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Steroidal Aldosterone Antagonists. IV' 

N O R M A S  LV. ATWATER, ROY H. BIBLE, JR., EDWARD -4. BROWN, ROBERT R. BURTYER, JOSEPH Y. 
MIHISA, LEONARD N. NYSTED, ~ N D  P.iIYL B. SOLTJMAX 

RecPived October 28j l!ib'O 

Several nuclear methyl derivatives of :3-(:<-oso-l ip-h~dro.u~-4-androstt~ri-lTcu-~l) propanoic acid lactone (1) were pre- 
pnrcd and studied ns altiost'rronr antagonists. 

Previous studies' have shown that certain modi- 
fications and substitutions in the basic model 
structure 3-(3-oxo-17~-hydroxy-4-androsten-l7a-yl) 
propanoic acid lactoneIb (1) have produced in- 
teresting and important changes in aldosterone 
blocking properties. I n  the present paper we have 
examined the efferts of introducing a methyl group 
into the strmid nucleus of 1 a t  positions 2 ,  1, 6, 7, 
and 16. 

Our interest in %methyl derivatives stemmed 
from the observation by Hogg et aL2 that 2a- 
methylcortisol and its Sa-fluoro derivative showed a 
striking increase in mineralocorticoid activity 
over the nonmethylated analogs. Indeed 2a- 
methyl-Ya-fluorocortisol is one of the most potent 
mineralocortocoids known, considerably exceeding 
aldosterone as a sodium retaining and potassium 
excreting agent. According to  the classical princi- 
ples of competitive antagonism, one might expect 
that the analogoils 3-(2a-methyl-3-oxo-CJ~~-fluoro- 
1 l p , l i p  - dihydroxy - 4 - androsten - 17a - y1)pro- 
panoic arid lactone (2)  would likewise possess a 
high degree of affinity for the target cells, but, be- 
cause of appropriate alteration of the molecule at 
C-17, would be a potent aldosterone antagonist. 

The improvement in activity resulting from 
methylation of the anti-inflammatory corticoids at 
the ea4- and 16a-positions5 suggested the ~ t u d y  of 
the corresponding modifications in our series of 17- 
spirolactones The pronouncwl enhancement of 
progestational activity resulting from the introducb- 
tiori of a 60-methyl group in 17a-acetoxyproges- 
teron@ lent further interest to this approach. 

For the most part the synthesis of these com- 
pounds proceeded in normal wayb. Direct treat- 
ment of 3-(8-oxo-17P-hydroxy-1-androsteii-l ia-y1)- 
propanoic acid lactone ( I )  with methyl iodide 
gave a 3 :  1 mixture of mono- and dimethylatcd 

(1) (a) E. A. Brown, It. D. Muir, and J. A .  Cells, J .  
Org.  Ghem., 25, 96 (1960); (b) J .  -4. Cella, E. A.  Brown, and 
R. R. Burtner, J .  Org. Chem., 24, 743 (1959). 

C2) J. A. Hogg, F. H. Lincoln, It. W. Jackson, a n d  W. P. 
Schneider, J .  Am.  Cheni. SOC., 77, 6401 (1955). 

(3) I ) .  \I' iVool(~~r,  Physiol. Keas., 27, 308 (1947). 
(4)  ( i .  E. dpcw, J. L. Thompson, B. J. Magerlein, -4. It. 

Hanze, H .  C:. Murray, 0. K. Sebek, and J .  A. Hogg, J .  .4m. 

(5) (;. E. Arth, I> .  B. R. Johnston, John Fried, W. JV. 
S;gooric*c~r, 1). I t .  Hoff, :tnd 1,. H. Snrrtt. J .  . -1n i .  ( ' h ~ m .  Soc., 
80, 3160 (19%). 

( ' h t ~ ~ .  SOC., 78, 6213 (1956). 

products (2)  aiid(3) which were separated by chro- 
matography. The crude sodium salt resulting from 
saponification of the lactone (1)  was condensed with 
ethyl oxalate to give the enolate (4) .  This, on 
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methylation and subsequent treatment with so- 
dium methoxide, yielded the 2a-methyl derivative 
(sa). The 2a,21-dimethyl compound (6b) which was 
obtained in small amount in this reaction sequence, 
presumably arose from some unsaponified lactone 
which condensed with ethyl oxalate a t  both posi- 
tions. The NMR spectra of compounds 6a and 
6b confirmed the number and secondary charac- 
ter of the methyl groups introduced. 

The 2a-methyl-9,ll-epoxide (10) mas prepared 
by methylation of the crude hydroxymethylene 
derivative (8) obtained from the epoxy lactone (7) .  
The fluorohydrin was obtained from a mixture 
which undoubtedly contained the 2a,21-dimethyl 
derivative as well. The KMR spectrum of com- 
pound 11, however, defined it as a monomethyl- 
ated compound. The ultraviolet spectrum of the 
free enol corresponding to the crude salt (8) showed 
that C-2 was the principal site of condensation,6b 
thus assuring that the single methyl group of the 
fluorohydrin (11) was located a t  this same posi- 
tion. 

I f  

l ’ i  1 .i 

The Ga-methyl spirolactone (19) was synthesized 
by two different routes. In  the first the methyl 
group was introduced by treatment of the 5a16a 
epoxide (15) with methylmagnesium bromide. 
Prior reduction of the lactone ring and acetylation 
of the diol was necessary to prevent attack by the 
Grignard reagent and to provide a sufficiently 
soluble derivative. The Grignard adduct (16) was 
oxidized and dehydrated to  give the 6p-methyl 
compound (18) which was epimerized to the a- 
derivative (19) by heating with alumina in ben- 
zene. 

(6) (a) J. C. Babcock, E. S. Gutsell, hf. E. Hwr, J. A. 
Hogg, J. C. Stuclti, L. E. Barnes, and W. E. Dublin, J .  
A m .  Chem. SOC., 80, 2904 (1958). (h) The spectrum of this 
material was nearly identical to those reported for 2-hy- 
droxymethylenetestosterone and 2-hydros~methglenecho- 
lestenone, F. L. \Yeisenborn, D. C. Remy, and T. L. Jacobs, 
J .  Am. Chem. Soc., 76, 552 (1954). It differed markedly from 
the spectrum of 3-(3p, lip-dihydroxy-21-hydroxymethylene- 
5-androsten-17~t-yl)propanoic arid lactone which displayed 
a single absorption band at 277 m p  in the ultraviolet. 
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I n  the second route 3,&hydroxy-G-methy1-5- 
androsten-17-one (ZO), prepared from 6-methyl-16- 
dehydr~pregnenolone~ via Beckmann rearrange- 
ment, was ethynylated,8 converted to  the propiolic 
acid (22) and hydrogenated to give the lactone (23). 
Oppenauer oxidation furnished the Ga-methyl 
spirolactone (19) directly. This oxidation was 
surprisingly sluggish and required prolonged treat- 
ment to obtain 75% conversion (estimated by 
ultraviolet absorption). h small amount of 3-(3- 
oxo - 6a - methyl - 6p,17p - dihydroxy - 4 - andro- 
sten-17a-y1)propanoic acid lactone mas formed 
as a by-product. Dehydrogenation of 19 by se- 
lenium dioxide or chloranil produced the 1,4-diene 
(24) and the 4,G-diene (25),  respectively. 

