-epoxy-17-hydroxy-18-methoxy-3cr- 
(tetrahyclropyran-2-yloxy)-5p-pregnan-2O-one (20) was 
not detected. The 3cc-alcohol (19) was presumably 
formed by partial hydrolysis o f  the tetrahydropyranyl 
ether during reaction with 3-chloroperbenzoic acid. 

The first step in the reaction of the trimethylsilyl enol 
ether (17) with 3-chloroperbenzoic acid is assumed 50951 to 
be the formation of the epoxide (21), which subsequently 
rearranges regiosyecifically to the 21-trimethylsilyloxy- 
20-ketone (22) and not to tlie 20-tri1nethylsilyloxy-21- 
aldehyde (23). The 21-hydroxy-20-ketone (IS) is then 
isolated after an aqueous work-up. When the reaction 
was followed by t.1.c. a coinpouncl of mobility inter- 
mediate between those of the trimethylsilyl enol ether 
(17) and the hemiacetal-18-methyl ether-20-ketone (6) 
was observed. This was prolmbly the 21-trimethyl- 
silyloxy-20-ketone (22) : a-trimethylsilyloxy-ketones 
have been isolatcd from siinilar reactions after non- 
aqueous work-up.50 

A similar series of inteririediates can o f  course be con- 
sidered in the reaction of the triniethylsilyl enol ether 
( 14) with 3-chloroperbenzoic acid. 

?’lie completion of the synthesis of &t,Tip-tetraIiydro- 
aldosterone (1) now required the hydrolysis of the two 
acid-labile protecting groups at  C-3 and -18. However, 
hydrolysis of 1 1 p, 18-epoxy-:! L-hydroxy-18-methoxy-3a- 
(tetraliydropyran-2-yloxy)-5~-pregnan-2O-one (18) with 
aqueous 70(y0 v/v acetic acid at  room temperature gave 
11 p, 18 ; 18,21-diepoxy-3a-hydroxy-5p-pregnan-20-one(26) 
in 67 f!h yield, and not 3a,5p-tetrahydroaldosterone (1). 
Hydrolysis under these conditions was complete within 
24 h whereas only partial hydrolysis of the hemiacetal- 
18-methyl ether-20-ketone (6) was observed under the 
same reaction conditions after 48 h.I The very ready 
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hydrolysis of the niethoxy-group and the formation of nitrogen at  130-125 O C :  to give a mixture of approsi- 
the 11p,18;18,21 doubly bridged acetal (26) to the exclu- mately equal amounts of 3a,5p-tetrahydroaldosterone 
sion of 3a,5p-tetrahydroaldosterone (1) suggested that 18,2l-diacetate (28) and 3a,5p-tetrahyclroaldosteronc 
hydrolysis of the 20-0x0-he~niacetal 18-methyl ether 21- 3,18,21-triacetate (29). Solvolysis of the hemiacetal-18- 
alcohol ( 1  8) occurred with intramolecular assistance from methyl ether-21-acetate (27) with anhydrous acetic acid 
the hydroxy-group at  C-21 (Scherne). This type of may involve the intermediate acyliuin ion (30) which in 

T HP 

doubly bridged acetal has berm repurted previously from 
acid-catalysed dehydration of aldosterone 57 and has been 
used as a derivative for g.1.c. analysis.58 

To prevent the formation of the llp,18;18,21-doubly 
bridged acetal (26) during acid-catalysed hvdrolysis the 
hemiacetal-l8-methyl ether-21-alcohol (18) was acetylated 
with acetic anhydride in pyridine to give the 21-acetate 
(27). The hemiacetal-1 %methyl ether-2 1-acetate (27) 
was then solvolysed with anhydrous acetic acid under 

the presence of anhydrous acetic acid would be in 
equilibrium with the cyclic orthoester (31) (Scheme). 
The orthoester (31) could then rearrange to give the 
mixture of 3a,5p-tetrahydroaldosterone acetates (28) 
and (29). 

The acid-catalysed hydrolysis of aldosterone 18,21- 
diesters 59y60 in aqueous solvents was reported to give 
selectively the 21-monoesters. However, our attempts 
to hydrolyse the hemiacetal- 18-met hyl et her-2 1-acetat e 
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(27) directly to 3a,.,513-tetrahytlroaldostcrc,nc 21-acctatc 
(52) with lwhydrochloric acid failed to realise the re- 
quired product but gave instead a mixture of the 
llp,l8;18,21-doubly-bridged acetal (26) (66(y0) and 
11 p,18-epoxy-3a-hydroxy-5p-pregnane-l7p, 18-carbo- 
lactone (' 3a,5p-tetrahydroaldosterone y-lactone ') (33) 
(13 o/o). The 11 p,18 ;18,21-cloubly-bridge~l-acetal may hc 
formed by hydrolysis via the acycliuni ion (30) and thc 

(18) R = H  
(27 )  R = A c  

OAc 

i i  
--.h 
---- 

Tlic mixture o f  3r,5~-tetraliydrcialdosterolle 18,521- 
tli ace t ate (28) and 3a,5 p- tetraliydroaldosterone 3,18,2 1 - 
triacetate (29) was hydrolysed with sodium Iiydrogen- 
carbonate in aqucous metlianol at room temperature 
€or 30 11 to give a mixture of approximately equal 
amounts of 3a,Cip-tetraliydro~l~losterone (1) and its 3- 
acetate (37) ,  wliicli wcrc scpiirated by preparative t.1.c. 
liurtlicr hydrolysis of the 3-acetate (37) with a 1.5 molar 

( 2 4 )  R = H  
(25) R = A 6  

R = Ac ii or iif 11 

i 
R = H  
& 

t 

cyclic ort hoester (34) (Scheme). ?'he ' 3a,Sp-tetraliydro- 
aldosterone y-lactone ' (33) isolated from this reaction 
was identical (t.1.c.' g.1.c.' i.r., and n.m.r.) witli an 
authentic sample * prepared by the oxidation of 3cc,5p- 

Although its formation under acid conditions lias been 
reported the mechanisni has not becn elucidatccl. Wc 
have also observed 61 that  til3-diliydroaldosterori~ (35) an 
is transformed into its ' y-lactone ' (36) under acidic 
conditions and we are at present attempting to deter- 
mine the mechanism of this degradation. Dimeric pro- 
ducts were not obtained from any of the acid-catalysetl 
hydrolyses. 

te t rah ydroaldosterone (1) with sodium periodat c.- 3 4,5,8,  '29 

excess of sodium hydro~cncarhonate ill aqueous methanol 
at  room temperature for 20 clays gave :3cc,5P-tetra- 
liydroaldosterone (1). Under these very mild reaction 
conditions epirricrisation a t  C-17 was not observed.26-e2 

3a,5p-'~etraliytlroaldosteronc (1) Imp.ret1 by this 
nicthod was identical (t.l.c., g.1.c.' i.r., and n.m.r.) witli a 
sample preparecl by microbial reduction of aldosteronc 
(2),"' ancl witli a sample of urinary origin kindly supplied 
hy Professor S. IUick.:k 

'Tlic structure o f  :3cx,5p-tetraliydroaldosterone (1 )  in 
solutioii and in  the crvstalline state has  been assigned 

* A gift from Professor S. Illick, Vetersns Administration 
Hospital, Ncw York. 
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from its i.r. and i1.iii.r. spectra (see Experiiiiental 
section) and bv analogy with the structure of aldosterone 
(2) which has been determined from i.r.59 arid n . n ~ . r . ~ ~ * ~ ~  
spectra and from an X-ray crystal determination of 
aldosterone m0nohydrate.~5 

The i.r. spectruiii of 3a,5p-tetrahydroal~osteron~ (1) 
showed a carbonyl band (20-C=U) reduced in intensity 
by 25% in potassium bromide arid by in chloroform 
solution compared to the corresponding band in the 
spectrum of the 20-0x0-hcmiacetal-18-methyl ether-21- 

(la) arid tlie smaller peak at  6 4.88 to 18-H in the steri- 
cally more hindered (18-R) epimer (Ib). On the basis of 
relative peak heights of the C-18 hydrogens the 18-S and 
18-K epimers (Ia) and (Ih) are present in a ratio of ca. 
6 : 1. A similar result was observed for the 18,llp- 
hemiacetal-20-ketone form of 21-deoxy-3a,5p-tetra- 
hydroaldosterone (5).l For the 20-hydroxy-1 lp,lS ;18,- 
20-diepoxy form (11) the peak at 6 5.37 is assigned to 
18-€3 in thc preferred (18-R),(20-S) configuration (IIa). 
The much smaller peak at  6 5.20 we assign to 18-H in the 

H H 

( I b )  ( 1 8 - R )  