Treatment of the dieneoneg (26) with methyl- 
magnesium bromide in the presence of cuprous 
chloride yielded the expected 1,6 addition product 
(27) as the sole product. The a-configuration of the 

( 7 )  D. Burn, E. Ellis, V. Petrow, I. A. Stuart-Webb, and 
D. 11. Williamson, J .  Chem. Soc., 4092 ( 1 9 P  

(8) The 3fl,17p-dihydroxy-6-methyl-l7a-ethynylandrost- 
5-ene was previously prepared by V. Grenville, D. K. Patel, 
V. Petrow, I. A. Stuart-Webb, and D. M. Williamson, J. 
Chem. SOC., 4105 (1957), by a different method. 

(9) J. A. Cella and R. C. T w i t ,  J .  Org. Chem., 24, 1109 
(1959). 
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methyl group a t  C-7 is based upon the close analogy 
with the work of Campbell and Babcock.lo 

Saponification of 3~-acetoxy-16p-methy1-5-an- 
drosten-17-one (28) l 1  under mild conditions gave two 
products, the principal one being the I6p-methyl 
isomer (29b) since acetylation wit'h acetic anhydride 
and pyridine regenerated the parent acetat'e. The 
minor isomer must therefore be the 1Ga-methyl 
derivative (2%) which was further obtained as the 
sole product of saponification under more vigorous 
conditions. 

Ethynylation of the ketone ( $ 9 ~ )  produced 
two isomeric ethynyl derivatives, m.p. 208-212' 
and 170-175', whicli required chromatographic 
separation. This was expected, since examination 
of a molecular model shows that the directiyc 
influence of the 13pmethyl group is nearly offsct 
by that of the 16a-methyl group. The fact that tn.o 
C-17 isomers were obtained further supports thr 
160-configuration of the methyl group i i i  29a 
since a 16,Bi2-methyl group would hinder front-side 
attack. We have tentatively assigned the 17a- 
configuration to the higher melting ethynyl derir- 
ative (sou) on the basis of its less negative rotn- 

(10) J. A. Campbell and J. C. Babcock, J .  Am. Cheni. 
Soc., 81,4069 (1959). 

(11) (a) P. Julisn, E. Meyer, and H. Printy, J .  Am. 
Chew. Soc., 70, 3872 (1948); (b) RI. Romero, J .  Ilomo, and 
J. Lepe, C. A,,  48, 5202 (1955); (c) The assumption by these 
investigators tha t  the methyl group a t  C-16 was in the p- 
configuration has been strongly reinforced by recent studies 
on the corresponding llp-hydroxy series by L). Taub, I t .  
Hoffsommer, H. Slates, C. Kuo, and K. TVendler, J. Am. 
Chcna. Soc., 82, 4012 (1960). 

(12) It should be noted tha t  two attempts to ethynylste 
I GP-methyldch?droisaiidrosterone (29b) were uns~iccessful, 
starting material being recovered in each case. This effect 
may be attributed to the steric hindrance of the 17-carbonyl 
function by the l6d-methyl group which would disfavor an 
easily reversible reaction siich as ethynylation. 

(13) T. lteichstein and Ch. Meystre, Helv. Chim. Acta., 22, 
i28 (1939). 

tion. l 3  The isolation of the lip-ethynyl compound 
(3%) in pure state was so tedious that its investi- 
gation was not further pursued. Compound 30a 
was transformed by steps analogous to those pre- 
viously described to the 16a-methyl spirolactone 
(33).  

K O t i  ~ 
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The biological studies reported in Table I were 
conducted by Dr. C. AI. Iiagawa and Mr. Robert 
Jacobs of these laboratories. I t  has been demon- 
strated that a definite and proportional relation- 

TABLE I 
DESOXYCORTICOSTERONE ACETATE RI.OCKING POTENCIES 

R1.E. 13 .a 

Subcutaneoris Oral Compound 

1 
8 
3 
6b 

11 
12 
18 
19 
$4 
$5 
27 
53 

0.26  
> 2 . 4  
> 2 . 4  
> 1 . 2  

0 . 2 6  
0.31 
0 . 2 8  
1 . 2  
0 .45  

> 2 . 4  
0 . 7 2  

>0.4 

1 9 . 0  
> 2 . 4  

>1 .2  
0 . 9  

> 0 , 5 
1 . 5  
0 .76 
2 6  

- 

I 

a M.E.D. is the minimal effective dose (mg./rat) which, 
when used with 12 pg. of DOCA in adrenalectomized rats, 
produces the same urinary sodium-potassium ratio as tha t  
which results from the use of 6 pg. of DOC.4 alone. 



h i p  esists between the blocking cffectb of typical 
3teroidal spirolactones when tested on rats treated 
with aldosterone and with desoxycorticosterone 
acetate (DOCA).14 The niore a\.ailaMe desosycortl- 
costeroiie acetate was employed as the sodium 
retaining agent throughout this work. 

It is evident from these data that the introduction 
of a methyl group at the various positions itudierl 
failed to enhance the piireiiteral a r t i \  ity of thr 
prototype ( I ) ,  although in several i n s t a n w  thew 
waq a noticeable iiicrease in oral potency. 

EXPERIMENTAL 

3-( 3-0x0-4-meth yl-17p-hydrox y1-4-androsten-17a- yl)pro- 
panoic acid lactone ( 2 ) .  A hot solution of the spirolact,one ( I )  
(3.65 9.)  in t-butyl alcohol (50 ml.) was added all at once to 
a boiling solution of pot,assium t-butoxide prepared by dis- 
solving potassium 10.62 9.) in t-hrityl alcohol (30 ml.), A 
solution of methyl iodide (1.82 g . )  in the same alcohol 
(100 ml.) \vas adtlod dropwise over :L 2-hr. period to the re- 
fluxing mixture and then it was cooled to  room teinperatiire, 
acidified with concd. hydrochloric acid, and diluted with 
water (200 mI.).l5 The t-butyl alcohol was removrd l)y 
vaciiiim distillation of the homogeneous solution and the 
organic material was estracted into benzene. The  extracts 
were washed, dried, and then applied to  a chromatography 
column containing silica gel (400 g., Davidson 923, 80-200 
mesh). Solid 4,A-dimethyl compound (S), (0.38 g., 107;) was 
eluted with ethyl acetate-benzene (1 : 20). Recrystallization 
from isopropyl ether gave the analytical sample, m.p. 218- 
220", [ a ] ~  -42" chloroform; 5.76, 5.85, 6.02, 7 .23  p. 

Anal. Calcd. for C54H3403: C, 77.7!); H, 9.25, Found: C, 
77.92; H, 9.01. 

Solid 4-methyl derivative (2),  (2.10 g.; 55%) was eluted 
with ethyl acetate-benzene (1 :9).  The analytical sample was 
obtained by crystallization from acetone-water, n1.p. 83-88", 
with resolidification and remelting at 142-144.5", [ a ] ~  +9Ho, 
chloroform, XzioH 250 mp, e 16,000. 

Anal. Calcd. for C?1H3&3: C, 77.49; H, 9.05. Found: C, 
77.52; H, 9.15. 

Starting material (1.9 g., 3 3 ' / b )   as recovered by elution 
of the column with ethyl acetate-benzene ( 15:85). 

6( da-Aleth yl-3-oxo-1 Yp-hydrozy-4-androsten-1 ?'a-yl) pro- 
panoic acid lactone (6a)  and 3-( 2a,21-dimethyl-S-oxo-17j3- 
hyd~oxy-~-androsten-17a-yl)propanoic acid lactone (6b) .  A 
solution of the  epirolactone ( 1 )  (10.4 9.) and sodium hy- 
droxide (1.21 9 , )  in methanol (400 ml.) was heated at reflux 
for 1.5 hr. and then distilled to  dryness in vacuum. Benzene 
(200 ml.) was added and the mixture again taken to  dryness. 
The  residue slurried in dry benzene (400 ml.) was treated 
with ethyl oxalate ( 2 5  ml.) and  a 50% dispersion of sodium 
hydride in mineral oil (5.0 6.). After stirring a t  laboratory 
temperature for 7 2  hr. methanol (10 ml.) was added and 
then after an additional hour water (1 1.). The layers \rere 
separated and the :tqueous phase acidified and extracted 
with ethyl acetate. These extracts were washed, dried, and 
evaporated to  leave the enol in the form of a yellox resin. 

The  crude enol was treated with methyl iodide (25 ml.) 
and anhydrous potassium carbonate (20 g.) in acetone (300 

(14) C. 31. Kagawa, J. A. Cella, and C. G. Van Arman, 
Science, 126, 1015 (1953). 

(15) (a) See S. W. htwater,  J .  A V L .  Chena. SOC., 82, 2847 
(1960), for an  extension of this method of methylation t o  
other steroids. (b) The  NMR data was kindly determined 
for us by Dr. Kea1 XcXiven of the Worcester Foundation 
for Experimental Biology. The spectra were obtained with 
the  sample dissolved in deuterated chloroform a t  60 mc. 
iising tetramethyl silane as an  internal standard and are re- 
ported in terms of T .  

ml.) and the rnisture heated :it reflus for lG hr .  At t h r  tmtl 
of this time water (1 1.) was added R I I ~  the :icrtone rcniovetl 
by vacuum distillation. The organic inaterial was separated 
from the aqueous phase by deeantation and  vas then dis- 
solved in niethanol (300 i d . )  and refli isd 5 lir. Lvith :I rolw 
tiori of potassium hydroxide (15 g.) in witter (50 nil.). .\fter 
cooling, the mixture was diluted to fnint turbidity witli 
water and acidified to  pH 2 with concd. hydrochloric acid. 
After 0.5 hr.  the methanol was reniovcd by v:icuuni disti1l:i- 
tion and the product extracted TTith h z r n c .  ;lftcsr drying, 
this 1)enzene solution was :rpplied t o  ;I ( ~ o l i i n ~ ~ ~  c*ont:~iiiing 
silira gel (1000 g.). 
h misture (3.0 g.) of coi~ipoiintlr h'tr : i n d  h'h \Y:IP c h t r t l  

with ethyl acetate-benzene (1 : 9). The dinir~thyl c~oinpoiiiitl 
(6%) was obtained from the  early fractions h y  rrpeattd 
rrystallisation from acetone and :tcrtoiie-isopropy1 ether, 
m.p. 241-244", [a]=  + 69' (chloroform), X;f:';l"" 23!1 mp, 
e 16,000; S h f R  4.300, 8.707, 8.783, 8.717, 8.833, 8.950, 
8.967, 9.050 7,l5b 

Anal .  Calcd. for C?rHaaO,: C, i 7 . 7 9 :  H, 0.25.  Found: C, 
77.68; H, 9.02. 

The 2a-methyl derivative (ea) (0.90 g.) W:LS obtaiiirtl by 
crystallization of the  later fractioiis from :1('etoii('-i~01)r01)yl 
ether, m.p. 1'31-192'. The, analytic.:tl s:tinpl(> melted xt 
195-197', [ @ I D  + 82", X;H:l3 5.64, 5.98, 6.15 p ;  h ~ ~ ~ " "  2X!) 
my, e 16,300; NMR 1.292, 8.'7!45, 8.837, 8.950, !).020 T. I5" 

.-InctZ. Calcd. for C'?,H,?O?: C, E,-&!): I-1, !J.O5. Foiintl: C', 
I I .63; H, 9.03. 

,?-( 2n-.ZIeth~1-3-0~0-9~~fliioro-l I p ,  17~-d ih~ jdroxy -~ -c i  t i -  

tlrosten-lYa-U[)propnrzoic acid lactone (11 ). To a solution of 
1.5 g. of 3-(3-0~0-9,11~-osido-li~-hydrosy-1-androstc~ri- 
17a-y1)propanoie :wid lactone ( 7 ) ) .  i n  25 1111. of dry beiizeiir~ 
w s  added 1.3 g. of sodium methy1:ite :ind 2.0 m1. of ethyl 
formate. I lry benzene was then adt l (d  to :t total re:~c~tioii 
inixtiirr volume of 60 ml. and the  slurry \ILLS :illoa.rd to 
stand :it hboratory teniprr:Lturc for 72 hr. Th(3 mwtion 
mixture w:is then filtered :ind the product on the fiinnc.1 r v w  
washed with ether and air-dried t o  yirld 3.3 g. of crude 
hydroxymethylene derivative (8) 1~11ic.h w:tr used tliri 
in the nest step. Acidification of it s:iriipl(~ of this m:Lt 
gave !L prodrwt showing X " ~ ~ ~ "  250 mp, E 8300; 310 mp, E 4600. 

A reaction mixture of 3.3 g. of crude 8, 2.13 g. of frclshly 
ignited potassium carbonate, 3.2 ml. of mc$hyl iodide and 
27 nil. of dry acetone was stirred and reflused for 23 hr. It 
was then cooled and cstractrd with 300 ml. of ether. Thc 
cthcr soliltion rvas wmhed once with water :tnd t h m  with 
I .Y iiodiuin hydroxide until the  washings \rm' colorless. 
'The solution \Y:LS finally washed with ivatc'r, tlricd ovt'r sn- 
tlium sulfate, and evaporated itt vac i to  to  :L rcsitliic of 1.5 F;. 
of amorphous yellow ,solid. To  this rcbsidue \v:ts :itltlctl 10 
ml. of niethanol and a solutioii of 1.0 g.  of sodiuin hytlrosidv 
in 1 .0 ml. of wntcr. Aftcr refluxing the r e d t i n g  solution for 
10 inin. it. was diluted with 50 ml. of water and thon ciirc- 
fully acidified to pH 6 with dilute acetic :wid. The precipitatc 
\viis collected, washed with water, :ind dried t o  yirld 800 
mg. of crud(% 2a-methyl dcrivntivc (10)  irhirh coiilti h(* i i w t l  
directly in the next reaction. 