H 

alcoliol (18). 'I'hesc results differ froin tliosc for % I -  
clt~oxy-3a,SP-tctra~iydroaldosteroiie for wliicli tlie 1argc.r 
reduction in carbonyl intensity occurred in the crystalline 
state.' The n.1n.r. spectrum of  3cc,5p-tctraliydroaldo- 
stcrone (1) (Figure) shows signals wliich we ha\7e 
;issigned to two tautomeric forms; the 18,ll @-liemi- 
acetal-20-ketone form (I) wliicli can be resolved into Ii 
and S epiniers a t  C-18, and the 20-hydroxy-1 lp,18;18,20- 
tliepoxy form (11) which can be resolved into ( 1 8 - K ) ,  
(20-S) and (18-R), (20-R) eyiniers. We assign the peaks 
a t  8 4.97 and 4.88 to the 18,l l@-Iic1niacetal-20-ketc,nc 
form ( I )  and the peaks at  8 5.37 and 5.20 to the 20- 
Ii~~drox~~-11P,18;18,2O-diepoxy form (11). For the 18,- 
1 1  p-hemiacetal-20-ketone form (I) we assign tlic peak at  
6 4.97 to 18-H in the preferred 1937 (18-S) configuration 

(18-R),(20-Zi) cspiiiier (11 b) wliicli i\ stcrically iiiore 
liinclcrcd tlian tlie (18-R),(20-.S) cyiiiier (lIa). Thc 
(1 S-.S),(20-S) and (18-S) ,(20-R) configurations seem from 
models to be excessively strained. The assignments of 
1 la- arid 12p-H indicated in tlie I'igure were dctermined 
by spin-decoupling experiments. 

Spin c.oupling between the li3'(lro"Y-l'rotons at  C-18 
awl -21 and tlie hytlrogens at  C-18 and -21 was riot 
observed. The n.1n.r. spectra of 5cc- ant1 5p-di hydro- 
aldosteronc~ 29 (38)  and (35) gavc similar results.'jl 

W e  therefore consider 3~,5p-tetraliydroaldosterone ( 1  ) 
to exist in chloroform solution as an equilibrium mixture 
of tlie 18,ll p-hemiacetal-20-ketone form (I) and the 20- 
hydroxy-11 p, 18 ;18,20-diepoxy-form (11) in approxi- 
mately equal concentrations. The hydroxy-aldehyde 
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form (111) did not make a significant contribution to the 
equilibrium composition of 3 a,5~-tetrahydroaldos terone 
(1) in solution. 

G.1.c. analysis was carried out by converting 3ot,5p- 
tetrahydroaldosterone (1) into its 3a,l8,21-tris(trimethyl- 
silyloxy)-20-methoxime derivative and under more 
forcing conditions * into its 3a,llp,21-tris(trimethyl- 
+loxy)-l 8,20-bis(met hoxime) derivative. Analysis 
using a packed column gave a single peak for each 
derivative, whereas analysis with an open capillary 
column was able to resolve tlie syn- and anti-isomers of 
the 20-methoxime group. G.1.c.--m.s. analysis of the 

EXPERIMENTAL 

For materials and methods see ref. 1. 

3(3- (Tetrahydropyran-2-yloxy ) -20-trimethy Lszlylox~y-5a- 
pregn-20-ene (12). Enolisation of 3p-( Tetrahydropyran-2- 
ytoxy)-.5a-pregnan-20-one (1 1) with Lithium Di-isopropyl- 
amide.-Di-isopropylamine (0.6 ml, 0.43 g, 4.0 mmol) was 
added to a stirred solution of methyl-lithium (4.0 ml of a 
0 . 9 4 ~  ethereal solution, 3.8 mmol) in 1,2-dimethoxyethane 
(10 ml) containing 2,2'-bipyridyl (1 mg) t at - 60 "C under 
nitrogen and. the solution was stirred for 10 min. To the 
resulting solution of lithium cii-isopropylamide was added a 
solution of 3p-(tetrahydropyran-2-yloxy)-5a-pregnan-20- 

i 
b 

8 7 6 5 4 3 2 1 0 

FI~ ,LJRE 100-MHz 'H n.ni r. spectrum of kt,Sp-tetrahydroaldosteronc ( 1  ), showing assignments of signals to the 20-oxo-form 
Inset, expansion of the  low-field region to  show assignments for the epimers (Ia),  (Tb), 

6 

( I )  and the 20-hemiacetal form (11 ) .  
( I Ia ) ,  a n d  (Tlb) 

3a,  I 1 p,21 -iris(triniethylsilyloxy)- 18,~0-~~is(metl~oxime) 
sliowed the molecular ion at  ni/e 638. The s p -  and 
anfi-iwriiers of this derivative ga17e identical mass 
s p c  t r a. 

* <; 1.c. a n d  g.l.c.-in 5 .  analyses were carried out following the 
inethod of J .  W. IIonour and C .  I € .  I,. Shacklcton, J .  Stevozd 
Rtocheun , 1977, 8, 299. 

In the 
presence of excess of 1 ithiuni di-isopropylamide a characteristic 
rcd-brown chargc-transfer coniplex is formed (see refs. 37 and 66). 

t 2,')'-Nipyridyl was added to  act as an indicator. 

011t: $ ( I  1 )  (0.402 g ,  1.0 ~nniol) in 1 ,~-tlimc.thoxyethane (10 
ml) arid the mixture was stirred a t  -60 'C under nitrogen 
for 10 min. The mixture was then treated with chlorotri- 
niethylsilane (1.25 ml), stirred for a further 10 min whilst 
warming to room temperature and then diluted with diethyl 

$ 3~-(Tetrahydropyran-2-yloxy)-Fiar-pregnan-2O-one (1  1 )  was 
prepared from 3P-hydroxy-5a-pregnan-20-one according to the 
method described for the preparation of tetrahydropyranyl 
ethers in ref. 1 .  



cther ( I  00 ml containing 1 ?{, trietliylainine). The ethereal 
solution was washed with aqueous sodium hydrogciicar- 
bonate ( I 0  i d  of a saturated solution), ancl then lvith 
aqueous sodium chloride (2 x 10 ml of a saturated solution) 
and dried (MgSO, and Na,C,O,). Removal of tlie solvent 
under red u ced pressure gavc 3 (3- (tctrn /rj&wpy ran- 2-yZoxy ) - 
20-trinzethz,IszZyZo,~~.3r-5a-prcjin-20-cize (12) (0.51 g) as  a 
viscous oil, which was not purified, vnldX. (neat liquid) 
1 635(m), 1 62O(ni), 1 255(s, SiCH,), 1 O G O ( m ,  OTHP) ,  
1 030(s, OTHT'), and 8CiO(s) mi-] ; 8(CX)Cl,) 0.11 [s, OSi- 
(CHJ,], 0.55 (s, IH-H,), 0.74 (s, 19-H,), 3.15-3.95 ( 3  H, rn, 
3a-H and 6'-1LJ, 3.97br ((1, J 2 H z .  21-H,), and 4.65br ( s ,  

Enolisn ti o 12 of  3 p- ( 7'etvnh ~ d r o f y v u n -  2-jIloxy) -5a-Preg Man - 
%)-one (1 1) with Sodium Nexanzct~i?ildisil tz(~~~)ll .  - A solution 
o f  hesaineth~ltlisilazant: (1.13 g, 7.0 nimol) in 1.2-diinetIi- 
osyethane (20 nil) was added t o  a stirred suspension of 
sodamidc (0 .31 g, 8 . 0  mmol) in 1,Z-cliinetliosyeihane ( 2 0  nil) 
at room temperatiire under nitrogen and the mixture was 
lieated under reflux for 4 11 and then allowed t o  cool under 
nitrogen. To the resulting solution of sodium hcsamethyl- 
disilazanyl a t  rooni temperaturc was added a solution of 

(0.28 g, 0.7 mmol) in 1,Z-dimethoxyethane (10 nil) and the 
mixture was heated under reflux under nitrogen for 2 11. 
T h e  mixture was tlicn allowed to  cool and was then treated 
with chlorotrinictliylsilanc (1 nil), stirred for it further 10 
min, antl then diliitcd with diethyl ether (75 nil containing 
1 (z triethylamine). The c.tlicrc.al solution was waslit~l with 
aqueous sodium Iiytlro~encarbonate ( 1 0  1111 of il sat uratect 
solution), and t1ic.n with aqueous sodium chloride (2 x 1 0  
in1 of a saturated solution) and dried (MgSO, and Na,C'O,). 
Removal of the solvent under reduced pressure gave 8p- 
(tetrahydropyran-2-yloxy)-20-trimetliylsilyloxy-6cc-preg1i- 
20-ene (12) (0.32 g)  as a viscous oil, which had spectra 
identical to  those described above. 

2 1 - H y  dr oxy -3 p- ( te tmhy d ropy ran - 2-3' 2 0 , q  I )  - 5 a-prepmn - 2( 1- 
orie (13).-3-Clilorc~perbenzoic acid * (26 mg, 0.15 mmol) was 
added t o  a stirred soliltion of thc trinicthylsilyl enol et1ir.r 
(12) (47.4 nig, 0.1 mmol) in 1,2-~limetlinsyethatnc ( 5  nil) at 
room temperature and tlie mixture was stirred at room teni- 
perature under nitrogcn in the dark for 6 days, then dilutetl 
with water (5 nil), stirred for a further 5 min at room tern- 
perature, and partitioned between dietliyl ether (15 nil 
containing I o/, triethylaniinc) and aqueous sodiuni hydro- 
gencarbonate ( 5  nil of a saturated solution). 7'1ir. aqueous 
fraction t as extracted with more tlivtliyl ether ( 1  0 ]ill), and 
the ethereal fractions were ccmbinrd and washed with 
aqueous sodium chloride (5 nil o f  a saturated solution) then 
with water ( 5  nil) ant1 dried (RlgSO, and NaL,C(J),). Ke- 
moval of the solvent under recluced pressure gave a glass 
(49.2 mg) u-hich crystallised from ;tcetone-tiex;lne t o  give 
2 1 -Izydroxji-SP- ( t e t r a l ~ ~ ~ d i ~ c i ~ ~ l r a n - 2 - ~ l l o , ~ ~ ~  -5a-pi.e~nun-2O-olzc 
(13) (30.6 mg, 73%,) as  ntwtlcs, m.p. 124-132 "C; v,,,,,. 
(KBr) 3 550-4 200(ni, br), 1 715(s), 1 08O(ni, O'r€ll)), 
1 O G O ( m ,  O'lHl'), and 1 030(s, OTHP) c1n-I; 6(C1JCl3) 0 .63  
(s, 18-H,), 0.82 (s, 19-H,), 3.20-L4.05 ( 3  H, i n ,  3a-H and 6'- 
H,), 4.18 (s, 21-H,), and 5.71br (s ,  2'-H) (Found: C,, 74.6; 
H, 10.25. C,,EI,,O, requires C,, 74.6; H, 1 0 . l ~ o ) .  

11 P, 18-EPoxjv- 18-nzethoxy-3a-( t e t r u / ~ ~ ~ d r o ~ ~ i r u n - 2 - ~ ~ Z u , ~ ~ ~ ) -  
20-trinzethylsil~l@x~-5(3-pvegn-20-e?ze (17) .  Emdisntzon uf 
1 1 p, 18-Ep0,q~- 1 8 - n z e t / ~ o x y - 3 a - ( t e ~ ~ u / ~ ~ ~ ~ r o ~ y r u ~ z - 2 - y Z o x ~ ~ ) - 5 ~ ~ -  
pegnnn-2O-one  (6) with Lilhiznnz L)z-isopropylulzzicEe.--L)i- 
isopropylamine (0.8 ml, 0.61 g, 6.0 rnmol) was added to a 
stirred solution of methyl-lithium (6.0 ml of a 0.85~ ethereal 

2'-H). 

3p- (tetrahydropyran-2-yloxy) -5a-I)regnan-20-one (1 1) 

solution, 5.1 t nn io l )  in 1,2-rliniettiosVetli~~Ii(~ (10 nil) con- 
taining 2,T-bipyriclyl ( 1  mg) a t  - 60 "C ilntlcr nitrogen, anti 
tlie solution \vas  stirrctl for 1 0  min. To the resulting 
solution of litliiuni tli-isopropylami~le tvas atltlctl a solution 
o f  1 I p, 1 8 - e p o s y - 1 8 - m c ~ t l l ~ x ~ ~ - ~ ~ ~ - (  t e t r a l i y t l r o ~ ~ ~ r ; ~ ~ ~ - ~ - ~ ~ l o s ~ )  - 

5fLpregnan-2O-one ( G )  (0.447 g. 1 . ( i  niniol) in 1,2-rlinicthosy- 
ctliane (16 ml) and the niistiirc was stirrctl at - 60 "C. under 
nitrogen for 16 miu. The inixture was then trcbated with 
chlorotrimetliylsilanc (1.25 ml), stirred for a furtlicr 10 niiii 
whilst warming t o  room temperature, and then diliitctl witli 
dietliyl ether (150 nil containing 1 yo of trietliylaniine). The 
ethereal solution was washed with aqueous sodium liydro- 
gencarbonate (15 ml of a saturated solution), and then with 
aqueous sodium chloride (2 x 10 ml of a saturated solution) 
and dried (MgSO, and Na,CO,). Removal of the solvent 
undrr reduced pressure gave 1 1 p,18-efioxy- 18-wdzoxy-3a- 
(tetra hylropjwnn- 2-vZox31) - 2O-trinzethylsil~~lux~) - 5P-pregn-20- 
cnc (17) (0.62 g )  as a viscous oil, which was used without 
further purification, vnlilX. (neat liquid) 1 650(m), 1 600(ni), 
1 255(s,  SiCH,), 1 080--1 OAO(s, br), 1 030(s, OTHP), 
1 010(s, O'J'HP), 870(s), and 850(s) cm-l; G(CDC1,) 0.22 [s, 
OSi(CH,),j, 2.03 ( s ,  19-H,), 2.47 (t, J 8 Hz, 17a-H), 2.74 
(q, Jlna.lzp 11, Jlla,12p 6 Hz, 12P-H), 3.25-4.20 (3 H, In, 
3P-H and 6'-H,), 3 .30 (s, 18-OCH3), 3.90 and 3.94 (apparent 
(1, 21-H2), 4.36 ((1, Jlla,12p ti Hz, l l a - H ) ,  4.41 (s, 18-14), antl 
4.73br (s ,  2'-H). 

1 1 @, 18-Epo,~y-2 1 -/zyd~o,vy- 18-methoxy-3a- (telruhydvopyran- 
2-yl0,~y) -~P-pre,usznn-29-one ( 18) .-5-Chloroperbenzoic acid 
(0 .26  g,  1.5 ninictl) was adtlvd t o  a stirred solution of the 
trimt:thylsilyl enol  cther (17) (0.62 g, 1.0 tiirnol) in 1,2- 
dinictlioxyctlianc (25 nil) at room temperature ancl tlie 
mixture \vas stirrcml a t  65 "C in the (lark under nitrogen for 
24 11. The mixturc was allowed to  cool, diluted with water 
( 1 0  nil), stirred for a further 5 min at room temperature and 
then partitioned between dicthyl ether (150 In1 containing 
1 "/il triethylamine) arid aqueous sodium hydrugencarbonate 
(10  In1 of a saturated solution). The aqueous fraction was 
extracted with more dietliyl ether (50 nil), and tlie ethereal 
fractions were combined, washed with aqueous sodium 
chloride (4 x 10 nil oi a saturated solution) and water (10 
ml), and dried (MgSO, and Na,CO,). Removal of the 
sol\wit under r d u c e d  pressure gave a mixture of  crystalline 
solid and viscous gum (0.51 g).  Column chromatography 
on silica gel ( 5 0  g) ,  eluting with ethyl acetate-hexane (3  : 7), 
gave 1 1 @, 1 8-eyoxy-l8-methoxy-Bcc-( tetrahydropyran-2- 
4.lo~iy)-fiP-prcgnan-2C)-one (6) (27 nig, 6(?&), powder, n1.p. 
150-157 "C (crude), which had spectra identical to  those of 
an authentic sanip1e.l Further elution of the column with 
tlthyl acetate-liesane (2 : 3 )  gave 1 IP, 1 8 - ~ p o x ~ 1 - 2 l - / ~ ~ d r o x ~ -  
1 8-inctlioxy - 3a- (tetra h ydrupyran- Z-yloxy) - 5P-firegnan- 20-one 
(18) (0.22 g, 48cJ4)), needles from ethyl acetate-hexane, 
n1.p. 168--177 "C; vmax. (KBr) 3 600-3 150(ni,br), 1 710(1n,- 
ski), 1 S95(s), 1 O7O(s ,  OTHl'), and 1030(s, OTHP) cm-l; 
v(CHC1,) 1 705(s, G O )  cm l ;  S(C.l>Cl,) 0.97 (s, 19-H,), 

17cc-H), 3.17 ( s ,  1K-OCH,), 8.30-4.10 ( 3  H, m, 3P-H and 6'- 
HJ, 4.08 and 4.38 (dcl, Jgem 16 Hz, 21-H,), 4.36 ( s ,  18-H), 
4.42 (d, Jl,cx,lzp 6 Hz, l l a - H ) ,  and 4.72br (s, 2'-H) (Found: 
C, 70.2; H, 9.2. C,,H,,O, requires C, 70.1; H, 9.15%). 
Further elution of the  colunin with ethyl acetate-hexane 

3.58 (q, J 1 2 X . 1 2 ~  1 I ,  J l l X , l z f i  6 Hz, l'Lp-H), 2.77 (t, J 9 Hz,  

* 3-Chloroperbenzoic acid was purified according to the method 
of N .  N.  Schwartz and J .  H. Blumberg, J. Org. Chew., 1964, 29, 
1976; L. F. Fieser and M. Fieser, ' Reagents for Organic Syn- 
thesis,' Wiley, New York, 1967, vol. 1, p. 135. 
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(3  : I )  g;lVe :~a, '~l-dt~6~dvo.u~l-l  1 p, I 8 - e p 0 . 1 ~ ~ -  iH-?tlctlio,~~,-6:1- 
)lsregnan-20-one (19) ( 5  mg, l.5°/o), powder, 1ti.p. 1U!b--l74 "C 
(crude): vIllaX. (KBr) 3 650-3 100(s,br) antl I 7LO(s) cin-'; 
8(CI>CI,) 0.98 (s, 19-H,), 2.57 (q, J l z n . l z f i  I I ,  jlln 12fi 6 Hz,  
123-H), 2.76 (t, J '3 Hz, I ~ E - H ) ,  3.18 (5, Itl-OCH,), 3.60 (111, 

3$-H), 4.06 and 4.36 (dd, JDpnl 17 Hz, 21-H2), 4.35 (s, 18-H), 
ancl 4.43 (d, Jlla.le 6 Hz, 1la-H). 