T o  a cold (-30') solution of 11.5 g .  of hydrogcw Hiioriclc. 
in 25 g. of redistilled tetrahydrofuran \vas adtlrtl !)do rng. of 
10. The resulting reaction mixture was stirred f o r  srvcrl~l 
minutes and maintained at -30" for 6 hr. I t  was then 
diluted with 100 nil. of water and the  precipitate co l l (~*tcd ,  
washed with water, dried, and recrystallized from awt  on(' 
to  yield 110 mg. of the  desired Sa-fltioro spirolactone ( 1  2 1, 
m.p. 305-307" dec., XcE::" 338 nip, e 14,500; T M R  8.:<!E, 
8.750, 8.825 T.'~~ 

d n a l .  Calcd. for CZ&FO4: ( 2 ,  70.74; H, 8.00. Foi ind :  ( ' ,  
70.60; H, 7.98. 

3-( da-,ll eth yl-3,1 I-daoxo-9a-R uoro-l7p-hyclrox~-4-atid~oslr~i~- 
17a-y1)propanoic acid lactone ( 1 2 ) .  A solution of 160 mg.  of' 
I 1  in 8 ml. of pyridine was d d r d  slowly with mising t o  : I  

pyridine-chromic acid complex preparcad from 160 mg. of 
chromium trioxide and 4 ml. of pyridine. I h r i n g  the :iddi- 
tion and for 15 min. thereafter, the  reaction tenipcratiirr \viis 

5 .67 ,  5 . ~ 1 9 ,  6.17 p. 

-- 



iiiaintaincd :It 20". h f t r i ~  st:inding overiiight : I t  lulioratory 
(camperature i t  was traiirftm-ed slon.1~. into a two-phase 
solvent mixture of 50 inl. of ethyl acetate and 25 ml. of water. 
The  ethyl acetate layer was separated and combined with 
one ethyl acetate extract of the  aqueous layer. The  com- 
bined ethyl acetate extracts were washed successively wit'h 
watrr, dilute hydrochloric acid, and wat,er. Aft'er drying 
ovw sodium sulfatca, t h o  solvent \vas rvaporat,ed i n  z'acuo 
:iiitl  thr  rc~cirluc* \v:w rwr tallizcd from rt hyl wetate- 
1ic~:tnr t o  !.iclrl 41 my., in .p  70-27 I der., ~~:t::~, 5.63, 5.75, 
.?.$I5 p .  

.IM/. C:tletl. for ('!qH?YFIC)I: C, 71.1 I ;  H, 7.33.  Found: C, 
70.00; H, 7.08. 

.&( 3 p , l 7 8 - l ~ i h ! / d , ~ o ~ c ! / - 6 - n ~ ~ ~ / t , o ~ ~ ~ f l - f 7 a - y l ) p / ~ o p c f r l o i .  h solu- 
t i o n  of 82 p. of :(-(Sp,li@-tlihytIroxy-5-ati~Irosteii-l7a-y1)- 
1)ropniioic acid lactone (1.3) was reduced in tetrahydrofuran 
i 1.2 1.)  tvith lithium aliiminuni hydritle (80 g . )  at, reflux 
tcmperatrire for 16 hr. T h r  product \vas purified by suc- 
cmsive trituration with chloroform (1.5 I . ) ,  methanol (1.0 
I . ) ,  and chloroform (0.5 1.). The resulting solid a-as then 
dried at 65" for 18 hr. Thc infrared (57; in chloroform) 
t1i~pl:iyed no band in the region of 5-6 p.  This  niateri:il T ~ R S  

iircd nithoiit fiirthrr purification. 
Dincetate o,f ,j-( s'@,f ~ @ - d i h y ~ r o X ~ j - ~ - a t l ~ ~ ~ ~ O ~ S t e n - f  7a-yl)prG- 

pnnol ( f . 4 ) .  The triol (81 g . )  was stirred with pyridine (560 
nil.) and acetic anhydride (96 ml.) a t  8.5" for 80 inin. The 
rrsiilting mixture was filtered while hot aut1 \vas then poured 
into hot \vatrr ( 3  1.). The granular solid n-hich separated 
\vas collected and washed with water, !E) g. This diacetate 
\\:is azeotroped dry with benzene antl then used directly 
in the next step. A sample for analysis was obtained hy re- 
crystallization from aqueous methanol. This sample, after 
being dried at 78" (0.1 mm.) for 24 hr., melted nt 103-10fi"; 
xc'Lcl 3 ",*= , 2.74 and 5.76 p.  

.lnal. Calcd. for C?RH,o05: C, 72.19: H, !).82. Found: C, 
72.16; H, 9.47. 

Diacetate o j  3-( S@, 1 7@-dihydroxy-S,~ ,h'a-epoxuanrlrostun- 
17a-yl)propanol (16). A solution of pcrhenzoic arid in 
Iirnzene (475 ml., containing 0.0727 g./nil. of perhenxoir 
:wid) \vas added ( 5  niin.) to  a solution of the diacetate (99 g , )  
in benzene (750 ml.). The misture was stirred and way then 
:illowed to stand for 3 hr. The, reartion mixture was washed 
wit,h 5yo sodium carbonate antl then ivith water. Removal 
of thc Polvent followcd by sevrn recrystallizations of thc 
rc,sidrio from cliloroform-ht,sanc g:ivc' the a-epoxide as 
platelets; 17.6 g., m.p. 140-14lo, [ a ] ~ ,  - 68' (chloroform). 

69.65; H, 8.68. 

iri:itcsrial in the mother Iiqiiors; 12.1 g., n1.p. 138.5-142". 
d-( cJp,iia, IT/3-7'rih / /r/ros!~-6p-nleth ~//anrll.ostnn-l7a-yl)p'"- 

pariol (16).  A solutiori of thv a-cpoxidr (21.7 g. )  iii tetr:t- 
hydrofiiran (200 nil.) \vas atldc:d slowly with stirring to :I 
;elution of inc.thyliiiagnr.~iiini bromide (3.1L) in ethyl ether 
(800 nil.). This  inistiire \vas ~ t i r r t d  i i n d  distilled until thc 
tcmpernture of the escaping vapors \\.:is 3!)" .  Thc rrsiiltiny 
iiiixturc~ \\-:is theti stirred at  reflux tomprr:itiirc> for 18 h r .  
Thr  rraction niisturc. \vas cooled and thrn poiirc.d onto ire, 
( 2  kg.) with stirring. 'I'hc produrt \vas cstr:Lctrd i i i t o  

methylcnc? chloritl(~. Th(, methylene cshloride solution \v:is 
t v a s h d  with diliitc. hytlrorhloric~ acid anti then with \vatcbr. 
Removal of the solvrnt gave :+ r r  lline residur which !vas 
rrcrystdlized four times from aqueous methanol to give, 
the 5~-hydroxy-6fl-methyl compound; 4.4 g., m.p. 218-223". 