2l-Acetoxv- 1 l j 3 , 1 8 - ~ p o x ~ ~ - l 8 - ~ n e t / ~ o ~ ~ ~ ~ - \ , - a a - ( t c t v a / ~ ~ ~ ~ l ~ ~ o ~ y v . u t ~ -  
~-rifox3')-5P-pre,niza?l-20-oMe (27).--r2 solution of 1 19,lK- 
qx)xy-21 -liydroxv- 18-methoxy-3rz-( tctratiytlropyra n-2- 
?rlosy)-5~-pre~naii-30-one (18) (0.115 g, 0.25 niniol) and 
acetic anhydride (0.6 ml) in pyridine (2.5 ml) was stirred 
at room temperature in the dark for 20 h. The  mixture was 
then poured onto ice-water (25 ml), stirred a t  rootn tem- 
perature for a further 10 min and then extracted with ethyl 
acetate ( 1  Y 50 ml and 2 x 25 ml). The ethyl acetate 
fractions were combined, washed successively with dilute 
hydrochloric acid (3  i( 5 ml), water (10 ml), aqueous sodium 
hydrogencarbonate ( 5  ml of a lo?(, solution), water (10 nil), 
and dried (XgSO, and Xa,CO,). l<emoval of the solvent 
under reduced pressure gave a glass (0.126 g). Column 
chromatography on silica gel (6.5 g), eluting with cthyl 
acetate-hexane ( 1 : 4), gave 21 -ncetoq- 1 1 P- 18-e/hyi- 18- 
unetkox~~-~3a-( fe t~ahydrop~~vauz-2-~fo~~~)-5(3-pregna~a-20-one  (27) 
(0.119 g, 9.5*/o), as a glass, 1ii.p. 48-51 "C; vJllat,. (KRr) 
1 755(s), 1 730(s), 1 235(s), 1 070(s, OTEIP), and I O:ZO(s, 
O'I'HP) cni 1 ;  v(CHC1,) 1 745(s, G O )  ancl I 725(s, CzO)  

Jl . tcr, la~ 11, Jllcr,lzp 6 Hz, 12a-H), 2.88 ( t ,  J 9 Hz ,  17a-I-I), 

4.38 (s, 18-H), 4.47 (d, J l l r ,  12fi ti Hz, 1 I a - H ) ,  4.72br (3  H ,  s, 
2 l -H,  and 2'-H). 

of 2 1 -A cdoxy- 1 1 f5,1 S - P ~ ~ O X F -  18-~rzrtlioxy-3a- 
(felra/~~idrn~~rn12-2-vlo,z.?,)-5f5-pre~Man-20-one (27) .- Anliy- 
thus  acetic acid* (4.5 nil, 80 mmol) was atlded to a stirrctt 
solution o f  2 l-acetosy-1 1(3,18-epoxy-18-methoxy-3a-(tctra- 
liydropyran-2-yIosy)-;5p-pregnan-2O-one (27) (78.3 nig, 0.16 
mmol) in tetrahydrofuran (1.6 nil) a t  room temperature 
under nitrogen and the mixture was stirred antl heated :tt 
12&-12.5 "C under nitrogen for 6 11. 'Hie mistnrc was 
allotved to cool under nitrogen antl was then diluted with 
dichioromethane (50 11-11). The tlichlorometliaiir: solution 
was washed successively with aqueous sodium hydrogen- 
carbonate (6 x 5 nil of a saturated solution), water (5 n i l ) ,  

i ~ n c 1  aqueous sodium chloride, and then dried (MgSI ),J. 

Removal of the solvent under reduced prcssurc gave a solid 
(71.45 mg). Preparative t.1.c. o f  a sample o f  thc- crude pro- 
duct (10.4 mg) on silica gel, developing twice with cthyl 
:tcr:tate-hexane ( 1  : I ) ,  gave two bands. The less polar band 
affor(1r.d 1 l p ,  18-epoxy-3a, 18 ,21- t v iace to~ j~ -T , (3 -~~~e~nan-20-  
owe (29) (4.5 mg, 4376). needles from ethyl acetxtc-liesanc, 
m.p. 108-115 'C; v,,,,~. (KBr) 1 750(s), 1 740(s,br), 1 240(s), 
1 ORC)(s), and 1 005(s) cni-1; G(CL)CI,) 0.9'3 (s, 19-€131, 1.92 

.1,2.x.,2a 1 I ,  J l l n , 1 2 ~  6 Hz, 12P-H), 2.96  ( 1  13, t ,  J 9 Hz,  7a- 

c111-l; S(CDC1,) 0.98 (s, 19-H,), 2.14 ( s ,  21-Oik), 2.61 ((1, 

3.21 (s, 18-OCH,), 3.30-4.10 (:{ 13, 111, 3$-H a n d  6'-H2), 

A cetolysis 

(s, 18-OAc), 2.02 (s, 3-OAc), 2.15 ( s ,  2 1 - 0 ~ \ ~ ) ,  2.63 (q, 

I I ) ,  4.42-4.84 (m,  3(3-H), 4.55 (d, Jlla,120 6 Hz,  l l a - E l ) ,  
4.76 (s, 21-Hz), ant1 5.90 (s, 18-H). The more polar band 
;iftortld 18.2 l-diacetoxy- 1 1 ( 3 . 1 8 - c ~ o x ~ r - 3 a - / z ~ ) ~ r ~ ~ , ~ y - 5 ~ 3 - p r ~ , ~ ~ -  
u ( t ~ - W - u t ? e  (2s) (4,2 mg, 40%), needles from ethyl acetatc- 
Iwsrtne, ni.p. 107-111 "C; vmx. (KBr) 3 550-3 150(s), 
1 'i!%(s), 1 7 3 0 ( s ) ,  1 2:35(s), 1 040(in), and 1 no5(111) cm *;  
8(ClXl,) O.!J9 (s, 19-H,), 1.93 (s, 18-OAc), 2.15 (s, ~ I - O A C ) ,  
2.63 ((1, J l z o l , l z p  11, J l l a , r z ~  6 Hz, 12P-H), 2.96 (t,  J 9 f-Iz, 

* Glacial acetic acid was azeotropically distilled \\ it11 bcnzenc 
, & u d  the fraction boiling in the range 118--120 "C was collcctcd. 

17%-Jl) ,  3.t;ti (111, 3[3-H), 4.56 (tl,  Jlla, lLp ti l - l ~ ,  i l a -H) ,  4.76 
(s, 21-EIz), and 5.90 ( s ,  18-H). 