Anal .  Calcd. for C?:jH,~O,: C, 72.59; H, 10.60. Found: 
C, 72.62; H, 10.58. 

The  diacetate was prepared with acetic anhydride in pyri- 
dine; m.p. 145-147', [ a ] =  - 31.5" (chloroform). 

.4nnl. Calcd. for C?,H,&: C, 69.79; H, 9.55. Found: c', 
60.81 ; H, 9.33. 

3-( 3-Oxo-5a, f7~-rlihydrox~-fi~-iiieth~la~idrostan-l7a-~1)- 
propnnoir om'd lortone i 2 7 ) .  Thr  Grignard product ( I b i  
(O.!Ni y . )  \vas oxitlisc~d i n  : r r c ~ t r , n c ~  (50  n 1 l . i  with :I solritioti of 
i . h r o n i i r  :infiy(lridv i l l  ; i r 1 i t ( w i i ~  + i i l f ' i i i ~ i i ~  : ic id (:i 5 nil. i. 13'011r 

Anal .  Calcd. for C?sH400c: C, 69.61: 11% 8. 

.% second crop was obtained by c:rystallization of thv 

recrystallimtions of the product from methanol g i v e  t h c t  
ketol ( I ? )  as platelets; 0.70 g.; in+. 245-248.5", [all) - 25" 
(chloroform); 

Anal. Calcd. for C*3H3401: C, 73.76; H, 9.15. Found: C, 
73.66; H, 9.02. 

S-( 5-0x0-66-methyl-l7p-h ydrox y-4-androsten-1 ?'a-yl )pro- 
panoic acid lactone ( I S ) .  .4 solution of the ketol ( 1 7 )  (200 
mg.) in benzene (40 ml.)  was stirred and refluxed with 
Florisil (2.00 9.)  for 4 hr.lO The mixture wa8 filtered and the, 
Florisil !vas washed with ethyl acet,ate. Removal of the 
solvents from the combined filtrates gave a crystalline solid. 
Thrre  recrystallizations from aqueous acetone gave thcs 
6p-methyl compound; 72 mg.; m.p. 189.5-191.5", [ a ] ~  + 
21' (chloroform): A':::" 241 m p ,  ( e  15.600); kc:;" 5.67, 
6.02, 6.26, and 11.43 p .  

3-( 3-Oxo-Ga-meth yl-l7p-h ~~drory-.~-ondrosten-f  7 a-y / ) p w  
panoic acid lactonr ( 1 9 ) .  A solution of the ketol (18)  (500 
mg.) was stirred a t  reflux temperature in benzene (100 ml.) 
with Woelm basic aluminum oxide (5.00 g.)  for 30 min.16 
The  mixture was filtered, the solid washed with benzene, 
and the solvents were removed from the combined filtratrs. 
Recrystallization of the residue from aqueous methanol and 
then from ethyl acetate-isopropyl ethcr (Charcoal) gave tht: 
6a-methyl compound: 120 mg., m.p. 152.5-155.5'. This 
product was identical (identical infrared sprct,ra; no dts- 
pressioii of the melting point on admixture) with the com- 

5.65, 5.83, and 10.84 p .  

pound prepared from 6-methyldehydroepiaiidro~terone. 

77.25, H, 9.07. 
Anal .  Caled. for C,,H?,OI: C, 77.4Y; H, 9.05. Found: C ' ,  

S~-Hydroxy-6-iiiethyl-~-androsten-l ?-one (20) .  ( a )  I'repccia- 
tion of the oxime. A solution of 50 g. of 36-acetoxy-6-methyl- 
5,16-pregnadieri-20-oiie, 11.7 g. of hydroxylamine hydro- 
chloride, and 53 ml. of pyridine in 200 ml. of alcohol \vas re- 
fluxed for 0.5  hr. About one half of the solvent, was distilled 
and the residual hot solution was diluted with 1 1. of uatrr .  
The  crude oxime was collected on a filter, rinsed u-ell, ant1 
dried at 70" for 24 hr. (53.3 g.). A sample for analysis, after 
crystallization from rthyl :icetat(,, nirlted a t  199-201 ', 

Anal .  Calcd. for C&,?NOa: C, 74.38; H, 9.62. Vniind: 
C, 74.61; H ,  9.50. 

( b )  Becknmnn ~earmngement.  p-Acetylaminobenzenesul- 
fonyl chloride (51.6 g.) in 103 ml. of dry pyridine was added 
(luring a 20-min. period a t  - 10" to  -5" to a stirred solution 
of 43 g. of the  crude oxime in 116 ml. of dry pyridine. The  
brown mixture was stirred a t  0-5" for 1.0 hr. and then for 
3.0 hr. with occasional cooling to keep the  temperature be- 
low 20'. Following the  additioii of 200 ml. of rvater, 300 nil. 
of mixed solvrnt, was distilled under rrtluced pressures from 
the mixture. A solution of 70 ml. of coned. sulfuric. acid i r i  
600 ml. of watcr was added, after which the volrimr was 
adjusted to  H total of 850 nil. by :itldition of water. I n  order 
to hydrolyze the kctimine, the  mixture wis heatrd and 
stirred vigorously a t  80' for 45 niin. After cooling to 1 5 O ,  
the granular brown ketone was collected on a filter, rinsed 
well with water, tritirratt:d with 1 1. of 2% sodium bicar- 
honate, collected again, rinsed, and dried. The rnide lwtonr 
137 g.) \vas crystallized from 220 ml. of methanol to  ,yield 
31 g. of small colorless crystals, m.p. 110-150°. Pctron 
r,f n1.8 report the same melting point. 

The acetoxy kctone (30 g.) was saponified by rt4iisirig 
with i . 5  g. of potassiunl hydroxide in 150 ml. of YO<,, metha- 
nol under nitrogen for 1.0 hr. The rrude carbinol (20 )  (26 
g., m.p. ca. 140') was recovered by dilution with lvatrr. 
A sample for analysis melted a t  144-146" after crystallizx- 
tion from methanol A c f z a  2.77, 5.77, and 7.27 p. 

Anal. Calcd. for C?nH:&:: C, 79.42; H. 10.00. Found: 
C, 79.45; H, 9.75. 

Sfl,17,9-Dih~droxy-6-1iiethyl-l7a-ethynyl-~-a1adroste~~e (21  ). 
Thirty-two grams of potassium was dimolved under a ni- 
trogen atmosphere in 800 ml. of refluxing t a m y l  dcohol 

XCHC13 max 2.79, 5.80, 7.27, antl 7.95 p. 