Hydvolysis  of 21-A cptoxwl 1 P, 18-epoxy-l8-~~zetIioxj4a- 
( t drali? &opj van- 2-y loxy ) - 5 P-I-)veg!h'nan- 2( )-one wit li 
I/ydroc/rloric Acid.---Aqueous hydrochloric acid (0.33 nil of a 
1 M solution) was added to a. stirred solution of 21-acetosy- 
1 1 P, 18-cposy-1 t)-nietlioxy-:la-( tetraliydropyran-2-yloxy)-5P- 
pregnan-2O-onc (27) (1  6.5 ing, 0.03 mmol) in tetrahydrofuran 
( 0 . 3 3  ml). 7'he mixture was stirred a t  room temperature 
for 24 11 and then clilutctl with water ( 5  nil) and extracted 
with dichlvromethane (2 x 10 nil). The dichloromethane 
extracts were combined, waslied with water ( 3  x 2.5 ml), 
and thcn dried (MgSO,) . Removal o f  the solvcnt under 
reduced pressure gave a solid (12.2 nig). T.1.c. on silica 
gel, dcvcloping three times with ethyl acetate-liexane (1  : 1) 
gave 1 1 p, 18 ; 18,2 l-diepoxy-3a-~iydvoxqr-5(3-p~egnan-20-~ne 
(26) (7 .6  mg, 66y0), needles from cthyl acetate-hexane, map. 
184-1 87 "C, which had identical spectra to those described 
bclow and 1 1~,18-epoxy-Ra-hydroxy-5P-pregnane- 17@, 18- 
carholactone (' 3a,5P-tetrahydroaldosterone y-lactone ') (33) 
(1.5 mg, 13%,), a powder, 1n.p. 247-255 "C (crude) (lit.,zs 
2463-248 "C) which had spectra identical to those of an 
authentic sample, v,,,, (KHr) 3 650-3 lOO(s,br), 1 780(s, 
lactone), 1 735(w), 1 080(s), and 1 045(s) cm-l; S(CDC1,) 

3.ti8 (m, 3P-H), 4.82 (d ,  Jllg,120 6 Hz, Ila-H),  and 5.47 (s, 

H_t,drolysis of I l p ,  18-Efioxy-21-/rydvo,~y-l8-~~zef/io,~y-3u- 
( k t v a , l i ~ ~ d ~ ~ n p ~ i v n i z - 2 - ~ Z ~ ) a ~ ~ i )  -5[j-pre~~aan-20-oiz~ ( 1%) with 
Aqwoias A ~ p t i ~  rlcid.--,4qucous 7070 acetic acid (1 nil) wts 
adtlctl to a stirred solution of 1 l p ,  18-epoxy-2 l-hydroxy-1 H- 
methosy-3a-( tetrahydropyran-2-yloxy)-5~-pregnan-20-01ie 
(18) (10.1 nig, 0.02 nimol) in tetrahydrofuran (0.5 ml) and  
tlit: niistlire w a s  stirred a t  room teniperature for 24 h, then 
diluted with water (5 ml), and extracted with dicliloro- 
methane ( 2  x 10 nil). Tlie extracts were combined, 
waslicct with aqueous sodium hydrogencarbonate arid water, 
and dried (MgSO,). Removal of the solvent under reduced 
pressure gave a solid (6.1 mg). T.1.c. on silica gel, eluting 
with ethvl acetate-hexaue (2 : 11, gave 11(3,18;18,21- 
dicpox?,-3a-Ii2lclrox~)-5P-pvegnnn-20-one (26) (4.7 nig, 67%), 
iicedles from ethyl acctate-hesane, m.p. 184-1 87 "C; vmlX. 
(KBr) 3 t;OO--:3 2OO(br), 3 530(s), 1 715(s), and 1 060(s) 

H z ,  12(3-1-I), 2.86 (t,  (i Hz, l7a-H), 3.68 (m, 3P-H), 4.01 (s, 
21-Hz), 4.61 ((1, j l la , l . t f i  ti Hz, l l a -H) ,  and 4.88 (s, 18-H): 
wa/e 346 (Ad ', 10%) 293 ( G O ) ,  275 (loo), 167 (40), and 14!) 
( T O )  ; m / e  (after derivatization as its 3a-triniethylsi1yl~)xy- 
20-methosiine) 447 ( A d + ,  lo%)), 432 (15), 418 ( loo ) ,  403 (30), 
388 ( l o ) ,  328 (15), 326 (40), 3 1 3  (15), 285 (M), 280 (20), 240 
(40), antl 202 (35). 

(:~a,SIZ-l'etvahydronldostcvone) ( I )  and 3a-Aceto,uy-l8,%1 - d ~ -  
lhydvoxy- 1 1 p, 18-e~ox_y-5P-P~eb'ncn-20-one (:3a,5p-letvaliydvo- 
aldnsierone 3-A cetde) (37) .-A solution of the mixture (see 
abovc) of 1 1 [3, 18-eyoxy-3a, 18,2 l-triacetoxy-SP-pregnan-20- 
onc (29) ancl 1H,2 1-diacetoxy-1 lp, 18-epoxy-3cc-h~clroxy-5~- 
prcgnan-20-one (28) (71.6 ing, GU. 0.  I 0  mmol) and sodium 
Ii\.tlrogenc~~rbonat~ (101 m g ,  1.2 mmol) in methanol ( 1 0  11x1) 
; i i id  water (5  ml) was stirred a t  room temperature under 
nilrogcn in the dark for 30 1, .  l'hc niixture was theri d i l u t d  
wit11 ice-water ( 10 nil) and estracted with clicliloro~iietliaii~ 
(2 x 25 nil). Tlie tlicliloroniethane extracts were coinbind 
and waslied with water (5 inl), then with aqucous sotliuiii 
chloridc (2 x 10 nil of a saturated solution) and dried 

( 2 7) 

1.05 (s, lS-H,), '2.91 ((1, J12q,12p 11, Jl lcc ,12~ 6 Hz, 12P-€I), 

18-H) . 

~ t i l - ' ;  8(('IXl3) 1.01 ( s ,  19-H,), 2.57 ((1, J 1 2 a , 1 2 f i  11, Jlln,rzfi ti 

1 1 p, 1 8-Efioxy-Sa, 18,2 1 -tvi/ i~~dvox~-5P-fi~e~nan-2O-une 
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(MgSO,). Removal of the solvent unclcr reduced prtLssur(b 
gave ;t solitl (54.8 mg). 1'rep;ir;ttivc. t.1.c. on  silica gel, 
tlevt4oping tliree times with ethyl acetate-lir~xan~ (2  : I )  
gave two bancls. ' I ' h c h  less polar band afforded :hx,5$-ft.&rcr- 
//ydvonldostes.oizii :Lacefate (37) (21 .(i nig, XI'+,), ncc.cl1c.s froni 
ethyl acetate-lit~unne, n1.p. 110- 121 "C; v, , , , ,~ .  (K13r) 
:I li50--3 ()60(svt)r), 1 73O(s), 1 710(n1,sIi), 1 250(s) ,  1 0 8 0 ~ -  
1 05O($,L)r), aiitl 1 ~):io(s) mi I ;  8(C1)C13) 0.99 ( s ,  19-14~), 1.04 
( s ,  19-H,), 2.04 ( s ,  3 4  ):Ic), ?.f>-k--2.98 [ ~ i i ,  I Z[G3(I), I7a-TI, 
;Llld f!l-OH], 3.0(i :1.40 ( I n ,  18-0I-I), 3.40-3 78 [ I n ,  21-H2- 
( r r ) ] ,  4.33 it, J 5 r - i Z ,  ~ ~ - I - I ~ ( I ) ; ,  4.52 lLi, . J ~ ~ ~ . ~ ~ ~  ti H ~ ,  1 la- 
l-i(l)], 4 . 7 4 1 ~  [d, JlnT.lz~ (i H z ,  1 la-Fl(11) antl 3/3-14], 4.97 
[(I, J (i H z ,  l8-€€(l)j ,  a n t 1  5.37 is, 18-H(11)!. i2dtlition o f  
I )%C) I t ~ l  to tlie loss of tlie signal a t  8 :I.O(j --R.40 antl the 
simplification of the signals a t  6 2.54 -- 8.98, 3.40--:3.78, 
4.33, and 4.97, which beconic, respectively, S 2.66 [q, 

3.43 and 3.57 [dd,.J,,,,, 11.5Hz, 21-H2(ll)], 4.25ancl4.41 [clrl ,  
J q r , / ,  18 H z ,  21-H2(l)], 4.97 [s, I!+H(l)], ant1 5.37 [ s ,  lS-l1(1i)]. 
The more polar b m d  afforclcd ::a,5fJ-tt.trahyclroaldoster(~iii~ 
( 1  ) (211.8 iiig, :I6(Yc,), ncedles from etliyl acetate-liexane, m.p. 
1 0 G - l  19 'C (lit.,2 107-1 14 "C); v,,,~,,. (KBr) 3 660-3 000- 
(s,br), 1 710(m), 1 075(s), 1 (SST>(s), and 1 O40(s) cni I ;  v,,,:,~, 
(C€lC:l:J 3 M5(ni,OH), 3 500 -3 200(nl,br,OM), antl 1 705(iii,  
GO) cni 1 ;  tj(C1Xl.J 0.98 (s, 19-lli), I .on (s, 19-11:3), 2.2:iI)r 
[ti, 12[&H(IX)], 2.66 [q, Jlzcl,12p 11, jl lz.12e 0 Hi.., 12(+II(T) 1 ,  
2.82 (t,  J 10 Hz, 17a-H), 3.46 antl 3.60 [dtl, J!,p,,L 1 1.5 ITz, 

21-Hz(J)j, 4.52 [d, Jlla,l.sp 6 Hz, I Ia-H(L)], 4.72 [d, Jl lz ,12f i  
(i IIz ,  l la-H(Il)] ,  4.97 and 4.88 [s,s, 18-H(T), in th(1 ratio 
(i : I ] ,  5.37 and 5.20 [s,s, 18-T3(11), in the ratio 20 : i j ;  w/e  
\;Liter dcrivatization as its 3a, 1 1 p,2 l - t r i s ( t r i n i e t l t ~ l s i l y l ~ ~ ~ ~ ~ ) -  
l t ) , 2O-b i s (n i c~ t l i~~ i1 i i~~) ] ,  638 (h i ' ,  54(;(,), 607 ( A d '  - 31, 5 l ) ,  
ij!j1 ( A l l  - 47, 57), 575 ( M '  - GS, 43), 536 ( i z I +  - IO:;, 
l(i), 517 ( . I f '  - 31 - YO, 18), 485 (A!! '  - 6.3 - YO, 23), 446 

- 63 - 2 x 90, 24), arid 103 (100) (Found: C, 69.0; II,  
8.96. C21H3205 requires C, 69.2; H, 8.85()6).  