(dried over calcium hydride). .After the addition of 150 nil. 
of dry toluene, the cloudy solution was cooled to  0" and 
saturated with acetylene. Then 31 g. of the  crude keto 
steroid (20) mas added all a t  once as  a dry powder, after 
which the rapidly stirred mixture JTas treated with a moder- 
a t e  stream of acetylene a t  0" for 8 hr. Bfter standing over- 
night in a stoppered flask in the refrigerator, the mixture 
\vas diluted with 750 ml. of 105; ammonium chloride solu- 
tion. The  solvent layer \vas separated, the aqueous phase 
xas extracted with t-amyl alcohol, and the  coinliined solu- 
tions were wished with saturated salt solution. Mopt of the 
solvent was  vacuuiii tiistilled and the last traces \wre re- 
moved by a brief steam distillation. The crnde ethynyl de- 
rivative (21)  ~ v n ~  collectcd on :t filter, rinsed and dried 
(30.5 g., m.p. ca. 150-210"). The infrared spectrum indi- 
cated the presence of a smell amount of unchanged ketone. 
Consequently, the  crude product was treated with 30 g. 
of Girard's T reagent to  remove 2.0 g. of the  starting ketone. 
The  crude ethynyl compound thus obtained (28.3 g., m.p. 
200-210") \vas cry&llized from 425 nil. of acetonitrile 
(Darco) to  yield 21 g. of 21, melting a t  211-215'. Petrow 
et  a1.8 reported a m.p. of 513-216'. Concentration of the 
mother liyiior gave mi additional 5.6 g. of less pure material. 

3-( 3P. 1 ?P-I)ih?jdrox:-fi-?,ietii ~1-6-androsten-l7a-~l)propynoic 
acid ( 2 2 ) .  A solution oE 25.2 g. of the acetylenc deriva.tive 
( 2 1 )  iii 250 in l .  of tetrxhytlrofuran (distilled over methyl- 
inagnesiurri bruniitlc) \viis added during a 10-min. period t,o a 
stirred solution of 250 nil. of 3.11 methylmagnesium bromide 
in tetra1iydrofur:iii (701) ml.). The mixture was refluxed 
with good Ptirring for 20 hr. (positive I lMgX color test), 
cooled to  room temperature, anti t,lien treated with carbon 
dioxide under slight positive pressiire B-ith rapid stirring 
for 24 hr. After hydrolysis with ice cold 1 N  sulfuric acid, 
the entire mixture n-as siilijected to vacnuin distillation t o  
completely remove the  orgnnic solvent. The residual crude 
acid was collected on :t fiinnel, rinscd free of mineral acid, 
and dried (27 g.).  Tlic acid x i s  suspended in 75 ml. of boil- 
ing chloroform for 5 inin. a.ntl the hot suspension was fil- 
tered. The insoluble matrrial \vas washed on the  filter with 
two 25-1111. portions of boiling chloroform. The  chloroform- 
insoluble acid ( 2 2 )  thus  o t i t n in rd  neighed 21.7 g. and melted 
a t  about 225" tlw. Crystallization from 100 volumes of 
hitanone afforded tiny white rrystals, m.p. unchanged. 
A:,": 2.87, 2.96, 4.49, 5.10 (Broad), 5.83, 7.28, and 8.1 p. 

An?l. C:tlcd. for C,:,H:,20.,,l/,CH,CoC,Hg: C, i3.44; H, 
5.93. Found: C, 73.56; H, 8.48. 
3-( 3g,17g-L; ih ydrox!/-fi-lneth ?/l-$-an rlrosten-17a- yl )propanoic 

acid lactone (23) .  The chloroform-cstracted crude acetylenic 
:xid ( 2 2 )  (21.5 g.) \\-as tlissolvrd iri 320 ml. of anhydroris 
:tlcohol cont:iiiiing 1.0 equivnlcnt of triethylamine and then 
hycirogenatcd :tt ntmospheric prwsrire over 2.15 g. of 5% 
pnllnciiilm-on-ch:I1.c.onl. Hydrogrn uptake stopped abruptly 
after the theoretic:il amoiiiit hnd been absorbed ( I  .0 hr.). 
The filtered t.olutiori wis  coriccritrated to  about 0.5 voliime 
in cacuo arid th(,n treatrd with 15 ml. of 6M hydrochloric 
:]rid. precipitate formed which quickly redissolved in the 
\varm solution. Iinnitdinte dilution with water precipitated 
t h e  1:tctonc (23) at; a some\vhat tacky solid which was taken 
iip in chloroform, n-asheti frre of mineral acid and recovered 
I,y evaporation of the solvent. The residual yellow glitss 
(20 g.) slo\vly crystallinrtl. A sample for analysis melted a t  

ethyl acetate-isopropyl 

, - lnol ,  Calcd. for C,rHilOa: C, i7.05; H, 9.56. Found: 

<3-( 3-Oro-fi a-metli I/ /-  1 ? p-A jdrorp/i-androstrn-l ? a-yL)pro- 
panoic acid Inclone (1:)) .  -1 solution of 18 g. of aluminum 
ieoproposide in 850 ml. of dry toluene J T ~ S  added during 
6 min. to a stirred, reflusing solution of 15 g. of the 3-01-5- 
rne derivative ( 2 8 )  and 80 1111. of cyclohexanone in 600 ml. 
of dry t,oluene. Itefliising was continued for 40 inin. where- 
upon the misture was cooled, treated with 100 ml. of water, 
and then made strongly acid with G N  sulfuric acid. The 
solvent layer was separated, washed with saturated salt 

(', 76.7i;  H, 9.80. 

solution, aiid each w t s  Lack-extracted \v i th  tolucnc. 'I'lic 
combined toluene solutions wyorc steam distilled eshaus- 
tively, the  residue mas cooled and finally extracted with 
chloroform. Removal of the solvent gave 15 g. of a light 
brown glass which resisted crystallization (ultraviolet spec- 
trum indicated approximately 90% conjugated ketone). The 
crude ketone was chromatographed over 1 kg. of silica gel 
and the lOyo ethyl acetate-gO% benzene eluates were com- 
bined (7.9 g. of solid fractions) and crystallized from ethyl 
acetate-isopropyl ether to  yield 5.3 g. of the piire iia-methyl 
ketone ( l g ) ,  m.p. 149-150". This prodiict \viis idrnticd 
in all respects (mixed melting point, iiifr:lrrcI spectriini, 
and [a]=) with tha t  obtained ahove hy rpinicrizatiori of 
the GP-methyl compound (18). 

3-( 3-Oxo-Ga-methyl-B~,1 ~ ~ - d i h y d r o x y - ~ - a n t l r o . ~ t ~ ~ ~ - l  ?'a-91)- 
propanoic acid lactone. The peak fractions from the 50'7; 
ethyl acetat+50yo benzene eluate were combined (1.OG9 g.), 
triturated with isopropyl ether, and crystallized twice from 
ethyl itcetate to afford 320 mg. of tiny cubes, m.p. 245- 
248". A::; 2.89, 5.63, 5.97, 6.23 p; A"",:"," 237 mp, e 14,150. 

.Anal. Calcd. for C Z ~ H ~ ~ O ~ :  C, i4.16; H, 8.66. Found: C, 
i4.G2; H, 8.56. 