:%a, ~ ~ - T e t v a ~ ~ y d r o u Z d o s t e ~ o r ~ e  (1) .  IJ-ydvoZysis of 3a,5p- 
Tetva/iyctronldostevI,ne 3-.A cetate (37) .-A solution of 3a,5p- 
tetraliytlroaldosterone %acetalc (37) (17.0 nig, 0.04 inniol) 
and sodium liyclrogencarbonate (5.6 mg, 0.065 mmol) in 
methanol (4.3 1111) and water (0.35 ~ n l )  was stirred a t  room 
tmiperature under nitrogen in  the dark for 20 clays. The 
mixture was then diluted with ice-water (7 .5  nil) and cs-  
tracted with dichloromethane (2 x 15 nil). The dichloro- 
metiiane estracts were combined and washed with water 
(5 nil), then with aqueous sodium chloride (2 x 5 nil of a 
satnratecl solution), and dried (MgSO,). I hnova l  of the 
solvent under reduced pressure gave a solid (11.4 nig). 
I'reparative t .l.c. on silica gel, developing tliree times with 
ethyl acetate-liesane (2 : l ) ,  gave 3a,5P-tetrahydroaldoster- 
one ( 1 )  (9.1 nig, 63'$&), needles from ethyl acetate-hexane, 
m.p. 107-1 19 "C (lit.,2 107-114 "C), which had identical 
spectra to those described above. 

3a-Aceton.y-2OP-hydro,vy-5~-p~e~~a~zo- 18 , l  1 p-lactone (40) .- 
Zinc boroliydride (6.9 ml of 0.131 solution in 1 ,2-dimetlioxy- 
ethane, 0.69 iiimol) was added to  a stirred solution of 3a- 
acetoxy-ll-oso-5$-pregnano-l8,2i~p-lactone 1 (39) (84.2 nig, 
0.23 mmol) in 1,2-dimetlioxyetliaiie ( 3  nil) a t  room teni- 
perature under nitrogen and tlie mixture was stirred and 
lieatetl under reflux under nitrogen for 2 h, then allowed to 
cool. Excess of  reagent was destroyed by addition of ice- 
water (10 nil) ,  then the mixture was diluted with ether (25 nil 
coiitaining 1 tricthylaniilie). 'I'he filtrates were conibinetl, 

,J1zr**12fi 11, J l l E . 1 2 ~  6 Hz, 12p-H(l)], 2.78 ( t ,  ,I 9.5 Hz, 1 7 ~ - H ) ,  

21-H2(II.)!, 3.66 (111, 3F-H), 4.25 and 4.41 [ t l t l ,  Jq,,IL I8 Hz, 

(-21 - 103 - YO, 8) ,  427 (1W - 31 - 2 x !w, IS), 395 ('21 

wa~lied with aqueous sotliuiii hydrogencarbonate (2 x 5 ml 
o f  R l o ( ; ,  solution) and water (2  x 6 ml), and then dried 
(MgS04).  13c.moval of the solvent under reduced pressure 
gavc a gun1 (88.5 mg). Preparative t.1.c. on silica gel, 
tlcveloping twice with ethyl acetate-hesane (2 : l ) ,  gave 
3cx-acetosy-2Op-Ilytlr()s~-5p-pregnano- 18,l 1 fi-iactone (40) 
(60 .8  ing, 72(x)), needles from acetone-hexane, m.p. 187- 
190 OC  lit.,^? 194.5-195.5 "C); v ~ ~ ~ , ~  (KBr) 3 550-3 150(m, 
lir), I 770(s), I 735(s), and 1 m(s ' j 'cnl  1 ;  ~(CDC:,) 1.01 (s, 

, J 1 2 c x . , 2 ~  11, . J I l X ,  12p 0 Hz, 12:3-H), 4.28 ( i n ,  20-H), 4.88br (2 
II ,  ( I ,  Jllx,12a 6 Hz, l l a -  and 39-H); a ininor product (4.8 
nig, ti(;:,) wliicli was not identified was assumed to bc 3a- 
ncetosy- I lp, lX-eposy-513-pregnane- 1 8,20/3-diol. 

Jones' cliromic acid reagent was added dropwise to a 
stirrcd sollition of  :3~-~tcetoxv-%O(l-l1~drox~-5~-pre~nano- 
18, 1 l(3-lac.tone (40) (W nig, 0.16 mmol) in acetone (3  1111) a t  
0 uiiiil an c~rmige colour remained ( 0 .  I:? nil). The inistiire 

tirrocl a t  0 "C for 1 11 antl was  theii treated with aqueous 
sotliuni ncratate (5 nil of a 2Oy, solutio~i) and extracted with 
1)riizeric (2 >; 20 nil). 'l'lie benzene fractions were com- 
biiietl and wsslied with aqueous sodinm chloride ( 3  Y 5 nil of 
;I saturated solution) and then dried (RllgSO,). Removal of 
t lw  solvent iintier reduced pressure gave crude 3a-acetosy- 
PO-oxo-T,~-pre~:Iiario-lS, 1 1P-lactone (7) (57 mg, 95%) which 
crystallisetl from ethyl acetate-hesane as  needles, n1.p. 
mi - w:! T ( i i t . , ~ '  201 .5-20:3 "c);  v,,,,. I 770(s), 1 7:35(4, 
1 710(s), and 1 26O(s) cn- ' ;  S(CDC1,) 1.01 (s, lY-H,), 2.02 
(s, :bC)t\c), 2.18 (s, 2l-H,), 8.66 (t,  J 10 Hz,  17a-H), 3 . O G  
(4, J lzr ,12~  1 1 ,  Jlla,12p 6 Hz, 12P-H), 4.76br (2 H, d, .,flla.12fl 

19-Ha), 1.17 ((1, 6 Hz, Zl-H:]), 2.02 ( s ,  3-OAc), 3.09 (q9 

3a-A ceto,vq,-20-oxo-6~-~re~nallo-l8,  1 lp-lacto tie (71.- 

ci Hz, I 1 a- a ~ i ~ l  3f3-H). 
3cc- (Tstra I i~~dvopyvnn-2-~~1ox~~)  -2C~- tr imet l iy l s i lyZox~-~~-  

pvegr2-20-eno-l8,1 Ip-laclone ( 14) .-l>i-isopropylariiine (0.14 
nil, 100 nig, 1 . 0  mmol) was added to  a stirred solution of 
met1i)rl-lithium (1.0 1111 of a 0 . 8 5 ~  ethereal solution, 0.85 
minol) in 1,2-diin~thoxyethaiie (5 nil) containing 2,2'- 
bipyridyl ( 1  nig) at - 60 "C under nitrogen and the solution 
was stirred for 10 min. To the resulting solution of lithium 
di-isopropylaniide was added a s o h  tion of 2O-oxo-3a- 
(tthtraliydropyran-2-yloxy) -5p-pregnano- 18,l l  $-lactone 1 

( 8 )  (74.3 nig, 0.17 mniol) in 1,2-dimethoxyethane (5 nil) and 
the mixture was stirred at -860 "C under nitrogen for 15 
inin, then treated with chlorotrimethylsilane (0.2 nil), 
stirred for a further 10 niin whilst warming to  room tem- 
perature, and then diluted with diethyl ether ( 2 5  ml con- 
taining 1 y *  triethylamine). The ethereal solution was 
washed with aqueous sodium hydrogencarbonate (1 0 ml of ;I 
saturated solution) arid aqueous sodium chloride (2  x 5 nil 
of a saturated solution), and dried (MgSO, and Ka,CO,). 
Kenioval of the solvent under reduced pressure gave 3a- 
(tetrcchydropyran-2-yloxy) -20-trill.zet~zylsiZyylox~~-~$-p~egn-2~- 
evml8,l lp-lactone (14) (104 ing), as an oil containing a little 
unchanged 20-oxo- 3a- (tetrahydropyran- 2-y loxy) - Sp-preg- 
nano-18,l lp-lactone (8) ; vmx. (neat liquid) 1775(s) 
1710(w), 1 65O(m,br), 1255(s, SiCH,), 1030(s, OTHP), and 
85O(s) cm-l; G(CDC1,) 0.20 [s, OSi(CH,),], 0.99 (s, 19-H,), 

12p-H), 3.30-4.15 (3 H,  m, 3P-H and 6'-H,), 4.17br (s, 
21-H2), 4.70br ( 2  H, d, Jlla,12b 6 Hz, l l a -  and 2'-H). 