,3-( 3-Oro-fia-nteth?jl-l7~-h ydroxy-1 ,&an tlrostn t i  icn- 17a-?/l)- 
propanoic acid lactone ( 2 4 ) .  ,4 stirred mirtiiro of 2.0 g. of 
18, 0.76 g. of selenium dioxide, and  0.5 ni l .  nf ncrtic acid in 
50 ml. of t-l)iityl alcohol mas rrflusnd for. 13 lir. 'The mis- 
turc ~v:ts coolctl, filtered through a Crlitcl pad, :tnd reduced 
to  a red-brown oil undcr vacuum. The oil X I S  dissolved in 
methylene chloride (50 ml.) nnd again filtwed through :t 
Celite pad. The  methylene chloride n-:ts removed under 
nitrogen. The residue \vas dissolved in lmzene  tirid chroma- 
tographed over 100 g. of silica. h crystalline solid \vas eluted 
with 15% ethyl acetate8570 benzene which still contained 
traces of selenium. The solid (756 mg.) \viis chromatographed 
again using a fraction collector and elutiiig with 105; ethyl 
acetate-905; benzene. The crystalline inaterial ohtained 
was recrystallized from acetone and then from cthyl acetate 
to  give 210 mg. of the dienone (24) ,  m.p. 223-526'. 

f17~al. Calcd. for C?rH3n03: C, 77.93; It, 8.53. Found: C, 
77.56; H, 8.45. 

3-( 3-Oxo-6-methyl-1 Y~-hydroxy-4, f i -anclrn~to~ien-l7a-yl)-  
propanoic acid lactone (25 ) .  -4 solution of 1.00 g. of %(%Oxo- 
6a-methyl-lip-hydroxy-4-androsten-li~-yl)propanoic acid 
lactone (19), 1.00 g. of chloranil, and 25 mg. of p-tolrienesul- 
fonic acid monohydrate in 100 inl. of xylene w:is refluxed 
for 3.5 hr. The  total miction mixture was chroiii:itographrd 
on 55 g. of silica gel. The excess chloranil w:is elntrd with 
250 nil. of benzene. This \vas followed by tlihydrochlomnil, 
rluted n i th  500 ml. of 5y0 ethyl acetate in 1)riizi:iie. The G- 
dehydro product vas cliited with 1 1. of 1.55,; ethyl :icet:ate 
in benzene. Crystallization from ethyl accxtate--isopropyl 
rt,her gave 73,j mg. of 3-(3-0so-6-methyl-lip-hydroxy-4,~i- 
androstadien-1ia-y1)propanoic acid lactone (25), 111.p. 
203-205'. The analytical sample, m.p. 204-205", \vas ob- 
tained by recrystallization from :tqiieous acetone. A::::, 
5.66, 6.03, 6.18, 6.34 p ;  Xc",y" 288 nip, E 22,600; [ a ] D  -'i- 

29.5" (chloroform). 
itnal. Calcd. for  C 2 ? H , 0 3 :  C, i i . 93 ;  H, 8.53. Forind: (1, 

78.11; II,8.49. 
3-( S-Oxo-7a-nteth ?/I-1 7p-h9drnxy-4-~ ridrostcri- 1 7a-?/1 )pr+ 

panoic acid lactone (27 ) .  ;Z sollltion of 10.5 g. of :3-(3-OXO- 
l ig-1 iydroxy-4 ,G-an~l ros tRdien- l7~-~~l~~~ro~~: t1 io~c  acid lac- 
tone (2fi)g and 300 ing. of cuplour c.hloride in 7.5 mi. of 
tetrahydrofuran (distilled from mrt~1iyln~:tgnesiunl I)rornide) 
\vas cooled iintier a rover of nitrogen. There \vas nddctl with 
stirring over :L period of 5 min. a Folution of 25 ml. of :%.I[ 
methylmagnesium hroniide (Arapahoe), 1-50 ml. of tetra- 
hydrofuran, :tnd 600 nig. of cuprolls chloride. T h r  solution 
turned from yellow to  hrova, reverting to  yrllom at the  end 
of addition. After an :itlditional 5 min. of stirring the  sol\\- 
tion was poured into a slurry of ice and 30 ml. concd. liyciro- 
chloric acid. 

The  mixture was extracted v i t h  a total of 1.8 1. of methyl- 
ene chloride, washed with water, 10% sodium bicarbonate 
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solution, and water until neutral. After i t  was dried over 
anhydrous sodium sulfate, the  methylene chloride was re- 
moved under v:icuum leaving a residue weighing 11.35 g. A 
sample of this residue when scanned in the ultraviolet region 
shoived :ibsorption peaks a t  242 mp and 286 mp iiidicat)ing 
A4-3-lieto conjugation and starting dielieone. A calculation 
based oii these absorption peaks shon-ed tha t  the A.I-3-keto 
ni:Lterial \vas present to tlie esterit of 62.5[,2 and starting 
niaterial to the extent of 10.4';;. 

The  residue \vas dissolved in petroleuni etlier (b.p. 6 G 0 8 ' )  
:ind subjected to  column chromatography using 200 g .  of 
silica gel and collecting 400-nil. fractious. Fractions 16-56 
of tlie benzene-ethyl ethcr (24: 1) eluat,e were pooled and 
recrystallized froin alcohol yielding 2.4 g. of 3-(3-0xo-lip- 
hydroxy-ia-methyl-4-:mdrosten-l'ior-y1) propanoic acid lac- 
tone, n1.p. 169-171°, [a]" + 82.0" (chloroform) A"",:" 241.5 
mp ( c 16,400). 

.lnal. Calcd. for C~aH3203: C, 77.49; H, 9.05. Fouiid: C, 
i7.19; H, 9.02. 

16a- and 16p-~llethyl-5p-hydrocy-ci-clndrosten-l7-ot~e (29u 
and 29b). To a solution of 9.6 g. of 16p-methyldehydroiso- 
androsterone acetate (28)" in 700 ml. of methanol \vas added 
a solution of 2.5 g. of potassium hydroxide in 22 nil. of 
water and after a 25-miii. reflux period the solvent \vas 
evaporated i iL Z J ~ C I L O  until ail oily scparation wiis noted. 
Refrigeration produced crystals \vhich were collected on a 
funnel :ind ~\-ashetl with water. The crude product (8.8 g.) 
was recrystallized froni 40 nil. of acetonitrilc to  give 6.15 
g. of the 1Gp-isoiner ( % I O ) ,  n1.p. 160-1G8", [ a ] ~  + 6.8" 
(chloroforni), kC,"Ea 2.76, 5.77 p. 

Anal. Calcd. for C~oE-Isu02: C, i9.42; 11, 10.00. Found: 
C, 79.25, H,  9.99. 

By concentrating the mother liquor '300 nig. of an isomeric 
product was obtained, m.p. 133-1:34', [ a ] ~  + 8.9' (chloro- 
form); A':,"', 2.i5, 5.75 p.  This is the 16a-methyl derivative 
(29u). 

,trial. C:~lcd. for C20H3UO2: C, 79.42; H, 10.00. Found: 
C, 79.11; H,  9.98. 

Saponification of 13.0 g. of 16p-methyldeliydroisoaiidros- 
terone acetate in 950 nil. of methanol with more conctl. 
alkali (G.8 g. pot:issiuin h\.droxide in 30 nil. of water) arid a 
30-niin. refiiix period produced 9.0 g. of (29u),  in.]). 132- 
135', upor recrystallization from :icetonitrile. 