2 1 -~l.ydroxy-20-oxo-3a- (tetrahydropyran-2-yloxy)-5p-preg- 
nuno- 18,llp-Zuctone (1 5) .-3-Chloroperbenzoic acid (39 
nig, 0.28 mniol) was added to a stirred solution of the tri- 
mctliylsilyl en01 ether (14) (101 nig, 0.17 mmol) in 1,2- 
dimethosyethane (10 nil) a t  rooni temperature and the 

2.67 (t, J 9 Hz,  17a-K), 2-97 (9, J l z a . 1 2 ~  11, J 1 1 x . l z p  6 H z ,  
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Inis  ture w a s  stirrctl a t  room temperature under nitrogen in 
tlic tlarlc for 7 days ,  t1ic.n diluted with water (5 nil), stirred 
for a furtlier 5 iiiin a t  rooni tcmperatiirt~, antl partitioned 
Lwt\vecn  tlitltliyl etlier (50 nil containing 17;) triethy1:~niiiie) 
ant1 a q t i w u s  sodium I i y t l r o ~ c i i c a r ~ ~ c ~ ~ ~ ~ ~ t e  ( 10 nil of a satur- 
ated soltition). Tlie aqueous fraction was extracted with 
inow dietliyl ctlicr (10 ml),  ant1 the etliereal fractions were 
combinctl ;ind w ;cslic~l witti aqut:oiis sodium cliloride (2 x 5 
nil of a s;tturatcd solution), then with water (5 tnl) ,  and then 
clrictl (R/IgSO, and Ka,CO,). lieinoval of the solvent undcr 
reduced pressure gave ;I mixture of crystalline solid and 
viscous giini (78.7 nig). Preparative t.1.c. on silica gel, 
developing with ethyl acetate-hexane (4 : 3), gave 20-oxo- 
3a-(tetrahydropyran-2-yloxy)-5P-pregnano- 18,11 p-lactone 
( 8 )  (10.7 mg, 15(>;), as a powder, m.p. 165-172 “C (crucle) 
which had spectra identical t o  those of an authentic sctmple,l 
and 2 1 -~13’dvoxy-20-on.o-:~c;c- ( t e t ra l~ydrop? , ra~z -2 - -~Z~ ,~~)  -5p- 
pregnano-18,l lp-Znctone ( I  5 )  (17.3 mg, 23%), plates from 
acetone-hesane, n1.p. 139-142 “C; v,,,. (KBr) 3 650- 
3 100(m,br), 1 7GO(s), 1 710(s), 1 080(s,  OTHP), ancl 1030(s, 
OTHP) cn-’; s(CDC1,) 0.99 ( s ,  19-H,), 2.82 (t, J 10 Hz, 

4.04 (3  H, ni, 3P-H and 6’-H,), 4.30 and 4.56 ((Id, J,,,, 19 Hz, 
21-H,), arid 4.77br (2 H, tl, Jlllx,lzp 6 Hz, llct- antl 2’-H) 
(Found: C, 70.05; H, 8.5. C,,H,,O, requires C, 69.9; H, 
8.6%). 

2 l -Ace toxy-20-oxo-3a-( te t ra~iy~~o~yrun-2-yZo~~~)-5~-p~e-  
gnano-l8,1 lp-Zactone (16) .-A solution of 21-hydroxy-20- 
oxo-3a-( tetrahydropyran-2-ylosy) -5p-pregnano- 18,l l  p- 
lactoiie (15) ( 5 . 3  ing, 0.012 mniol) and acetic anhydride 
(0.25 ml) in pyridine (1 ml) was stirred a t  room temperature 
in the dark for 20 11. The inixture was then poured onto 
ice-water (5 nil), stirred for a further 10 niin at  rooni tem- 
perature and then extracted with ethyl acetate (10 nil). 
The ethyl acetate fraction was washed successively with 
dilute hydrochloric acid (5 x 1 nil of a 2~ solution), water 
(1 ml), aqueous sodium hydrogencarbonate (1 1111 of a 10% 
solution), and water (1 ml) a n d  dried (MgSO, and Na,CO,). 
Removal of the solvent under reduced pressure gave a solid 
(5.1 mg) which crystallised from acetone-hexane to give 21- 
acetoxy-20-oxo-3ct- (tetrahydropyvan- 2-yloxy ) -6p-pregnano- 
18,llp-Zactone (16) (4.4 mg, 74%) as needles, m.p. 163- 
169 “C; vmax. (ICBr) 1 765(s), 1750(s), 1 715(s), 1 240(s), 
1 070(ni, OTHP), and 1 030(s, OTHP) cni-l; v(CHC1,) 
1 770(s,CzO), 1 755(s,sh,C=O), and 1 73O(s,C=O) cm-l; 

17a-H), 3.05 (q, Jlza.12fi 11, Jl la. l ,~ 6 Hz, 12P-H), 3.30- 

~(crm,) 1.00 (s ,  ~s-H,), 2.14 (s, H - o A ~ ) ,  2.83 (t ,  J io HZ, 

17a-H), 2.99 (q, JlZa.12fl 11, J l la ,12p  6 12P-H), 3.26-4.04 (3  
H, in, 3P-H and 6’-H,), and 4.69 (4 H,  complex, l l a -H,  21- 
H,, and 2’-H) (Found: C, 6 8 . 5 ;  €1, 8.25. C,,H&, re- 
quires C, 68.8; H, 8.25%). 

VITe are grateful to Mr. S. A. Wynn of this laboratory for 
the g.1.c. analysis of 3cc,5P-tetraliydroaldosterone and to  Drs. 
A. M. Lawson and N. Taylor, Clinical Research Centre, 
Harrow, Middlesex, for the g.1.c.-ins. analyses of 3a,5p- 
tetraliydroalclosterone and 1 l p ,  18; 18,21-diepoxy-3a- 
liydrosy-5P-pregnan-20-one. N .m.r. spectra were run by  
llr. K. E. Morgan and Mr. Ii. D. Farrant. A gift of 5P- 
yregnane-3, I 1,2O-trione from the Upjolin Company, Kala- 
niazoo, Michigan, U.S.A.,  is gratefully acknowledged. 

[ 0/467 h‘eceiriud, 27th March, 19801 

REFERENCES 

Pevkin I ,  1980, 2597. 
Part  6, TI. R. Crunip, 1). N.  Kirk, and H W. Miller, ,I C S .  

S .  IJlick, I<. liusch, ancl J .  T. August, J .  Amer .  Chem. Soc., 

S.  LJlick and S. Lieberman, J .  dmev.  Chetn. Soc., 1967, 79, 

S. Ulick and I<. I<. Vetter, J .  Biol. Chem., 1962, 237, 3364. 
\V. G. Kelly, L. Ban&, and S. Lieberman, Biochemzstvy, 

1962, 1, 792. 
6 W. G. Kelly, I,. Bandi, J .  N .  Shoolery, and S. Lieberman, 

Biochemistry, 1962, 1, 172. 
LV. ti. Kelly, L. Bandi, and S. Lieberman, Biochemistry, 

1963, 2, 1249. 
* Ii. Koliler, I?. H. Hcsse, and >I. 11. I’echet, J .  Biol. Chern., 

1964, 239, 417. 
9 W. S. Coppagc, D. E. Island, A. E. Cooper, and G. W. 

Lidcllc, J .  Clzn. Invcst.,  1902, 41, 1672. 
In C. Flood, G. Pincus, J .  F. l a i t ,  S. A. S .  Tait, and S. 

Willoughby, J .  Clin. Inuest., 1967, 46, 717. 
l 1  S. Illick, H. C. IZosc, and L. C. Hamirez, Steroids, 1970, 16, 

183. 
l2 ( * .  k’osadas, J .  >\. Blair, and D. S. XIcCann, Ciiiz. C h i m .  A c t a ,  

1973, 45, 299. 
l3 J .  R. Pasqualini and 11. F. Jayle, Natu re ,  1963, 198, 1095. 
lJ (;. Sotgiu and S. l,cnzi, ‘ l t t i .  Soc. I t a l  Cavdiol. ,  1967, 27, 422. 
l5 If. Aldrrcrcutz, Scunil. J .  Clzn. Lab. I?ivrst., 1977, 37, 

lti J .  C. I,cgrand, S. Lcgrand, F. Zoghi, and S. Cuillemant, i 4 n n .  

l7 J .  Solc ant1 11. ICnorr, A d a  Enclocrinol., 1972, 70, 535. 
In G. I,. Nicholis, H. H. Wortiz, and J .  L. (kibrilove, J .  Clin. 