Resccty1:ttioii of the higher melting isomer (iiiajur product 
from the iniltler bLtponificstion) in pyridine aiid acetic ai:- 
hydride yavc 011 recrystallization from niethanol a product  
melt irig a t  142-144". The  melting point \vas undcpresxeti 
when mixed with 16p-nieth~ldehydroi~oaridrostero1ie ace- 
tate (296). 

1 7a- arid 17~-Ethy~~yl-~-hydroxy-l6a-t~ielhyl-~-undrosten- 
17-one (.?Oa n t d  Soli). A solution of 130 ml. of diethylene 
glycol dimethyl ethcr and 9.4 nil. of diethylene glycol 
monoethyl ether was stirred vigorously with a metal paddle 
stirrer arid heated to  135" under an  atmosphere of nitrogen. 
Twenty-six grams of 8570 potassium hydroxide pellets was 
added all a t  once and the source of heat was removed, allow- 
ing the reaction mixture to  cool to  40". .4n ice-salt bath 
was then applied to  the reaction mixture and when the  reac- 
tion tcniperature had reached O " ,  nitrogen atrnosphere was 
discontinued and acetylene was introduced over thc surface 
of the reaction mixture. 

After 30 niin. of acetylene passage, 2.65 g. of 2% dis- 
solved in 20 ml. of diethylene glycol dimethyl ether was 
added. Acetylene passage was continued for an  :idditioIial 
4 hr. and then the reaction mixture was poured into 1.2 1. 
of water. The  suspension was acidified to  pH 6 with dilute 
acetic acid. The solid was collected on a funnel and sub- 
jected to  chromatographic separation on a column of silica 
gel. Elution with 10% ethyl acetate plus 90yo benzene pro- 
duced two absorption peaks as successive fractions were 

collected. Collective recrystallization from acetonitrile of 
fractions about the first peak gave a product (SOU) melting 
at 208-212", [ a ] ~  - 88.0" (chloroform), A'::* 2.75, 3.03 p. 

Anal. Calcd. for C2?H3&: C, 80.44; H, 9.82. Found: C, 
80.36; H ,  9.92. 

Collective recrysta1liz:ttiori froin acetonitrile of fractioiis 
about the secoiid peak produced an isomer (30b) melting 
at 170-175°, - 1U8.0" (chloroform), 2.76, 3.U3 p .  

80.16; H, 9.G8. 
3-( Sp, 1 ip-Dihydro.cpl 60-wieth yl-6-androsten-17a-yl)pro- 

pyuoic acid ($1).  To a stirred solution of 6 ml. (0.018 mole) 
of ethylinagriesiuni bromide in ethyl ether and 8 nil. of 
tetrahydrofuran \vats slon-ly added a solution of 1.2 g. of 
YOU in 20 ml. of tetrahydrofuran. The boiling point of the 
reaction mixture \vas raised to  55-60' by distillation of 
solvent and then the reacticin mixture was alloived t o  stir 
and reflux for 18 hr. Following this period an  additional 2 
ml. (0.006 mole) of the Grigiiard reagent was added and re- 
flux was maintained for three more hours. The reaction mix- 
ture was cooled to room temperature under an atmosphere 
of nitrogen and 25 ml. of tetrahydrofuran \vas added. Con- 
tinuing to  stir the  reaction mixture, carbon dioxide \vas 
passed over its surface for 20 hr. It  was then transferred into 
150 ml. of water containing 3 g. of concd. sulfuric acid. X 
viscous oil separated and solidified on standirig. It, WLIS 

collected on a funnel aiid ~ \ - : ~ J i e d  free of acid with water. 
The yield of carude product was 1.2 g., dec. 19-k-208". I t  
u x s  further purified by trituration with 15 ml. of boiling 
carbon tetrachloride to  )+Id 1.1 g. of the pure acid (sf), 
dec. 212", A::: 2.86, 4.50, 5.38, 6.00 p. 

:lnal. Calcd. for C23H320.1: C, 74.16; H, 8.G6. Found: C, 
i3.71; H, 8.46. 

3-( Sp,l7p-L)iii~dro.ry-l6ol-~~icthyl-6-androsten-l7c~-yl jpro- 
punoic acid Lactone ( 3 2 )  One gram of 31 with 0.3 g. of tri- 
ethylainine in 15 nil. of : tholute ethanol was subjected t o  
hydrogenation a t  laboratory temperature and pressure over 
0.1 g. of 552 palladiurn-oii-carl)oii. Hydrogen uptake ceased 
in 3 hr. when 93% of the theoretical amount of hydrogen 
had been absorbed. The solution was filtered and concen- 
tr:ited to  :L solid residue an uucuo. The residue W:LS dissolved 
in 10 nil. of methanol, and 0.7 nil. of concd. hydrocliloric 
:Lcid :ind 0.5 nil. of ivatcr ~vere  added. The solutioii W:LP 

:illon-rd to  stand at room teniperature for 1 hr. and then 
traiislerred to  100 nil .  of water. The solid which separated 
\vas collected on a funnel slid Xvashed with water. I t  \\-as 
recrvst:illizetl from ethyl acetxte to  yield 450 me. of tlic 

Anal. Cdcd. for C~~€I3202: C:, 80.44; H, 9.82. F O U I I ~ :  C, 

I 

lactone (32 ) ,  n1.p. 2i7-25X0, [ a ] ~  - 5 7 7 "  (chloroforin), 
, , , n j  -.( i ,  5 . i j i  p. 
d n a l .  Calcd. for C23€13,O3: C, 7i.05; H,  9.5G. Found: C, 

hCHCI3 ') -- 
i i .19 ;  H,  9.55. 

~ ~ - ( 3 - 0 s o - ~ ~ a - ~ t ~ e t ~ ~ y ~ - ~ ~ p - ~ ~ y ~ r o x y - 4 - u n d r o s t e n - ~ ~ a - y ~ ~ p r o -  
prtriozc ucid lactonc. (33). To a solution of 350 mg. of 32 
in I5 nil. of dry toluene was added 1.5 ml. of cyclohexanone. 
This reaction mixture was heated to  distill 1 ml. of solvrnt 
and then a solution of 350 mg. of aluminum isopropoxide 
in 5 ml. of dry toluene was added. The reaction mixture u-as 
allowed to  stir and reflux for 20 niin., and then it was coolctl 
:irid hydrolyzed I J ? ~  ittldiiig 5 ml. of m t e r  and then tlilritc~ 
sulfuric acid to acidity. Distillation with steam removed 
the organic solvciits and produced a solid product which was 
collected, washed with water, and recrystallized from cthyl 
acetate plus isopropyl ether and then again from ethyl are- 
t,atr: t o  yield 120 mg. of the lactone (35),  n1.p. 163-150" 
after drying in vacuo a t  i8", [ a ] ~  + 93' (chloroform), 

m31 241 mp E 16,300, Ac,",c,I3 5.66, 6.00, 6.10 p. 
Anal .  Calcd. for C23H3203: C, i7.49; H, 9.05. Found: C, 

CHICAGO 80, ILL. 
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77.61; H, 8.97. 