Enrlucvinol. Melab., 1968, 28, 647. 
ly L. 1;. Fabrc, 1 ) .  C. Fenitnore, R. W. Farmer, 13. LV. Davis, 

;inti G. Farrell, J .  C‘hrornatography Sci., 1969, 7, 632. 
2o J .  W. €Ionour and C. H. L. Shackleton, J .  SZevoiJ Rsochem., 

1977, 8, 299. 
z1 T. Keichstein, A .  Wettstein, G. Xnner, J .  K. Billeter, 11;. 

1Ieusler, R .  Ncher, J .  Schmidlin, H .  Ueberwasser, and 1’. 
\Vieland, Swisb. P., 341,496, 1959 ( C h e m .  Abs. ,  19ti1, 55, 625). 

22 1). 13. K. Barton arid J .  ill. Reaton, J .  Amrv. Client. Soc., 
1961, 83, 4083. 

23 M. Akhtar, D. 11. lt.  Barton. J .  Jl. Bcaton, and A ,  G. 
Ilartniann, J .  A m u .  Chern. Soc., 1965, 85, 1512. 

2J 1). 13. l<. Barton, N .  l<. Basu, M. J .  Day, I < .  13. Ilesse, 
M. 31. Pcchet, and A .  N. Starratt ,  J . C . S .  Pcrkin I ,  1975, 224:). 

25 M. E. Wolff, J .  F. licrwin, F. F. Owings, F3. €3. Lewi5, and €3 
Blank, J .  Oyg. Chem., 1963, 28, 2729. 

Bs J .  Schmidlin, G. Anner, J .  1C. Hilleter, I<. Heusler, H. 
Ucberwasser, P. Wicland, antl A. Wettstein, Hulu .  Chzm. Acta, 
1957, 40, 2291. 

27 W. S. Johnson, J .  C. Collins, I<. Pappo, P. J .  Kropp, W. F. 
Johns, J .  TS. Pike, and W. Rartman, J .  Amev. Cheiii. SOG., 1963, 
85, 1409. 

28 1;. Iiondo, 1’. Mitsugi, and I<. Tori, J .  .4muv. Ckem. Soc., 
1965. 87, 4655. 

29 32. Harnik, Y. I,eder~nan, I(. Szpigielman, and J .  Herling, 
Tetvnhdron,  1976, 32, 1001. 

3u V. D. LSoklienheuscr, J .  W’inter, J .  W. €Ionour, and (.. €1. I,. 
Shackleton, J .  Slevoid Biochem., 1979, 11, 1145. 

31 €1. I3. Henbest, D. N .  Jones, and G. P. Slater, J .  Chem. Soc., 
1961, 4472; J .  D. Cocker, FI. €3. Henbest, G. €I. Phillipps, G. 1’. 
Slater, ancl D. A. Thomas, ibid., 1965, 6. 

w N .  Bodor, Id. Fey, M. ICircz, ancl E‘. Hodoson, Rev.  Romaine 
Chim. ,  1964, 9, 147; E. I-’. Oliveto in ‘ Organic Reactions i t1  
Steroid Chemistry,’ eds. J .  Fried and J .  A. Edwards, Van 
Nostrand Keinhold, New York 1972, vol. 2 #  p. 207. 

A. Marquet, M. lho la i tzky ,  H R. l h g a n ,  I,. Manlok, c‘. 
Ouannes, and J .  Jacques, B1111. Soc. chim. Fvance, 1961, 1822. 

34 FC. R.  Motfett and 13. I .  Weisblat, J .  A m e r .  Chem. Soc., 1952. 
74, 2183. 

35 D. K. Crunip, unpublished results. 
s6 I). N. Kirk and M. S. Rajagopalan, J .C.S .  Pevkin I ,  1975, 

1860; J . C . S .  Chem. Comm., 1974, 145. 
37 €I.  0. House, RI. Gall, and H .  D. Olmstead, J .  Ovg. C’hem , 

1971, 36, 2361. 
3a J .  D’Angelo, Tetvahedvon, 1977, 32, 2979. 
39 I<. Rasmussen, Synthesis, 1977, 91. 
40 H. 0. House, ‘ Modern Synthetic Reactions,’ Benjamin, 

New York, 1972, 2nd edn. 
41 €1. 0. House and B. M. Trost, J .  Ovg. Chem., 1965, 30, 1341, 

2 6 0 2 ;  H. 0. House, Recovds Chern. Pvogv.,  1967, 28, 99; H 0. 
House and C. J .  Blankly, J .  Ovg. Chem , 1967, 32, 1741 ; H. 0. 
House and T M Bare, J .  Org. Chem., 1968, 33, 943. 

1961, 81, 4482. 

6667. 

Supplement 147, 103. 

l i d .  C l i ~ . ~  1967, 25, 1199. 



2829 
42 H. 0. House, L. J .  Czuba, M. Gall, and H. D. Olmstead, J .  

43 G. Stork and P. F. Hudriik, J .  Amev. Chem. Soc., 1968, 90, 

44 C. A. Brown, J .C .S .  Chem. Comm., 1974, 680. 
45 C .  R. Kruger and E. G. Rochow, J .  Organoinetallic Chem., 

48 D .  H. R. Barton, R.  H. Hesse, G. Tarzia, and NI. M. Pechet, 

47 M. Tanabe and D. F. Crowe, Chew. C O H I W ~ . ,  1969, 1498; 

48 D. H. R. Barton, R. H. Hesse, M. 31. Pechet, and T. J .  

49 R .  A.  Olafson and C. M. Dougherty, J .  .4nzev. Chrm. Soc., 

50 G. &I. Kubottorn, M. A .  Vazqutv, and I). R. Pelegrina, 

51 G. 31. liubottom, J .  M. Grubcr, 11. I<. Boeckinan, NI. 

6 2  A.  G. Brook and I). M. Macrae, J .  Orgammetallic C h e w . ,  

53 G. M. Maume and E. C .  Horning, TeirrtJicdron Letters, 1969. 

54 G. M. Kubottoni, J. 33. Gruter, and G. AI. Mong, J .  Oig. 

55 E. Vedejs, J .  Arner. Chem. Soc., 1974, 96, 5944. 
56 V. Wannagat and 14. Niederpriim, Chem. Her.’ 1961, 94, 

Org. Chem., 1969, 34, 2324. 

4462, 4464. 

1964, 1, 476. 

Chew. Coinin., 1969, 1497. 

J . C . S .  Chem. Comm., 1973, 564. 

Jewson, .J .C.S.  Perkin I ,  1973, 2365. 

1973, 95, 582. 

Tetrahedron Letters, 1974, 4319. 

Ramaiah, and J .  B. Medwid, Tetrahedron Letters, 1978, 4603. 

1974, 77, C19. 

3-13. 

Chena., 1976, 41, 1673. 

1540. 

57 S. A. Simpson, J .  F. Tait, A. Wettstein, R. Neher, J .  von 
Euw, 0. Schindler, and T. Reichstein, Helv. Chiin. Acta, 1954, 37, 
1163. 

58 C. J .  W. Brooks, Pvoc. Ass. Cl in .  Riochenz., 1963, 2, 153; 
S. J .  Gaskell and C. J .  W. Brooks, J .  Chromatogmphy, 1978, 158, 
331. 

59 E. A. Ham, I<. E. Hartman, N. A.  Brink, and I.. €1. Sarett, 
-1. ’4 nwr. Chem. Soc., 1955, 77, 1637. 

6u R. Vitali and R .  Cardi, C h e w  and I d . ,  1973, 5S-i. 
81 D. N. Kirk and B. W. Miller, unpublished results 
62 K. Heuslet-, J .  Kalvoda, C .  Mrybtre, P. IVithland, G Aniier, 

A. Wettstein, C; Cainelli, 1). Arigoiii, and C, Jeger, H r l r ~ .  Chzriz 
A d a ,  1961, 44, 502. 

63 P. Gknard, ‘ Contribution ;I la lhtermination cle la Conftgur- 
ation et  tle la Conformation Mol~culaires tles Corticosteroicles, ’ 
Masson, F’aris, 1974. 

64 P. Gknard, h1. Palern-Vlicrs, J .  Drnoel, I4 \ran (‘au\venberg:. 
and W. Eechaute, J .  Sfevozd Riodiem.,  1975, 6 ,  201. 

85 W. I.. Duax and H .  Hauptinan, J .  . 4 m ~ r .  Chrnz SOL , 1971, 
94, 5467. 

68 S. C. Watson and J .  I;. Eastman, J .  Ovgutioriwtalltc C ‘ h r i i ~  , 
1967, 9, 165. 

67 1’. \Vielarid, I<.  Neu4t.r. and A .  \Vett\ic.iii, H P I I ~  C l i t t i z .  
A d a ,  1964, 44, 2121. 




